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Abstract : Excised bullfrog sympathetic ganglia were pinned in a microperfusion chamber and
single cells were impaled with 1MK*-citrate filled microelectrodes (20—60M Q). Superfusion with
caffeine (2—3mM) Ringer caused abrupt membrane hyperpolarization which quickly returned to
control resting potential. Repetitive rhythmic membrane hyperpolarization (RMH) began
approximately 1-2 min later and continued at the same frequency during caffeine superfusion.
RMH ceased immediately on changeover to caffeine-free Ringer. Caffeine induces an oscillatory
Ca**-activated Gk* in frog ganglion cells, and is evidentally as RMH. We examined the mechanism
of intracellular Ca®** oscillation and the effects of ryanodine and local anesthetics. The 10 u M
ryanodine, which selectively affected the Ca**-release mechanism, irreversibly blocked the caffeine-
induced RMH. Caffeine-induced RMH was reversibly blocked by 3mM procaine, 3mM cocaine, or
3.6mM lidocaine. Since adenosine triphosphate (ATP) reverses the procaine conduction block in
frog nerve (Kuperman et al, 1964), we tested its effect on the procaine block of Ca**-activated Gk *
in 24 of 42 cells. One mM ATP restored RMH amplitudes to 125 £ 5% of control, but did not restore
RMH frequency. The results suggest that sympathetic ganglion cells have a Ca?'-induced
Ca’*-release system and procaine) cocaine) lidocaine depress the rise in intracellular Ca?*
concentration that triggers Gk”, particularly since it is mediated though the P;receptor in the
presence of extracellular ATP, which can increase cellular Ca®*, and reverse the procaine block.

Key words : sympathetic ganglion cells, caffeine-induced RMH, local anesthetics, ryanodine,
ATP
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Effects of local anesthetic on Ca’*-activated Gk* in sympathetic ganglion cells.
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Blic K O B0 U X 3 A OUVIRIEE R, M
® & 1 ® Ik # (rhythmic membrane
hyperpolarization ; RMH) 73 & O#REASER 5
DI ->TE, LAL, wFhofifdicsy
Tb, MW Ca® DIREIC>VTER2IIHS
DI > TebiF TREV, ABPFEESR, v
T VR EHRAERWT, A7 24 v
(caffeine) iz & » THIKIN Ca™* © ER %= & /-
L, Ca-activated K* F + 2 AHSEHAL L T
RMHBRBE T 2HBFIc>LWTHREL T
PR, Z CTARERICBOVTRE, YV T IR
BANEEIRIC ) 7 2 4 v ERS L, NG
$#71:1C T caffeine-induced RMH 2#1% L,
RMH 24 DRFIHERIc LD L 5 cfiE
hEpEEBRFT L, &5, ZOMESR
BATPIC L » THEIET 5 EHBEDSNID
T, ZOBFICO>VWT LRI L1,

p;] &

Y VT VRBRAHHER O 8 BB LU ) FDHE
AR & EARERMEE T TR L, SokEE
TECHEEL, ENAEI LIO#ERER Lic
Av+&7 P EYTHEEL, %z Ringer KB
FUBBAEFER (1 - 241 /sec) LS 1H
DI & b MRS LIS TRIE 21T - feo
MRS HER LA 5 2N EBRIIIZ 1
MK *-citrate 2 738 L, BRREHIZ M
20-60MQo b A2 HHAL I, EiZ
preamplifier (Dagan, Model-8100) ¥k L,
FOHHERF—L—VtvoRa-7 (HK
*&E, Model VC-11) &¢F py—blLa—%—
(HANE, Model-RTA-1200) ic#: LT
8BEIT8 -1,

4 £V Ringer O : 112mM NaCl, 2
mM KCl, 1.8mM CaCl,, 5mM HEPES, 1.8
mM NaOH TpH 7.2 T& - 12,

S LRI T O@ED ThH %,

caffeine, adenosine, c-AMP, ATP, ¢c-GMP,
procaine,

cocaine, lidocaine {% Sigma
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Chemical &, ryanodine, 9 — 21 ryanodine,
K*-citrate RFICHERTH 5,

IhooEELucHS T L& E, &
EBDO- E, 5 Ringer i CHERBEICE
RLTHEE L 2TOERRBEE 22 -
25°C) TIT#d -7,

5 £

FERHTMI I 1IMK Y -citrate B A HIA L,

2-3mM DA 7 = 1 YA ERT 5 EHENKRICE

BARAREICEME X=15mV) 28I 7,
LT, X5I1IBENB T &SI RMH A5

Bt %, T DIRE L caffeine 2F 5 L TV B/

KOBEBEEND 7 24 V428 %7 Ringer
RICRT EHET 3, TOINEOR AN
fBToOHEERIG 4%, HBFEEE1I 04/
min, R 17T E0.7mV TH-7, 1B, F
#5513 RMH ©8 9 — VR AEITIEWL, 450
Ny —viEHBIEETTIEHRELTVWED
TW, 2O/ — VIR & » T—HILBRY
&l - 1z regular beating type @ RMH %4
EloERIHERH LT OEBREITE - 12,
1. RMHiX3 55477 Y O8E
SmM A 7 =4 T35 &# &N 5 RMH
2, iAo Ca? X b 7 T ® Ca-induced
Ca?*release (CICR) O#HEICHERIICIERL,
Ca¥ 1 4 v F + A NVEROBET 5 10 «M 5
477V POk, SmMMA T AV
FETFTTHHEER 209URKLK
caffeine-induced RMH i35z 2 IcflE s h i
(Fig.1), #D®EBIC, 3SmM A 7 =1 VDR
WICR L 1 BRI E L 7S, h 724 vitk
%5 RMH QHEHL b1, RIS, SA4AT/ Y
vEHEEKDI-2154T7 /Y10 uM%ES
mM#b7 =4 vEETTHRELTS, RMEHE
SA7 YV yORARL D IHEDEREAZ T
K ZEL, 20MBRIRTERTH -
(Fig.2),
2. RMH icx§d 55« RFEA ogR
2-3mM B 7 = 4 v T EEI ¥ 3 RMH
2, Ca¥ Itk »>THIERET &3 Ca¥* DMl
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- CF3mMm

Ryanodine 10 uM CF3mM

Fig.l Intracellular recordings of caffeine-induced rhythmic membrane hyperpolarization (RMH) in
bullfrog sympathetic neurons. The upper trace shows a response to 3mM caffeine as a control.
Shortly after the start (downward arrow) of 3mM caffeine superfusion, regular RMH develops.
The lower trace shows a response to caffeine in the presence of ryanodine. Periodical downward
deflection denote the electrotonic potentials of the membrane induced by constant current

(5nA) pulses with a duration of 200ms and an interval of 5s. Horizontal bars in the left
shoulders denote zero level. Intracellular recording from a ganglion cell during continuous
superfusion with i‘%mM caffeine.

CF3mM

9-21Ryanodine 10 uM . CF3mM

Fig.2 Effect of 9-21 ryanodine . Other nomenclature is the same as in Figure 1.
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Fig.3 Reduction of rhythmic membrane hyperpolarization amplitudes and frequencies by local
anesthetics. Intracellular recordings from the ganglion cells. The upper trace shows a response to
caffeine in the presence of procaine. Superfusion with 3mM procaine was started and then
discontinued at the arrows (% |). The middle trace shows a response to caffeine in the
presence of cocaine. The lower trace shows a response to caffeine in the presence of lidocaine.
Intracellular recording from a ganglion cell during continuous superfusion with 3mM caffeine.

Table 1 Blocking effects of local anesthetics on caffeine-induced RMH.

m Percentage reduction from
Amplitude [ Frequency
Procaine 3mM 60 18,760 663" 62£5 42
Cocain 3mM 21 1./21 46+4 59*2 20
Lidocaine 3.6mM 43 0743 14£4 3916 43
*X*ES. E. x

ZMEIT 2 E VWb TVE 3mM Fuh A VP
ORETELLHESN: (Fig.3)s RMH®
HBERE, Ry ro—L (B7 24 VB

H) ORFIHE~THEERICH 70% oM L
Hoht: (Tablel), 72, 3mM o414 /T
T2RWHESN I RMH 12 60 fE 18 E o
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- SP!KES t Lidocaine 3.6 mM I — 120 mVv

I Procaine 3 mM

Fig.4 Equipotency of local anesthetics (3.6mM lidocaine, 3mM procaine) for blocking of spikes and
miniature spontaneous synaptic potentials, but unequal potencies for blocking of RMH.
Intracellular recording from a ganglion cell during continuous superfusion with 3mM caffeine.

'ATP 1 mM 4 Procaine 3 mM

v

Procaine 3 mM

120 mv
1 min

Fig.5 Effect on procaine blocking of RMH. The 1mM ATP restored RMH amplitudes but did not
restore RMH frequency. Intracellular recording from a ganglion cell during continuous
superfusion with 3mM caffeine.
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S5, 7 FREEHRKEAHOY) FAq4 Y
3.6mM D5 T, caffeine-induced RMH
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TREOHEHERHSL TR, 2 TEHELR
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L&k, REAEEHREOD CICR OB
WL Tz 27 VERGHMRERHGEEERZ b
o8, 73 FRESHKEAILS % IHENRE
Bl EtBral, Ric, A4 7%
miniature spontaneous synaptic potential @
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