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Presynaptic augmentation induced by NaF in sympathetic ganglion
of bullfrog. Hiromi SAWANO (Department of Oral Physiology, School of Dentistry, Iwate
Medical Umuerszty, Morioka, Iwate 020, Japan.)

Effects of NaF on the synaptic transmission of bullfrog sympathetlc ganglla were

studied by extra- and intracellular recordings. The results obtained were as follows

1) The amplitude of the orthodromic compound action potential (CAP) evoked by
preganglionic nerve stimulation was remarkably augmented with 10 pM NaF, whereas
that of the antidromic CAPs remained unchanged with the same dose of NaF. The low
amplitude of the orthodromic CAP which was diminished by a low-Ca?*-ringer’s solution
reversed with an additional administration of NaF. The amplitudes of the orthodromic
CAPs were enhanced by phosphodiesterase inhibitors such as isobutylmethylxanthine,
theophyllme and physostigmine. In addition, augmentation of the orthodromic CAPs was
induced by an adenylate cyclase activator (forskolin) and d+b-cAMP ; however, its aug- :
mented responses were not affected by an additional administration of NaF.
- 2) In the intracellular recording, NaF showed no effect on the resting membrane
potential and depolarizing response induced by acetylcholine. However, the EPSP appear-
ing in the phase of afterhyperpolarization of the orthodromic action potential was signifi-
‘cantly increased by NaF, whereas no effect was found on the antidromic action-potential,
In order to evaluate these findings, effects of NaF on the decreased low-Ca®*-action
potential were observed. After application of NaF, the low-Ca?*-orthodromic EPSPs were
reversed, and when the height of the EPSP was raised to the-critical firing level a splke
potential was driven in the cell. :

These facts suggest that the site of NaF action seems to exist in the presynaptlc rather
than postsynaptic process. Furthermore, it suggests that NaF probably acts on Gs—protem
which activates adenylate cyclase at the presynaptic membrane. This resulted in'a
great increase in intracellular cAMP at the synaptic terminal and it triggered: the Ca®**-
increase. As an inevitable consequence, release of transmitter from the nerve terminals of
the frog sympathetic ganglion was finally facilitated. These factors supposedly resulted in
augmentation of the amplitude of the orthodromic CAP.

key words ; NaF, sympathetic ganglia, bullfrog, intracellular recording, synaptic trans-
mission, )
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Fig. 1.

10uM NaF-30min

WASH-60min l 1omv

4ams

Augmentative effects of 10 uM NaF on amplitude of the compound action

potential evoked by orthodromic stimulation of nerve trunk in frog sympathetic ganglia
(upper traces) and absence of effect of NaF on the CAP amplitude induced by antidromic
nerve stimulation (lower traces). Ortho ; orthodromic stimulation, Anti ; antidromic stim-
ulation, CONTROL ; normal ringer. solution. The compound action potentials were re-
corded through a pair of electrodes placed on the 8th ganglion and ramus,
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Table 1, Dose dependence of augmenting ef-
fect of NaF on the orthodromic CAP ampli-
tude.

Drt.xg CAP-amplitude number of

concentration (%) experiments
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10p4M 12284101 n=14
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ﬁtﬁ T,
2. Nk Ca* BERADOHE

10 uM NaF & X 5 orthodromic CAP ok
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DAP DRz, CAP AR %5 &3
R L CIRISRRRE TH S (Matsumoto
& Riker 1983)®. 'z hicEie 10 uM NaF %
Wi Lice 25, CAP-amplitude (3 5F 1ok
L7z (BA; 111.948.6, n=9). = DZHE L,
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0.45mM Ca Ringer

+ 10uMNaF

] —

" 0.9mM Ca Ringer

Fig. 2,

+ 10uMNaF -
|2mv

20ms

Reverse of the low-Ca%*-response induced by an additive administration of

NaF. Left columhn ; the control responses to orthodromic stimulation applied to a pre-
ganglionic nerve trunk in normal ringer solution (NR).'Middle column'; diminished effect
on the orthodremic CAP amplitude induced by lJow-Ca?*-ringer solution (0.45 and 0.9 mM
Ca?* concentration). Right column ; potentiating: effect of ‘additive administration of
10 #M NaF on the suppressed low-Ca?* responses,. . - A
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NaF o acting site & 3+4-DAP o acting site
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3. Phosphodiesterase inhibitor DR
cyclic-cAMP phosphodiesterase VV(PDE) D

inhibitor ¢} % IBMX (Chapman & Miller: .

1974)?, theophylline (Robison et al. 1971)1®
% 1L C physostigmine (Winifred et al. 1984)2¢
%P5 1T, orthodromic CAP-amplitude iz
X3 5% R % F . 30 pM IBMX % #1535
&, CAP-amplitude ¥ 114.7% ik Lic.

¥7c, 200 M theophylline, 10 M physostig-
mine %ZhZLhEMicEs Uickicd ortho-
dromic CAP-amplitude (3T R4 7o A B

PEZEX - (19 3, BC). & CAP-amplitude -
DHKEL, NaF OB LOBEDOHARE

BIEFRCTHHIERGh o ’
4. deb-cAMP FEor forskolin o %8
NaF i X % orthodromic CAP-amplitude ®
BEERIEFRIC. CAMP B4 LT Bk BB T

% 50 uM deb-cAMP- &I 5 5 &,

| BHNR -

. . NR
"Fig. 3. Augmentative effects of phosphodiesteraée (PDE) inhibitors on the orthodromic
CAP responses, All traces on right column indicate that amplitudes of the orthodromic .
CAP were enhanced by the PDE inhibitors such as isobutylmethyl xanthine (IBMX),
theophylline (Theo.) and physostigmine (Physo.) respectively. A ; 30 uM IBMX, B ; 200
¢#M theophylline, C ; 10 xM physostigmine, NR ; control CAPs recorded in normal ringer
solution. - o
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3% &, CAP-amplitude {1 control »112%ic
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-7 (X4, TE).

B. {fRIAEEER

fMlapEEEE T Ay, EhEh B ERELT,
ACh 5%, action potential, 0%z EPSP =

 RiEd NaF OfRIcoWTHE L.

1. B RIET3h R
NaF (5 pM~50 uM) %, 5 ~104[H 850 cH
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50uM d-b-cAMP + 10uM NaF
0.1uM For. + 10uM NaF

2mV

20ms
Fig, 4. Augmentative effects of 50 uM deb-cAMP (upper traces) and 0.1 #uM forskolin
(lower traces) on the orthodromic CAP amplitude, and additive administration of NaF dose
not affect both augmented orthodromic CAPs as shown in right column. Controls are on
the left columns. Note that enhanced amplitudes by either d«b-cAMP or forskolin remain
at the same value in the mixed solution of either deb-cAMP or forskolin plus NaF,

Qe

0.1mMACh 10uMNaF . 10uM NaF
0.1mM ACh+ 10uM NaF
_J 20mv
1min
Fig, 5. Lack of any effects of NaF on the resting membrane potential (middle trace)

and depolarizing response induced by acetylcholine(right trace). All intracellular records
were obtained from a single sympathetic ganglion cell. Periodical downward deflections
denote the electrotonic potentials of the membrane induced by constant current (4 nA)
pulse with a duration of 100 ms and a interval of 5s. Horizontal bars in the left shoulders
denote zero level, A thick portion of the bottom line indicates the time of drug applica-
tion.
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Thicd&f B Nat o1+ vodmsikiEk
X DEIEREEh %% T H 5 (Koketsu
1969, Sato et al. 1968)1%1  0.1mM ACh
L hpl&Rc Shic Bt 4 8 G %% 1% phospho-
diesterase inhibitor @ neostigmine D #EIC
B b3, 10 M NaF iz { B85 20
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F4 1w Bi5+ 5 receptor activity Dk F -
REEYWEDOBRMOBEKERETHHATHS
B, 2OERI VBEBEOTREEDCT R X HE
LEbh3.
4. EPSP iEigw=x3 % NaF o4&

F# Y v —#hc NaF 23 EPSP DiRig %
BRI TWBHLHEREIRDLD, ThEER
BAT ELERNE LT low Cazt (045mM)
Y v —¥%C ganglion cells %k L, GEW
B o H %24 ¢ T orthodromic action po-
tential D ¥4 2%, EPSP 0o 25433
54T (KT7, B)tl0pgM NaF oghR %
# L. 10 oM NaF ¥EiiBitheg 5 4z« EPSP
DIFEIRR 4 A LIZULD(K 7, C, 5min),
#1041zt critical firing level (CFL) o3&
T 5IRIE F THA LT, low Cazt ¥y v —WIC
3 Ak B3 action potential 2 %415 L 5
i -7 (E7, C, 10min). {E 1L low Ca2* y

P

20 v
10uM NaF n

20ms

[ —

CONTROL

Fig., 6.

40mv
10uM NaF

20ms

Intracellular recordings of orthodromic (upper traces), and antidromic (lower

traces) action potentials in the normal ringer solution (left column)and in NaF solution
(right column), Orthodromic action potentials were always associated with a EPSP in the
phase of afterhyperpolarizations of the action potentials, As indicated by an arrow, the
amplitude of EPSP was augmented by 10 pM NaF whereas the amplitudes of ortho-
dromic, and antidromic spike potentials were not affected significantly. CONTROL ;
action potentials recorded in normal ringer solution,
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NR

S5min
10min

“+ 10uM NaF

Fig. 7.

_1./\——

0.45mM Ca Ringer

NR I 20mv

20ms

Augme_ntation in amplitude of EPSP with NaF solution. EPSP with spike

potential was recorded in normal ringer (A). Then, the cell was perfused with 0.45 mM
Ca?* solution (B). Perfusion of low—Ca?*-solution resulted decrease in amplitude of EPSP
and subsequent block of spike potential (B). An additive administration of 10 uM NaF
enhanced in amplitude of EPSP (C ; 5min) and when the EPSP reached to critical firing
level an action potential evoked (C ; 10 min). Complete recovery was observed in normal
ringer (D). NR ; normal ringer solution, All records were obtained in a single cell.
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feDTikiey . FloflaNEEsEO b & THE
Uk EEE M2 ACh C3 ¥ LklsE
BEDIRERCEES NaF ik v & BEs»%
Flstnote(R5). 7 » REH Y VRLAHO
diisop',ropylﬁuorophosphate (DFP) #% choline

.esterase #HIEI T A ENH STV 5 (Kuba et

al. 1973)'® 23, choline esterase inhibitor ¢ %
% neostigmine FETOERTH Lits A #

- 7‘3:%%’6‘@ b (unpublished observation, Sawa-
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no et al.), Zh S5DHEH S, NaF % receptor
activity %Ik L7=DT%, choline esterase
activity %z 7D Th v &z %. ortho-
dromic CAP-amplitude {3, low Ca?* vy v
—WOEETTRE LI TH(M2). 2o
44 Fc 10pM NaF %fpHS & 5 & CAP-
amplitude 3FE LR LAL(K2). Thbo
BHEVERTSHE NaF 12, #EERILOE
EMBEORH A RESRTHIEN TR I h
5. ERcRATEORKRE, low Ca?r v v
—R & inEYEO KM A 2 T EPSP ©
#EIE A% action potential FE4E D THORE I &
mAHX Lt ShicEie NaF &iRind
% & EPSP o iRIEII 4w BR LT, Duwitit
CFL #%#&% C action potential #4345 X
Sicin = (K7, C). U EDFEMND 5~10 M
NaF (2K 2 b DEEWE O % 18 £
@it EPSP iR HAS 2, T d
%A b action potential #F4 I ¥ 5L 5
it v, orthodromic CAP-amplitude A3k
LRICEMBRTED. |
mEME R REOMRNMIE

NaF 3ffix 0 GEHEEELT2HS B
BT\ 5 (Sternweis & Gilman 1982)2,
% L, NaF 2% adenylate cyclase & stimulatory
iz couple LT3 Gs wiEH L LTV RIEH
Japy cAMP o#AnEE 5 L, G ik Go %
D X 5 iz phospholipase C & D% & couple
LTWw5GER 2IEM(L34hiX, phosphatidyl-
inositol (PI) turnover MR X hffifapy Ca®
BEOHAMNEE 5 ThA 5 (Sato 1989)™. 52
B, T ORKERLB D2 Tikne s NaF i
#apy Caz* o mobilization »#5[&iEC 3
3415 T 5 (Kawase et al. 1988)%.

A LD fE B ¢ %, cAMP phosphodiesterase
@ inhibitor ‘T & % 30 oM IBMX, 200 oM
theophylline, X 7* 10 #M physostigmine D>
FhsfEfET SR orthodromic CAP-am-
plitude DA R 547 (K 3). cAAMP DA 78
X bR 7%, adenylate cyclase ® cata-
Iytic unit fEH LEE - OBEFE ¥ T 5

(Daly 1984)® forskolin % #4& LT & . 0.1
¢M forskolin ;3 NaF = PDE inhibitor & [{
B, L2»dRU X 5 7t J&E < orthodromic
CAP-amplitude # #k L 7=(K4). 74
JalE % H 3@ T & % cAMP analogue ® d<b-
CAMP (50 M) HFAET ThH RO ENBE S h
7z. Forskolin &% d+b-cAMP ¢ orthodromic
CAP »# ke, chwrhx T 10pM
NaF %% U< % CAP-amplitude 2 E iz 5Kk
THISBFRROh - (K4). znFH
13, forskolin % deb-cAMP & NaF 233t
ORI IFED effector %4 LT CAP-
amplitude DR EF|ERLE LTV BHERE
3 %. cAMP o fifg 3 ik M e 3 5 78 A
& LTk, cAMP k% kinase (A kinase) %
AL TCE AN Ca2*-channel %V vEMLL
Ca?t*-channel %Bf% =3 < 3553 (Greengard
1976)0 =, —J7, #Aapy Ca2* store ©wxb3 %
Ca? DI b A ZfE (Katz et al. 1975)® &3
Mo T b, MEKREIL, Ca?*-channel
RRIUEELTE D, FIEDOERTHERTE~D
Ca* entry 2 MR S hXREYE OB H b [
EINBEELD. ZO%4E Akinase ik X B
acting site RO EEYEBHIIERAIT 5 %
3+4-DAP L i3Rd site LE 2 bhb. TOH
#ix, 3+4-DAP ¢ orthodromic CAP-ampli-
tude Bk &2 FEAEIR, ZORABIC NaF »# 5
T3 EFREREHRPEL > e bTH 5.
kD X 5ic, NaF 3k K< Gs /@
2iEMAL L, TOREEED adenylate cyclase
»HIB L cAMP #Kk#5|&EC L, ILIM
fapy Ca? BEOHAXEIEEL LURENE
DORHERES BT HELTRE A, BL
NaF 12k Gi, Go %3 &M L L, phospho-
lipase C DFEHEAL A LCERWE OB (R
ETHAEEDELORS. B OTMENRR
DOWTHRFADODERDS.

V. #

T YA AR T T A AW,
orthodromic compound action potential (CAP)

S
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DIRFR3 % NaF Omih R 2B%E LKkO
fham B

1. Preganglionic nerve ¥E b & 3 %
orthodromic CAP-amplitude (¥, NaF D #FfE
TCHEMm L, TR CEIERZShS
CAP-amplitude i3 Z8{ba i s o 7z

2. IBMX, theophylline, physostigmine,
deb-cAMP, forskolin D\ v h &, BEuz B
<C orthodromic CAP-amplitude ##§k L7=.
%72 deb-cAMP < forskolin ‘¢ CAP-ampli-
tude #HK L THWTE Bz NaF #jnzTd
Zh U EoEmigEdbhid i,

Zhbo®EE R, NaF o acting site 2 %
KRB L, NaF i1 forskolin KU deb-
cAMP & 3t5H D effector %4y LT orthodromic
CAP-amplitude ¥ ¥ KT 5H L2 RET 5.

3. MEREECH T, BEMY o ACh
Beh X BB ET 35 NaF o X%)
BRBRI hit ot 7tk NaF i3, anti-
dromic 3%z orthodromic action potential
CELWERLTRE I hoie 23, orthodromic
action potential DB SEBHECEE L HD
5 EPSP oiRiE K8l

4. NaF i3 low Ca* C¢{E T 3%/ EPSP ©
RIE %3 L A X #, DL ITIT action poten-
tial #R4E X1,

PlEDgER:, NaF i K RKBLoOE D
adenylate cyclase #iE# 1L L, CAMP level %
FRET, HREKRBIrLOEBEEYEDOHE
PHAIRTCIELXRETS.

#

BERL bbb, HiEE, HRMEB AR
BB B VIR O E TR AF RSO AeR
FHREEHR BHEE RBERATHED L
VREENE A BEEE L ANE#FHL LD
BHZELET. ks, FHEO—IFiL19894F566[E
BEAE4EEFELSTSWTHECHE LT\ 5 (Sawano
et al, 1989)0,
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