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F 9] superior cervical ganglion®l A
cirazoline®| Zg AFd v & FF

d<8k # 9 superior cervical ganglion (SCG) Al3Eo|A A7 deho g i
51

Z

gy 4

9] norepinephrine (NE) W& 2 F% as,-adrenergic autoreceptors & %h
AF ho o8] JAE= Aoz dyx shoh FH LHo imidazoline ]
e GA] w7 oA el NE WES x24de=d, oW ar-autoreceptor
7F obd v & FEAE Sotol L Aol WIHE ZoRE HuHJY ol
< imidazoline & A2t st=d], Feld EA 71x35to L[-58A, L8
A, Ii-84], non-lios T84 Tz BEFdT. F&Ad s gt=9
358 Ao 93, imidazolined %FE-S Fﬂl‘%—ﬁr imidazoline 8 X] pul o}
Uz} as-autoreceptord] &= 1 FHEE 7R =

non-lLigz F&A AHHo=m A&t Ok%i Husa Qv w3
cirazoline¢] WA Lo A9 NE %= = A9
#1} o] 3t cirazolined] <3 NE W& 4l

B X %] ekar Qlth B Ao A= cirazolined] 23 SCG A7 A 32 Zeho] A
¢ NE & Aol #3 71dS olsfstx @ SCG Al W ZEHE A

nx = o ake }_/\]-6} 2) cirazoline®] Z%
s FaAe] 2RE2 uks|a, 3) cirazolined] ©] 3
3
A

SA ZA st we Zadw - B3 b /Hlilﬂ 71 S AR

AR B} @A SCG AlEAAAMY Ad odFEd Zu AFE
whole—cell patch clamp WH S ©]&3t4 7]=3lA ). Cirazoline> NE$}

sHAl 7t Aela sk dEHor ZAugdFE AR Cirazoline-f = Z
FAF 9A= as-autoreceptors st A3H(rauwolscine 3 pM 2 %]) &
NM = AU, 22y FAT A4S st NE-fe ZadiF 94 o
oAuAl ettt E=F Lo, L, -84 72 AIAE dAAA 3 B¢

cirazoline2 ZHAFE JASA Y. 3+H GDP-B-S (2 mM)E o]l o

)
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o] G-adNAS LAt AFHS W cirazoline-F % ZEdF{F A=
A gkttt SCG A *EZ pertussis toxin (PTX) S 2 A 2](18

49 cirazoline-f% ZHdF  9A(23%)= PTX-&
7z r

oy i
2 L2 o

Zh
rauwolscine (3 uM) WS AA %3k & #2H cirazoline-
(33%, PTX-HI7HAd 2 PTX-F74)oll vlste] FHastdrt. shA %
A= NE-fre Zad7 dAE A9 &3] v (reverse) Al ZHth g3 N-H
e o-conotoxin GVIAE WA Xt S Wl cirazoline-fr%= Z
F#4F JAl= BZEA Egrh

2 | ) SCG A A cirazoline2 At &4 N-& Z#
& AdstorA ZAgdFE JAstH, 2) o3 ZEEE AW T
o—autoreceptortd I1—, I, I17=8A7F obd non-l23 T&A o =
oA, 3) FE&A Aol o ZHaEEE AT PTX-134 2 PT
A G- S mjrfste] Az o AFAF AL MY fle] Alxw
7 & (membrane-delimited pathway)& &3l 2 HA o= ZgdZo 2
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F 9] superior cervical ganglion®l] A
cirazolineo] Zg AFo X FIF

I.A4 E
Hartmann®}  Isler'”} ©}%Fdt  imidazoline FEAE 273 olg=
naphazoline, tolazoline, phetolamine, clonidine®} %<& imidazoline %A+

catecholamine¥ A JIE YW= =dH2 AA4H/AH. o F
imidazoline =A== © FA A S % a-adrenoceptor?d] & & A et ZAA = 7
F¥ o 19849 Bousquet’”} clonidine-like imidazoline %A ] cerebral
effect =, 8 Qtol a-adrenoceptor®ll o] sl A 7} ofy g} «
imidazoline—preferring” =& Ao <8 ZHHET}= AS Aoty o]y sk
imidazoline-preferring binding site= % F &I Tx ZZ oA FHES
3,7 ol A kel 2Ad ofF Fod IS Jrtu B 3’15}.

Imidazoline F& A= ©e& ZHo|A ofEo] #&3=
receptor (IRs) 2] Ok?ﬂ kA &5l 947311 Ir-’F%Xﬂ I —/Fo A i I3--&A
= X—}%% 0} T EA = A2 85 (eating behav1or)‘+ glial fibrillary
acidic protem-4 xéoﬂ HAE gom ™ B B ke Ao A%
057 I;-4=8A = pancreatic p-cell 1A Karp channelS Ao zmn <&
de FEgA7lE Aoz g Yk FHte] F e sympathetic axon
terminal,”’ guinea pig® A& 2A ¥ Aol AABMOA non-Tio3 58
(presynaptic imidazoline receptor)”} ﬁ”léﬂ At

Imidazoline ligand(BDF 6100, BDF 6143, aganodine)= 1 pM "] %ke] v

FEo| A a-adrenoceptorE X esl= ZFgo] Qo] wF AN FEHE



endogenous norepinephrine(NE)2] autoinhibitory feedback loopES 3l 5}<]
NE #27} S7tetv v %7F o= B% ol F7tstAl ™ NE #&87F &4
A Ho] ol2ul W W(bell-shaped)®] % Wg Zdo] yelbA @
olg]3dl x4 imidazoline ligandel €8] NE g7} oAHE dAe
o-adrenoceptor®l H] o]EXH o2 YEeldt AAZ $£F43 ay adrenoceptor
Al rauwolscine®] Y yohimbine NE 2 monophasicstAl 5714 7]
W oRFe] FE g F4& JehA @erh® E3 bell-shaped FE WS
A4S YEE imidazoline ligand® as adrenoceptor Z &A1& wlg] A |
st @& sd A NE fre|& S7HA7I= ddo] AlgbAal We Feo A
B] monophasicd/] & g&H oz NE 212 74471tk Molderring SV
< synaptic terminal?l 4] NE 2 A @7o] non-l23 98 A (presynaptic
imidazoline  receptor)®] & 3te] oA dojdria  HIFAIT  a
o-adreceptor®] @A slel] oe] NE f2 A zgats AP faleiA &
719 A8 Z2 A non-liz3 98 A (presynaptic imidazoline receptor)]
Aslel o8l NE 2ulE zdstes oz wafzn >0

NAAFENN 2 B2e AE N2 2% 49¢ 2dee Axde ¥
=

o H N o

w4 24, AQAGEAY e L A HEd 2o g 4y s
2 g3 odd 4 Fut ofelatd, desd 546 ue oy s
A obd (N, L, P, Q R 223 T-#)ox throldth 9] 91 %4 174

(superior cervical ganglion; ©]3F SCG)olA #23 w7 AlAFoA =
dihydropyridine®] &A%+ L-3, o-conotoxin GVIA9| &3] JA ¥ = N-
g, ¢z Au T2 ZAFgA wrgstA] v R-Yol vERdTh o] FellA
PHE-E(70-90%) N-& Zg F=2olx, yUHx L-8(7%), R-8@BX)<-o =
ZzAQgn 2elA Yok® AAAE EA8HE 0-conotoxin GVIA W 7HA
N-3 Zg T2c TF 9 dx 4419 dHda4e ek(presynaptic
terminal)oll A A ZHAGED Fed Fad JFS @ge P N-3 24
ERE 23 249 92 Ca’-activated K° 2 CI B2 2 &43sto] 2
S WA WAL FRAS 2dsed oY AT I

g X M (submandibular salivary gland)® A% 2%
HjE wrow SCGE Y AAdR Fa3l

(cardiac homeostasis)®] FX+= 7k A GA e} Fuzk AFAZTEEH Hdow

ht



SoleE A9 el dEiged” 53 duwse] Wse A7l de
sympathetic nerve terminalel A ¢] NE f2lo] 93] ZdH}® o)gdA A8
Al 7ls 4o F83% TS ste wgt AAoA non-ligs FEAd |3

NE #3217} dAgts Bas QA% ofz ojw 7jxdoem oA ¥ &
B A A e Aeelth w2 A elA = non-LigzF& Al o A
9 =4 #Fexdo] N-& Zd 25 T3 dojd JteAds Fds] A8
H LA non-liosF&Ao] Aeldo=m sty Bad” cirazolined] ©] 3t
N-& Z¢ A7 H3E 2Abeta I 71ds grslalah g
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1. 29 NFAE &3

A48 Sprague-Dawley Al 7 #(200~250g)E A ¥ & guillotine® 2
& ddstd k. Carotid bifurcation Alolol ¢ #|stal )&= SCGE ol 4T
2 FA¥ PBSE&No R At Sheath® connective tissueE A A H =
& 2745 dH & o2 0.7ml/mg  collagenase(type D), 0.25ml/mg
trypsin(Boehringer Mannheim Biochemical Co., St. Louis, MO, USA)¢] E9¢]
2+ 5ml9 modified Earle’ s balanced salt &4 (EBSS, pH 7.4)° A 45% &
oF W WH(35T, shaking water bath)3tAth. ¥l & ANAMEES FHelA &5
o] g3 F 1000rpme.& A E# 3] DMEM ®j Ao 25 (resuspend)
ANAT AAAEEL poly-L-lysineC. & FH ¥ o] cover glasses(12mm)
F Al k7] (humldlfled incubator; 95% air-5% COs)ollA] Hl

=< g 5 1247 W ARSI T

ulfy
¢
&)

2. A7 A=y 49

o] & F+= patch clamp amplifier(Axopatch 200, Axon Instrument Inc.,
CA, USA)E A}g3te] A& A<l whole—cell patch clamp #HoZ 7| =3
. =4 AL horosilicate glass capillary(2]74; 1.65mm, W74; 1.2mm,
Corning 7052, Garner Glass Co., Claremont, CA, USA)E vertical
puller(Narishige, Tokyo, Japan)Z %o} A Zslela, A= dif-o] &H4S A

m Aol 15MQ-25MR%E AL Abgatgon, AAAEI S0l plate

Y3 v A (inverted microscope)9o] =d T A ELAS %‘?‘1 Oﬂ <] 5

2ml/min £%=2 ¥WFA AT Patch membrane W2le] A5 AA A
AAZl Arejeld YElys= channel A4 %¢ W3S computer
program(pClamp V 5.5, Axon Instrument Inc., CA, USA)S o] &3to] EAs}
Ak BE A H2(21~24T)o A Al @8k

" mim o

Kl



3.AIESY 2 AFY &9

e 54 9 A5 8 d(Gnternal solution)®] A (mM)2 120
N-methyle-D-glucamine(NMG), 20 TEA-OH35%, 11 ethyleneglycol-bis—(B
aminoethyl ether)N,NN ~, N’ —tetraacetic acid(EGTA), 10 HEPES, 1 CaCl,,
4 MgATP, 0.3 NasGTP, 14 Tris—phosphocreatine(pH 7.4, 298mosm/kg H-0)
o7 3k AlEL IFH(external solution)d] FA(mM)S 140 CH3SOsH,
145 TEA-OH35%, 10 HEPES, 15 glucose, 10 CaCl; (pH 7.4 with TEA-OH,
328 mosm/kg HyO) ©o.2 3}o] AdstA T}t Polyethylenedd 2% gas
chromatography-% %A (capillary tube) &2 A ZAAE2] 100gm o] el 9=
AlA okEo] FEol osf Aol Ftef A EF SHA T

Cell-attached patch® $1%t A=W &< (internal solution)®] =3 (mM)
110 BaCl,, 10HEPES(pH 7.4 with tetraethylamonium hydroxide) .2 3} a1,
A EL] BF Y (external solution)®] ZFA(mM)2 140 potassium gluconate, 1
MgCl,, 5 ethylene glycol-bis—(p aminoethyl ether)N NN "~ N’ —tetraacetic
acid(EGTA), 10 HEPES, 5 glucose(pH 7.4 with KOH)°o. 2 3}

4. %&

Collagenase type D¢} trypsine Boehringer Mannheim Biochdmicals
(Indianapolis, IN, USA)9| A cirazoline Tocris(Tocris Cookson Inc.,
Ballwin, MO, USA)el A 79399t Norepinephrine®  GDP-B-S
[Trilithium guanosine-5'-0O-(2-thiodiphosphate)]i= Sigma Chemical Co. (St.
Louis, MO, USA), UK14R [5-Bromo—-6-(2-imidazoline-2-ylamino)guinoxal—-
ine]¥} efaroxan, BU224 hydrochloride [2-(4,5-Dihydroimidazol-2-yl)guinoli-
ne]+= Tocris(Tocris Cookson Inc., Ballwin, MO, USA)Z 5 Z}7} 435
t}. ow-conotoxin GVIA(0-CgTx GVIA)¥} PTX+E= Alexis (Alexis Co.,
USA)el A -4 3kt

5. FloE %4

RE AR Z7]= 5L A7 (test pulse A1ZF 10 ms )0l A v L3}



o, AFel A= AEe AV]d wE Hols BAEr] fal AlEEe
Capamtancei o] A5 WX(current density)® EASIATH EE Ads
A+ ox=z e, A48 29 = t-H A (paired 3 unpaired)
o7 g, o] BE oToﬂ p#kel 0.057 %k W= Fol 3k zolrt Utk
Eak A=

R
N
ol

m. 2 3
1. SCG A A A E A cirazolineo] &3 Zw AF A

TS -80mVel 1A & 0mVE &= A7E A=5S 7Hs 5 2

= 71E359 L3 A A M FENA cirazoline 30 M-S & F-ol 713
S o s AR dA4SA AATS AT ¢ AJTHITE 1A, 49.05+
7.75%, n=4). 19¥ 1B+ cirazolineo] Zg A7 AF-HA}F #AA m A=
FIFS UEtd A S = cirazolineol & Z& HAF7F AAHS BAT. 19
1CY] time-course®l Al Z¥ 77} cirazolinee] ©]3 7F9 4o = ‘1121]%2
T Q3L cirazoline®] FZ=-8E3 #TAlA ZHE AFE 50%  AIA7]
cirazoline®] =7} ¢F 30 uM °]AtH L H1D).

rl

rr mfl o



v (mV B
A g By
r
cirazoline 30uM
i control
: © Control
@ Cirazoline 30 uM
InA
pADF
2ms
C' D—
00 ' 70+
Cirazoline 30 uM 60
_ o5 2 g :
< = 401
. § 304
: -I.OI 2 201
2 10
_I 54 . - 1 0 L] T Ll
Pt T W N
0 100 - 30 Cirazoline, log[M]

Fig. 1. The effects of 30 #M cirazoline on Ca® current of acutely isolated superior cervical
ganglion neurons. A: Current traces 1n the absence (1) and presence (2) of 30 uM
cirazoline. B! I-V relationship of the Ca® current measured at 10 ms after the onset of the
depolarizing pulses in contol (O) and presence(@) of 30 M cirazoline. C: Time course of
cirazoline-induced blockade of the Ca’current. After the current amplitude had stabilized 30
#M cirazoline was applied to the cell from a micropipette which was placed close to the
cell. D: Concentration-response curve for cirazoline. To reduce the effects of desensitization

only one concentration was tested per neuron. Each point represents the mean+S.EM.

2. SCG AR A XX NE° o Zgdi9 A

Cirazolineo| &% Zg HFo A H23d7] s AAAEANH NES
elFol 7tstg S W ZE AR vlXE dFE FAAEFAY. SCGAA NE7F
as-adrenoceptorg A AIA ZF AFE ZAANGE ojdg Bl 2
o] 1 uM® NE°| 93] #A3}A %"ﬁ' 7311'——] A7 JERSTH Y 2A, 488
+1.37%, n=5). FHAYE -80mVE TAHF F 0mVE SEF A17] A 8ix



oo,
ftlo

A 20004 Za AHFE 50% AAAZIE NEF=s °F 1 uM

F sl

ne i

T | — B oy Ne1uu

L
]

Current (nA)
=

L []
- 0 Control
s 0
ONE 15 . . . .
0 40 80 120 160
sec
C.
601
= 504 0
.g 404
= 30
= 201
104
X
-10 ; . . )
-3 -7 -6 -5 -4
NE, log[M]

Fig. 2. The effects of 1 pM norepinephrine (NE) on Ca® current of acutely isolated superior
cervical ganglion neurons. A: Current traces in the absence (1) and presence (2) of 1 UM
NE. B: Time course of NE-induced blockade of the Ca®'current. After the current amplitude
had stabilized 1 tM NE was applied to the cell from a micropipette which was placed close

to the cell. C: Concentration-response curve for NE.

3. NE9J 93 Zgd7F9 Ao 3 pM rauwolscine ©] #| X &= 43

Rauwolscines A A %] (58)3FA] &2 Axel AA A 3 M EAA NEo| 9
st 2 AR 9A A=E ¥ sk tl. Rauwolscines as—adrenoceptor Z &t
Az DA gou), H B wawl e (3 uM) rauwolscine’s & ol A]

az—adrenoceptor’} block¥ 1 #%-2(30 uM) rauwolscine & =°l4 non-Ii237

_10_



£ A% block®th. 3 pM rauwolscines A=A x&k# &S A 1 pMY
NEo| 9l8] Z¢ AF7F dAsA FAash vt (2d 3A), 3 uM rauwolscine
S 5t AA Ak $o] NEO| ujsh S

= rdl

th(19 3B, 807+2.64%, n=4). °o]ZA 2% NE¥ a,-adrenoceptorE =3l %Lfr
AFE AATS d23 4 gt =3k +80mVel #st gd2=+S shslr] A
gRFA7]= AL prepulse, #3 BESS e H dEIFAIE AS

postpulse® sl oA ZAHF AFE AASt= HAEE facilitation ratio
(post/pre)= YEIUAS wf 3A<9]
uM rauwolscineS A 2] 3+ 29

7% prepulse facilitation©] dojykor} 3

prepulse facilitation®] ¥ oju=#] ok},

A' 30mV
. OmV.
-80mV 175
. NE 1 uM
2 I
<150
(=3
&
=
2125
=
E
£ 1.004 , . ,
20ms 0 50 100 150
Time (sec)
B. 80mv.
omV. 1.29
-30_mVl_|_|.I_L_
o
£
*g 1.14
=) NE 1 uM
g
lnA R S g e LU
20 §
ms ot . . .
0 50 100 150
© Control Time (sec)

® NE

Fig. 3. The effect of low-dose (3 uM) rauwolscine on NE-induced -calcium current
inhibition. A: Experiments without rauwolscine. ; B: Experiments in the presence of 3 uM
rauwolscine. The Ca®’ current was evoked every 10 sec by a double-pulse voltage protocol
consisting of two identical test pulses (0 mV from a holding potential of -80 mV) separated
by a large depolarizing conditioning pulse to +80 mV. Prepulse facilitation was calculated by
the ratio of the postpulse to prepulse current amplitude measured isochronally at 10 msec
after the start of the test pulse.

_11_



4. Cirazolined] 93 ZgAF<9 A 3 pM, 30 pM rauwolscine
o] M[X= AT

Rauwolscines 7tz 3 pM, 30 pME A=A 2] (58)3+ 3 cirazoline 30 pM
= Jlete] 2 AFE 71=89d. 3 uMY rauwolscined A A 39S
o gz (2" 1, 50%) HlEl ZE AFe AA(I™ 4B, 32.63+1.52%,
n=7) %43l cirazolineo] ¥ ar-adrenoceptorZ v/l ES & 4 AUt
30 uM rauwolscines A A stdS w ZH AFE cirazolinedl o3& 79
deS WA kv 4C, 7.06:0.68%, n=5). ©]4e] A} cirazoline®] NE
o= e FEAE 4TS & 7 AT = 80mVY ofF & GRS S
mg 7teke= A% cirazolinedl &¥ Al &EHF HAS= prepulse
facilitation” &7go] doju}i=x] Udolr 4t} Rauwolscines WA A 344 ek
A°l 4% ‘prepulse facilitation’ °©] WEF}OYW 3 pMY rauwolscineS #
A3 stAE Aol ‘prepulse facilitation’ ©] o] dojuA k(1™
4B). 30 pM<e] rauwolscine= HA A 39S A 9A] ‘prepulse facilitatio
n’ WEEA FvH(2E 40). A7 oM ZAa AF oA A= A
5 8oFgk Bo] 19 4Dolth

5. Cirazoline®| 2% ZH AF Ao G-protein®] "] X+ FF

19 5% cirazolined] 93 ZH dAF9 A7} G-proteing A -F3tEA &
ol® 7] 93 pipettetol 2mM GDP--S& wol Ad3 Zoltk. GDP-H-S

= GDP9 non-hydrolysable analog® A ZAA X Z4 AFoA AAAG =
Ao e xHdE Gproteing oAsE Aoz L4 JobPP Azt
S rupture A7l F, 108 Fo] NE$ cirazolines zHzb 7tste] 24 A7 9
AAAEE dolr Attt NE 1InM & 7Hs A% Z+4 A7 Fae A9 o
ofubx] k(¥ 5A, 549+1.45%, n=5). ©°|&= NE7} SCGAH :EA
G-proteing £3 Z+4 AHFE At E Ruse dxsts Aol nt
FI7FA &, cirazoline 30 M= 7Ftls Wle Za AFY HaAe UEHUA &
ob(1¥ 5B, 4.99£1.91%, n=4) arazohneoﬂ o3t g HAF JAel G-protein
of #AFE & F UATh olAE Qo ol 1yl HColvt. Al 1

_12_



5A, 5B F

% Inhibition

79 E5 prepulse facilitation®] YojuvA] eFoktt.

80mV.
sy
-80mVy. 171 Cirazoline (30 uM)
’q‘)\ I
. \a 1.5
° E‘; 131
InA g 11
=
= 0.94
20ms S
B 07 5o 100 150 200 250 300
. 0 S0mV Time (sec)
XOmV = 1.61
o
)
Z 149 Cirazoline (30 uM)
o I
& =
12
° 20ms u‘flo
"0 50 100 150 200 250 300 350
C. QomV Time (sec)
_gomv_mV m 9
5
| | ERp
=3 Cirazoline (30 pM)
I \% L}
IlnA | _E
L 3
=] 20ms =
<
o Control B, T T T T T ]
® Cirazoline 0 S0 100 150 200 250 300
Time (sec)
" * * * Fig 4. The effect of rauwolscine on
_T_ cirazoline-induced calcium current.
504 = A: Experiments without rauwolscine.
40- B : Experiments in the presence of 3
BM rauwolscine. C: Experiments in
304 .
the presence of 30 uM rauwolscine.
204 D:Summary of cirazoline/NE-induced
104 - calcium current inhibition in the
% @_ absence and presence of rauwolscine.
0

3 Cirazoline 30 uM

El Rauwolscine 3 uM+cirazoline 30 pM
E3 Rauwolscine 30 pM+cirazoline 30 pM
[ NE1uM

Rauwolscine 3 pyM+NE 1 uM
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Data are presented as meantzSEM.
From left to right, n=4, 7, 5, 5, 3.
* p<0.05 (Unpaired t-test).



A. GDP-B-S (in pipette solution)

OmV 80mV 12
-80mV
: BNt
S
s
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InA T 00-0-0-00-0-0-0-0-0-0-0-0-0-0
. 2091
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O Control 200
o NE 0025 50 75 100 125 150
Time (sec)
B. . GDP-p-S (in pipette solution)
Sy | —y
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] 121
£
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&
C £ Cirazoline 30 uM
o Control 20ms ‘_g" 101
@ Cirazoline é()“
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Time (sec)
307
= 201
;g [ICirazoline 30 uM
e
= Il NE 1 uM
= 104
Nisnl B
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Fig. 5. The effect of GDP-B-S (2 mM) on NE and cirazolin-induced calcium current
inhibition. A: Current traces in the absence and presence of 1 UM NE after bmin dialysis
with 2 mM GDP-B-S containing recording pipette solution. Records in A and B are from
different cells and were elicited by test potential of OmV from a holding potential of -80mV.
B: Inhibition induced by 30 uM cirazoline application in the presence of intracellular GDP-
B-S. C: Comparison of inhibition of clacium current amplitude induced by NE and cirazoline

with GDP-B-S (2 mM). The data was shown as mean*S.E.M. p>0.05(Unpaired t-test).
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6. Omega—conotoxin GVIA(e-CgTx) WZA ZHE AFo U
cirazoline® &3}

18 68 we-conotoxin GVIA(0-CgTx)oll 93t Z4 dAFY A9 o
-CgTx A=A F cirazoline(30 pM)oll 23t ZF AF JdAES HoFEo}h o
-CgTx (1 uM)& AAA & Axe] A5 AIdHFe Za dA77F JAEHAD
[ 6B(2), 76.19+4.52%, n=5], °|&3 AAH ZHF HdF+ 0-CgTxel H
743 N-8 ZH5 A Fo]t}. Omega-conotoxing 7Fste] N-& Z4 AFE o
A8k TS cirazolineg 7} S A9 cirazolineol 93 Zg AF AA7F U

Z(49.0547.75%, n=4)3 Hlaste] AASA EolEAoM[1d 6BA), 6.49
[©)

+1.39%, n=5], ol&gt Atol= FAAHSE fFofAH 1y 6C; p<0.05). wet
A cirazoline> N-8 Z# AFE &3 ZF AFE JATES & & AAJh
A_ - 30mV B
80mV] 05
0-CaTx Cirazoline
| H - 4
| 00 23 Fig. 6. The effects of
InA | E 051 Omega-conotoxin GVIA(0
[ | e -CgTx) on Ca® current
1 ° n amplitude and inhibition
200ms N 1 induced by 30 M
15 cirazoline. A: Current trace

0 l(l)O 2(I)0 3(30 4(I)0 in the abesnce and

Time (sec) presence of 1 pM o
dT P ~CgTx  and inhibition
induced by 30 M
cirazoline in the presence 1
M 0-CgTx. B: Time
course of the application of
30 pM cirazoline on
-CgTx GVIA-insensitive
Ca® currents. C: Summary
of Ca® current inhibition
by 30 uM cirazoline in
the absence and presence 1
MM 0-CgTx. Data are
presented as meantSEM.

T 1N p<0.05(Unpaired t-test).
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7. Cirazolineol| 93 Zs HAF Al W imidazoline receptor
antagonist®] &3

Cirazolinedl 93+ Zrs AF AA7F non-lipgsT&A7F ofd o &
imidazoline & A(I;-, I, -F&A)E Esto] dojub=A &elsH7] %’4311 Z}
7zt Ao AAAE vlE AAAT = e diFel g cirazoline®] &
=S #ESAY. L[-58A Z23A|Ql efaroxan 1 pM, L-F8A ZaA <l
BU224 1 pM, -84 234 KUI4R 1 WM& 5383 A ﬂfqﬁi % 30 u

M cirazoline®] &#=E #BZ3c}t. Efaroxans A X GS o 30 uM
cirazolinedl 93] ZgH HAF= oF 42% (29 TA, 42.14+2.57%, n=5) A = A
I, BU2249] A-$ ¢F 38%(1¥ 7B, 37.97+2.36%, n=5), KU14R9] 7% ©<F
46% (1 7C, 46.05+1.98%, n=5) Z# HF7t AA AT oleld JAAHE
= "HxaY %X (49.05+

A. B. —

Somv— UV g omy T75%)3 EAHOR fo
A Fom=(ad 7D, p
>0.05) cirazolineol] 2] 3k
7L€F X%E 04;(1]-‘5 117, sz,
Lo 8AE AR B

o Control 50ms o "

® Cirazoline = ?:,_]- 9}04]4_

C. D. 75

-80mV OmV

s 50 T
1 g
=
EZS-
=
O.
&° o ‘q* w@”f @ \)\D‘\L

OD (o(b
Fig. 7. The effects of various imidazoline receptor antagonists on inhibition of Ca® current
induced by 30 UM cirazoline. A: Inhibition of Ca® current when the bath contained 1 uM
efaroxan. B: Inhibition of Ca® current when the bath contained 1 uM BU224. C: Inhibition
of Ca®" current when the bath contained 1 pM KUI4R. Various antagonists of 1 pM were
applied to the cell from a micropipette which was placed close to the cell. D: Summary of

Ca®' current inhibition by 30 pM cirazoline in the presence 1 pM imidazoline antagonists.
From left to right, n=4, 5, 5, 5.
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8. Cirazolineol] &3 Zg AF Ao pertussis toxin(PTX)o]

v = 9
29 AZAEES 500 ng/mé ¢ PTX7}F o190 iAol A 1847+ H<t
vl ok 3k Ae Attt PTXE AA A 3 A A XA cirazoline(30 uM)Oﬂ

Fek & A9

ot ZH AF AAZF ZAsA (™ 8). Rauwolscine 3 pM<S A ] &

% cirazoline 30uMell 2]3] 32.63+1.52%2 Z&H HAF Farl dojyga PTX

g AAA g A5 cirazoline 30 uMoﬂ o3 23.04+1.95%9] AAE H At

Rk NEO| ¢ PTXE AAA & Bf Zg A7l A gzl Hle)

AA 8] A vH(5.91+1.85%). 0]9} e A ZHE cirazolineol <3 Z+
AAl]  PTX-sensitive G-protein(Go/Gi)¥}  PTX-insensitive

G-protein®] #ojsti &S & 4 9t

60 NE
*
& [
<
U Cirazoline
(. *
o 40
e
o
=
2
=
=
X
0 »
x© \ -
ARt RO

o

Fig. 8. Ca®' current amplitude and inhibition induced by NE/cirazoline application in neurons
recorded from control and pertussis toxin-treated cells.

Bars are mean inhibition of calcium current by 30 pM cirazoline and 1 pM NE. Cells
were cultured overnight with 500 ng/m¢ PTX. From left to right, n=7, 7, 5, b.

* p<0.05(Unpaired t-test).
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9. Cirazolinedl 93 Z+# AF P A second messengers]
Fo A7

Cirazoline®] 2}-&7]#lol diffusible cytoplasmic messenger’} o] &}=%]2]
o= hatho] EHAZE 7}8}o] cell-attached patch *WHS o] &3lo] dolr
ekl o] 2 gk ArEfo A cirazoline®] membrane—delimited pathwayS %3] Z+
# AFE JAgdE gdAo 23 G-protein® A 37} patchete] o]
TR s AEol dojuix] ol adAe v dEUA FAIRE
diffusible messemger”} o] &t patch¢lte] o522 o|Fd = oA
EHAE 7R S w wkgo] yehdth A AI(2H 9A, 9B) cirazoline®l
oja] v A7 Wshrb i ew webA cirazoline & A &/3o og Z#
£ B2 gAY MFEW 7] diffusible second messenger’} o= A o]

o}y 2} membrane-delimited pathwayS 7Z2-+3S & 5 AT}

A. 20mV.
-8omv | |
Fig. 9. Cell-attached patch
o recording of Ba® currents
Z yCirazoline evoked by a step
EN depolarization to +20 mV
E from a holding potential of
204 Control -80mV in the presence
- - — and absence of bath—applied
Time (msec) cirazoline (30 uM).
A: Cirazoline did not reduce
current amplitude in any of
B' 0 Cirazoline (30 uM) the cells tested (n=4).
-54 - B: Averaged relative peak
JOJMM current amplitude of Ipa
<:: -154 from 4 cell-attached patches.
= 201
_25.
30 . : . )
0 50 100 150 200
Time (s)
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V. 1 z

Cirazoline NE¢} fFAFSHAl 719 A o] W (reversible), 5% <&
Oﬂjﬂ ZE AFE AARAHH(E]). 9k NE9 cirazoline©
ayqnq 3 UM rauwolscines HAH A S Aol T

= B8A A4 s ZadRe oAl BRIt Hszsho]of
E}X]“J ag—adrenoceptors  block3thil H 1% rauwolscine %<& H%(3 n
M)E AAA & wf NEo| g Z4 @EQ A= 71 Do ‘L’%%X]
9k, cirazolinedl 9alA = Zw AF/7F AEEF dAFHJAHTH 4). o]
AA4%= NEQ 49 dFE ar- adrenoceptor*E— Z8 2w ?ﬂE% ‘11
cirazoline as-adrenoceptor’} ¢} o2 FE&A % wisty Zg dHF
A AdEs AAbetH £ FAAQ APS Fste] o] #el non-Ligs
A7F #ofFEs AT+ AAT
Hiof] wWZ2wW  imidazolineAl¢] <FE(BDF 6143, clonidine, idazolixan,
phentolamine)2] & non-li23 & A (presynaptic imidazoline receptor)
= 28 ay-adrenoceptore]l = binding affinityE 7Fdvta 48 dep E
Ago] AFE3F imidazoline F+X=A¢1 cirazoline2 E7]2] Fy #H%F oA
az-adrenoceptordl = AEFS FALI non-lps FEA AMeldoz =83
o Bag v ok e w B Ad oA ay-adrenoceptorsS blockdlA ¢
2z wlF block 3 Z7 oA cirazolined] Z# AF A&7 AA
vebykth olgd Ad AxE H 9 SCG neurondl A cirazolined A€l Z o
2 non-lo3 FEA T 2EeA] gy FEAHOZ ay-adrenoceptord] = 2H-&
ojulstm o]l gk zol= ofmie F F2 XA Aolo] Y[t Aow
Ao}, wEpa B2 Ao A cirazoline®] 2F-8% imidazoline receptorE v
= FEwS #A#Z8 wl= ay-adrenoceptor?] Tl E wiAlE 7] Y AE
3 uM)&] rauwolscines A X st o o] FEHE R oRE dto] H]

me
ol o 2
¥
ofo
2
il

4
oo 12

>~1

—‘Nl 1j01‘
! rUlo

N
==

i

kA

Fto AAeA AAAE EHo FE&A= HHAY gEH HE T2
(voltage—-dependent Ca® channel)9} 7|52 oz JdAFo gt} AAAYG &
dol Zg TEE Hse= VA T M #F Ll AL pertussis

toxine(PTX) WA G-protein(Gi/Go)S wi/RE  &Fa, A Edto] =3k
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(membrane-delimited) 7] d1 & &3, HdY¢ gJEH o2 Ty F2E A=

Aol E3] # 9o SCG AlE /\1 somatostatin, adenosine, prostagladm E,

ol
§2
rlo
w
N,
i
)
8
o)
8
o
=
]
j)}
@)
o
®,
3.
—t
o
0,
ho]
)
—t
=
=
)
=
o
12}
2
o
1o,
N~
k)
2
2
il
o,
i

olegflo] H7Hx] E4S YelH =6l 1)membrane-delimited pathwayE 7 -3}
H A3 A o 2= cell-attached patchE sto] AE Hrel EAAE 7tstdls o

o} F wh&o] vELA kom 2)Ed A o] 93] ‘kinetic slowing’ ©l#tE Zr4r
AF At BEAPS Holn 3)E @R Fo] (52 v statd A&}
7238t ‘prepulse  facilitation’ @S HATE® B AFHA  q

el
s—adrenoceptor= AF©3st  AEjA] = imidazoline receptoribeS w7l g
cirazoline® Z#d7F A 71HoA = Sl AT TG o4 JA9
EAS BT YUehAE AT S5 ‘pre-pulse facilitation” ©] Ul

AN Hl&] A A2 ¥ Al ‘kinetic slowing’ AN = #AFE = ¢ e
4B). Z1# Y} as-adrenoceptorgE ZFeHslA] 2 AE|A A cirazolined Zr& A F
A 7]Ae = ‘prepulse facilitation’ , L] 3 ‘kinetic slowing o]
AE #F # Qdfle=d o] ofrt: YHF ay-adrenoceptor 7F &4 3t &
o] Yelt Ao FZHu} kst ay-adrenoceptor’t A3t # A9
prepulse facilitation’ , =22 i ‘kinetic slowing’ &4Fo] UEldth= Apalo] =
dHA 7] wEel.

3l# cell-attached patch W< o] &3] AL WO & cirazolines 7}3t31S
u o}F WstZl yEelyA Fe=Fo g Hol 1 3L membrane-delimited
pathwayE Z4fsle Aoz Azt (d 9). o]ojAl o]k cirazolined]
non-lipz TE&AE & Za A7 AAZIHd Gprotein®] A¥F oAF F
I FFE gotrR7] gk AFS WaAsA . G-proteindl thd GTP binding
o] competitive inhibitor?] GDP-Bp-S 2mM<S Fo]slfo] il cirazolineS
7kt ®EF Mo pertussis toxin(PTX)S 18h A A %%+ & cirazolineS
7kste]l Zrg AFe] WstE #FSATE 2 mM GDP-B-SE& Fol3l uio] ¥
o] G-protein®] &A= JA A= cirazoline®l 93 Z¢ AHF A=

;

Aol dojubA] LUt 1d 5A). o]+ NEo| 93 24 AF A4 7147 &
AFEFE BFA) W PTX -sensitive G-protein(Gi/Go) S £33t ZgH AHFE oA
st 4 NE9F th2 4 PTXE 18hr A3 % 3 7 %o %= cirazolineel] ¢
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8) 7L oAl Fx7t PTX AX3stA &2

2 SCG A7 AMEAA  imidazoline
receptor= St cirazoline® ZHHAF FA7|HA = HFEAHOZ(SF 30%)
PTX-sensitive G-protein(Gi/Go)¢] #o3s}ar ¢F 70% A %=+ PTX-insensitive
G-proteine F3 43 & & F AU o]y G-proteine thzt 574
% membrane-delimited pathway 7254 5-& SP(substance P)o] 23t N-

%
Y 2w A7 24 /149 543 G

off

g SCG ABMEAAN ZE AFe N-F ZaE $2 ATAR o
—conotoxin GVIA(0-CgTx; 1uM)ell 24 o oA =] ojn] HiH
g 2 BX 54 dA stk N-3 Zs 525 AFAIZ e el A

cirazoline (30 uM)& 7Fatol = Zrsg 79 A= doub=] FUATHLH 6).
o] SCG AAAFENA cirazolined F& N-& Z4 222 oAgS 9n
shch, =3k 9] sympathetic axon terminalol A non-lioz FE&AE &
releases ZAslE ZoR RHuHggEd B A Az olop Rgy
non-lizz FEAZ A3 thE imidazoline F&A ] = 24
AA7F dojrtA] E5s EAT & AATh

SCG Al AAM oA as-adrenoceptore] EA3te] o3t Zg AFeo o
negative feedback mechanismo.Z 217 2= &< NE9 & #AaAl
2+ 4 A 9tk &gk imidazoline-preferring binding site= %
AN FHEACH’, oo} e R Azl Fad
HuEo] u} ol AF AES E3 SCGolA ar-adrenoceptor’t oFd

presynaptic imidazoline receptoro] 2|3+ AFAGEZA fFalo 2AV|AS &

h s Tl =
T Uden, HE AG A= oz wik AL A oo A B EEH =
Sy 22 AW oA AT T # Ao T|gsiH, a
o—adrenoceptorol] 2|3k & F A A 2 e

RS =
AR 7x2Am7E E AR 7|
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membrane-delimited pathway & 43t Aoz A= o]t
HE2 AdAALLG #HE SCGolA non-ligs &A1 274 Ag &
A7 D At Js oFst=d 7T Hom A7tE

_22_

A= PTX-¥974d 2 PTX-"W17A  G-proteine @

ot
)
>,



. Hartmann M, Isler H. Chemische Konstitution und pharmakologsische
Wirksamkeit von in 2-Stellung substituierten Imidazolinen. Naunyn
Schmiedebergs Arch Exp Pathol Pharmakol 1939;192:141-154.
. Bousquet P, Feldman J, Schwartz J. Central cardiovascular effects of
alpha adrenergic drugs: differences between -catecholamines and
imidazolines. J Pharmacol Exp Ther 1984,;230:232-236.

Michel MC, Insel PA. Are there multiple imidazoline binding sites.
Trends Pharmacol Sci 1989;10:342-344.
. Ernsberger P, Giuliano R, Willette RN, Reis DJ. Role of imidazoline
receptors in the vasodepressor response to clonidine analogs in the
rostral ventrolateral medulla. J Pharmacol Exp Ther 1990;253:408-418.
. Ernsberger P, Graves ME, Graff LM, Zakieh N, Nguyen P, Collins
LA, et al. I;-imidazoline receptor: Definition, characterization,
distribution, and transmembrane signaling. Ann NY Acad Sci
1995;763:22-42.

Menargues A, Cedo M, Artiga O, Obach R, Garcia-Sevilla JA.
Modulation of food intake by ap—adreceptor antagonists and
I,-imidazoline drugs in rat: LSL60101 as a novel and selective ligand
for I,-imidazoline sites[abstr.]. Br J Pharmacol 1994;111:298p.
. Garcia-Sevilla JA, Escriba PV, Sastre M, Walzer C, Busquets X, Jaquet
G, et al. Immunodetection and quantition of imidazoline receptor proteins
in platelets of patients with major depression and brains of suicide
victims. Arch Gen Psychiatry 1996;53:803-810.
. Olmos G, Gabilondo AM, Miralles A, Escriba PV, Garcia-Sevilla JA.
Chronic treatment with the monoamine oxidase inhibitors clorgyline and
pargyline down-regulates non-adrenoceptor [*H]-idazoxan binding sites
in the rat brain. Br J Pharmacol 1993;108:597-603.
. Alemany R, olmos G, Garcia-Sevilla JA. The effects of phenelzine and

other monoamine axidase inhibitor antidepressants on brain and liver I»

_23_



imidazoline-preferring receptors. Br J Pharmacol 1995;114:837-845.

10.Plant TD, Henquin JC. Phentolamone and yohimbine inhibit
ATP-sensitive K = channels in mouse pancreatic p-cells. Br ]
Pharmacol 1990;101:115-120.

11.Chan SLF, Dunne M], Stillings NR, Morgan NG. The as—antagonist
efaroxan modulates K'-ATP channels in insulin secreting cells. Eur ]
Pharmacol. 1991;204:41-48.

12.Molderings GJ, Gothert M. Imidazoline binding sites and receptors in
cardiovascular tissue. Gen. Phrmacol 1998;32:17-22.

13.Likungu J, Molderings GJ, Gothert M. Presynaptic imidazoline receptors
and as—adrenoceptors in the human heart: Discrimination by clonidine
and moxonidine. Naunyn—-Schmiedeberg’s Arch Pharmacol
1996;354:689-692.

14.Molderings GJ, Likungu J, Jakchik, Gothert M. Presynaptic imidazoline
receptors and non-adrenoceptor ["H]-idazoxan binding sites in human
cardiovascular tissues. Br ] Pharmacol 1997;122:43-50.

15.Moldering GJ, Gothert M. Inhibitory presynaptic imidazoline receptors on
sympathetic nerves in the rabbit aorta differ from I;—and I>-imidazoline
binding sites. Naunyn—Schmiedeberg’s Arch. Pharmacol
1995;351:507-516.

16.Gothert M, Molderings GJ. Involvement of presynaptic imidazoline
receptors In the as—adrenoceptor-independent inhibition of noradrenaline
release by imidazoline derivatives. Naunyn-Schmiedeberg’'s Arch
Pharmacol 1991;343:271-282.

17.Molderings GJ, Gothert M. Presynaptic imidazoline receptor mediate
inhibition of noradrenaline release from sympathetic nerves in rat blood
vassels. Fundam Clin Pharmacol 1998;12:388-397.

18.Starke K. Regulation of noradrenaline release by presynaptic receptor
systems. Rev Physiol Biochem Pharmacol 1977;77:1-124.

19.Starke K, Gothert M, Kilbinger H. Modulation of neurotransmitter
release by presynaptic autoreceptors. Physiol Rev 1989;69:864-989.

_24_



20.Starke K. Presynaptic az—adrenoceptors. Rev  Physiol Biochem
Pharmacol 1987;107:73-146.

21.Molderings GJ, Hentrich F, Gother M. Pharmacologic characterization of
the imidazoline receptors which mediates inhibition of noradrenaline
release in the rabbit pulmonary artery. Naunyn-Schmiedeberg’s Arch
Pharmacol 199;44:630-638.

22.Takahashi E, Murata Y, Oki T, Miyamoto N, Mori Y, Takada N, et al
Isolation and functional characterizatoin of the 5’ -upstream region of
mouse P/Q-type Ca®" channel a;a subunit gene. Biochem Biophys Res
Commun 1999;260:54-59.

23.Mintz IM, Adams ME, Bean BP. P-type calcium channels in rat central
and peripheral neurons. Neuron 1992;9:85-95.

24 Hille B. Modulation of ion-channel function by G-protein—coupled
receptor. Trends Neurosci 1994;17:531-536.

25Ikeda SR, Dunlap K. Voltage-dependent modulation of N-type calcium
channels: Role of G protein subunits. Adv Second Messenger
phosphoprotein Rer 1999;33:131-151.

26.Clapham DE. Calcium signaling. Cell 1995;80:259-268

27 Krzysztof Kukula, Pawel Jerzy Szulczyk. Properties of Na' currents in
putative submandibular and cardiac sympathetic postganglionic neurons.
Journal of the Autonomic Neurons System 1998;69:12-20.

28 Lockhart ST, Turrigiano GG, Birren SJ. Nerve growth factor modulates
synaptic transmission between sympathetic neurons and cardiac
myocytes. J of Neuroscience 1997;17(24):9573-9582.

29.Gother M, Bruss M, Bonisch H, Molderings GJ. Presynaptic imidazoline
receptor. Annals New York Academy of Sciences 1999;831:171-184.

30.Hamill OP, Marty A, Neher E, Sakmann B, Sigworth F]. Improved
patch—-clamp techniques for high-resolution current recording from cells
and cell-free membrane patches. Pflugers Arch 1981;391:85-100.

31.Schofield GG. Norepinephrine blocks a calcium current of adult rat

sympathetic neurons via an as-adrenoceptor. European Journal of

_25_



Pharmacology 1990;180:37-47.

32.Holz GG, Rane SG, Dunlap K. GTP-binding proteins mediate transmitter
inhibition of voltage—-dependent calcium channels. Nature 1986;319:670.

33.Dolphin AC, Scott RH. Calcium channel currents and their inhibition by
(=)-baclofen in rat sensory neurons: modulation by guanine nucleotides.
J. Physiol (London) 1987;386:1.

34.Schofield GG. Norepinephrine inhibits a Ca®' currnet in rat sympathetic
neurons via a G-protein. European Journal of Pharmacology 1991;207:
195-207.

35.Elmslie KS, Zhou W, Jones SW. LHRH and GTP-v-S modify calcium
currents activation in bullfrog sympathetic neurons. Neuron 1990;5:75-80.

36.Jkeda SR. Postaglandin modulation of Ca®’ channels in rat sympathetic
neurons 1s mediated by guanosine nucleotide binding proteins. J.
Physiol (Lond) 1992;458:339-359.

37.Shapiro MS, Hille B. Substance P and Somatostatin inhibit calcium
channels in rat sympathetic neurons via differed G-protein Pathways.
Neuron 1993;10:11-20.

_26_



Abstract
Inhibition of N-type calcium current by cirazoline

in rat superior cervical ganglion
Yun Suk Kim

Brain Korea 21 Project for Medical Science

Graduate School, Yonsei University
(Directed by Professor Taick Sang Nam)

Presynaptic imidazoline receptors that mediate inhibition of norepnephrine (NE)
release have first been identified in rabbit cardiovascular tissue. Superior cervical
ganglion (SCG) neurons have imidazoline receptors and N-type Ca®" channels to
modulate neurotransmitter release. However, whether inhibitory action of
imidazoline receptor activation is associated with N-type Ca®' channel blockade is
unknown. This study was conducted to see if N-type Ca” current observed in
SCG neurons is modulated by activation of imidazoline receptors.

Ca’" currents were recorded using the whole-cell patch-clamp technique from
neurons isolated enzymatically from adult rat SCG. Ca’' current was evoked by a
depolarizing stepping pulse from -80 to OmV. Cirazoline (30 puM) decreased the
amplitude of Ca®" current and slowed its rising phase. However, in the presence of
alpha-2 antagonist rauwolscine (3 pM), the cirazoline-induced inhibitory effect on
Ca® current was decreased and did not show a kinetic slowing suggesting that
alpha-2 adrenoceptors were partially activated by cirazoline in SCG neurons. Most
of Ca® current was inhibited by N-type channel blocker omega—conotoxin. And in
the presence of N-type channel blocker(o-conotoxin GVIA) cirazoline could not
inhibit the Ca” current indicating that cirazoline inhibited the N-type Ca® channel.
Internal dialysis with solutions containing 2 mM
guanosine-5'-O-(2-thiodiphosphate) (GDP-B-S) blocked the Ca®" current inhibition
by NE or cirazoline. Compared with control, the inhibitory effects of cirazoline on
Ca® current were decreased when SCG neurons were pretreated with pertussis

toxin (PTX) for 18 hr. The presynaptic imidazoline receptor effects were mediated
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by a membrane-delimited pathway, because the modulation was not seen in
cell-attached patches when cirazoline was applied to the bath.

Taken together, the results suggest that activation of presynaptic imidazoline
receptor in SCG neurons reduced N-type Ca’" currents via a membrane-delimited,
both PTX-sensitive and PTX-insensitive G-protein pathwaym This imidazoline
receptor mediated inhibition of N-type Ca” current may play an important role in

modulating neurotransmitter release from SCG neurons.

Key words: cirazoline, Ca®' channels, superior cervical ganglion
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