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Abstract

Modulatory effect of CAMP-PKA system on inhibitory- and excitatory herbs-mduced ion currents were
investigated by nystatin-perforated patch clamp method under voltage-clamp condiion.

Ion currents induced by Bupleuri radix and Coptidis rhizoma were not affected by cAMP-PKA
system. Ion current induced by Ecliptae herba was partially inhibited by cAMP-PKA system.

Ion currents induced by Aconiti tuber and Boshniakiae herba were inhibitory modulated and ion
current induced by Zingiberis rhizoma was excitatory modulated by cAMP-PKA system. Modulation of
cAMP-PKA system on jon currents induced by Ginseng radix was fluctuated.

In this results, it can be seen generally that excitatory herbs-induced ion currents were modulated by
cAMP-PKA system while cAMP-PKA system did not affect inhibitory herbs-induced ion currents.
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o WeE S ste] AAAHY LoF Aol
JlE€ FHIE AT/ AWHAYY. o5
oA vehd ¥ EA on) Y= Agezs

87 cyclic adencsine monophosphate

(cAMP)s} cyclic guanosine monophosphate

(cGMP)9] e slel Fofo]28 92 A9

An 2 7o, 121} cAMPS} cGMPE 4t

EA BE EAo| 7| HelA AFH oz 24

s AL ohgm = cAMP, cGMP 77
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A FEZ oY EII o5 FEo] AAAZTL

ol Al frdats o] 2AF B4 S tiokgt o] 2

TR Hstd =ATozy 7HHAQ uhy
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Lz e Ydde] Ay AL

d SoFel 2ol B Ae] AgE W, = o
FHe A Sofol2E ARH oz AYY 4 9
£ AEE Fotrnuxl sty
AARLEA 23 ol2F a9
GTP-binding protein (G-protein)& ©ij»] & 3
NHzAF cyclic AMP, Ca”, diacylglycerol
222 NO § Az o) spaelel o8 az
2o F /bR we] 9led G-proteing 3
A Y zA = voltage dependent K channel
7} voltage dependent Ca®* channel 99 =
Mol 2 o], AlE olAAFel g o] &
27 2¥dgE A8 2AE @ol Ykl
protein kinase Ay} protein kinase Col} 2] s)
nicotinic acetylcholine receptor”} phosphory-
lation=] ® desensitizatione} Z7}Eldly 51
g o » GABAA receptor?] B-receptor=
phosphorylationg® 2 €M =7 "=}y
28 Ao®. xa ptype opioidst BAHE
= glycined] 3 Cl current’} Z7}s 1)
o] & cyclic AMPe] £j#) Yot wAtelstz

S
zye

235qed’’ NMDA receptore]] 2] &
glutamate ¥H-$-% protein kinase C& o/} =
F7H90z w35 9oy

2 d7eAE 87 H9 9y AgAzE
el ste]  o|AAZ el cyclic AMP-protein
kinase systeme] A4 % R4 3okaj o)
o3ty fIE = o] AR A njHE o
%<& A#ARA  selA  nystatin-perforated
patch clamp ¥ o & A8 514}

I. dgiziz o 2

1. S MANzZo Ea

FAYNA AAAZE 33 22 e
2 ¥esg O geig A 109604 159
¥l = Sprague-Dawley #3 & Zoletilez uf
A F & AW microslicer (DSK, model
DTK-1000, Japan)& A}-&3led 400um 57 =
slicesg ®wHET. FAHWA  (Periaque-
ductal gray, PAG) AR A =7} z3=l slice&
Img/6ml ¥ 9] pronasez 30-40%7F 327Col
A maxdzl F o9 lmgbml ¥
thermolysine & E43 z7ecz 1087 =
A9 syt 2238 % slices: incuba-
tion solutione] 4 5% CO2-95% O £87]4) =
127k o] 4} bubbling 3t & A}£3}¢]ch.

FAYNA AAAZ £ = FAI|E o] &
3}ed micropunchingstgl 2= standard solu-
tionol £ 9+ culture disho4 Z7]7} o
< micropipetteg °} &3l 7Aooz R
shdch ole g ez Foyw ol A4
& 53U culture dish whebe] 25 o}

2 29

B Ago] AlLE+= incubation solutiong]
=A& o3 7ot (mM): NaCl 124, KCl 5,
KHoPO4 12, MgSQO4 13, NaHCO; 26, 183
glucose 10. o] &-<42] pHE 5% CO2-95% O
o] £¢ 714 = bubbling 3l 747} S==HA
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Cyclic AMP-PKA Systemo] oAl @ FE2A4

sheict.

2 Ao 2185 L standard solutions] =
Qe o3 2ok (mM): NaCl 150, KCl 5,
MgCl: 1, CaCly 2, glucose 10, zg]lx
N-2-hyoroxyethyl-piperazine- N-2-ethanesulp
honic acid (HEPES). o] &9 pHE tris-
hydroxymethyl-aminomethane (Tyis-base)&
ol &3t T.47F $AHA sheich.

Patch pipettesl] A}-2-% = internal solution
2 (mM) KClI 150, HEPES 10, zslx
nystatin 200 pg/mlE FAHe glon
internal solution®] pHE Tris-base& o] &3}
o 722 fA st

3. <A

£ Adel AMEE A4 YA zE AF,
3, 2 AAsdn, F84 ddA=E
52, A%, §54 28 QS A4 std 4
3t FAE A FAA - A st T
devl FFFE 323 F 0CAA ¥F =
I F ALl AY Al RE gtekaig 34
2 standard solutiong A}£-314 o).

o] Agel 44" Aoke e 2o
Zoletil-2 VibacA} [France] A £& F4 3l 3,
pronase, thermolysin, nystatin, forskolin,
3-isobutyl-1-methylxanthine (IBMX), dibutyl
cyclic AMP, staurosporin 283 1 & RE
Alefg Sigmast [USA]E AH4-stsdc) oAl &

Y-tube' method2 Fof sl o' o] u}
H2 10-20 ms o] AAHAME F99) 84 7
A 2 o

HF2] &3x 2 nystatin-perforated patch
recording HHH & A}-£-3}¢l e patch-pipette
2 9740} 1.5 mm?a] glass capillaries& o} &
&e] two stage puller (PB-7, Narishige,
Japan)& RFEH o o] 2AH {2 £EL patch
clamp amplifier (EPC-7, List-Electronic,

- Asigen

gepAel o) A oledF tlxe B

Germany) = 23514 o0, storage
oscilloscope (HS-51004A, Iwatsu, Japan)s
ZA]q thermal-head pen
recorder (Nippondenki San-ei, RECTI-
HORIZ-8K 21)& 7] &3}¢dc}.

24 Ze meanststandard error of
mean (S.EM)E2 A Alsled 2 Student’s ¢ test
2 FA Adgsidch 2E AL AL (202
2C)A A A=At

M A% dxn
1. AlZdl 2|5l szl o|2FFo| cf
8t cAMP-PKA systeme| =ZX=t

1) AlSol] ofsto] REE o|[2HR A
of g HE

Al % (Bupleuri radix) 0.5mg/mls A& =

AR DY ARAZ Fo A F|EF
Cl2AFT WEFOE so} 2% A LE A

5E o] A 7|ZHE o] 2WFY =V S ¥
2agch 28 Folk A FodA ) ol LT
7)) 92.20+7.10% (n=4, p <0.01)o| &)
= o)eMFI JZHYD, 4% Se=
98.30+11.03% (n=4, p <0.05), 6% o=
99.27+2044 (m=4, p <0.05), 8% =Hejx=
88.07+16.12 (n=4, p <0.05) Z2a)7 10%
o= 88.30+21.70 (n=4, p> 0.05)e] o Fat=
o) 2HF7 71BHe] Aze] osfe] FrE
o) LAFY A 7ol WE FaL s 12 2A

Wk

2) cAMPS] B713} AlZof 2ofslo] futEl
oj2T 7o o[xl= H&t :
0.5mg/mle] A2 & DUAIAA L Fo A
NEHE ) 2AFE d2TFoz 39 10°M
forskolin, 10*M IBMX, 10°M dibutyl cAMP
2] mixed solutiong 30& E9F A 2] A
2o ozt velE o] AR =N E 2%
A ez 712354 dh. Mixed solutione @ =
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294 - Awd
2 2] Az 93t fLEE o] 2AFE
Hole HL& F449 93.03+1.51% (n=4,
0.01)0l sFate ol2AF7t 7IE=HAT 4
Hol= 98.93+1.07% (n=4, p <0.01), 6%
Hej & 99.23+5.65% (n=4, p {0.01), 8% #
o= 87.77+10.00% (n=4, p <0.05), 10¥ +
o) = 79.30+10.8% (n=4, p (0.05)¢) & 23}
oled {7t 71 2=
2 Age)A adenylate cyclase A<l
forskolin, phosphodiesterase & A}l IBMX
18] I cyclic AMP analogue! dibutyl cyclic
2 S AAM L Fojzte] AHHE
W9l cyclic AMP2] %8 Z71 AFE A Al
o olste] =l ol AR A7t A
of 42 WEL cAMPe] 93] IA 3¢

w o

27 gskeh.

3) Protein kinase M7t Al&oll 25t 7
gtsl o|2FFof oiX= HE
© Obmg/mle} A 5g FYAFAZ] T4
712HE o) eNFE HaFoR 9 10'M
staurosporine& 30& S AA X A] ALz
ojgte] veldE ol A Fe a2 E 2% 7
o= 7|29}t Staurosporinee 2 ||
A} Alzo olste] fEEE ol 2AFE 2% H
= #& Fojalg 79.00+10.70% (=4, p
0.05)°) #FatE o) AFI 7IEHAZ 4
2 =l 94.90+13.70% (n=4, p (0.05), 6%
=lof) = 83.40+3.60% (n=4, p (0.01), 8% H
o= 92.5042.2% (n=4, p <0.01), 10% ]
= 90.90+1.80% (n=4, p <0.01) #F3=
o] A F7t 71 &= At
£ A#e4 protein kinase

A
-]
T

P
h]
w

A4

staurosporined Fof A Alzof o& o]£A

F A17te) Ao w238 Frhste
4e sdeut 2 oot de Aoz A=s
A et

wteba] Alzel ojsled FisEs ol EAF
cAMP-PKA systemel 2]&te] =24 %2
A e Aoz vepyct (Figure 1).
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Figure 1. Modulatory effects of cAMP-protein

kinase system on ion current
activated by Bupleuri radix

9. gadol ojsted FWE oA F.
&t CAMP-PKA systeme] =HXE

2

ad

1) ol 2fsto] RYUE o|2MFe Al
of g Ws

(Coptidis rhizoma) 0.5mg/ml&
59 D AR A Lo Fof A V)5

FE dxTo= 349 2¢4 7Hez
o A] 71EH = o]2ARFY AVE ¥
t} 2% Fol= A& R oj2HF
=271¢] 91.27+4.84% (n=4, p <0.01)<] = }s}
= o]2AFr N1EHAR, 4% FHAddl= 9197
+6.41% (n=4, p <0.01), 6% He= 90.73+
6.27 (n=4, p 0.01), 8% sl¢|x 96.00+6.01
(n=4, p 0.01) z3 3 10% ol 9333+
6.53 (n=4, p 0.0} s Fate o] A F7} 7]
259 g gzt F25E o] LHFE A
7o) @t As) @I Q9o
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Cyclic AMP-PKA Systemo] A4 3 FEA FoAd] ojaf L o]2AdFo vXe %

2 cAMP2| ZFri7t Hilo] eofto] FuE
ol2FFol olX= IE ‘
0.5mg/mle] 3l $ DLAAA L Fo 4
712HE o]2AFE HRFLR e 10°M
forskolin, 10*M IBMX, 10°M dibutyl cAMP
%) mixed solution® 30x %< Az A] 3
Hell 23t Yehde o] 2HFY AV E 2
2}A o2 7 &8ttt Mixed solutionez A
Hx A o] g3l fis s ol EHFE 2
B FHolre A& EA) 9 95.04+5.85% (n=5,
p 0.0D)) sidsle o] 2AF7 71U 4
2 == 91.62+5.79% (n=5, p <0.01), 6%
H o= 105.621+9.17% (n=5, p <0.01), 8%
o = 97.704+7.98% (n=5, p <0.05), 10& 54
88.02+10.54% (n=5, p <0.01)d] #j}sl=
o] &AF7t 71 =t
2 A#e|a adenylate cyclase 41Aq)
forskolin, phosphodiesterase <} #}]¢l IBMX
a8 2 cyclic AMP analogueg] dibutyl cyclic
AMPE SAlo] AARAZ Fdste] AAAZ
W] cyclic AMPe] =& F71 AlH & A &
el 9 3le] f=E= o] 2AFY ALY A
o W HEL cAMPo| &3le] ZA FFL
2kR] kst

3) Protein kinase |7} &=oll 25l &
utel o|2MFol ojxjE JEk

05mg/mlel B FAAAA T T A
A12Fe oleARE AaToe s 10M
staurosporine 30& FoF Az A} FaH o
o ste} Yehs o] AR =V E 2¥F 1A
o2 7]Es}glc}t. Staurosporineo . A X
Al B3R 3l {FdE= o) THFE 2% 7
e e Feae 97.05+4.20% (n=4, p
0.05)e} #jFsle ol 2HF7F 71 EHUL 4
E 5= 107.90£7.1006 (m=4, p <0.05), 6&
Ho = 105.35+8.30% (n=4, p €0.05), 8% =
o = 96.15+12.30% (n=4, p (0.05), 10& H
o = 97.80+18.30% (n=4, p <0.05)q)] & }t3}
= ol2AFT 71 FEH Ao

A
-

2 AYolA protein kinase A<
staurosporine-g o] 2] o] o8 o]
FE A7 A g HEdEs Frbsis
ofAE nyoy T dE2TH FAS ol 2AF
g deiliel & frle de Aoz AudHd
o},
uleba] gao] ofsled FLEE o] XAFE
cAMP-PKA systeme]] j3}e =A] < 8L b
A e Aoz Jebgct (Figure 2).
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Figure 2. Modulatory effects of cAMP-protein
kinase system on ion current
activated by Coptidis rhizoma
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3. gtAXo <2lslod R Oo[REF|
tH§t cAMP-PKA systeme| Z=HXE

1) st =0l ojsto] FEUE OlRFRFL Al
2ol g HE
¥ % (BEcliptae herba) 0.5mg/mle &
FAHEA g AAAEA Fo 4] 71EHE
JLARE J2Tom 3t 23 YHez
d2E o 2] 7BHE olenFY aslE
aasdch 28 Folt HE FoiAlel o2
% =79 91.30+3.14% (n=4, p <0.01)¢] =
Zae ol2ARI J1EHAT, 4% Hel:

- 147 -



42% - A0Y - 75 o159 - Folg - ARF

108.20+20.50°% (n=5, p <0.01), 6% Hd=
75.15+8.66 (n=4, p <0.01), 8% = 73.90
+6.20 (n=5, p 0.01) zglz 10& Hls
73.80+2.16 (n=4, p 0.05)¢] & I3t ol
AF7} 71 25)0] BAzo] 5] L E of
LHFE 6% Holk FA3 Zazdoh

ot ) ae vl
2) cAMPS] E7171 st#xo| e|slo] frtE
oj2T 7O o[X&= HE
05mg/mle] P2 FUAFHZe T
Al A1g"E oledRE YaFoz
10°M forskolin, 10*M IBMX, 10°M dibutyl
cAMP2] mixed solutiong 30&% <t A X
A geize] o3t vehte o] 2R 27|
£ 28 1A o2 7] &35y}t Mixed solution
22 HAXH A dH 2 e FiEHE o]
SHFE 28 HAAE HE FoiAe 7657+
6.62% (=4, p O.0De] HFet= o] A7}
1253 48 Hel = 79.20+4.86% (n=5, p
0.01), 6% Iel: 69.80+4.43% (n=5, p
€0.01), 8% = eol: 61.97+2.52% (n=4, p
€0.05), 10% 3 o= 49.60+4.36% (n=5, p
00Dl #tats ol 2 F7t 71 S
2 A#elA] adenylate cyclase A<
forskolin, phosphodiesterase <A el IBMX
22} 32 cyclic AMP analogue?] dibutyl cyclic
2 SAlo] AT Fojate] AAME
Wel cycdlic AMPY ¥E35 37 AR A @
Azo] osto] U= ol LARE A A

st o2t FAS) Ha=h

3) Protein kinase |7} FtEZo| 25l
FUE o|2HF oixl= Y

0.5mg/mle] FH2E FUARAA X T4
Al Z18EHE o]AFE dH=Foz I
10™ staurosporines 30& ZoF A A
el Zef o) 8ol vtehve o]l &AFY 2 E
28 7tA oz 7)1 &sl4 ). Staurosporineo =
A= A sk ol &t} fEEE o] 2AHF
= 2% o= A& =48 91.93+1.81%
(=8, p 0.0 #AF3l= o] A F7} 71 &5

93 4% FHelz= 93.12+2.75% @m=8, p
{0.01), 6% Fdl& 87.71+297% (=8, p
0.01), 8% ol 83.49+4.15% (n=8, p
<0.01), 10& Hell= 78.16+6.76% (n=8; p
0.05)e s}t o] 2AF7 71E5=HA T
2 A#Ho)|A protein kinase A Al

staurosporine& F¢§ A] dE 2o 23 o] &

AFE ALl E 9% FA Fsidr) A

7ke} At ol o] 2AFY AAE JAAH

o},

w2ty gHE 2o sty fEEE | 2HF

= cAMPe) 93}y 7ZFA = 9l 3T staurosporine
of este] st odAse] cAMP-PKA
systeme]] 2]3le] UdF JiFHeoezm =A==

F4& e Ao Figure 3).

~—o0—- Ecliptae herba
——st—-  Pretreatment of mixed solution
of poril

1.4 -

12 4
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0.8 H

0.6 4

0.4 -

0.2 o

Relative ion currents activated by Ecliptae herba

0.0 1 ) i
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Figure 3. Modulatory effects of cAMP-protein
kinase system on ion cwrrent
activated by Ecliptae herba

4. B xpofl 2olslo] FLUE O[T Fo i
& cAMP-PKA system2| =HZE

1) Bxfol]l 2i5i0f T o[2TF Azt
o g ¥us

2z} (Aconiti tuber) 0.5mg/mlE & =4
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Cyclic AMP-PKA Systemo] 243 & Z84 @ &3] f2d o|2WF v 9T

ARA 9Y ARAE] Fo A ASHE o]
LAFS WETFos slof 2% YAz Bx
2 %o A 712 E oleAFY 271E ¥z

tdeh 2% Fel: Hg FelAe oleAF
=719 93.10+7.24% (n=4, p 0.0 23
£ ol2AF7t 129D, 4% A& 96.33
+5.38% (n=4, p €0.01), 6% Hel= 95.97+
6.45 (n=4, p 0.01), 8% Hl& 95.92+9.33
(n=4, p <0.01) z2=lz 10% HE 8997+
1074 (n=4, p Q0D AFsHE ol LA F7}
A& T ool fusE o) EAFE

A Zke) whet z=A] Wge]l gl

2) cAMP2| B717t &xjoll 2iste FeE
o|2HFo ojx= HE

0.5mg/mle] §-A1& UAAA T Fo 2
7125 E o) eARFE dxFoz 3o 10°M
forskolin, 10*M IBMX, 10°M dibutyl cAMP
9] mixed solutiong 302 %t Ax]x] A F
Ztell 2] 8le] vehtE o] AR = E 2E
Aoz 712319tk Mixed solutione =z
7 A %Akl olske] fUHE o] LAFE
B o %8 Fodrle) 90.55+2.74% (n=6,
<0.01)ell #Fst= ol 2AFH 7ISHAL 4
2o &= 89.601+4.40% (n=6, p <0.01), 6%
o] = 79.30+£4.89% (n=6, p €0.01), 8% =
76.37+7.91% (n=6, p <0.01), 10% ¥ ¢
1.40+10.60% (n=5, p <0.01)4] HZ3}=
AF7 71E5=d

2 A# A adenylate cyclase EAlAlal
forskolin, phosphodiesterase &4 A ¢l IBMX
28] 3 cyclic AMP analoguesdl dibutyl cyclic
AMPE FAldl AAAZ T3t AARA=E
e cyclic AMPY) 3E2 Z7} AAL A
Aol 93ty fEE o)A FE A7 A
o wte} §43 F2HAt

3) Protein kinase i®|Z} #xloll 2[5to |
utEl o|2FFof| o|x|= G

- oo

0.5mg/mle] ¥7+& DUAA A Z £ A
89y oledFE dxes s 10M

2ol 2 el T o

=
y

7

2.
o

Relative ion currents activated by Aconiti tuber
(=3
(-

[~

staurosporineg 30& F<ot A XX A] Hzld
oste} ehts ol LAY 2718 2% 37
o8 7]Es8tg v}, Staurosporineo & A X ]
Al HAel 2ate] fEEE o)A FE 2F H
= e Frjel 110.05+4.15% (=4, p

0.05)] sZFsle olxAR7 7ISHAUL 4
£ o= 104.00+4.50% (n=4, p {0.05), 6&
Hell = 124.00+15.20% (n=4, p <0.05), 8&
Hell = 119.70+19.70% (n=4, p <0.05), 10%
Hell = 118.50+24.40% (n=8, p) 0.05)° =}
Fahe o)A fst F1Sso,

2 Al#o4 protein kinase &AjA) )
staurosporines Fo A] F-zpel]l 4 o)A
Fo A7 Aol wte grast A9 dehiR
%gkeh

upea] Hatel] o3l FHE= ol EAFE
cAMPe}}l 95l b= gl e staurosporine
o) 833 = F7tsle] cAMP-PKA systeme]]
sl AAHerz =L ehygld
(Figure 4).

——O——  Aconlti tuber
——-——  Pretreatment of mixed solution
of

0.0 d " .

) —_
control 2 4 [ 8 10

Time(min)

Figure 4. Modulatory effects of cAMP-protein
kinase system on ion current
activated by Aconiti tuber
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24

R
Zo| olste] ReEl o[2FFo of

. CAMP-PKA systeme| =ZHZE

1) ol ofsi FYE ol2MRL AlZ
of Mg HE

717} (Zingiberis rhizoma) 0.3mg/mlE &
Asjla ol AFA T £ 2] 7] 2=
AFE HzFoe st 28 Hez A
Fod Al 71FH & o] AFY =ZUE H
At 28 FolE M-S FoAly o]2AF
a9 92.28+2.98% (n=6, p <{0.01)°)| =} =3}
£ o)A F7t 71 EEHA R, 48 A= 9093
+3.32% (n=6, p <0.01), 6% FHdl= 79.08+
6.91 (n=6, p <0.01), 8% FH = 72.87+9.70
(=6, p (0.01) z=lx 10¥ Hol 68.10+
11.30 (n=6, p <0.01)< #Fsls o] HF7}
71 &=l Aol oJste] FiEHE o]2AHFE
Al Zke]l Aol mel =A ZFiE 9.

2) cAMP2|  E317t o|sto] wErE
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Figure 5. Modulatory effects of cAMP-protein
kinase system on ion current
activated by Zingiberis rhizoma
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Figure 6. Modulatory effects of cAMP-protein
kinase system on ion current
activated by Boshniakiae herba
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Figure 7. Modulatory effects of cAMP-protein.
‘ kinase system on ion current
activated by Ginseng radix
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