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Effects of Cyclic Nucleotides and Glipizide on the Cardiovascular Response of Baclofen in
the Rats. In Chul Shin, Hyun Chul Koh, and Ji Hee Ha Department of Pharmacology, College of Medicine,
Hanyang University, Seoul 133—791, Korea

The purpose of present study is to investigate the influence of a spinal gamma-aminobutyric acid B(GABAg)
receptor on a central regulation of blood pressure(BP) and heart rate(HR), and to define its mechanism in the
spinal cord. In urethane-anesthetized, d-tubocurarine-paralyzed and artificially ventilated male Sprague-Dawley
rats, intrathecal administration of drugs were carried out using injection cannula(33-gauge stainless steel) through
the guide cannula(PE 10) which was inserted intrathecally at lower thoracic level through the puncture of a
atlantooccipital membrane. Intrathecal injection of an GABAg receptor agonist, baclofen(30, 60, 100 nmol) decreased
both BP and HR dose-dependently. Pretreatment with 8-bromo-cAMP(50 nmol), a cAMP analog, or glipizide(50
nmol), a ATP-sensitive K™ channel blocker, attenuated the depressor and bradycardic effects of baclofen(100
nmol), but not with 8-bromo-cGMP(50 nmol), a ¢cGMP analog.

These results suggest that the GABAp receptor in the spinal cord plays an inhibitory role in central cardiovascular
regulation and that this depressor and bradycardic actions are mediated by the decrease of CAMP via the inhibition
of adenylate cyclase and the opening of K™ channel.
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Feroll Axjsle 274173 A 31 E(sympathetic pregan-
glionic neuron)-& FFA A A4 D2A7E AEE A
Dol HE AZAL BAE2A FEARAL) A i}l
Al AgARS 7s F AL 9 AAT odlvix] FFH 9
27 Farohz A8 24 E Fof ek L&A gl
th(Laskey & Polosa, 1988). o] 9 ZZHAAAATE
< FTY 49 ool EXsl] RS YodlE
TEH AR Frolt EAlslo] AAFAE dodle
o] &gttt 3lcH(Henry & Calaresu, 1972; Sundaram
et al, 1989). Barber®} Henry(1982)2] #X-stA ul A3}s}
A Aol o3lw 279 H<ollz GABA(7 -amino-
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butyric acid)E 373t A A A £} A7 drto] £
b W 513t 0w, Backmand} Henry(1983)2] A7) A8
287 AToAE GABAS) H47h) Sola] w7HA7
47 4959 71550l AL & gickx gk
GABA F8AIE T2 A7 9 A4 (presynaptic) -
ol 1X)8kod chloride o] & -4 9] F7HE wiHE sl
2851 GABAx 4 £)(McCormick, 1989; Sivilotti &
Nistri, 1991)¢} 4173 9] A@H4A #ab opet AR+
(postsynaptic) F-$lol| = EAIsl= GABAg FEAZE Ur
o] A 3(Ker et al, 1987), 3 Zoll GABA &A%} vl
17| chloride o] &3 AH AT GABALS &7+
steAe gz 4 A GABAc 84174 EAgeta gt
HEEA EY o] EAsl= GABAs &A= calcium
channel A& 3l &g vepdltha 3} (Tsien et al,
1988), 5% F91 9] +&AlE potassium channel &4
35 v E sk 423 2 24 (Thompson & Ga-
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hwiler, 1992) GABAp &4 843 AP435 3¢
¥ 5294 gGEAE A AEddan
(Deisz et al, 1993).

3 AAAEA GABAL F8AQ AL AT Y
cAMP(cyclic adenosine monophosphate) Z=7}ol] 2} 8k Q1 &k
3 AR o g AA=Ecta s)0) (Heuschneider & Schwartz,
1989; Harrison & Lambert, 1989; Schwartz et al, 1990),
GABAg <£-2)| = adenylate cyclase & A 2 213t cAMP
529 ZH4E o] g &A9] A4 gt geiA gl
t}(Karbon & Enna, 1984; Kamatchi & Ticku, 1990; Gerber
& Gahwiler, 1994). Malcangio$} Bowery(1993)%= Z|<of
A GABAg &9} cAMPSLS] QA4S Hasigevl
o] 5L forskolin Z}Fofl &3t HFAE U cAMP 55
S7he GABAs 58419 #Agol o3 A4S #3
33irt.

2ol GABAs &l 5 ARANA & +4&
Aet Zol TF G 2l T3 & ddsln gl
the 2450 RauE ¢iv)t. Amano2} Kubo(1993)9}
Avanzino S(1994)& £Z 9|2 ol (rostral ventrolate-
ral medulla)oll 4} GABAp 8-4| 2452l o] Astsl7d
% Ak 2t ke AE Bastgict Florentino
£(1990)7} Sved®} Sved(1990)= < #(nucleus tractus
solitarius)oll GABAg &4 23 F¢31%-& woll=
s 2 A $7HE 9279 o] 432 GABAs
T8 AgAl o AAEGn B3slgom, Trip-
penbach$} Lake(1994) % F-u}2] Aefoll 4] GABAp 5-&-A)
ZEoe Tk Alutre) 3918 ATIYs B
o 24 GABAg F&Aoll 93t T3 AR 24L& F
FA7 B9 =& vh3 F5d v} 24 2449 vs
A& AAstsich HolA] GABAg +E4¢] A¥HA =
AXLE HaE1 9= Hong3} Henry(1990, 1991,)%}
Hassessian 5(1991)& GABAg =&, AE%& 4% ¥
T Tl FAEFLE FoAs9 S of s F A
F &S JE. a3y T3 AEH 24 9o
Al 2472] GABAg 7849 |94%3 2 23 7)H ) ts)
A o3 HEsA sl 9 gk

2822 AL 38 5 7F0lA GABAs +§
A} A5 baclofens) Aol o8 AE D =4 & J
k3, 1 2A 7] S FE cAMP, ¢GMP(cyclic guanosine
monophosphate) % potassium channele] HoJ 5 =& o

otuIA A sglc
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=
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AHEE: APFTEEA 250 g W29 A Sprague-
DawleyAd] 31 & A&34h

A5t 22 Baclofen(D-B-(aminomethyl)-4-chloroben-
zenepropanoic acid), 8-bromo-cAMP, 8-bromo-cGMP H
glipizidet> RBIA(m|THE He] £U3tsich. Baclofen,
8-bromo-cAMP B 8-bromo-cGMP+ 0.9% NaClg&-<Hol] &
HA|A ALstglon, glipiziders 2.0% dimethylsulfoxide
(DMSO)&-Hofl E-AA A-&3%iet

H

AT A TL b33 ol 5T R 3lglen, 47
o] 5 A4 i(intrathecally, it)E {33t

1) GABAg 4~2-#] ZHE-2¢kQ] baclofen(30, 60, 100 nmol)
o gl ME W U A%F HE FAF)

2) cAMP §-A#]2] 8-bromo-cAMP(50 nmol) 50 108
% baclofen(100 nmol) 5o F(n=5)

3) cGMP $-A191 8-bromo-cGMP(50 nmol) Fof 108
3 baclofen(100 nmol) Fo F-(n=5)

4) ATP-sensitive potassium channel ¢ #A| A1 glipizide(50
nmol) 56§ 105 3 baclofen(100 nmol) Fo¢(n=5)

Qut AR 9 SEX: 317 of) urethane(1.15 g/kg)e
oy FA3ke) npdsla 1A & t}A} urethane(0.23
ghkey g sletFA st ul3 & A o, J1RAN F
cannula®- ArQ)s}4iv}. d-Tubocurarine(0.5 mg/kg, im.) <
2 337%S whAZ ¥ 33F7)(Ugobasili, Model
7025, W) o) Eele] AFEFE FAATI, ASAR
Z7A7|(Camegie Medicine, CMA 150, 23sjehE o} &3}
36.5~37.0°C Aole] A& FABIch EEAE Atk
o t¥]Zo] polyethylene tube(PE 50, Clay Adams, 7]=t)
£ Abgsislct A4 313 9] dislE el heparin(200
units/ml)S- |- polyethylene tubeZ AH}I3tiL, ol & <4E
¥ 3}-7| (pressure transducer; Spectramed, Model P23XL, ]
Z)¢} polygraph(Grass, 1|3l A ste] 7] 5383ich

HeZu AEF0Y: ARAE HAAZY 24X (Stoel-
ting Instrament, v)Z)oll #sk9) AAoNA Be) 53}
22+&- uha)3}lo] aflantooccipital membrane S 23X 7 <
1.5 mmE A7) ¥ guide cannula® A} polyethylene tube(PE
10)E membrane ) 46.5 cmE Woi ol 3¢ FF &
o 912 AAL shgleh. M7Ne) B Foli stainless
steel cannula(33-gauge)ol] &8 A-$ & guide canmula &
o g "o} Wi & EL polyethylene tube(PE 20)E- o]

Y
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$3ted 10 ul Hamilton FA7)ol] B-2A|Ze} gL
Hamilton S£A7]1Ujol] ¥-2-X]7] micrometerE o] £3}od 5
We BT 13 Fdol FAIc,

SAZN: AY4AE FFLEFOAZ FART
Student®} tAAF o2 FoJ4S AUt

150

= 1}
H4ZU S0i8t bacofen Bl THE ot U A

AL
dt BHE

B AgalA Aget 3179 HE 7|ATHg 857
+6.5 mmHgo)gl 3, HF 7|AAREE 396+41.3 bpm
o]t GABAg &4 ZE<Fe] baclofen 30 nmol(it.)
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Fig. 1. Representative tracings depicting the changes of blood pressure(BP) and heart rate(HR) follwing

microinjection of baclofen(100 nmol, it.).
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Fig. 2. Dose-dependent decrease in mean arterial pressure
(MAP) elicited by injection of baclofen(30, 60, 100 nmol,
it). The values are expressed as mean*S.E.. *p<0.01,
compared to basal MAP.
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Fig. 3. Dose-dependent decrease in heart rate(HR) elicited
by injection of baclofen(30, 60, 100 nmol, i.t.). Thé values

are expressed as meant+S.E.. *p<0.01, compared to basal
HR.
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Solo] o P Swiekel WL 28425 mmHg o
F AESIAT BF ZIAFg vl §9Ae]
$A%ict. Baclofen 60 nmol 3 100 nmolGit)el] 23+ =
¥+ gt wlee zbzb 137422, 263+3.0 mmHg
WF §FAEH0Z BEAYR, baclofens] ek
7ol HuXel sl A HF 1938 0|t}

=
S

olE &l i Fuishel- B J1A st
o vl8l $-oJsl A Hp<0.0L: Fig. 1, 2).

Baclofen 30 nmol, 60 nmol 2! 100 nmol(i.t.)ol] 2J3} %
F Ao vbee 747 43+11.9, 54+13.7, 108206
bpm 9HF SeFo)EH o7 7H43 %) Baclofend] 4%t
T 34Tt H oo 2l AR 1578 o9k o]

HR(beats/min) BP(mmHg)
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Fig. 5. Change in mean arterial pressur e(MAP) elicited by
baclofen(BC; 100 nmol, i.t.) alone and baclofen(BC; 100
nmol, it) after the pretreatment with 8-bromo-cAMP
salt(cAMP +BC). 8-Bromo-cAMP salt(cAMP; 50 nmol, i.t.)
was pretreated 10 min before the injection of BC. The values
are expressed as mean +S.E..*p < 0.01, compared to BC-treated
group.

1min

Fig. 4. Representative tracings depicting the changes of blood pressure(BP) and heart rate(HR).
Baclofen(100 nmol, it) was microinjected 10 minutes after the pretreatment with 8-bromo-cAMP
salt(cAMP; 50 nmol, i.t.).
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Fig. 6. Change in heart rate(HR) elicited by baclofen(BC;
100 nmol, i.t.) alone and baclofen(BC; 100 nmol, i.t.) after
the pretreatment with 8-bromo-cAMP salt(cAMP+BC).
8-Bromo-cAMP salt(cAMP; 50 nmol, i.t.) was pretreated 10
min before the injection of BC. The values are expressed
as meant+S.E..*p<0.01, compared to BC-treated group.
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SN A %‘%ﬂ Aute= 37 7] 2 Auko) vl 8l 49
3Al(p<0.01) 74519 ch(Fig. 1, Fig. 3). Baclofeng &3}
A717] 8l 488 0.9% NaCl §-4 2] HE740 Foioll
o3k Zwmiet 7] Alukzol W= g4t

150

) =2Hy 8-bromo-cAMP TX x| & baclofenoll 2|t &
o gl Aldb HE

8-Bromo-cAMP(50 nmol, i.t) X% = 22 B-9d) F
k9l baclofen(100 nmol, it) Fojol] &Jgt FF st o
Auteg Wak HF 1A EuE 8 Aol vla) 2
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Fig. 7. Representative tracings depicting the changes of blood pressure(BP) and heart rate(HR).

Baclofen(100 nmol, it) was microinjected 10 minutes after the pretreatment with 8-bromo-cGMP
salt(cGMP; 50 nmol, i.t.).
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Fig. 8. Change in mean arterial pressure(MAP) elicited by
baclofen(BC; 100 nmol, i.t) alone and baclofen(BC; 100
nmol, it) after the pretreatment with 8-bromo-cGMP
salt(cGMP + BC). 8-Bromo-cGMP salt(cGMP; 50 nmol, i.t.)
was pretreated 10 min before the injection of BC. The values
are expressed as mean + S.E..*p <0.01, compared to BC-treated
group.
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Fig. 9. Change in heart rate(HR) elicited by baclofen(BC;
100 nmol, i.t.) alone and baclofen(BC; 100 nmol, i.t.) after
the pretreatment with 8-bromo-cGMP salt(cGMP +BC).
8-Bromo-cGMP salt(cGMP; 50 nmol, i.t.) was pretreated 10
min before the injection of BC. The values are expressed
as mean*S.E..*p<0.01, compared to BC-treated group.
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5.3+2.2 mmHg, 24+19.5 bpm %HE 74592, baclofen
D= Foltell wlE] Z+2 80%, 78% 9] -2 %Hp<0.01)
24 A&7t YA Fig. 4, Fig. 5, Fig. 6). 8-Bro-
mo-cAMPE -£314]17] 7] 93 423 0.9% NaCl £H9)
<7 Eof 9l 8-bromo-cAMP(50 nmol, it) €F=5F-of
o I3 Bujak u Auel Wk gole

Alo
[

{224l 8-bromo-cGMP XX %| & baclofenoll 2|8t &
o o Al HE

8-Bromo-cGMP(50 nmol, i.t.) AX 2] F 22 H9)d F
2k2] baclofen(100 nmol, i.t.) ool 23 FF F=gt 9l
Auee] Wske BT AHEHE 2 Auel vls) 7
2b 255+54 mmHg, 994232 bpm 9HF Ao zH

HR(beats/min) BP(mmHg)

Baclofen

1min

Fig. 10. Representative tracings depicting the changes of blood pressure(BP) and heart rate(HR).
Baclofen(100 nmol, i.t.) was microinjected 10 minutes after the pretreatment with glipizide(50 nmol,

it).
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Fig. 11. Change in mean arterial pressure(MAP) elicited by
baclofen(BC; 100 nmol, i.t.) alone and baclofen(BC; 100
nmol, it.) after the pretreatment with glipizide(GZ+BC).
Glipizide(GZ; 50 nmol, it) was pretreated 10 min before
the injection of BC. The values are expressed as mean+S.E..
*p<0.01, compared to BC-treated group.

140 4

100 —

Decrcase in HR (beats/min)

40 —

20

0

BC GZ+BC

Fig. 12. Change in heart rate(HR) elicited by baclofen(BC;
100 nmol, i.t.) alone and baclofen(BC; 100 nmol, i.t.) after
the pretreatment with glipizide(GZ -+ BC). Glipizide(GZ; 50
nmol, i.t.) was pretreated 10 min before the injection of BC.
The values are expressed as mean + S.E.. *p<0.01, compared
to BC-treated group.
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baclofen §H5- Fof o)) vla}te] to]7} 9191 EHFig. 7, Fig.
8, Fig. 9). 8-Bromo-cGMPE £3jA17]7] Y&l A-&3t
0.9% NaCl £-ole] H7h) Fof 7 8-bromo-cGMP(50
nmol, it) @5 Fojo] oIah Fuish o Aukrel ke

st

HZu glipizide ZX x| ¥ baclofenol| 2|t get U Al
Ut B

Glipizide(50 nmol, it) AX%] & 71 Hlo) Eako)
baclofen(100 nmol, i.t.) oo} &3 HHF Emial 1) Alal
S W3k HF ZIAEe B Aol w3 242} 9.1
+3.2 mmHg, 24+8.9 bpm W+ 7+4%) 9} 3, baclofen T+
SRl vlal] 22t 65%, 78% < H-2gHp<0.01) 4
AAEZ7) QA chFig. 10, Fig. 11, Fig. 12). GlipizideS
L8)A717] $13) AH-L3F 2.0% dimethylsulfoxide (DMSO)
49 A7l Fo o glipizide(50 nmol, it) Y55
ol SJ3t Fujet 7 Auke) W glgin

il &

F207370) ZAHE GABA, 5841 A8aA =
Aol T2 IS VU B ATASE FA}
(Florentino et al, 1990; Sved & Sved 1990; Hassessian et
al, 1991; Hong & Henry, 1990, 1991,5; Amano & Kubo,
1993; Avanzino et al, 1994). B AFA L H49)
GABA, 5841 BA5 A7 o) Euigh 1 Aukol
wAE et 1 24 78 ojskel 2ARe

£ AgolA B4 3 F5 3910) GABAs 447
Z}Zoko] baclofen 30, 60 3 100 nmolE £of3}¢1-& uj
gglEnez Sugo] shpu Ausr) e
9it}. o] 23+ Hong®} Henry(1990, 1991,, 1991y)¢] 23}
o $AR), o] 5L GABAp 587) HEoke M)
FEHo T Folsiglen Sulsh 43 Aol 2
£ Y271, o= GABAp 8- Z&ka) 9] A X )0l 9
3 A= & Aot Amano$t Kubo(1993)$} Avanzino
S(1994) & FZ 5-2]Z o4 (rostral ventrolateral medulla)
ol GABA, -84 AEoke WSkt 9 A%t
2 9oty Ba}edr}h. 121} Florentino S(1990)7}
Sved?} Sved(1990)= 1<#l(nucleus tractus solitarius)ol]
GABA, 487 HEHE Folalgle Wol W+
0 Q5 2748 Yorlx o] WS- GABA, 44 2
Al Q3] JAl=Elcta Bsrslgls, Trippenbach)
Lake(1994)%= §n}3 ArefollA GABAg &4 &5
U Fedt Ao S fEEds Rade s

oo

# GABAp +§-A|ell o8 $5 AW} 24 L F3417
9 e v 5 el mie} dhEA 2389 JheA
= AAs5

H GABAT F5 8tz AEolA AAATEAR
F2AAZAEARA AT 1Al 2L A2 A
Al gt 5 g 24349 FF 54F A5
(rostral ventrolateral medulla; Blessing 1988), ] <=(Madorin
& Calaresu, 1994; Hong & Henry, 1991, 1991y), ¥4l
(Kimura et al, 1993) 3! FA}AFs]5posterior hypothalamus;
Lisa et al, 1989)ol]l GABAL} GABA &4 Aok &
S-guf dotol A= I Aukert FaF o] FEHA
31, Gieroba®} Blessing(1992)2 w|Z& H9]Z o4 (caudal
ventrolateral medulla)oll4] GABAY E g} Al gl Ak
Z715 Joirlka Hugto 22 GABAo 23t Aldat
ZAL 714 (tonic) 2.2 224 7HeA S Al

2| Lol e GABAS oJ3k 5 A48T 2423-5 GABAA
9 GABAs &AM E vhro] Awdsla glvk. GABAA
A AEFE £F 5£4% A (Amano & Kubo 1993),
A58 (Wible et al, 1989)0ll F-oj A= "stsd 2 A
W 242 Quksl AUl m&e(Catelli & Sved, 1988)0]]
T A= "elehd g Ak F7HE Y273, GABAL
T84 28 A S H5(Hassessian et al, 1991)e]] FoJA] &
b 2 A 2715 9oH] GABA, 48] 2
quB 2AAE £Y Fovhg ) 2290 A
SHAISha 9leh. 12} Hongah Henry(1991)% <ol 4
GABAg 84 Zgtell 3 dsbsidat A 4
+ GABAg 58-A] ZgkAol| &J3)) 2] A|=] A2t GABA4
£409) gkl @ wskd W AUS BaE
GABA, 4841 A0 98l Wk AR
Ak ZAxE AdAERA ElgonE A A
GABA 48719} GABA 48210 9l Anzre
AZ 98 7HE FA A8Y Aolekn Y7wc

¥ 5ol 57} he) baclofene] ool o3k Folaf
37} 9 AmkpE 7 cGMP FALAQ] 8-bromo-cGMP
AAX ) 3] A=A REAEE, cAMP FAA|Q
8-bromo-cAMP Z X x|of] o3 ok3te& AFE Rt
o] &= HF o)) 4 GABAp 847} adenylate cyclase 2A-&
AAsted cAMP FEE FHAEAA 2AES vehdle A
2 Ag9y} o] Aze} Fd B F, Wojcike} Neff(1984)
L &% A o)A, Nishikawa®} Kuriyama(1989)%= 3fjuiAl]
Zol|A] GABAg 8-4)2] Z-£-2 adenylate cyclase 4
JA1S B8 AL AMP 2ol 98 S09E Wi
A3, Hgo ZAsle GABAz FEA%  adenylate
cyclase®} HElo] 9l2o] Bu E|]¢lrHKamatchi & Ticku,
1990; Malcangio & Bowery, 1993). 1]} Karbon3} Enna
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(1984)%= | ] Aol 4] adenylate cyclase &4 #|Q] forsko-
linoll S}3 cAMPS] %742 GABAs 58219 24 3ol
& JA=E uhd, FHellFollell o3 §HibE = cAMP
9] Z7H= GABAs 8419 &4J3t0] 23 cAMPS] &
A& v$ A7 Byl ol= GABAs 4
Alell 93 AEU) cAMP FEZA L Aol whet 2H&o]
Ankd ¢ Qlrhs A& A Aol # A4
8-bromo-cAMP Z X x|oll 2]3F GABAs =&-4|2 kst
7+ 8 Auke 7244 A ZI= adenylate cyclase #4do)
AA=lo] AT cAMP FE7 ZLdo 2 FUEE
Aoz ARHY}.

& cAMPS} cGMP+ Z+Zt cAMP-dependent protein
kinase$} ¢cGMP- dependent protein kinase & SHH o2 &
A3 A7k g4 glch(Hardman 1984; Healslip et al,
1987). &1} Jiang 5(1992)-2 isoproterenol #]F%ell 9
3t cAMP 27} cAMP-dependent protein kinase 24 7Hs
S-ubslR|EE isoproterenol IFEo)] 23t cAMP F7h=
cAMP-dependent protein kinase #7to}r]2} cGMP-dependent
protein kinase F-A 5 F7FA|7Ickx Hagko 24 cAMP
2} cGMP #H&-¢} dARA L A a22u E 23
ollA= GABAs 842 Z-&-o| 8-bromo-cAMP Z %]
ol 23l AA= ATt 8-bromo-cGMP A Xl 2]l 4]
E A=A ggonZ GABAg FEA9] 8% =24
280 AZAGNE cAMP Y50 2 285 Hojgkn
Azt

B A4 A7l Fo13 GABAp T84 F
kol 93t Fugl 317 @ Ak ZHae ATP-sensitive
potassium channel &} A A|Q1 glipizideol] <]l A== 2
7} B2} ol HpollAl GABAs --8AlE pota-
ssium channel®] 24315 E84] 2rgo] Yojdria B
8F Kamatchi®} Ticku(1990)2} A}t $-Aslct. GABA
F4A= F2 79 A5 (presynaptic) F-9oll 93]
3}o] chloride ©]-& ¥ F7HE INE st Zgsle
GABA, §=-84|(McCommick, 1989; Sivilotti & Nistri, 1991)
ot 7ol AEA Bk ohizh W F (postsynaptic)
BololE EA18lE GABAs 442 ol Zlvka 4
Z] QIthKerr et al, 1987). FEFA ol EAlste
GABAp 444 & calcium channel & A & 53 28-& 1}
elich s} (Tsien et al, 1988), L5 £ 484
% potassium channel 435 w2 A-8dcts I
7) © 24 (Thompson & Gahwiler, 1992) GABAg +8-A] &
Ao AN AL B9olA &AL B3l
A ZAgdictn Baslgith(Deisz et al, 1993). 3ol
Watts 5-(1995)-> &7 (substantia nigra)ol] 4] GABAg T8
AE A3 (presynaptic) Furolujzl F3}F5-F(postsy-

el

3

=
S

naptic)] ATP-sensitive potassium chamnel wi/2 2§
) Bastgo. o)A AABRE L H o E
AAHE GABAg 4 &A1F H o4 Fuigh a7 o A%
& ZHAE AT, o] AdH zAA Lol AEU
cAMP 749} potassium channel®] 24817} Hojx] = A
o2 Agdrt 283 HELA GABAs FEA9] A4
1Moz o#A calcium channelol]l 93 AFIA wH-g
o o3t dFE o AYsjojof ¥ Aoz A7Hr)

& n g 8
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