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Abstract : Substantia nigra is known to highly express glibenclamide binding site, a protein
associated to ATP-sensitive K* (K,rp) channel in the brain. However, the functional expression of
Kamr channels in the area is not yet known. In this work, we attempted to estimate the functional
expression of K,rp channels in neurons of the substantia nigra pars compacta (SNC) in young
rats using slice patch clamp technique. Membrane properties and whole cell currents attributable
to K,y channel were examined by the current and voltage clamp method, respectively.

In SNC, two sub-populations of neurons were identified. Type I (rhythmic) neurons had low
frequency rebound action potentials (4.5+0.25 Hz, n=75) with rhythmic pattem. Type II
(phasic) neurons were characterized by faster firing (22.7+3.16 Hz, n = 12). Both time constants
and membrane capacitance in rhythmic neurons (34.0+1.27 ms, 270.01-11.83 pF) and phasic
neurons (23.7+4.16 ms, 1841+35.2 pF) were also significantly different. The current density of
K,1p channels was 6.1+ 1.47 pA/pF (2.44~15.43 pA/pF, n = 8) at rhythmic neurons of young rats.

Our data show that in SNC there are two types of neurons with different electrical properties
and the density of Ky channel of rhythmic neuron is about 600 channels per neuron.
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Z 7 (substantia nigra)e A E 717 ¥ AAAE
7} 9313 91+ substantia nigra pars compacta (SNC)g} 4
ez HX7t EEA &A)8= substantia nigra pars
reticulata (SNR)9] F 5 £ 02 F#o| Hu F2 GABA
A Aol o] HEo 2 {4}, SNCE dopamined) Al
A& 1UEE 3 e o] dopamineld A%
& M ZH(corpus striatum)Z ZAH(axon)2 o] 'nigrostriatal
pathway'S #4807, o] % 'nigrostriatal pathway'7} &
HE 7S ANEW'E e Ao A U
SNCE 71422 qgd 548 Hole Ax3des
TAH gloH, o|F dopamine’d AL FAU A
#2EE otE A Eo 13t rebound action potential ]
fiing rate7} A& Ao g LA A o)HF B4 S
2E AL 98 AFAE 93ke] 'dopamine®, 'type I
7, 'principal®, 'non-bursting” 214 £02 9=}

[’H]glibenclamide & o} & Z 3 ¥ (binding experiment)
oA EAL & R o) vjs} ATP-sensitive K* channel
o] A 2 g&o BHRTIY. o) P A
1¢H 9] B Kap T271 ] Y& 7 USE A
At £3 Kae 2] 93 9# [ tolbutamide7}
H&ye ABAZ o) 48 £ oke BIE Yo
Kae 32 92 AZHATAN 2AGH 8™, 4%
ATE, 242 38278 THE 944 FRY
HEo EAge] BuEAT, RE HME £F, &%
T(globus pailidus), 4131 2 (neocortex), o > 7] 2 (cerebral cor-
tex) 28 1 &) wh(hippocampus)®] CA3 & So] A%
o] EIHANE. Kurp T27F ZAAXEY 715 R 7T
Fefo] ldste Axe YA ZFAY ol A3
g B’ 53 2 A Wy A4
2 WHol 93t Kap 29 84S JHHLE 7|5
337} e xgo] YA

HZ7A glibenclamide® Ky 29 50142 %47
AZ geA &7] B9 o] glibenclamide 23747}
Z Kap 329 X8 A0 2 7MY HOA gk 28y
& 2 o) sulfonylurea receptor (SUR) @ Zo] Hx 2 EA)
gt AR o] BE 3 T £3 SURY tj§ cDNAZL €2
352>, SUR ¢DNA7L 22 Eo.24 7|&d [H]
glibenclamide ZFA ] 3 Kurp F22 TFHAH

9 o] AHA Karr 271 obd SUROIGITHE AM 0]
HHAY®. 2322 SURS] ¥4 FHIUT 4 Kap
529 W] rn ¢3AE £ Uk EF FH9
glibenclamide &%) ¢} W7} ¥ 2 LA goy®,
Kirr 29 2E@AY =9 pglibenclamide 43 23 3}
ARBAE ¢2A AR gt

2 AFAANE K A 7150 HIATE 24}
7] )8 glibenclamide & 9] HHo] & A2
G FAA A7H EHoE TAANEY FFHE
TR FUMTAAY Karp T2 AFYEE A}
& 12 4.
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HEHH ME : AF 1~25 % Sprague-Dawley ratE A F
3t HE HEH ¥ 0JC0,95%/5%)= e 4T
AFHAFg F7F 9 WE7 A9 E d7A o
287 AX &) 3% agarosE 3HH-§ ‘agar block'e] Y]
o] B29g £7+A 34| (Cyanoacrylate adhesive)E o] &
3le] 1A A}F] 3 vibroslicer (World Precision Instrument)
£ o] &3 400 pme] FAZ AP L FEAD. AlzE &
He RNCE FAHE AFH A5 Y(artificial cerebrospinal
fluid, ACSF)Al A} 1212} o] 4 B@gtan Ay o o] 43t
t}. 91 Fx F 44L& NaCl 126, KC1 5, NaH,PO, 1.2, CaCl,
24, MgCl, 1.2, NaHCO, 25, Glucose 11 mMZ ZAJ 3¢
pipette %91 & K-gluconate 135, KC1 5. CaCl, 0.5, MgCl,
2, EGTA 5, HEPES 5 mMZ %A4}3 1 KOHE o] 43}y
pH 722 AAd YTt

HFY 7218 ¥ 24 : Alz2d 2AEAE 14 o4
g% 7124 W2 &7) 2 blind patch clamp W * &
ol g3td A7 84 & 7153} A A EFF7|(Axo-
clamp 2B, WPD)o| 3~4 MQ 9 AL ztE HEPAFS
A3 voltage clamp Aejol A FHE 7hetAA AW
ol HZA|A attached patch A e & THE 31 capacitance &
B A3 9. Current clamp A 8] 2 v} 1 0.1 nAY AF
& FsdA &94& 7Heke] whole cell patch clamp 4
B E TS} Series resistnace® bridge modeol A -0.1
nAY AFE 713AM EASSY. Current clamp e
A -0.3 nAR-E] 0.6 nA714 0.1 nA 7HE 02 AFE
FYstn vebde HAcke] d3E 7183, o] AR
Z 2 time constant, input resistance, membrane capacitance,
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85399 27, rebound action potential®] firing rate, ¢
A4AH & 9k AXFFY FEL rebound action
potential®] firing rate& YA} AQ 7|F o2 FE34.

Time constant= current clamp 4] A 0.3, -0.4, -0.5
nAd AFE FUF YBUE ke W

V = Vo*exp(-(t-K)/1)+C

V and Vo: memb. potential at t=0 and t=t, t: time, K:
fit starting point, C : correction factor,  : time constant®] 2]
o) fitting 3}e] A} om(Fig 1A), Fig 1B A Hol& A
3} Zo] 03, 04, -05 1AE FYHYL 9 VEde
time constant®] W37} 1% v o 2 HF 9HE A (active
membrane properties)o] Q1E HOZ 7+F8E 1 -03 nAZ
FUT At WstE 7 EoR g F3oh Input
resistance™ A F-AG{A 2P 7| &7 E o] 3
T3} 3L cell capacitance’™

1=RC

T : time constant, R : input resistance, C : membrane capa-
citance -] AR}, Firing ratel= -0.5 nAg] AFES
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Fig 1. A, Voltage responses of SNC neurons to hyperpolarizing
currents. Solid lines show membrane voltage responses to in-
jections of hyperpolarizing currents(0.3, 0.4, 0.5 nA) and dash-
ed lines are drawn fitted with following equation 'V = V, *exp(-
(+-K)/t)+c' V, V,: membrane potential, t: time, K: fit starting
point, C: offset, r : time constant. B, Independence of relative
time constant on injected currents.

71l & o] ¥ 9] &A1+ ‘rebound action potential'®] &
g 71F02 39 gyt

Kip T29 AFYUSE 2AI8}7] 91819 voltage clamp
FeA S 60 mVE A7) 200 ms FQF +20
mV7}2 80 mV 379 AE 30% 32 02 7FatuA
AR 3 B A AF 271€ FE . Whole
cell JejE FHED 5~158 F AF 2717 Yol
T28AL 4 Kup 29 AEHQA A A tolbut-
amide 0.5 mM*E H g3lo] ZasE AFY 27§ 7|
28 AZY K A7 2 BF8HUT. Kap AFEEE
capacitance & 7| E 02 3] GUMNEG Koy B2 5
2 Yehi st

AF 2 A% Wizt pClamp software (Version 6.03)
9} AD converter (TL-1, Axon Insrument Co. Foster city. CA)
£ o] -§3te] PCo| A3t £ AT

E*?‘I*ﬂgg KATP %EQ—I “Jr“ é’g . ‘:’."9*‘]}-% Kare
T2 £ -60 mVE AYE K289 200 ms Fot
+20 mV7tA] 80 mVe] B2 E 7t F QA Kar &
2 AFAVE 9Y Kap T2 5YF 27]9] S
HAFAE | Yerde AFY 272 Yo dlE
d AFU=E EF3 37| A8t D9 capacitanced
A7 2718 T8ta WA AL A T capacitanced]
BEE& AX el capacitance® 7+5-8H${th. Ohno ef al”
< #FH<] wiYE cortical neuronol A F&]H FEQL 5145
mM K94 9] 99 K 29 AEEE 25 pSolx HA
AL 86 mVyY & HaEgoh B AYoAE Ohno ef
al™ o] ¢]3}e} v % ¥ cortical neurono] A AL BAFE
Ar=s} 2 A9 o] 4d TAANEY dgFz A=
=7} ZohE 71 st 25 pSe] A9t 86 mVe] HAA
4 7T QHAETG o] RBRY £E AT

i o

Blind patch Yol A& o] 2 E A X9 Y& Q)
34 g AHdA 71837 dEd g FHY A
¥7} 7180 o). kA B AT A E cumrent clamp
Fejel A A{ H2E Mg Fo vehbe Bt ¥
3tZ 2E rebound action potential®] <=, membrane time
constant, membrane capacitance 5% ZA3td 7| EH A
¥ FRE FESE /EL2 AU Fig2E oW #
o ZAATAAM Yetde A4 ¥3E BdFa
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Attt EAMEE AA rebound action potentiale] ¥l =7}
S AR ZE ALE UE F e ALH §F
A 97} B.o] L rebound action potential®] firing rate7} 22.7
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Fig 2. The two characteristic cell types recorded in this study.
Superimposition of membrane voltage responses to injections
of hyperpolarizing currents(-0.3, -0.4, -0.5, -0.6 nA) in phasic
(A) and rhythmic neurons (B) showing two characteristic cell
types.

2 7449 rebound action potential FERE H o} 4.5+
025 Hze] @& firing rate & 2+ A} ¥ F(Fig 2B ; thythmic
neuron)o] FEFH YT ZAE 8749 AAFANEF 757
+ rhythmic neuron(77%)°] 12 127§+ phasic neuron(23%)
ojAth o} F FF AEY 54 & thf Table 19 1}
Eht Qo

Time constant ! membrane capacitance+= phasic neuronoj]
H)8o] rhythmic newronol 4| ©] 2 A &2 E ArHp ( 001).
w2t M ¥ EUH o] capacitanced} W @i 7+
& o} phasic neurono] H|&<] rhythmic neuron?] ¥ 3
ol g Az J4¥ & it YeA WFEQ 54
9] 27], AAHA S, input resistance T F 2 ¢ o]
7} FEHA st

Fig 3& capacitance$} firing rate9} o] BAE RAF =
13 L o]}, Rhythmic neurondl] A} & capacitance®] ¥ ¥ 7}
100 pFRE| 500 pFe] oA n2A REH u
phasic neuron®] 7= 50 pFEEH 200 pF7lA] 2¥ 5o
242 B 4 9t} Phasic neurono]] Y]&] rhythmic neuron
A dutF o ] & capacitanceE 7}A T Q&L B
4 9lo} firing rate9} capacitancest= YA A# A
& Rolx gt = 4§ firing ratest o]H TE paramet-

esStE UAY FARAE 232 A ol firing rate

€ UE HFEY 8 4% A e 17 549
< g5 AN

Kiap B2E ATPY 93 s E JFo] Utk ¢
HZH A AT ATP FE+& 25+3.5 mME &
AHed AEY ATP 57} 0.9 mM 0] 37 I8 Ko
F2E g4 EY” 2 4g2AdME FAZY ATP
€ /ISR ¥k7] W] ko] A dell wek M)

Table 1. Comparison of phasic and rhythmic neurons in substantia nigra pars compacta

Phasic (n = 12) Rhythmic (n = 75)
Time constant (ms) 23.7+4.16 34.0£1.27**
Input resistance (M Q) 155+21.9 133+£5.42
Membrane capacitance (pF) 1841352 270+11.8**
Action potential amplitude (mV) 62.6+2.31 65.210.99
Firing rate (Hz) 22.7+3.16 4.50+0.25%*
Resting membrane potential (mV) -40.1+1.67 -39.710.76

#*p(0.01
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Fig 3. Scatter plot of cell capacitances against firing rates for
SNC neurons. Closed circles stand for rhythmic neurons and
open circles for phasic neurons. Open and solid squares stand
for the centers of mass of the rhythmic and phasic neurons,
respectively.

ATP ¥ 57t 251, 0|2 A# Kap 29 4] Y
B Ao 4 F U FigdAd A E SA¢E 60
mVZ 2A§ Ao +20 mV7IA A2 FUL 9
Uetde 259 27l Alge] Agd b A/ 2
717t b B8 HEAQA K B2 JAAZ &
22 tolbutamide (0.5 mM)ol] &3] 71 HoE A HSY
o oA E AMEE P70 B o F71E AFE Kaee B
29 g4d g3 ojFoR AYL JAY F YA
Whole cell JEj& B4 % ¥ A7 2771 Had 23
B AL 5~158 % 93, o]F tolbutamideo] o] &) %7|
A o2 FAHAT TR HHE olF HAF
9] 2719 tolbutamided] oA FaHU L He A7
3719 ZolE GUAEY Ky HF S 272 353}
Aot AF9 4L Fig 4BAH AF9 27171 984
ol =2¢ AJEHER)E 71E2R S o]FA @
YA EY AFY A7)E 718 F A 2A4A 7
29 9Y Kap B29 ARY 7|(RER)E UFo] &
HAAEZ Kap B2 9] AT E SAFUTCEEZ 22).

2 4y9d42A4 gojA Ald YEE Ohno ef al 7o)
I AJE Edz ok 4PHA 5145 mM K 25
pSe BB AEE 9 -86 mVe %A A (reversal po-
 tential)& 1 F 22 &3 HFA(rectification) A F 7+ ATk

120 Tolbutamide, 0.5 mM

1s L ATP free intemal solution

1(nA)

10 |

105 (-

100 ] | | ! L
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Fig 4. A. Representative time profile of the current amplitude
from a SNC neuron. Each point represents current amplitude
(marked by arrow) at steady-state induced by a voltage com-
mand at 30 second interval. The outward current started to in-
crease gradually and reached a maximum. Application of tol-
butamide (0.5 mM) to the perfusate outside the cell reversibly
inhibited this current. B. Current response induced by a vol-
tage command to +20 mV from holding potential of -60 mV.

€ 7HA gHllA 20 mVE FHEE AFE AL
#H 106 mVE FFSPT. 25 pSo] AEEE #AE
o o]2H o2 +20mVE HAE J1E v dojA e d¥
2 AFY A7)E 265 pAT & & Uk B AN
B2 Kap A5 2718 H XY capacitance 2 Yol g
#e2 99 capacitanced HAFO A7 E v mEH[T
¢ capacitanced AF Y Z7)E 6.1+1.47 pA/pF(2.44~
1543 pA/pF, n=8)olitt. A5 % TN AHed
s go] SYMEF AFY 7)ol capacitanced F
31 GUdERY AFY 27|19 265 pAR Yo @Y
HNEZ Kap B2 TE ALARE W dojd 2EA
I3 Karr B2Y FE 610702 AL AT

U -
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HAYE o] 4% e dUAXE BEE A% &
A o8 fd 4 A AEY 549 H3E &
4 T Ae Aol AUt £ 97N E o 2AHHe
25 blind patch clamp BH & o] &3q 3 UNFH
T A4 B v 24 F FRY AxE 7
8 & 9191t Rhythmic neurono] Jojx&= HIEE A
HEYE & AYeNE ANLEF & 7798 AR 3o
Yung# Hausser'o] 7|18 ZAd A d& ¥E(85%)%
F-Ab8tth. 3§ Hainsworth ef al 2 7|V Y GUM T
o} A] perforated patch clamp WJ& o] &8t type A%}
type B2 783131 rebound action potential®] firing
rate7} type A8 79 5.56+0.41 Hz, type BS 7% 26.05
1191 H22 & 4N @2 239 fAbgnh

AT A7 AY S B4 23t o) ahy™”
E4 ¢ HusE 23} dopaminey FHAEE A7)
AT &Aoo 2 rhythmic neurond] EA 7 uwj¢ §AMscH
© o] AletE 3 9l phasic neuron tyrosine hydroxy-
lase @/4do] #&= A ofobA Mldopamine’d ANHF 22 7H
FHI JAGY ol @ AHE v]Fo| B o) B YA
& rhythmic neurond- T} & | E4] o8t By
©]Z ‘dopamine’, 'principal’, 'type T', 'type A' neuronz} &
ALZ 13 ¥ + 22U Th Hainsworth ef al P 9% §
B AFE K9 rhythmic neuron® 2 Yol
type At 2~6719] FAL E71& /A2 A2 AEAE
gagoln FF AAFY FHE /M1 Jded 3F
< 20~40 ym =& VERY It ¥HA phasic neuron 2. 8
B Ho A& type BE F 49 7te €718 U9 BF
Ao AEAE 23 Ha H7L 10~20 pmo] Aok & A
Yol A Q& capacitance®} Hainsworth ef al 2] & g3
¢l A3}& v]Fo] & uj rhythmic neuron3} type A 417 o]
A g ¢+ Yo

€ 482 A= whole cellg THE F AJzho] A
of wet ogy AR 2717t BFFe zEHAn
tolbutamide & 4 &-3}R& W 271479 A7lnc o #
A Z2HAe ole AEE 9L ¥ 378 7|88E
g 74 HES F/HE FESL JA AEFE
BAsE A7 &4 HE Ky T271 7] AE
S8 AR

2 A49E EYE FHE FAUAAEY K B2
o £& AR P FEANA 50078, cortical == v} A
AEAAN dojal 5047 vmaHe o vlwy Yo}

ay ojd Z2dE 4EF FudA & AFHEI
obd cortical neuron®] YUFZ AEEE FHE3Ax,
HHAAYE cortical neurond} LFA X7} Zohe FA0|
A A7) WE AdAHYA A& HEFEdE 4P
o o7t A & Aok EF £ AYolAM d& capa-
citance7} B U & o] §& Ro|7] W&o A¥E} z4A 9
Y B olyt & capacitorZ &3 Aol &
& Stk B8 Ky 227 100% G- THE AT tolbuta-
mides] A #H3] BHGE AN AL B
o]7] Eo AA AFLE HUE 24 YRGS Ao
2 dqAZAY.

Kip T2 g3 02 AXU ATP 559 9175t
W3 F(inward rectification)?] EA & Ho|:d)], Ash-
ford et al "o )& cortical neuron®, &ju}Al A 4 E3 o
AN B1E YR Ky T2E ATPY) & 01218 B4 L Y
B o] E Ky T2 E 423 5145 mM K* 4
oA 53 pS9] AEEE Bolx YFHFAL Rol= o
A JFgAFEE BA o] EHEE YA Kape
529 54 %9 ojjg Ohnos} Yamamoto”o] 7 3}¢}
EolF UE Wg HoFm gioh ¥ Agdne g
AEG Karp 29 714E Ohnod} Yamamoto?9) x}&
£ o] 8351 € 2% 6107) o)X 3t Ashford et al*'S) A} 8
g o8 A% 288702 AN ® g HEAH S B
o7l o] 23t o He £2 AME £E ot

4 B

€ AYE B3 HAUE o] &F MY /| EWHE
gdstn ZFAAATAAN g 22 238 48
T AA

1. SNC neuron A7]|H 28 EA4d wle} F7}A type
9] M| ¥(rhythmic, phasic neuron)2 TE& ¢ g1, 12
E4Z time constant ¥ membrane capacitanced)] A] - ¢} §
o7} B A

2. Rhythmic neuronol| 4 K,rp channel density’= 4| ¥£%
%600/ A= FAY & AU

.2 AEE T oA Wy e 5 Ady AFY
g 7|%H R AT, AdY HHEAE BE 4E
oluf AY Foll ol WaHE Ade] LPYALE S
A gotred o] 8 4 U Aotk

- 280 -



10.

11

#ogs

. Amoroso S, Schmid AH, Fosset M, Lazdunski M. Glu-

cose, sulfonylureas, and neurotransmitter release : role
of ATP-sensitive K* channels. Science, 247:852-854,
1990.

. Dray A. The striatum and substantia nigra: a commen-

tary on their relationships. Neuroscience , 4:1407-1439,
1977.

. Jellinger K. Overview of the morphological changes in

Parkinson's disease. In advances in Neurology, 45:
Parkinson's Disease(eds Yahr MD and Bergmann KIJ)
1-18 Raven Press, New York, 1986.

. Yung WH, Hausser MA. Electrophysiology of do-

paminergic and non-dopaminergic neurones of the
guinea-pig substantia nigra pars compacta in vitro. J
Physiol , 436:643-~667, 1991.

. Grace AA, Onn SP. Morphological and electrophysio-

logical properties of immunocytochemically identified
rat dopamine neurons recorded in vitro. J Neurosci , 9:
3463-3481, 1989.

. Lacey MG, Mercuri NB, North RA. Two cell types in

rat substantia nigra zona compacta distinguished by
membrane properties and the actions of dopamine and
opioids. J Neurosci 9:1233-1241, 1989.

. Guyanet PG, Aghajanian GK. Antidromic identifica-

tion of dopaminergic and other output neurones in rat
substantia nigra. Brain Res, 150:69-84, 1978.

. Treheme JM, Ashford MLI. The regional distribution

of sulfonylurea binding sites in rat brain. Neuroscience ,
40:523-531, 1991.

. Miller RJ. Glucose regulated potassium channels are

sweet news for neurobiologists. Trends in Neurosci,
13:197-199, 1990.

Hansen JM, Kristensen M. Tolbutamide in the treat-
ment of Parkinson's disease : a double blind trial. Dan-
ish Medical Bulletin , 12:181-184, 1965.

Gates EW, Hyman 1. Use of tolbutamide in paralysis
agitans. J the American Medical Association , 172:1351-
1354, 1960.

12,

13.

14,

15.

18.

19.

20.

21.

22.

23.

- 281 -

Noma A. ATP-regulated K" channels in cardiac mus-
cle. Nature , 305:147-148, 1983.

Trube G, Hescheler J. Inward-rectifying channels in
isolated patches of the heart cell membrane : ATP-de-
pendence and comparison with cell attached patches.
Pfliigers Arch , 401:178-184, 1984.

Cook DL, Hales CN. Intracellular ATP directly blocks
K" channels in pancreatic beta cells. Nature , 311:271-
273, 1984

Rorsman P, Trube G. Glucose dependent K" channels
in pancreatic beta cells are regulated by intracellular
ATP. Pfliigers Arch , 405:305-309, 198S.

. Spruce AE, Standen NB, Stanfield PR. Voltage-de-

pendent ATP sensitive potassium channels of skeletal
muscle membrane. Nature , 316:736-738, 1985.

. Standen NB, Quayle JM, Davies NW, Hyperpolarizing

vasodilators activate ATP-sensitive K* channels in ar-
terial smooth muscle. Science , 245:177-180, 1989.
Mourre C, Ben Ari Y, Fosset M, Lazdunski M. An-
tidiabetic sulfonylureas : localization of binding sites
in the brain and effects on the hyperpolarization in-
duced by anoxia in hippocampal slices. Brain Res,
486:159-164, 1989.

Mourre C, Widmann C, Lazdunski M. Sulfonylurea
binding sites associated with ATP-regulated K* chan-
nels in the central nervous system: autoradiographic
analysis of their distribution and ontogenesis, and of
their localization in mutant mice cerebellum. Brain
Res , 519:29-43, 1990.

Réper J, Hainsworth AH, Ashcroft FM. Tolbutamide
reverses hypoglycemia-induced hyperpolarization in guinea-
pig isolated substantia nigra neurones. J Physiol , 426:
68P, 1990a.

Réper ], Hainsworth AH, Ashcroft FM. ATP-sensitive
K" channels in guinea pig isolated substantia nigra neu-
rons are modulated by cellular metabolism(abstract). J
Physiol (Lond), 430:130P, 1990b.

Hausser MA, Weille JR, Lazdunski M. Activation by
cromakalim of pre- and post-synaptic ATP sensitive K*
channel in substantia nigra. BBRC , 174:909-914, 1991.
Aguilar JS, Tan F, Durand 1, Green RD. Isolation and



24.

25.

26.

27.

characterization of an avian Al adenosine receptor
gene and a related cDNA clone. Biochem J , 307(Pt 3):
729-734, 1995.

Blanton MG, Turco J, Driegstein A. Whole cell re-
cording from neurons in slices of reptilian and mam-
malian cerebral cortex. J Neurosci Method, 30:203-
210, 1989.

Villerie V, Elspeth MM. Electrophysiological proper-
ties of neurons in intact rat dorsal root ganglia clas-
sified by conduction velocity and action potential du-
ration. The American Physiological Society , 26:1924-
1941, 1996.

Lacey MG, Mercuri NB, North RA. On the potassium
conductance increase activated by GABAy and dopa-
mine D,, receptors in rat substantia nigra neurons. J
Physiol , 401:437-453, 198%b.

Ohno-Shosaku T, Yamamoto C. Identification of an
ATP sensitive K* channel in rat cultured cortical neu-

28.

29.

30.

31.

rons. Pfliigers Arch , 422:260-266, 1992

Hainsworth AH, Roper J, Kapoor R, Ashcroft FM.
Identification and electrophysiology of isolated pars com-
pacta neurons from guinea-pig substantia nigra. Neu-
roscience , 43:81-93, 1991.

Ashford MLJ, Sturgess NC, Trout NJ, Gardner NJ,
Hales CN. Adenosine-5'-triphosphate-sensitive ion chan-
nels in neonatal rat cultured central neurons. Pfligers
Arch , 412:297-304, 1988.

Roper J, Ashcroft FM. Metabolic inhibition and low
internal ATP activate K,;p channels in rat dopaminer-
gic substantia nigra neurones. Pfliigers Arch-Eur J
Physiol , 430:44-54, 1995.

Ashford MLJ, Boden PR, Treherne JM. Glucose-in-
duced excitation of hypothalamic neurons is mediated
by ATP sensitive K" channels. Pfliigers Arch, 415:479-
483, 1990.

- 282 -



