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Effects of Nitric Oxide on the Neuronal Activity of
Rat Cerebellar Purkinje Neurons
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This study was designed to investigate the effects of nitric oxide on the neuronal activity of rat cerebellar Purkinje
cells. Sprague-Dawley rats aged 14 to 16 days were decapitated under ether anesthesia. After treatment with pronase
and thermolysin, the dissociated Purkinje cells were transferred into a chamber on an inverted microscope. Spontaneous
action potentials and potassium currents were recorded by standard patch-clamp techniques under current and voltage-
clamp modes respectively. 15 Purkinje cells revealed excitatory responses to 20 pM of sodium nitroprusside (SNP) and
4 neurons (20%) did not respond to SNP. Whole potassium currents of Purkinje cells were decreased by SNP (n=10).
Whole potassium currents of Purkinje cells were also decreased by L-arginine, substrate of nitric oxide (n=10). These
experimental results suggest that nitric oxide increases the neuronal activity of Purkinje cells by altering the resting

membrane potential and afterhyperpolarization.
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Fig. 1. Excitatory effects of SNP on spontaneous activity of
rat cerebellar Purkinje cells. (A) control, (B) effects of 20 uM
SNP, (C) comparison of SNP effects on the shape of action
potentials.
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L-arginine®] 43 Purkinje M3 XERF HFel HA &=
FES S8l A} voltage-clamp mode 3ol A Xebkg A
F2 71=% ¥ EGCGY AWE #FFP AL
< 70 mVE 313 10 mV HE o2 60 mVoll A +40 mV
7 AR R GiS 45 vl 10% vl 400 ms
T A

Z 109014 A Pukinje M ¥ Tebg AFE 10
uM SNPel| €]3ke] 81124121 pA9lA] 73024342 pAR
ksl on (P<0.05), 20 pM SNPOI| 2]ated A= 5042+
232pAE (P<0.05) ZAdsh= vH-S YERIRITH (Fig. 3).
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Fig. 2. Effects of SNP on the outward potassium currents in rat cerebellar Purkinje cells. In each panel, the cell was held at -70 mV
and test depolarization with duration of 400 ms were applied from -60 mV to +40 mV in 10 mV increments. (A) effects of 1 uM and 10
uM SNP, (B) current-voltage relationships for the potassium currents. *Significantly different from control {£<0.05).
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Fig, 3. Effects of L-arginine on the outward potassium currents in rat cerebellar Purkinje cells. In each panel, the cell was held at
<70 mV and test depolarization with duration of 400 ms were applied from -60 mV o +40 mV in 10 mV increments. (A) effects of 10 M
and 20 pM L-arginine, (B) current-voltage relationships for the potassium currents. *Significantly different from control (P<0.05).

A (mossy fiber)E F3t FAME olE AR
B2 &HIAE A OA] AAHNOE feedback A
A7} ARG H gAY -] Foshsd] o]
949 Purkinje AF7F Aol thate] AAH =M &
sh= ZloR delA ATt (o, 1985).

7150l Bt A5 Bt ol UF AA7)%0]
248 F Uside AAPRAY 2 oM e
8% 98 3t T} (McCabe and Ryu, 1969; Kitahara
et al, 1995; Kitahara et al., 1995). 2¥AAH &S A3 &
EA 45 AAVEAAEES AT FEANA HdAA
gajol el sk S 3 &o] =gA A¥ 3
ol HA] g AAREY Aoyt dojdo] Hilgo]
AL, AHOIAME 4 A (cerebellar infarction)o] e
AN A el wE BAde] doivhA H
thE BEa7)b 90tk (Furman et al, 1997). 3] A4 44
£ AARAAY 27 DdAA AR B o T8
3 8L sk Ao gHA gon o7 AT &
HE dZste dA4-42 wEY Fad ABALGEL
¢l glutamate”t FAdt= o2 UHA Ut} (Smith and
Darlington, 1988; Sansom et al., 1990; Darlington et al., 1991;
Aoki etal., 1996).

Kim 5 (1997)2 NMDA &9 A=< MK8019
ot fFrE ARG A7t A4 9] NMDA
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W U5 v 2A AT AWE FEA MK01E F
9 APdA Qkzle] BN ESY} FUHEHE 5 45
n2AAEe] BTl ogtEe o2l erAdE o]
o= W, A& v EAAEH 4¥9 HPLEHE
AAT AEFEoM e ALH Qzle] dAo] Zidhe
5 AARAA7IH0] FXEE BFS v} k.

AstdaE AEUe o 7] ZFEEE 7R 3
o1} FRAAANAE F2 GMPE Edlo] 1 53
Uehlles Aeg 484 gtk & glutamate’d FEA
NMDA 4&#471 &A3tEm AEU9 calcium ¥%7F
A58tA Ha 2718 caleium™ MZWY caleium AF @
O] calmodulin®ll 2}3te] NOSS} &4do] F7HATH (Lee
et al, 1993). ololl W&} B %9 ATt A EE
dl o]E& it o] 919 FHMER Fo7be
o], o] 3ol A soluble guanylyl cyclaseS] B4 F7HA A
AZN GMP FEE 2P0 ZH 43 715S e
WA ¥t} Brune and Lapetina, 1989; Meller et al., 1992;
Dawson et al,, 1992; Lee et al., 1993).
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AZe] Aoyt &MY Rywsh gy 7 2
Ate] 2% 5& B39 Ax TS A= Ao
2 ogeA] Qv gublow Xelgy Ado] dEA HAE
AExE FEFE TR0 gAE T, geiA H4 &

-262 -



5o S5l S8 At (Johnston et al, 1994;
Kaplan and Miller, 2000). ¥ 234 voltage-clamp 3

of oste] SNPE A XLEME AFE garzees o
235 o, current-clamp ol ¢shd SNP7} T
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sHd 4] 7]ZQ] L-arginined] 2Jstoir: A3 u

HebHSeh AolA 7]est niel o] Astd s

129] el AFE 2HFOIN o] AL TEA
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