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Effects of NO Synthase Inhibitor on Responsiveness of Dorsal Horn Neurons
in Neuropathic Pain Animal Model

Joong Woo Leem, Ph.D., Young Seob Gwak, Seung Soo Chung, Kyu Rae Lee, M.D.
Duck Mi Yoon, M.D.* and Taick Sang Nam, M.D.

Departments of Physiology and *Anesthesiology, Yonsei University College of Medicine,
Seoul, Karea

Background: Partial nerve injury to a peripheral nerve may induce the development of neuropathic
pain which is characterized by symptoms such as spontaneous burning pain, allodynia and hyperalgesia.
Though underlying mechanism has not fully understood, sensitization of dorsal horn neurons may con-
tribute to generate such symptoms. Nitric oxide acts as an inter- and intracellular messenger in the nervous
system and is produced from L-arginine by nitric oxide synthase (NOS). Evidence is accumulating which
indicate that nitric oxide may mediate nociceptive information transmission. Recently, it has been reported
that NOS inhibitor suppresses neuropathic pain behavior in an neuropathic pain animal model. This study
was conducted to determine whether nitric oxide could be involved in the sensitization of dorsal hom
neurons in neuropathic animal model.

Methods: Neuropathic animal model was made by tightly ligating the left L5 and L6 spinal nerves
and we examined the effects of iontophoretically applied NOS inhibitor (L-NAME) on the dorsal horn
neuron’s responses to mechanical stimuli within the receptive fields.

Results: In normal animals, NOS inhibitor (L-NAME) specifically suppressed the responses to the
noxious mechanical stimuli. In neuropathic animals, the dorsal horn neuron's responses to mechanical
stimuli were enhanced and NOS inhibitor suppressed the dorsal horn neuron’s enhanced responses to
non-noxious stimuli as well as those to noxious ones.

Conclusions: These results suggest that nitric oxide may mediate nociceptive transmission in normal
animal and also mediate sensitization of dorsal horn neurons in neuropathic pain state.

Key Words: Iontophoresis. L-NAME. Neuropathic. Nitric oxide.

AU gy, AgA AUET AEE 134, AR it et $HUL: 120752
Tel: 02-361-5202, Fax: 02-393-0203
o] TEL 1998 MG GEATHIY AYLE ol FolHE.

19



20 oIS A A 13E M1 2000

M =

B2AHol £41 AS AR £3E Tl
2] Pefe 71AY X2 4F FA=(noxious sti-
mulation) & 7}-E W Aol wla FFE A
L7+ hyperalgesia®} v|-§-3HA}=(non-noxious stimu-
lation)q) w2 7= ZAH FE dF Al of
HAZ F7oz AYSE o] F(allodynia) 5 52
FuAgE &8 £ & q?

T2 £ A% T4 JHdez g 7R
7Hdol AAE . AA, 49 TERAUANA A
A #EAge] BAYE & 5 Al o2l 4|
A4HY A3V 4340 AdE s {A3
<l F23 ARVt Hu, EA, A DT Foll
A wZgR s Higol bt FAAFA Rt
7163 dAHe] o]FojAtE Aolnt. ol 27t
A7 B4d3%.0 o AR BHEE HS F
THIA RAABAEA 55 FidsiA 2ok A,
A% RS AN A%H FH4 AFYD2o}
Hagelel Moz FRAAAS WHE FEse
HEFAAZALS FE4E FAA7A HEd o)
£ FFA) ZHAH(central sensitization)o]z} v} & ¥
B B AAez 95 oA ARE
4 29 5 o2 Yulo) ASH FREN M5
FZHAL ] 4= Bof(receptive field)7l HAE v o
Hele] Aol Y HyFAAxe] wgest 94
3 Frlste "4 WAY 5 AP B ul g
Aol o3 HeFAEe] vhgeo] Fgel vl &
sl @42 vifdlATe] 558 +idsAl He
AR stz AN eb Q30 oAl R T2 7
AL AEFE Aozl 3EA = ¥ 29
g 53 glen wgeta oo gt dvE sy
a3 sz Azstn 9l

o2 4RAHE FUN 2 @) HEEAAE 2
Aol FEAL Bolahe YRATALYR A
S5 Y% old) $eAFE ARVITAEE
4 opu]i4t B neuropeptide)o] F2 AL ¥ A
o2 A7stm glon] £ glutamated§A|E9]
1}¢l N-methyl-D-aspartate (NMDA) 4~£-3|o] 243}
g Festie Aol RaHTY, M
) NMDA antagonist F-oi A1Z%4 £ L Wnen-

ropathic animal model)-& *3§H3 o] X438 2R
ol thermal hyperalgesia® < A|A]F7] A0 7}
W] NMDA ¥off mechanical hyperalgesia % me-
chanical allodynia® $aFsln'® clojzxjeozn od=zg
FaA7l 55 = wlollA] NMDA antagonist?} mecha-
nical hyperalgesia& jA|¥chE APAANOE 94,
7184 Aol gk E2tatdde] A 9 fRel
NMDAS ¢ SA437t siAR & AR e 494
gl

BHH A HEZ2 o|go] HIAUIHAENA F
2]l endothelium-derived relaxing factor (EDRF)&
w72 s}, EDRF7} A+3}3 A (nitric oxide: NO)2}&
Aol 427 F FFARA F 44 NMDAs
247 845 9 o 434 fFelEivs AAo]
Husgan® 2 3 AgAse Fo3 ARA A%
wiAA Fo] shdE AAHARUG™, Free radical gas
9l A3AAE L-argininee 2 EE] ASLALA w4
(NO synthase)ol] oJall A= ApALGYIAE
Ca" "calmodulin systemel] <3} ¥A3}=|E6] NMDA
TEA9 A3 AFNZ G TS FYATI F
Ao 2+ NO system2 wi/NZ slo] 1 EFHE
B Aoz 7R P Sl hippocampusol
4]12] long-term potentiation® 4t7} NMDAZ£-#], NO
systemit o] <A@l el W AF7t o|FlA %
on ZWelle NO systemo] FFA9] ALY
BAGcEE Ao dEiAWA F2a] "4 NO
system#2] HAE vl A7l s A Fol
At

Thermal hyperalgesia7} NMDA<=£-x|9} <d3x] 31
NMDAS&4] 8439 Ao FFHozE 4313
47} iAol e Aelehs sHade] AgksIg o]
Az M7l NMDASoof 23] {45 thermal
hyperalgesiaZ} A} AAPAA T A 2 A A (N-nitro-L-argi-
nine methyl ester: L-NAME) Eoiol 2]} ofa|xini't?
X =7} L-arginine (NO synthase substrate) F-oJ+= ther-
mal hyperalgesiaS ftct?. oj2|&t AYPAANEL
thermal hyperalgesia®l F% % §X]o]] NO systemo}
vl Q&g AlAE

A28 8] RREL FE F5E fisle o
HE 2 BAL HeW FodstAY m ey st
o 5& A FEEEE ol&3gld aev
AAZ QG Faosla NEHQ FFof Bt



AEF 2 59 APA FERAFAAMA AR ELEFHAL AAAZL HeFFALY GA R ojxE ¢ 21

717t FAse A7MA %S (neuropathic pain) 7
Aol NO systemo] wj7f=lo] 1-& 7HaAdoll izt A
e F3] =8 AH el

ARHA 55l dg AFe AI7HA ADY F
Erdo| glo] AARA Fa&] gtov} T FAE ol
&8 2REe] MU AAWA FZo iy
Aol #7718 =i itk olF RAFNAE U4
Hog AZRWHA §F RSN vehte FA9%
AT A AXE JLY F Uk F )
A Aol g wWE JHE AAELE w £ o

& 53 #e SF5E Holv oH% BES A
B Z4A4FA el HS AMA wlEe L8
AzAY g2 g Fxn PolAAE A=
t}. E3] Kim @ Chung®™ =99 7% L59} L6
HeARe ABGo A ATARE FEHo
AAREd e 71AA 2AFel g F-7ay]
A& A Rol RHlAIZIA A AYHAE T e
A ¢ e WA (variation)E Fo|i HIEHoZ
AR ARY 5 A § o8 AHES] Euy
Fea=

32 Yoon$ " Kim I Chung™e] A17WA4
% 58 ZulolA L-NAME §-ofol o3 i35
2 7HAA ATl oyt 43 845 dAg
Bud o ek wEld £ AdodAde Y8 55
52 Rdg ol&ld F5AY sl AH
Aol g3l wrssle HEIZAAEY A7AH 84
%o tigh L-NAME 332 Fslo] 71A1H 2ol
gk E-Zag]l 7]F-el NO systemo] =i7Hslz vk
7Hdg AV A A ez AFslnzt skt

a

nE R o 2o

mo {o ojm

CHat 3 W

D AZYY B3 SEDUY A A S
At

APEA B SERAY Az 9 P28 AAE
Kim @ Chung™e] W& ol&elxict AF 150~
200 gme] % (Sprague-Dawley)E halothane (1~2%),
0 4 N:O 2: D8] EFMLE wlHAT ¥ 2%
29 H3E et AFAe AANAG F F I8
Hy e A 5 9 A 6 LHFAFE =FAH
t}. o] AAESE 30 silk threadZ Fo] ZZ(tight
ligatiom)A17) o8 Z&3 ZE-E oA B3

oAz 31, 3, 5, 7, 1490 JA1H AFeFA
von Frey filament (2.5~3 gm A 5)E FE2| Wwn-et
ol 2~3% A0 Z 104 Jh) 2 W F Wo}
e 293 erHE AR Bl Zuhenl
X (frequency of withdrawal response)® ZA}slFch
ARRAEE FRHUD Fo ezt #3984 gUd &
o ohelsl Aeuc s0% ol 49 & e B 5
£ 4349 B2 4ok AYE AsSIS &
AR L Zovt ARE ARetA %L sham oper-
ated ratg TrEo] H2TL2 A-EH3d

2) O|2YEX YEFH N HH2AMEo #
ME 7|2

£ AgaAEs 542 Bolste Aoz ¢
2] 9l wide dynamic range neuron (WDR neuron)&
dHdez si3dcth

Pentobarbital sodium (40 mgkg)S #9] E7hjdl
Foste] npHA7| L FEFUE el FA W 2
gli JBEFES A el ARstdct. eIz
ARANES BAEE 715317 e wiF AF4E
viel B35 AN F A 12 FFoAA Al 4 2577
333 A€ (aminectomy)S A8t} H4E wF
AlZeh Hele) 2EE F 9 A4 dl(stereotaxic framne)
of] ¥-2}9]2 A3} pancronium bromide (0.5 1ng)
& FAH A ¥ AFEEVE EEAZ
A A#I7E ZupplE FAA4717] $18) pancronium
bromide (0.8~1.2 mgkghny e YAsHA FYA At
Ol ZEF-L endtidal COSET} 35~45%2 FX|5
EE zAsden Az LE+ Servo-controlled
heating pad& ] 23] 37°CE §=|A1%c}

L3-Ls HFFA4AEL] X 715 g o] FH
k59 %ol multi-barrel glass microelectrode g Al
Zsle] A&slgdrt. E9} barrel 2 carbon filamentE
qodstod HEEAARAZ QAT F1F8oz,
21 barel 5 A58 £(200 mM NaCl, pH 7.2)
g AR AL HAA (G0 mM L-NAME in 150
mM NaCl, pH 6.5) £8]82 7 A-£3%c}. L-NAME
= positive current (50 nA)E o]Eslo] Foiziglon
JEFA7IZE Aololle FES AL 3w
24 10~15 nAS} A\ A F(retaining current) & X| &
Hog 7hstqdch

NEEAATY BHEE AT 75 (extracel-



22 i3rE=33)al Al 139 Al 1 & 2000

Normal rats

2007 Pressure

180 A
160
140 1
120
100
80 1
60
401
20
O -
0 20 40 60 80
Time (sec)

Brush Pinch

Spikes / sec

Neuropathic rats

2007 Pressure

180 1
160 1
140 1
120 1
100 1

80 1

60 1

401 \

20 1

ailll N
20 40 60

0

Brush Pinch

Spikes / sec

80
Time (sec)

Fig. 1. Typical examples of the responses of dorsal horn neurons to three consecutive mechanical stimuli (Brush, Pressure,
Pinch) in normal and neuropathic rats. This histogram represents the responses pattern of dorsal hom neurons
to mechanical stimuli as action potential frequency. Stimuli were applied to the receptive field on the hindpaw
of the nerve injured side of a neuropathic rats and of the same side of a normal rat. A comparison of mechanically
evoked response between normal and neuropathic rats shows a significant enhancement of responses of all three

mechanical stimuli in neuropathic rats.
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Fig. 2. Total number of discharges of dorsal homn neurons evoked during each three consecutive mechanical stimulation
period (10 seconds). The responses to brush, pressure and pinch were significantly (*P <0.05) enhanced in the
neuropathic rats (left: normal rat, n=52, right: neuropathic rat, n=69).

Table 1. Analysis of Response Pattern according to the Characteristics of the Effect of L-NAME on the Brush, Pressure

and Pinch-evoked Responses in Normal Rats

243
Brush Pressure Pinch
Increase 48.1% (25/52) 404% (21/52) 28.8% (15/52)
No change 25.0% (13/52) 21.1% (11/52) 11.5% (6/52)
Decrease 26.9% (14/52) 38.5% (20/52) 59.6% (31/52)

In normal rat, the effect of L-NAME on the mechanically evoked responses were various. It was the most frequent
case that L-NAME suppressed the pinch-evoked responses (Changes more than 15% were considered significant).
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Fig. 3. The effects of L-NAME on responses of dorsal horn neuron to mechanical stimuli. In normal rat, the effect
of L-NAME on the mechanically evoked responses were various. A shows a decreased pressure-, and pinch-
evoked discharges, B shows a increased brush-evoked discharge and C shows a decreased pinch-evoked discharge.
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Table 2. Analysis of Response Pattern according to the Characteristics of the Effect of L-NAME on the Brush, Pressure

and Pinch-evoked Responses in Neuropathic Rats

293
Brush Pressure Pinch
Increase 40.6% (28/69) 27.5% (19/69) 17.4% (12/69)
No change 15.9% (11/69) 11.6% (8/69) 13.0% (9/69)
Decrease 43.5% (30/69) 60.9% (42/69) 69.6% (48/69)

In neuropathic rat, the effect of L-NAME on the mechanically evoked responses were various. In many case, L-NAME
suppressed the responses of the non-noxious stimuli as well as noxious stimuli (Changes more than 15% were considered

significant).
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Fig. 4. The effects of L-NAME on the number of dis-

charges of neurons evoked during each mechani-
cal stimulation period in normal rat. It shows the
mean of total number of discharges of neuron
evoked during each stimulation period (10 sec-
onds) before and during the application of L-
NAME. The pinch-evoked responses were signi-
ficantly decreased during the application of L-
NAME (n=52, P<0.05).
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Fig. 6. The effects of L-NAME on responses of dorsal horn neuron to mechanical stimuli in neuropathic rat. The effect
of L-NAME on the mechanically evoked responses were various. A shows a decreased pressure-, and pinch-
evoked discharges, B shows a decreased pinch-evoked discharges and C shows a decreased brush-, pressure-

and pinch-evoked discharges.
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charges of neurons evoked during each mechanical
stimulation period in neuropathic rat. It shows the
mean of total number of discharges of neuron
evoked during each stimulation period (10 second)
before and during the application of L-NAME.
The pressure- and pinch-evoked responses were
significantly decreased during the application of
L-NAME (n=69, P<0.05).
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Fig. 8. The relative effect of L-NAME on the number of
discharges of neurons evoked during each mecha-
nical stimulation period in neuropathic rat. Sor
each neuron, the number of spikes evoked by
brush, pinch and pressure is counted, and ex-
pressed as a percent of the control value obtained
prior to the application of L-NAME. During the
application of L-NAME, the non-noxious pres-
sure-evoked responses as well as noxious pinch-
evoked responses were significantly decreased
(n=69, P <0.05).
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