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Abstract — Nitric oxide is a labile, gaseous, broad spectrum second messenger that used in various tis-
sues and cells. If it is induced by endogenously and exogenously in the neuronal cells, it is able to mediate
analgesia or hyperalgesia at the periphery and in the spinal level respectively. This dual role of nitric oxide
in the sensory system is very intriguing but has not been fully understood yet. In this experiment, ace-
tylcholine (300 pg/paw), sodium nitroprusside (600 ug/paw), and L-arginine (300 ug/paw) represented anti-
nociceptive effect to noxious topical stimulus, but pronociceptive responses followed by spinally application
(20 pg/5 pl, 10 pg/3 wl, 500 ug/s W respectively). Calcium ion is critical element which activates nitric oxide
synthase, therefore verapamil (300 pg/paw) and NOS inhibitor (20 mg/kg, L-NAME or L-NOArg) are
injected into right hind paw G.pl.). When verapamil is combined with NOS inhibitor, analgesic effects
through NO-cGMP pathway are inhibited as compared with ACh alone. Diluted formalin (2.5%), when
injected into rats' hind paw (0.05 ml), elicited a biphasic algesic responses and nitric oxide had an analgesic
effect on bhoth A3 and C sensory nerve fibers which manipulate the phases respectively. Nitric oxides,
which produced from constitutive nitric oxide synthase, activated cyclooxygenase-type I and then pros-
taglandins are produced from them. So, indomethacin and ibuprofen, inhibitors of COX, enzyme, when pre-
treated intraperitoneally (100 mg/kg) could reduce the hyperalgesic state. From these results, it is possible
to imagine that the intrathecally administered NO donors expressed hyperalgesia through both long-term
potentiation mechanism and arachidonic acid-prostaglandin cascade.

Keywords [ Nitric oxide, acetylcholine, sodium nitroprusside, L-arginine, nitric oxide synthase, hype-
ralgesia
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Acetylcholine HCl & MerkAI2RE] 3o,
carrageenans Kaser} A1E-& AMS-33itt. Diltiazem,
hemoglobin, ibuprofen, indomethacin, L-arginine
HCl, methylene blue, N®-nitro-L-arginine, N®-nitro-
L-arginine methyl ester, sodium nitroprusside,

verapamil, nifedipine> SigmaAt AE-S ARSEISATE

A S8

Sprague-DawleyAl 33 F3& 32 F5(2112°C,
40+2%) F78HIAM AYH R 12417 HEF]
(09:00~21: 00)E ThEolFo] A58} Ao AhidE
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4= XjFEarsizL A2 (Chronic Catheterization
into Subarachnoid Space; i.t. Cannulation)
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I °]Eo°] LoPachin®} 37 1981de] sjAdsh
‘Chronic Catheterization Method’& 3 13}e],1>19
RSt Al&S FEo] HES WMste] AMgFch
Pentobarbital(50 mg/kg, ip.) % =l5% SAAE stereo-
taxic apparatus(Narishige, Japan)®ll <& 1l ear
barE EF <] UdZ 39k FEe] Gl acoustic
meaticl] 712 ¥ A2 ZHAE holderdl] Aojx] 21
o} $5Re 98 Zohjn 35 A BF o
& (atlanto-occipital portion)g Asl] & F&
92 A% 3, atlanto-occipital membrane(dura)®)
delgd 7 A 218 polyethylene  tube(Na-
tume, Japan : PE-10 Z¢]; 8 cm, W7; 0.28 mm/PE-
50 dol; 4cm WA; 058 mm)Z AFE cannula®
subarachnoid spaceH|Z "o} Yol A 158 QFF
E(L1-L5) 22 Qa3 Yth¥(umbar enlargement)7HA]
ol2TE 3t} AF 230g AE AFo FAHAE
AR Dol thek 7~8 cmO] P2 PE-tubeZ E7H4]



118 Ho@ ) ‘ﬁjg‘/}: ) /\\_]‘bé‘ ) 001-251% )

587 - s - ARE - &0l% - BRI
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AR A E7t AR By Bolrke 2AS
T} o ol FUE U] 1319 catheter
v £ 718 UEsta, AEuE Q% catheter
HAE 7317] 981 heparin(400 unit/m))E catheter
Boll BajA Azt Abgo] dashad, #o] 23]
A UTE plastic tube(do]; 1em WA; 0.7 cm)E
Fslod 3% BS et ulgoE B H AR &
Z Alole]l o catheterS ZMA ulg FH|sh
cranioplast cement® T3}, Heating pade} ¥
TOE 39°CUigle] REslelx 2A7F WAty &
2 - 3% A7 (MJ-800ECS, Myung-Jin, Korea) <F
oAl 72A17F FRF caged ¥ mlEI® 4oy 3E A
T35 (large central dorsal vessel hemorrhage,
motor problem) &% U AlE9} A5E Az AH
sh=A] HIS] AR

Aol EuE 1% Evans Blue 10 wE 39 &
FF3t] JARAS §eto 7 RISy, 4o] AR
" AL AFEA N AlAFct.

o%fE £04

BxFAE 95 $4 FAF Sl 26 G w2
i3] 0.1 m#¥ 7]81FAk(ntraplantar; ipl)5t 3L, spinal
injections Hsxle BFE T FEL 19
Fho| 5wt HES ZA A microsyringeE
cathetere] A}I8}] 20~30% FoF W) FUFo
24 A% A e AP} o]o] catheterell =
Fohe ko] BT AFUYR BANEE T
vehicleS 5712 Fs3ict,

Tail-Flick test 2t

HEJUE FoIdt k] a5 7AAsk=tl AMg
Pow, BE 5] Fo Mol Tail-Flick Unit
(DS-20, UGO Basile, Italy)2] voltageZ 3|4
3]1-g0] 4~5%(CRT: control reaction time, base-
line tail flick latency)etol]l YJUEZE o] JHeE
2%t ZAE sl skl AR ot
off time2 12%2 3I3ict. SAgLS W3] 156% HHo
£ 33 9 A% AkeBdas Askich S
oo} 4o 2XE] %MPE(percent maximum possible
effect)E ARFSR=H, olA 0 E AFARE & 7t 9L

T REAAR A ETIRE w0
9%MPE = (test latency — control latency)/(cut off
time — control latency) X 100

Paw Pressure test (Randall-Selitto) &

OFES] oM FFARE Pish=d] &4
ot Aol @8] carrageenan(1000 pg/0.1
ml, °|3t cgrs LEBZ Fihutet Sl wjs; FAlst
TS L AUz 58] e v

3 BEE AE 100% AFCE A3 ‘% analgesia’S
Tk E7PPHS- Analgesymeter(7200, UGO Basile,
Italy)® 87 5o 966 gsec) ¥ 7Fe
o, 7} AElE A=EAY &g whilEs S 3
olgA el F FAE F3 Fe T4 IX= A
o} GAgEE 102 7HH0 2 38 HHE =3slo] Ak
BAEghs Fs

Formalin test g

EFE2 acute pain2 A7 ASfibers £
3|4 =73 chronic paine F<A17%) C-fiberZE: &
Sty 4R e, formaling ol2 FEE 34ls)
A F 2] sidnler 22 1% (orofacial portion)oll F
Abshd 7 2RI AIZERIE Fal vheshe
ZE3} biphasic response® HQITH!S20 B 43 o)x
£ o] HeE A No7F B3 F - W 574
oA otlE A=A AF3

A FEE cageol] BEo] BolEtEE WAL S
& Aol AABEL ARRS BHE cagedtell 10823
WAsle] &7 HSAITh AEHEE 0.1 miE
ipl. T8I 304 ¥l 2.5%% 343 formaling-}
0.05 miE 2 el FARE H, deliases &
o3 F& 71Fo2 37} BSL(biting, scratching,
licking)RF5-# Elevation(hind paw lifting)iF8-8 A
o Yehiie AlREE 324 #2he o] S8

EA 2

ARAAI= meant=SEM.OE ARG, 29
EIE ANOVA test® AAIER F2jAdo] ¢1A=w
Student's ¢-test®} Duncan's testE AX)Eigen, &
ANAA frolEFEoRi= P<0.058 o435t
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akxMZ0IM LY 2loide2 FTE NOJt &- 2
EZ3d #iF|o| S2ME 0|Xl= &3

Randall-Selitto testS Al#317| 2i8t B S8
of f4 —1000 ug/0.1 m/¥] carrageenan(cg) suspen-
sion®Z 3F FHdulge] Ao dFE 5 FAE
F AR AR Hael o= A FFHA,
Azpd B2t xgke Table 1o VERAGICEY

LUXEZTUS 0|8 NO2 SZaHY FEAH -
719EAS Foistm 2.5A1K0] AubA HFo] Azl
dhulebe] acetylcholine(ACh, 300 ug)® sodium ni-
troprusside(SNE 600 pg), L-arginine(L-Arg, 300 pgre
FslFEAFs 3080] XA Paw Pressure test®
ANEATES FEL ACh>SNP>L-Arg £0% 3%
BIE JeERIOH, cgFo] o]HoE 3] IEHE
A& 100% JFos AP IFE&LE 22 5067+
2.75, 38.00=2.89, 17.56+3.92%Z4] ACh7} SNPXL}
ago] £t dxdS5955ol A NSADs °f
£l jbuprofen¥} indomethacin® AChs} E21 300
pgd FoIEplFE Wel AFEE °F 60%, 56%5
oAckFig. 1). RE] FaEAE ACh, SNPXiE Uet
$O1Hp<0.01), L-Argoll = Holx| gghrt2)

9 gxAFEA ] 3] AChTS 1MZF A N¥-
nitro-L-arginine methyl ester(L-NAME)# NC-nitro-
L-arginine(L-NOArg)E 5, 10, 20 mg/ke® ip.2 A

Table I — Hyperalgesic effect of intraplantarly administered

carrageenan

Time AReaction time Weight threshold

(hour) (sec) ®
0 6.68 £ 0.34 440.67 + 22.16

0.5 4,21 * 0.27 278.00 * 17.96

15 3.28 £ 0.16* 216.67 £ 10.38*
2 2.66 * 0.19** 175.33 £ 12.46**
3 2.11 £ 0.14** 139.33 £ 9.06%*
4 2.65 = 0.10** 174.67 £ 6.57%*
5 3.62 £ 0.22* 238.67 + 14.38*
6 4.03 £ 0.23 266.00 + 15.01

The time and weight threshold values are presented as
means = S.EM. of 15 SD rats. Significant difference
(*p<0.05, **p<0.01) indicate comparision to zero time.
Analgesy meter pressure increase as 66 g/s. Dose : 10 mg/
m/ cg suspension at right hind paw and 0.1ml per
intraplantar injection. Measurement have done by Randall-
Selitto Paw Pressure test. AReaction time means the time
of latency.
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Fig. 1 — Peripheral antinociception by nitric oxide produ-
cing substances compared to carrageenan (cg)
induced algesia. ACh (300 pg), L-Arg (300 pg),
SNP (600 pg), ibuprofen (Ibu, 300 pg), and
indomethacin (Indo, 300 pug) was injected at 2.5hr
after cg (1000 ng/0.1 ml) injection. All drugs were
administered at the right hind paw and Randall-
Selitto test were made 30 min later. Data are
means + S EM. of 6 rats (**p<0.01 vs. cg).

X3t TEOIS NOS JAET= BT S3E8E
Hglon, Fate] 9o o] A vt e
ACh#Z TEATl gt ¢Ale] §-857/32 L-NOArg
20 mge HAAF Tt BAG(Fg. 2). AAA
A= endothelial NOS A &4 #1321 Nmono-
methyl-L-arginine(L-NMMA) 2} nonspecific NOS bt
A9l LNAMES v|wsiedd 3z} o dAas}
8-S o = ATH"(data not shown).

SNP £ 305-Aol methylene blueMB)S} hemo-
globin(Hb)2 A x]|3t A2} MB(500 pg/paw)y= NOS
9} GC F FAE EF AISIEZR intracellular
NO scavenger?) Hb(00 upgpaw)Foiiots £2 o
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Fig. 2 — Inhibitory effects of nitric oxide synthase (NOS)
inhibitors at the periphery. L-NAME (5, 10, 20
mg/kg/ml) or L-NOArg (5, 10, 20 mg/kg/m/) was
pretreated intraperitonealy 1hr before ACh (300
ug) or 1.5 hr after cg (1000 pg/0.1 mf). Data are
means £ S.EM. for 48 rats (**p<0.01 vs. ACh).
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Fig. 3 —Supression effect to SNP-antinociception by
methylene blue and hemoglobin. Methylene blue
(MB) and hemoglobin (Hb) applied i.pl. (500 pg/
paw) 1 hr before SNP (600 pg) or 1.5 hr after cg
(1000 pg/0.1 ml). Data are means £ S.EM. of
6 rats (*p<0.05 vs. SNP).

A £& YERTHp<0.05). 12} NOS inhibitorS-&
AChETE FAUA AARE 20 mgkgl.p gl
M B3t e ZAoE veRt SNP7F NOSE FQ
Z 3 ¢k= NO donordd& BoiFgitkFig. 3).8 7
NO-+IZIA Q%3 40l opioid receptor’} QHAHYE
X Zolr 7] 28l opioid receptor A nalo-
xone(2 mgkg sc)ye& g5 227 AP 5 = ACh
o 302 AARI ek ACh, SNB L-Argf-
B AEFI 242} 9, 6, 5% 54 naloxone] A
FEo] o, BxEdT oM o] g7 A
Az &%t A aRe] Fode VR Wit (Fig.
4). °13& Kawabata’} R FH )2 ojH9) LVE &
o{$t NO7} morphineF4iZ 13t AEFFE B S A
SAA Tk A8AT = X LD

60 (
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<
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Cg ACh-N SNP- Nal L-Arg-

Fig. 4 — Uninvolvement of opioid receptors to nirtic
oxide-mediated antinociception at the periphery.
Naloxone (2 mg/kg s.c.) was injected to back
skin of rats at 30 min prior to ACh (300 ug),
SNP(600 ug), L-Arg (300 pg) application. No
significant difference was obtained at any case.
Data are means £ SEM. for 7 rats.

‘Weight threshold (g)

Diltiazemn - +

Verapamil - - +

Nifedipine - - - +

Acetylcholine - - - - + +
L-NOArg - - - - - + +
L-NAME - + +

Fig. 5 — The effects of voltage-dependent calcium channel
blockers on the NO-cGMP pathway. The calcium
channel blockers (diltiazem, verapamil, nifedipine)
are injected 300 pg at 30min before Randall-
Selitto test. NOS inhibitors (L-NAME or L-
NOArg) was injected (20 mg/kg ip.) at 1.5hr
after cg. and then 1hr later, ACh (300 ug) were
applied concomitantly with calcium blockers.
Data are means * S.E.M. of 54 rats (*p<0.05,
**p<(0.01 vs. ACh alone).

da AAFE Ca®*YEA constitutive NOS
(endothelial NOS, neuronal NOS)7} E¥3l1 o]uj
#oldt= Ca®* channel2 voltage dependent ion
channele]2kl B ¥ 3L 122 R o] channel blocker
Q1 diltiazem¥} verapamil, nifedipine® 300 pg¥
@pLYFIE channel3-4]E2 1% AChHE AEFHA
9} ZAodFel 20 mgkgd@Ee LNAMEX:E L-
NOArg®] §-85Folol 23t 93 B3rhFig 5). 2
3%} channel blocker?] = FojE ggo] AL,
(F55FoiA] diltiazem; 4.5, verapamil; 14.1, nifedi-
pine; 7.7%% 2JA)), NOS inhibitor2}ke] H-EFoJA)e]|
+ ACh=EAEAEL F2l38ks A Vel

Formalin test® S8} NO9| LUEZZIMZME &
EXCIEY MY -5 - MIFES W doAM E
A9 AFAEHRE E=9A screeningd £ UE
formalin test A¥}Z Fig. 6o Yok 2.5%2 3|4
# formalin 70§ ZF5E 3% F<b ZHe BSLE
Hh-3(biting, scratching, licking and hind paw eleva-
tion responseys Holu AL}, 181 258
A5 oAl AS FA3 A2 g vERda,
AVIETh oe AN 208 o AEHAT 3
& W2 A7 Adfiber7t TEF] wjEo|x,
F719H3E F4lAQ Cfiberd] £ wEQld],
Meade®} Mitchell 3¢ AZINAE T2y DA
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=%~ Formalin (3%, 0.05ml)
[—0— Saline

—&— ACh (300 pl) -formalin
[—#— SNP (600 pl)-formalin
|—e— L-Arg(300 ul)-formatin
—%— Indo (300 pi)-formalin

120
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S
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Time (3 min / interval)

Fig. 6 — Time course of mean biting, scratching, licking
and elevation behaviors after injection of 2.5%
formalin (0.05 mf). Each block is composed of
3min and every drugs are administered by
subcutaneously (0.05 m/) in one of the hind
paws. Dosage of the drugs are the same as prior
experiments. In the control, the first phase is
block 1(3 min), and the second phase is 9-15
blocks (21 min) lasted. Indomethacin (Indo)
drastically reduced the 2nd phase response and
Arg, SNP accelerated the onset time of the 2nd
phase, but ACh effects are more lasted. Data are
means = SEM. of 6 rats.

Q! indomethacin® F2 A|24S LAAIA F= Flo]
FIHP 'Y NOE 124 255 Aoy 13
Hil= 23] © 283l 208 A9, Haley®)
L-NAMES 3] 814 (500~1500 pg/paw in 50 ul)
NOg 2-8-5 wiAlAZ] 1 P ARFRls dX|sk
QAch'? 78 Hart 52 moused] L-NAMES 1
BF600mgkg ip) A FoIgt AYPeA formalin
(5%, 10 p/paw)s 2L 23]2) antinociceptive
effects AUTH= 2AE H338k 1) glom g olo &
3ol Yoz FKATrt Fesitiy Algdnh? 1
g1 o AFeME FE zlolE et NO7t
sensory nerve® AS, C-fiber 250N SaiBzd=
g ARk AR

X |FHEIZLH0A Y- 2eldez REE NOJL
#Fe| S0 o)X= &3

Spinal cord®| subarachnoid space® F0{&}
nitric oxide AMetEO| Tail-Flick test0 28t
S2ABMY - FT302 NOFESGES Fojsto
FEE NOo g3 34 FZ4HEE= Tail-Flick
testZ 7F3H=d], o= 429} dorsal hornell= 7+
ZAAE27E A8 K o7]o] NOS7F #X3817]
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Fig. 7 - Induction of hyperalgesia by ACh in the spinal

cord. ACh or vehicle was injected (i.t. 20 ug/5
W) slowly for 20~30s through implanted cannula
and then tested Tail-Flick latency. Cut-off time is
12s and measured three times at every case in
15s intervals. Data are means = S.E.M. of 5 rats
(*p<0.05 vs. control).

Folt} 5 AChE F5A7AAZ FA cholinesterase
9] ZgoF A& FHHY] Wi Fostn A
308 B9 108 HFow SAFATMD T8
32080 ARFE well 7Y FRE wisE 2o
7H3.8310.34 sec) 60%0] XA @Ato = 3BT
H(Fig. 7).

SNPQ} L-Args S8 & Z(k‘f— < 308 743
o= SHsISIthFg. 8). 7 °FF BT Tl 308

I 60i0] Awka = Aale] 7}?_ A= B ol
gt AEl7Y =3t o] HI= Pieper, Ferreira,
Takagi’} B 3%t APAAETH= 4F ASEE ¥9E

AR NO7H 2e] F2 AmzeA F27w
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@
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Fig. 8 — Pronociceptive responses by spinally introduced
exogenously and endogenous NO producing
substances. SNP (i.t. 10 pg/3 W) or L-Arg (it.
500 pg/5 W) was injected slowly for 20~30s
through implanted cannula and then tested Tail-
Flick latency. Data are means + S.E.M. of 6 rats
(*p<0.05, **p<0.01 vs. control).
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Table II — Hyperalgesic effects of intrathecally admini-
stered NO inducers

%MPE
Time
min)  Vehice A€ oNP L-Arginine
choline
0 0.00 0.00 0.00 0.00
10 2495  -15.66
20 24.77 -45.02*
30 2147 2562 2149 -12.39
60 9.54 836 3481% 2086
90 728 -16.89
120 7.99 -14.07

Minus values are expression of recessed antinociceptive
effect from it. administration. % MPE : percent maximal
possible effect, which can not show analgesic rate but
effect of substances to tested group. #:Indication of
maximally induced TF nociception time in acetylcholine
(20 ug/5 W), sodium nitroprusside (10 pg/3 W) and L-
Arginine (500 pg/5 mi).

< °P|3H= mechanism®ll second messenger® 2
£33tk U o drddele XS 9
A 7HA kRS AR TP w9 AFAHE
% MPEgtS] WstE Table Iefl vFeRilct.

ACho] A3 EEAeH T ALAZAINE FoE
2 SNPS H7ulZ FAISH] hyperalgesia® %
¥ % MB#H Hbe Azjsl] 1 93g 2UrhFg
9). 1 A7 NO scavenger$! Hb %] #oAgl=
AAETHE e

8r [3 0 min
£ 60 min

Tail-Flick latency (sec)
>
T

Control MB Hb

Fig. 9 — Inhibitory effects of pretreated hemoglobin or
methylene blue on SNP-induced hyperalgesia.
Hemoglobin (Hb, 15 nM/5 i, i.t.) or methylene
blue (MB, 400 pg/5 W) was injected at 50 min
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(*p<0.05 vs. SNP alone).
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