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Effects of protein kinase C inhibitor, chelerythrine chloride, on nitric oxide
synthase expression and nitric oxide content in spinal cord of rats with imr

flammatory pain induced by formalin
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[ ABSTRACT] AIM: To study the effects of protein kinase C (PKC) inhibitor, chelerythrine chloride (CH), on nocicep
tive response, nitric oxide synthase (NOS) expression and nitric oxide (NO) content in spinal cord of rats with inflammatory pain.
METHODS: Inflammatory pain was induced by formalin injection into right hind paw. NADPH- d histochemistry was used to in
vestigate the changes of NOS expression. Nitrate/ nitrite (NO,” /NO3;™ ) was assayed to represent NO content. RESULTS: Com-
pared with the control group, the number of NADPH- d positive cells increased significantly in the superficial layer (Laminae [ —
IT) of the spinal cord dorsal horn and the grey matter surrounding the central canal ( Laminae X) in rats with inflammatory pain,
the reactive degree of NADPH- d positive soma and fibers and NO content of the lumbar enlargement of spinal cord also increased
significantly. Intrathecal injection of CH inhibited the spontaneous pain response in the second phase induced by formalin injection,
and prevented the increases in the number and reactive degree of NADPH—- d positive cells, as well as NO content of the lumbar en-
largement of spinal cord. CONCLUSION: It is suggested that the activation of PKC promotes NOS expression and NO production in
the nociceptive neurons of spinal cord during formalin— induced inflammatory pain.
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Tab 1 Effect of CH on the spontaneous flinching reflex induced by

n=17)

formalin injection into right hind paw (x Es.

Spontaneous flinching reflex (times/ 5 min)

Group

0- 10 min 10— 60 min

M 26.16 4. 54 53.66 16.75

FM+ vehicle 27.9413.58 54.3416. 06
FM+ CH 24.8114. 12 23.93 4. 84"

" P< 0.0l vs FM group.
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Tabh 2 Effects of CH on the number of NADPH- d positive cells and grey value of NADPH- d positive soma and fibers in the laminae [ —

Il of ipsilateral spinal cord dorsal horn of Ls segment (x L.

n=17)

Number of NADPH- d

Grey value of NADPH- d

Grey value of NADPH- d

Group
positive cells positive soma positive neuronal fibers
Control 8.40%1. 40 27.60%5. 46 148.78 £9.99
FM 21.41 %1. 80" 11.82 14, 85" 92.38 £19. 63"
FM+ vehicle 22.91+1.45™ 9.95%2. 08" 89.23 +22. 54
FM+ CH 10.50 £1.28" #*# 21.15+5.97° #*# 129. 68 £29.93" # #

" P<0.05, ™ P< 0.01 vs control group; * * P< 0.01 vs formalin group.

#3 CHMKAR Ls HHEPREEERFRA NADPH- d FRE4R ALY Al R R 47 4 5 6 IR B B S0
Tab 3  Effects of CH on the number of NADPH- d positive cells and grey value of NADPH—- d positive soma and positive neuronal fibers in

the grey matter surrounding the central canal of spinal cord of Ls segment (x L.

n=17)

Number of NADPH- d

Grey value of Grey value of positive

Group
positive cells NADPH - d positive soma neuronal fibers
Control 7.01 £0. 80 52.46 £11. 10 183.05%5. 16
FM 12.70*1. 63" 21.50 £10. 08" 153.45£11. 23"
FM+ vehicle 13.70x1. 73" 19.8515.61" 146. 16 £12. 49™
FM+ CH 8.96t1.36" **# 39.17+14.51" *# 170.19 *£12. 06" * *

" P< 0.05, ™ P< 0.01 vs control group;
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## P< 0.01 vs formalin group.
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0.01) , HARFFEZEJT ALK F(P< 0.05) (£ 4) .
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Tab 4 Effect of CH on NO,™ /NO3;~ content of the lumber intumes-

cence of spinal cord (x £s. n=7)

Group NO,” /NO3;™ content ( Pmol/ g protein)
Control 3.18 X0. 46
M 4.47%0.49"
FM+ vehicle 4.57+0.48"
FM+ CH 3.54%0.38" * *

" P<0.05" P< 0.0l vs control group; *# P< 0.01 vs for

malin group.

it

TEA LB B AT 15 1) B R T 9 B o i ik
FEAE T AR AR S0 E S B A& T PKC B0 i
FEEAEMH . PRI, KRERERREE, %5
FANZE TGN PKC 1T 0GR AE B R 1), 78 1E
KRFHEN LT PKC Bl I, w48 R =4 3 R
F B A O 5 T PKCY i PRt /) B0 0 55 495 47 o)
BULTAR K A9 s L AW 9T W %€ 7 8 o 7 5
PKC IR0 FE 75 5 10 B R0 RO 1Y) 5 ), I
SRS TR S, S BE RD B E R R N AT O
FFUUE S, X P 28 PR I A P AN A, 55— IHAH R
FEF VRS 10 min P9 & AR BIIREAT b, A2 b I XS
PR RS T2 R0 B P 5 kS 5 WA DRy B2 R S R
% 10 min J&5 & AEIRAT A, J2 =) BB 18 1 20 5 30U
P A DA AR AL T S 1S 1 . S 25
T CH v B B0 5 —AH B R O, 13X — &5 Rk —
B HE PKC 25005 S A5 B AR S50 A0 B R X
A ate SO

ThEG AT - TRE NS0 FHAE R I
FENEFYER) 3 L8 DI, R E K Rt 2
P A ) 2 5 AL TR | — ST 5y 45 BLAIE B,
i E AR B AR AT REMZ 0 NO = A3 £,
NO 2 5 R8RS ot o mg = 260210 3k
& DV I FT AR S, MR, 65 A NO & Ak
2 5 AN L8 T AT 4E R RS R T i 48 ot Je L2
PRGSO S R SR WS T N VE S PKC
FOHIFR CH X NOS 23k Al NO 77 2 () 5 Wi, UEsE T
NO 7= A2 B 52 41 48368 Jo % 1L 52 A 4 DL AD, 52 i Y
STy T PKC s o AR 3R & DU A,
SRR S H 5 A S A NOS 2R1A 1 38 /e 4 5
S5 24 h B O WE, DR, JRATTE 38 T3 4 B )5
24 h AE A B TR] ST HEAT W E% . RIL, R RIS O S
24 h W, FFHE S ARV E Mo A LK NOS B

* 535 -

PEZR A E BH 1 40 A S £ i Gt R FE 38 6
B0, FFHE NO 75 &0 0 24 n; BN 45 T PKC I
PEFNHIF] CH, wT LA 240 61 B % M K RUE R S
FAVR 2 e J A LK B NOS R I8 F1 NO ) 7=
Ao BROR, SRR I RO AR A G PKC
A0S 5T NOS 35 K& NO 7= AR e 3045 T .

MR AR S IG5 I &5 6 TR 2 LA AR I 5 &5 R T
DAIE H, BB, B85 A NO B 2 2 2 H %
CROTERT s 3 . AR EHEAE Bt N, 51 Y)
AN T A R R R TR iy M R IR 4 ol 48 38
TX G5 T T R P 28 T B S A N SZ A A, i
AR A B0 I N A A 40, 2 adE NOS K18 & NO
7= AT T B 3k A 7 A ) B T A 40 il Y PKC
AL, T PKC PR3 Ak AT i ot Bt e BR YT 3 — 20 i i3t
NOS FIE S NO [/ . ARFF R I, W 5 CH
Ja, R K B B8 NOS K1k & NO & # R e 2
IR AT, X —4 Wt — DU NO A 2 2 £
RO ERME R .

PKC 75 AR G B, 35 B0 A 76 A% J I i 2 o,
MILWE WO E R RS . A SUHRE, PKC
Bl g it B N- H - D— RITAZ(N- methyl
— D~ aspartate, NMDA) 52 4 #H ¢ 1) &5 + 1 1E 0 IR
AR ks> Mg BHE, 50 NMDA 324835 % (1 Ca™
W, I Ca™ MR JE 1 &, WS Ca™ / CaM MK 1Y
NOS, A% NO #% . IX 0] fig & PKC B e 8t NO 2k
B — 4 EEERAE . & T PKC &5l HEAL NOS
WA, B R —DAE

zi BRIk, WSS PKC 2 Bk 077 CH Ap
A S 1 ) R R 5 3 ) 1 RO e I B AT R A o A R
PIZETC NOS RIEF NO 194 B, 1 BH 28 P Jf i PKC
s ] e 3 NOS RIEFINO =4 .

(& % X #

[1] Sophie B, Gisele P, Alain E, et al. Role of spinal NMDA re-
ceptors, protein kinase C and nitric oxide synthase in the hy-
peralgesia induced by magnesium deficiency in rats[ J]. Br J
Pharmacol, 2001, 134(6): 1227- 1236.

[2] Wen ZH, Wong CS, Lin CR, et al. Changes in the levels of
nitric oxide synthase and protein kinase C gamma following
kainic acid receptor activation in the rat spinal cord[ J]. Neu
rosci Lett, 2001, 309(1):25- 28.

[3]  #hBERz, 230, 0%, 5. B PR k- 1
AR B ) Sar— SP 1Y 58 K BUAHE ALK A IR IX
F—S AL B AR )], AP 2ER, 2003, 55(6): 677-
683.

[4] Mk, 25, 2300, 5. CORP Z A4 i CGRP8
— 37 X T R K B R N B B i R NOS R



* 536 -

EFINO S8 ], P ENHE#YILE, 2004, coid effects on Fos immunoreactivity and NADPH— diaphorase

20(3): 291- 295. histochemical staining following spinal cord injury[ J]. Brain
[5]  Yashpal K, Pitcher GM, Parent A, et al. Noxious thermal Res, 2001, 912(2): 144- 153.

and chemical stimulation induce increases in [°H] — phorbol ~ [9] Osborne MG, Coderre TJ. Effects of intrathecal administration

12, 13- dibutyrate binding in spinal cord dorsal horn as well of nitric oxide synthase inhibitors on carrageenan — induced

as persistent pain and hyperalgesia, which is reduced by inhi- themal hyperalgesia[ J]. Br J Pharmmacol, 1999, 126(8):

bition of protein kinase C[J]. J Neurosci, 1995, 15(5 pt 1): 1840- 1846.

3263- 3272. [10] Yoon YW, Sung B, Chuang JM. Nitric oxide mediates behav-
[6] Palecek J, Paleckova V, Willis WD. The effect of phorbol es- ioral signs of neuripathic pain in an experimental rat mode[ J] .

ters on spinal cord amino acid concentrations and responsive- Neuroreport, 1998, 9(3): 367- 372.

ness of rats to mechanical and thermal stimuli[ J]. Pain, [11] Wik, 230K, ZFEHE, % MK- 801 B#{% & MWK

1999, 80(3): 597— 605. A i NOS RIXMINO &[], AEFE24R, 2001, 53
[7] Malmberg AB, Chen C, Tonegawa S, et al. Preserved active (1): 55- 60.

pain and reduced neuropathic pain in mice lacking PKC[ J]. [12] Swope SL, Moss SI, Raymond LA. Regulation of ligand -

Science, 1997, 278(5336): 279- 283. gated ion channels by protein phosphorylation| J]. Adv Second
[8] Gonzalez S, Labombarda F, Gonzalez MC, et al. Glucocorti- Messenger Phosphoprotein Res, 1999, 33: 49- 78.

¥ 3T F
2006 L INFEHXFFHRD

CF P B2 2 K 22 22 3R D(ISSN 1007— 3213/ CN44— 1425/ R) A& 43 BE 25 22 R R4, 58 b BE 2 0, W RF 00 Jr &1,
A . — R B RS SO T A T, Bl A O B () B PR 36 Ak S SR (CA) R Bl O A
ENAY) 5 22 A E WAMUBRIE R REWCE . 565 3R ER 5 miAL FAR B2 25 4R R BOE AR F R T A v B 258 55 W
T 25 BRI, I NI b U OO ) A A

TER A D EIER SRS WGRIT R SERWTS P2 i h 2% dh 2R S T8 B 8% 5 & FIBE A X 0
SREH L SCEEAM B, V1A G IR SE B, AT R, DL AL AR R T H AT S 2 S R U . R A 1R SO BRI T S A
B LT BESCGE Gl . BT A A b B 2 A HORRIIE YN R HEAT B 2R B %, AR IR IR B AR 18T 9K
993 LI 29T N GUEAT T 25T R AR A B .

AT RRA T, K16 FFA, EHH 20 HHEAR . @M ¥8.00 o/ #,48.00 jo/ &4 . MRS : 46— 275. S E K MR AT
VIBE o T 2t T 1) 4 A A PR W . T M hk: 510405, M T HLSEG 12 5, € M EE 2 K SR SR M BT

BRAR A BN SRR FE1E: 020- 36585268, 36585697 fEH: 020- 36585697
E- mail: gzzyxb@ gzhtem. edu. en Wtik: http: / / gzzyydxxb. periodicals. net. ecn  http: // rest. chinajournal. net. cn

AR AT LUR I S E28E, W R, SRE R 22 & Rk 5
BT AR 1984~ 1985 SEAFI| A 1T A 45. 00 7o/ M, 1986— 1989 “EEE4E 30. 00 JG, 1990- 1997 44 40. 00 JT, 1998 4L J5 &4
50.00 JG . HLATA: 1984— 1996 F-AEI 5. 50 Jt, 1998 4E LA f5 5510 8. 00 7t .



