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Immunoreactivity in the Spinal Cord of Rat
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Abstract — Administration of capsaicin produces acute pain and subsequent long-lasting antinociception.
The antinociceptive action site of capsaicin is primarily small afferent nerve fibers. However, the effect of
capsaicin on the neural activity of dorsal horn neurons are not well understood. The goal of the present
experiment was to study the action of capsaicin on activity of dorsal horn neurons using c-fos immu-
noreactivity in the spinal cord. Intradermal injection of formalin in the hindpaw produced inflammation in
the foot pad and increased the number of cells exhibiting Fos-like immunoreactivity (FLI) in the dorsal horn
of the spinal cord, suggesting the hyperalgesia because of the apparent inflammation. Intradermal injection
of capsaicin prior to formalin injeciton significantly reduced the number of cells exhibiting FLI induced by
formalin and increased the paw-withdrawal latency, suggesting the hypoalgesic effect of capsaicin. Coad-
ministeration with capsaicin of capsazepine and ruthenium red, antagonists of capsaicin receptor reversed
the reduction of formalin-induced FLI by capsaicin. The antagonists also partially antagonized the anti-
nociceptive effect of capsaicin in the paw-withdrawal test. These results further suggest that capsaicin
reduces responses of dorsal horn neurons to the inflammatory nociceptive stimuli in the periphery. Thus,
the reduction of FLI subserves the neural mechanisms underlying analgesia produced by capsaicin.
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2w 2 E R AHATY &340 KB A}
£57 9tk Hunt 2" 35 Hol} gshd =t
=5 7S o HYsEY HEFHAMEANA cfos7}
o] HHES LASAY. IFF cfosE o] &3
F FF ATE
g7l A 2} 0 B8t 2R 00 Zh2ba)
el A7 A AT T s o By, g
ulgel 7zt gl A=t YE hgle o, T
ARG £ Fol g3l Yehdth o] cfoss F
G 8 oohEl A5 AJAEHE W A i
5 7 AR At IdE U Bl okt
morphines 23 Fallxl=ol oJsf L ¥ Fos-like
immunoreactivity(FL) & <} A5t 2.7 9 o] 2482
morphine 3421 naloxoneo] 2Ja) HFHEII}? o}
2hA "lZ o] FLIE A&2olx w2l F24a8-&
Yot =t 53] F&3trh P

8-S TFA0R fajrigo] UHe S
of AT = e s Zlo|mR T4 HYEe
Al 288 = Utk AS7HA] capsaicinell tigt
A7 F2 o|o] xe] X F&e| B3 o]
i-go|glem oo FFalAAL] Aol vjAle o
kol tisiAE A YeAA] WSitt. 53], capsaicin
of ol Jehts dEAge) AAAREA AT o
A A L9tk ek B ATe 2% 23 5o
3t capsaicin®] oJulgt 71 o7 HEAE-E doy|=
7Ve ot uAl siglom B8] HpFzhA|Re] gAel
U)X G HrEE M FLIY 3 YEE 3
Agroz olw vzl FSirt. 53] £ Aol AE
FE2| vhilelo] formaling Foldlo] TS A%
BFF L o] oJ&f ¥ ¥ FLIP} capsaicin®l] &)l &
o A H =7bE B skl

o] Z8x]o] gk}, c-Fosi= HH-9

AHYY
WHEE X AR MK - A 250~350 g2 FH

Vol. 43, No. 3, 1999

Sprague-Dawley REE A&mhstn APFEAE] A
Fgntol ARE-EF T 5% formalin(150 y in saline)
< APFTES 9% sinigel 3 FAR tonic
paing #-53}330}, B3 capsaicin #2872 formalin
of 25 %% FLIo| th$t capsaicin® 288 17|
93t formalin T 1 A7+ Aol vehicle(EtOH:
Tween80 : saline=1:1:8) ol ¢! capsaicin(Sigma)
100 ws 1% sl Iy FARIG o 9 8%
ol = vehicles &% ARSI Capsaicin®] 8%
of ojgt wkE-9 ARE Uolry] Aske] capsaicin
0.5 mM(0.05 umole/100 W), 5 mM(0.5 umole/100 pl),
50 mM(5 pmole/100 p)] MI71A] S22 ARESIIT)

Capsaicin 2] 2F-&of tf3t A& A capsazepine
(Research Biochemicals Inc.) & 93-S R7] $3]
capsazepine 5 mM(in 50% DMSO) & capsaicin 5
mM} A Fofatgion ojujo] Fojgke- 100 Wt
HEE 3t} o] 2} ulR7IR| 2 capsaicing] HEhE
& ¢l ruthenium red(Sigma) 16.7 mM-< capsaicin
5mM3} §7 Foiste] o] A&l 2J3lod capsaicin
o] Zgo] AAEEIE dolrgitt. ZHzte] YE| ok
& 5oigk Bit)E Siuto)] vehicle 100 W S AL
ahlth oFE Fof A7 Fof k% Rdtuide)] 5%
formalin 150 W/ & At A5 FEsiqitt.

Moz X S8 (Immunochistochemistry) — 314}
Zof oJa] WEEl:= cfos proto-oncogene 2] gene
product & avidin-biotin peroxidase complex(ABC)
technique® 23] “FA A},

Formalin 704 34|12t $-of] SEe] sodium pentobar-
bital 60 mgkge H7 TAFsl] Zlo] v AT Fo
0.0o0M phosphate buffered saline(PBS, pH 7.4)
250~300 mi& A WFAIA AT PBS #H+
ZA] 4% paraformaldehyde(in 0.1 M phosphate buf-
fer, 4°C, pH 7.4) 250~300ml & #FAA HF-E
2SI HEY T AR wE2E HFE AA
a1 {5l QFHUR-E &3+ 4% paraformal-
dehydel] Yo 4°CollA BAF ). Vibratome (TP,
St. Louis, MO, USA) &2 #=¢] LI, ¥ 98 50
pm A SPEFTE 4HR) dhErkc)h o} incubation
wellell %71 & PBSE 1052 2:1 Az gic}. 0.05M
PBS ¢l 3% normal rabbit serum ¥ 0.3% Triton X-
1005 =< SANPBSDOA 1AI17F &<t ¥H-S-AI1Z]
% NPBS(3% normal rabbit serum in PBS) ¢ 34
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%+ anti ¢fos protein(Pan-fos-antibody; Cambridge Re-
search Biochemicals, Northwich, UK., 1:1000) & 7}
3lo] 40~48 A7t EQF 4°CollM WESAIRLE ¥HE S
PBSZ 10&3F 29 A3 & & NPBSel 1:200 &
& 31X %} biotinylated anti-sheep IgG (Vectastain)
Sololl A 1A17F F<F WESAIZATE PBSE AlH3 ¥
avidin-biotin peroxidase complex(Vectas- tain) - <Yl
A 4537 WAL AT PBSE 3¥ A F S &,
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H,0, 8 WE 60m/ PBSO Q1 oA 25 27
9] Fizlo] ZhMo g W3 mzkx] oF 5R7F HhEAIZ
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Fu|4g oz #HEFT).
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XEEM - AF28-g dotiy] §J3t ST
& oFE Eoigt Wi} vehicle FoI3F WollA Fad
A2 thet R IZRE BlaEioltt. AgrellA
d 3 fos-like immunoreactivity(FLD)= A8 5& ¢
vl F 10~15 7H9) BR-E AR BAX el ARS-
stch FLIPY g ARS] 9} Y& Hetslr)
g&te] AIHE R o Tgt camera lucida dra-
wing tube & o]8€3l] FLIZ} 23¥ AZAEE &£
A5tk H4E formalin TARE & 22 oFE-& A
2 B&53 witiZ o 1pro] FLIL 2ad AAEA
X FE A, 4740 HeFE oA 3% (su-
perficial laminae) ¥ 4]%& (deep laminae) > 2 7
o] ¥ APME 5 At gl dEE A
2o 238 vty 82 o] Ad%EE ¢ nig
2o Hgoz vehd mmEitt. FAAMEE
ANOVA test 9} Newman-Keuls post-hoc test € 3}
Sict.

AHEn

Formalin0i] 2|8 F= & Fos-like Immunoreacti-
vity - Fig. 104 YERFR0] formaling 7<) 3%
nigle]| Fo{FE wf HSzeld FLIZL E3E= Al
x9) 5 A ZUEeH, formaling FARBKA ¢
& Zo| A= FLIZF A8 A gt
Fig. 1 °4] Yehd & FLIZ 2dsk= 779 A
7 AEE vepd Aotk XF3FZ(dorsal horn)ell A
0o AAAEAA FLIF 2HEHA o, 17} (ventral
horn)elli= FLIZF #&€ A27F 419 glickFig. 1).
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Fig. 1 — Formalin-induced fos-like immunoreactivity (FLI) of the
lumbar spinal cord: (A) Camera lucida drawing exhi-
biting the distribution of cells exhibiting Fos-LI after
formalin (5%, 150 W) or saline was injected intrader-
mally. Each dot represents a neuron exhibiting FLI. (B)
Average of FLI per section of the lumbar spinal cord
induced after formalin injection.
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N} AEeM FLIF 2= =t(Fig. 1B), 1 ¥
g 29 36.3%c 95l FFEAeH 63.7%= HE
Mol Ax vepdrl, iR salined FARE &
o] Hpo e v o 12.2+4.0(0=5)7]2] A|FojA
FLIZ} 23 = Q). o)eigt Aut2 %€ formalinol] 2}
3 FFOoF A3 AT o] FIET HE
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Fig. 2 — Reduction of formalin (FOR)-induced FLI by capsaicin
(CAP): (A) Camera lucida drawing exhibiting the dis-
tribution of the cells exhibiting FLI. CAP (50 mM,
100 W) or vehicle (VEH) was injected intradermally to
the hind paw prior to FOR injection. (B) Summary of the
effect of intraplantar CAP on the numbers of cells
exhibiting FLI induced by FOR injection. (** p<0.01).
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FLIol v]A)= 8k 18] 98 9% ianpa
= formaling FAFS}7) 1413F Aol capsaicin® &
x|t @ B% dholl= formalindt Foi5l0] 25z}
9] kel FLIF 2@y s AXE 5 vlusisich
Vehicleg 4A|3F £2] F{sroll FLIP} 2 AE
o] el EXE = formalin® 2 5L EFE o
(Fig. 1) 9 Hlse3tAl Vet (Fig. 2A). o] el ]3|
capsaicin® §oJ3+ &2 FLIZ} 34 AEgeH o
FLI| A= #Folv A3Anke AA Jebgch
(Fig. 2A). Capsaicin o €I+ FLI¢] ojal= fapo)&
o7 el (Fig. 2B). &, Capsaicin 0.5mM
(0.05 pmole/ 100 py& TS = vehicle FoI%t
#Z0] 4ol M= 38.0+2.0m=5)719) AEo|A FLI
7 AL, capsaicin FIE FH2> 27t 242 £
22708 A ZeA FLIZ} L3 = SickFig, 2B). ol+=
capsaicin 0.5 mM °f 2]&] FLI 23 A X457} 36.0
+6.1% FaHEHS-E E3hr )tk Capsaicin 5 mM
= A AR &5 FHFolA= FLIZE 242 £ 23
(n=6) 7} dA L3 o1} vehicleZ FoJ3t Zojr=
41.1+3.1 7§S] MZeA FLIZF 2dE=HAY. o) 5
mM capsaicin ©] formalin °ll 2]% FLI ¥& +&
39.1£7.6% AAAZES EETHP<0.01). ]l 13
capsaicin 50 mM< AA X st Z2| <ol A FLIZ}
S ME S vehicle¥t FAMS ol B]&] 46.9
+7.7%Mn=6) 433 thFig. 2B, P<0.01). Capsai-
cing] 2H2- A $21e) H% WSl Aot 9l
AUtk oA ¥ formalinel] &3 HolA ] FLIS 4
7} capsaicin®l| &8 A4 RS BlE capsaicin ol
oJgt B7HAS L] AAG Wk FoF sjAo] )

Capsaicin 8% YA &t

Formalin°ll 93 @do] F7He FLIE Aldh=
capsaicin® #-8-°] capsaicin -8 & B3 HolF
Hh3RIAE 13K $lsted el Z43AIQ) capsaze-
pine? ruthenium red®] Y& #<la Htch H
FF 2o A FLIVF 48 E MXE 42 capsazepine 5
mM S FoI3 Zol A 402 = 84 71, vehicle(50%
DMSO in saline) & T3 Zoll 442 £ 93702
capsaicin®] formaline]l 2}t FLI #% #1288 vt
X ZtH(Table I). Ruthenium red® FoJ3t 20} 3
I ZZbol|lA FLIZF 2 E AESFE 6268570
vehicle & 1] 64.816.971¢} v]528HA FLI
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Table I — Effect of capsazepine or ruthenium red on the number
of cells exhibiting Fos-like immunoreactivity. Capsa-
zepine (CZP) and ruthenium red (RR) reversed the
effect of capsaicin (CAP) on the formalin (FOR)-
induced Fos-like immunoreactivity

Antagonist ~ FOR+CAP+VEH [ ORTCAPHCZP
or RR
Capsazepine 442 £ 93 402 * 8.4
@©=5)
Ruthenium red 648 * 6.9 626 + 85
(n=4)

W HE £E HYOZAM capsaicing] ZHE-S 2PSt
STHTable D). ©) A#}= H}E capsaicin®l] 9)&F FLI
o] A7} capsaicin F-EAE B 5ol WEOIUS
& YehdTt.

EHRUAE (Paw-withdrawal test)

Formalino] 98] F=2¥ 4 955 gt hy-
peralgesia®ll TH3ll capsaicin®} WE2HE-S A oF|EX]
£ Yol 3 Ao okE Fo £ F Y 3
ghifcte] ARl 718le] g BE wirkA 9] A
& &74315it}, Capsaicin 50 mM(5 umole/100 pl)
S formalin 52 A FAPE wie AAIHcut-off
time)?! 152744 W& 3)3}x] 99k, capsaicin T
Al vehicleS T3 92 65 + 1,728 FIHHAIA
7+ JER S THFig. 3A). ©1 312 capsaicin®] 733t
AFAE-S FIAFchs APARJA SH7F Bt ol
&k capsaicin®] JEZAE-2 capsaicing FoI3t & 5
F oolgel] VeRIA 4x7F F7ER] ASEle 8%
o]&# o7 vheldt}. Capsaicin 5 mM(0.5 umol, 100
S 543t AFelA F3GR=ell i3l capsaicin
o3t w2 95+ 18, Bl W2 42106329 =
BEARA) 7HE e TH(Fig. 3A). Capsaicin 0.5 mM
.05 umol, 100 w) o] FE-2 capsaicin 703+
o} 7912429 FFHWAPIIRE HRlH w3 vehicle
TolF W 3730629 FIMA|HE BT
Capsazepine 0.5 mM3} capsaicin 0.5 mM& &7 A
223 F Falga=el) gk SFSRPIIRES 7.0T1.2
%22 M capsaicin®t A =3 o] 92+12%0] 1]
3 7+A%FAcHFig. 3B). Capsazepine capsaicin
odof oJFt FMRpIzte] FVishe A& e8] At
3HR] B3R, 11 SR E A3 Ruthenium
red(16.7 umol, 100 w) ¥} capsaicin 5mM ] &5
o] Alelli= FaldatTol ek SIS 3.9+

o
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~
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—
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mumm CAP
14 | — VEH
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Fig. 3 — Effect of CAP on the paw-withdrawal latency to noxious
heat: (A) Intradermal injection of CAP increased the
paw-withdrawal latency to noxious heat. (**p<0.01) (B)
CAP receptor antagonists, capsazepine (CZP) or rutheni-
um red (RR), injected intradermally with CAP partially
blocked the increase of the withdrawal latency by CAP.

0.5% % capsaicintt Fo3t 2] FIkA7|7H6.1
L1x)7 F2/330E Apold RolA] eShrhFig. 3B).

n &

Formalin tonic pains ¥2o7|= f3lst 3Hsh4
AFo R W 8l TR F Hepel ABAIEY
24& 57939 biphasicslAl A8 0] F7HECHY
FatA] e 245l vhgShe AlES] 842 formalin
of os] wigkelA] OB =E formalinoll 23 A=
C-AZARE B8l Az dgds &+ o

Hp$zte] 95 dxt AE8EAANE T AS, C-
2AWARRTE AFFAMEEH AGAE oF 0]
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monosynaptic action®] ZAuek= A& AAsIL §3)
, medial parts APA Sl YHEL] TxoA Foo=
AZo] 3= o= it formaling 713813}
o7 lateral partollA 2.C} medial partell FLIZ} ®F
dAE AEEFo] @ol yepd Aow Azt W
Capsaicin®] formalin®ll 23 459 F2HA%2] c-fos
S AAsR= 22 Fitzgerald®] Falldxl=el oist
HPG 2P| L) S capsaicin®] SAISITH= #7)4
2)sta Ay A9l YA Formalinoll 2J&l &4
oflA FE5E FLI 3] capsaicinell &3l 743k
AL formalin®l] &% 5 HHE Heo| capsaicin
of oJaf| Apekw7] wiZel™ ol capsaicine 2J3f 4l
A XS o] gAE = A o] glE AL
2 Absdrt. Capsaicin®l 213t FLI & A+ for-
maling Fol3k igks whe} 2 A5 ol Wb
Fro Wy AARES B} o]+ capsaicin®] 7
282 HFFZA L] o] 100% AFdE A %
dRHlo] AAEo e VRt A& ou|gich 1
ZIRAMIE A ZRE] capsaicin Fololl &3 F-3l
Gab=ol] gk BkARAZo] ZHojR|= F102 Kol FLI
o] ¥ A9t JE g0l URAEE ¢ 7 Q) o]
2ot 2 22 wxo] 71870 capsaicin®] 23 F
Aol fofshe cAlfrEel B o o4
d TS AL3A X3P EoE AtRdrh

% K o

S AAES & 7 ok oleigt capsaicin®] A4
& capsaicin® A FAE-& A= oy ol
capsaicin®] #5332t Lol Yehl= 2Hgo] Txe
2013t 218HA|¢) capsazepine®) Y} ruthenium redel]
A&l AAEUTH= AL capsaicin®] AEAgo] D
F28-30] EAQBR= capsaicin A AH3F 2go)
2 Z1g ERlshe Aoloh & H3e] AnE FHYY
ko] I A1 formaling B4 958 S=8kT
HPZZ M oA FLI 23S IA) ST olefst
FLI ¥8& capsaicinell & #4184 o F it
B3 capsaicin® | GAIF 02 RE g Hsh=t|
A A7RS SR M AA A% Zgo] oS
£ #Udsth . o]# ¥ capsaicin & ANEF LS
capsaicin 2#|2] ZA3A|Q capsazepine] 23 #-2
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