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Expression of spinal cord c—fos with cold therapy in rats of

carrageenan—induced inflammatory muscle pain
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Department of Physical Therapy, Kwangju Health College

<Abstract>

Expression of c-fos, an immediate early gene, has accepted to be a marker of
functional activity in ncurons. This study was aimed to investigate the effects of cold
therapy on the expression of spinal cord c-fos in rats of carrageenan-induced muscle
pain. Muscle pain was induced in male Sprague-Dawley rats by intra—muscular injection
of gastrocnemius with 2% carrageenan. The paw withdrawal latency (PWL) and tail
flick test (TFT) responses to heat stimuli were used to detect secondary hyperalgesia
produced by the muscle pain and measured to assess the effects of cold. The expression
of c-fos was determined in the Ilumbar regions of the spinal cord by reverse
transcription-polymerase chain reaction (RT-PCR) and immunohistochemistry assays.

The secondary hyperalgesia to heat simuli (PWL and TEFT) were significantly reduced
in cold therapy compared with that in the controls. In RT-PCR assays the expression of
c-fos mRNA was down-regulated in the lumbar spinal cord in cold group. In addition,
Fos immunoreactivity in the dorsal horn of the lumbar spinal cord was decreased in
cold group.

These results suggested that application of cold attributed to increase PWL and TFT

responses and to decrease expression of the c¢—fos produced by muscle pain.
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c-fost Tdg 3t A5 ol oA w2 A HdE = immediate early gene©| T}
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c-fos FHAA AFE2Q Fos @ A2 vpz sgkvbdel Jun? heterodimeric complexE& ©]&
[e]
ax

t} Fos-Jun E&#+= £3F Z2l downstream 23 ZA 3 DNAS AP-1¢9 €0
< A BgES X S35ty AAGAANA BHEE c-fosT

gk HRFHAF 270 v
F A AH(marker)Z At&F o} x5 ek (Harris, 1998; Yamagata 5,
1993; Adams 5, 1996). Hunt 5(1987)o] R o= &, 71AA, g4 A7& LE¢
ke F3o FaAlAFE Heh HFoM c-fose L FRITE ATERE B FA
S (Bullitt 5, 1992).
a8y BF5E AAA) A% AmsYem WAE, AVAE, dAH, EFAR Fo] A
zZ

= (Wright®}t Sluka, 2001) 22 ZolA de AL EZ3 232 7HA2A7]132(Webbh S,

1998) 934 "EEAL WnlE AAA 7, oA Al 237 &8 oWl & uH el
{Olson, 1972; Merrick &. 1999; Kenjo &, 2002).
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<&l g AFHSS A He F S5 FE7)(paw withdrawal latency,
PWL)&} me]x]7) AAR(tail flick test, TFT)E AAsGth PWLE AFE AA L Y+
Ao ZAW & A& SURE HE BolEyEdztAY AR AASATY WA
AE 0CTE FAL Ae €3 Ao ¥ A& A8l 158308 FA7 38 Azt
o] U €& 53:0.01TCTE F5AA PWLS AFE FHAH6HA

TFTE FA37] 93] #9 AFel oA AR dFsFoz A7 2o dPPol] ¥
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4. 2592 RNA 353 RT-PCRE ©] 8% c-fos mRNA$9 expression ¥

Ultraspec'™ RNA 2274 (Biotecx Laboratories, Inc., Houston, Tx, USA)E o]&3to
Chomcezynski®t Sacchi(1987)e] vt o g 242 HE total RNAS EFdct = 0.1g9
Ay H4zAL 1 mle  Ultraspec'® RNA 2994 Polytron homogenizer
(KINEMATIKA)® #2359 & 4Co] 583t incubationstith, thgoll Ultraspec'” RNA
LA 1 mlEF 0.2 mlel chloroform& 7}t 152 %< samples$ 2 ‘50}7%] 3 4Cd 5
27} incubationsl gttt A ML 12000 g, 4CHA 152 %< AAEZT & Azde 2
+ eppendorf tubeol &ZTH T isopropanols #H7Fste] AEE o 10
incubationdt § 12,000 g, 4ColA 158 B¢ YA EL s RNAE JAAAAGY. 4
A 78k RNA pellet2 75% ethanol Iml2 AWl A2 3}tk RNA pellets 37] Fol4
A ¥ DEPCE A2d Zo &3lAA 260 nmollX §2EE 338t RNAE A Fsdch
o} Al (reverse transcription)® 93} total RNA 1 pg2 200 U reverse transcriptase
(Gibco BRL, Grand Island, NY, USA), 10 U RNasin, dNTP mix (0.5 mmol/L), DTT (10
mmol/L), MgCl: (2.5 mmol/L), oligo (dT) (0.5 pg), reaction buffer [200 mmol/L Tris-HCI
(pH 8.4), 500 mmol/L KCllol H7lsled & F volumeol 20 pL7} A st Gibcorlel &
zZboll wgt) c-fos® PCR Z7AL 94TolA 18ZF denaturation, 60ColA 183
annealing, 72ColA 187 extension stepS %o, B-actin® 94Tl A 45% 7
denaturationA} 71 & 56Tl 45%7F annealing, 72 CH A 1% 30%7+ extension A%
t}. c-fos Z#]3l PB-actin (Abssi 5, 1993)2] oligonucleotide M<¥E& v} 23 )
c-fos primers (sense primer, 5’ -TCCCAGAGGAGATGTCTGTG-3', antisense primer
5-GGCTCCAGCTCTGTGACCAT-3") & o] &3ln, #HFTkE2 409 bp fragmento] t}.
B-actin primers= (sense primer: 5 -GACTACCTCATGAAGATCCTGACC-3":
antisense primer: 5'-TGATCTTCATGGTGCTAGGAGCC-3)& ol &35, FHFAEL
423bp fragmentso]t}. PCRE 98] c—foset B-actin Z+ primer 20 pmole, dNTP mix
(250 pmol/L), MgCl: (1.5 mmol/L), 1U Taq polymerase® £%sle] &% volume 20 uL
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g wEo Ag39 Y. PCRE TEF 3 AHE 2 ethidium bromide’} ¥ ¥ agarose gel
o #719F3le] UV transilluminator® HlFo] ALZE B2 F c-fos mRNAS HEAHLE

IMAGERTM & 1D MAIN (Bioneer, Korea)S o] -&3lo] A &3

5 84 A oA 9 Fosel Wx3 33 A (Immunohistochemistry)

2 Ay ALgE #FHE carrageenan Fo 24417 Fol FAAZAC. A FEE
halothane2. 2 v} 3t o s Hd] Qo AL FHF HMste] 4SS w274 pH
o e ©o

7.49) phosphate buffered saline(PBS) &l o @ gl g
paraformaldehydeZ A #F3le] 22 S LA o|F AFdFE 52 Ao &3
HEFE ZA2HA AAR £ A5 F 8FAYRE HAESA 49
A F Aol mAI F 30% sucrose FAENA 4T 2% F overnight AlZA U}
%2} optimal cutting temperature compound(O.C.T., American Optical)® X3} 3L, Cryo
cut I(Lecica CM 3000, -25C)E A3l 15m FA9 Zud d&8HL Aot 7z A
HL 1% gelatine & FEH £#o]l= o thaw mount & ¥ &gto]E Axlo] Ho] WA
225 g AP S AN dsr] A7kl -80TCAA st ¥s BaE APYFTEY J5¢ =
AN AH2AHRTEAYE APstdo. FolE 2AELS

RE AAZ zolE HageAok 74 A A
7122 02 Avidin Biotin Complex(ABC) horseradish peroxidase 714
ot wA xF HES 002M PBSE 1084 33 AFEsd. v 5o
8l normal goat serum(0.196)% 30% ¥<¢F HYskdc 2 & polyclonal
rabbit anti-c~fos (Sigma)E PBSo] ztzb 1:1000 v 8% 3)Alslo] o =2z 9d AHestn
4T F8 FAAA 12417 B vk A A dd-38x B&AE avidin biotin peroxidase
Wi o2 W7 ZAS PBSDH 33 10#37H A3 ¥ endogenous peroxidase &4
& AAE7] A8t 05% periodic acidE 5%3F A @At Biotino]l F2El 23 A
(biotinylated goat anti mouse antisera®} biotinylated goat anti rabbit antisera, 1:200,
1:500 in PBS)E A4 50% F< Azgk F viA] PBSE 33 10838 A H 34t
ABC complex(ABC kit, Vectastain)® 1A]ZF ¢t vt2A|71 & zzS PBSE 29 A A3}
L 0.02M PBS $tE:dom oAl Mg o ZA wgg Adsith 221E 0.05%
diaminobenzidine(Sigma), 0.04% NiCl, 0.003% H.O.7} #71¥ PBS k& o] 5-10%3F ¥+-5
ANA 2 FAE i dgures SAXNAY E, §H3E AR F universal mount®
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mountd} 3l Nolmarskii interference microscope(Olympus)@ A}z 218 =83}
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PWL3 TETelM el w3tz ANOVAE ol &ske] nluskolar, A% 4e Tukey #

AWME ol &3t RT-PCRoA & Aile student t-testE o] &3tgul. 5 A 83
frolee2 052 &2, SPSS 10.0 for WindowE AF&3te] 574 A8 33t
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Table. 1. PWL difference between groups in each time (unit: sec)

carrageenan

Time carrageenan F P
+ cold
Baseline 12.00+0.76 11.50+1.20 674 520
Hour 4 6.13+1.46 5.38+0.92 2.038 155
Hourl10 5.75+1.04 83.88+0.64 52.929 .000"
Hour 24 6.00+£1.07 10.88+0.84 88.440 000"
mean=SD
¥ p<.05
Table. 2. TFT difference between groups in each time (unit : sec)
. carrageenan
Time carrageenan F p
+ cold
Baseline 11.3820.52 11.63+052 339 Ny
Hour 4 5.38+0.52 5.25+0.46 0.179 848
Hourl0 6.0010.76 9.00+0.53 31.764 000"
Hour 24 5.40+x053 11.00x0.76 273.000 000"
meanzSD
" <05
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ko M c-fos

Carrageenang Fo¢ A& 33 carrageenan A
Foig 5, 24M3%F

mRNA®l @8 HJ=& RT-PCR B4& =3 n



A c-fos mRNAZ} djZ&Tol] wlsia dA3] F7hsld o,
AN B Wg AL3 Ao AE carrageenan .2 E71E c-fos
%

A A8k ek (Fig. 1).
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Fig. 1. IExpression of c-fos mRNA in the lumbar spinal cord. Levels of c-fos
mRNA expression were determined using RT-PCR technique. Each
column are presented the densitometric analysis. * means p<.05 vs.

control. # means p<.05 vs. carrageena.

3. 84 FA A2 Foso W x3Z 33k M (Immunohistochemistry)

Zt 2559 84 xAEC s Fos WYgxdgsadd vd-S AAstded SdAo=
WA o] Vel Carrageenang FoJ8hA] 2L Fo Blal Fod FoA & Fos ©
ANSS & F JAHTable. 3). Carrageenans Foidt T3 Y& A8 AP WY
2 WE HEg A A 2Ee wWg wg s B 5 AUk Carrageenans Fo 3k
HAY ZHF Ao, FF 2 IS R Fost W A& o o Lol 3t
2E AT FF A ol dojirie o)A A wYlel AR s v 5 ke
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Table. 3. Fos immunoreactivity of in the lumbar spinal cord



Carrageenan
non-Carrageenan Carrageenan
+ cold

Immunoreactivity -- . +

The relative number of immunoreactive cells for Fos was subjectively rated

as follows(--, rare; +, a few; +++ abundant)
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5 g Fel A zAbsl Tl Carrageenang o138k a3} carrageenang Folstii WE A&

s AE oA c-fos mRNAS 9d AEE RT-PCR #4% 3 dvus #Ay
carrageenang Fo8k & 24A17be] X|ut carrageenan A ol A c-fos mRNA7ZF thZE 4ol
H el &3] F718lY o1, carrageenand FoJslal 4417 F @S A& A ToAAME=
carrageenan® 2 £71E c-fos mRNAZF ti2 522 f2AA4 JA LY. =3 4
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4 TR B2 sFdEte £l Fos7l dd A, olelst A= F9 3 Ut
ol formaling FAMele] 29 1L3-159 3‘?401] Fos7b ThEF A EH AT e AR e
sto] Aasa dizatel vete] R F(swelling)e 7% Auldom Fo]& Avtel 43}
ArHKenjo &, 2002). wetA d2k FAE A AFE S ASHFALRAY F59 A
Sr W Hgo g8 H5 £ A4 AAEFT S PAAAE R
v.2 £
3 A9 nlE o) carrageenans THFTAMSY] 5% RS Y ¥ WS A&
PFEeE A -‘+ PWL# TFT EFNA FE Fof F 1042 24X 3ol A
carrageenanv™ 3 W& A& AT Aloldl A Folg AolE B AT ol W A& TF
2] o3 vEhde o }"“ d FAARNE AAANAE RAgFET. FF ] o3 A
3 Sz FadA Vdete AHEZR] cfosd THES RT-PCR £A43 di=x2 3}
SFgAYe T BEAF A, 24 HAdFe c-fos mRNA®H Fos Tz %o
carrageenan®l ol F7FEAvhrt ol A& oI dxTd FFELE FAAES € F AN
o} oolEe W AL aFAY oY E THAYY A Q5049 c-fos THEY F
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