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Reduction of muscle cyclooxygenase-2 with transcutaneous electrical nerve
stimulation and cold therapy in rats of carrageenan-induced inflammatory
muscle pain

Paek, Yun-Woong Ph.D., Chae, Yun-Won, M.S., P.T.

Department of Physical Therapy, Kwangju Health College

~ ABSTRACT -

Prostaglandins are generated through two isoforms of the enzyme cyclooxygenase, constitutively expressed cyclooxygenase
(COX)-1 and COX-2, which is induced at sites of inflammation. Inhibition of COX-2 is desirable as this may avoid side
effects seen with NSAIDs, We examined the effects of transcutaneous electrical nerve stimulation and cold therapy on
the levels of muscle cycloooxygenase-2 mRNA in rats of carrageenan-induced inflammatory. The method of behavioral
assessment were paw withdrawal latency(PWL) and tail flick test(TFT), The COX-2 mRNA levels were quantified by
reverse transcription-polymerase chain reaction (RT-PCR). Following the transcutaneous electrical nerve stimulation and
cold therapy, PWL and TFT were increased and COX-2 mRNA expression in gastrocnemius muscles were decreased,
These results suggest that a transcutaneous electrical nerve stimulation and cold therapy were good therapy for a muscle
pam,
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LA 2
Prostagladins(PGs) = 8484 AH2lad, v, A
A% & T FRE AETH £28 758 /AL
lch. Arachidonic acid|Al prostagladins®.8 AL F
7¥A E$18 A (isozyme) cyclooxygenase-1, 2(COX-1, 2)¢]
g8 Fof HojFth COX-1& W& ZFA 84 o
HH T constitutive formo] 1A of® 9|8 T tha] ¥
37t A7) g, vt COX-2& tiR8e 42N &
AstA ozt Fd FEolY S LA AF, growth
factor, cytokines, Z2&, £% Sd & FEHoA=
inducible formo|tH(Hla and Neilson, 1992; Rimarachin et
al, 1994; Herschman, 1994).
olg| g A=Fd| ZF7lE COX-2& COX-184 ¥alay A
gl o $28 4% v|X7] dFo] COX-28 727
7] $18ta] NSAIDs (nonstercidal anti-inflammatory drugs,
d: aspirin) AIAE AH:-gH
NSADDst 45+ #lY, R5EA47 ded Fee
PGs9 A@A oA COXE dAg HNEZF wiy s
Y Tl ol A= old§ dEE 277 BLA
= 934 AZEA 2L F&8o] A Kawamor,
1998). §3] FulelaA #FAGHAY BI2F COX-2
dHo] FIlso] oA AAATI sl g9
COX-2 YAAQ] Celecoxibe(Montsanto searle), Rofecoxib
(Merk Co) ol %717t AH$HI UtH(Crofford et al,
1994: Hawkey, 1999). o]2{& COX-2 AAAE A}23=
A 20 H%Ed A5 EUNEE FH LM COX-28
ZaAZ0E 24 o $& Wyelg s 22442
FH J1QE 55& @) AT EYNEEE A
B, X8, E4X8E H43cHWright and Sluka, 2001).
FFARE Ad M gol Rolg A/NARE ANAA
AZIAZ(TENS) A, #¢%F 55 IS ™ 53,
o855 AZME 558 AN 8 AgEHE Hg
Y JAETOIHWalsh, 1997). T8 YL 533
A& 7A2AF) 2 (Webb et al, 1998) o|x}#Ql =7 &4
ojutsl=d] &34 o] th(Merrick et al, 1999; Kenjo et
,2002). ]2 @ EFAE AL F £F9 A9 IA5Y
FE #7137 98 fEisgA AS AAEA 2R
% 9% HAME @k a3 H29 c-fos, COX-29 2
FAAE YRFEHAAT 27w WHEEE

B o ofN

Ml

7

—_

rlo

$ A A (immediate early genes)Z ¢ A YolA EFAF
9] markerZ AHEEINA Y $IcH(Hamis, 1998: Yamagata
et al, 1993; Adams et al, 1996).

IRAM 255 29E §¥e § ESIAEU TENSS
WE g3 gEeS S48 cox29 ¥d #F
+ ZAElY A5 EATT JENE GotE A} fid,

IL A3

¥ # (Sprague-Dawley) 9] H]E-Z(gastrocnemius muscle)
o) carrageenan® 2 I&{FAIEY 2EF FdE BYH
% E2xg9 TENSY W& HLsy fEuee =3
(behavioral assessment)3} gt a3 vl EZo A9
COX-2 mRNA #¥ A= & RT-PCRE 53 Hlusto] X
B AuaAE 2AEA

1. 2559+

Ml 47 VA 228 Fas uzd Yad
PBSY] §81¥ 2% carrageenan, 01nl & 2% FAMSITH

2. P5u-g 34

o553 dg FFHde SN A F 2Fd
ZE 7} (paw withdrawal latency, PWL)$ #2]x}7] A
(tail flick test, TFT)& AAISh PWLE AF5E AA
3L e Y AW 4 LT &0 EH ¢e
olgeled 7Y Azteg AR AE NCE
A Ae EF A4 EEL HEE HAs 1ED
FAG7E A3 Alzbe] BUH E€F 53£01CE 454
PWLY] AIZHe A 85

TFTE $387] A8l #9 A LA A 458
o2 A7 2 APP Y3 T wog yoA &
Aot A3 s 589 NS FIL HE ATl BYH
e el £ 53CE 7HEE FRTY vlolA o ¥
o ZX717F Lolutr] 7t 9] AZHE A8 5iTh

PWL3 TFTE 334 dol A& 39 &4 s
At AFNTE 2022 SR 58 7HFH2E 39 &3
gt W AZHE A

X wo do i
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TENSE A &37] dol ¥ B99 €& ZAAHA
7HHE AAE F, 04 AEA 9% JEIYRUEA
%, @)% et 9 AR AAY F AYE &g
TENS(EMPI, Eclipse'™)E& #H£&37 Y384 2%
halothane® 2 vbHAA vl Hef B2 RYol F 7
9 A= (linch, round) & AN T WIEE 100Hz, BA
o 2 100us, A9 FrE FAATH] 2087 He
Enh AAAFE 2FFo] dojue BEAA A3
BEE A% 29 2550 dojuA GA Yk

2) ¥4 &

YARE 2855 % AT Fol Agsigon Yx &
€ H487] Ao 2% halothane® Z w}HE AF ) =1y
B A uEZ FHE 4CY Bo] 2087 $HHALE #
A&t

4. v 8204 RNA 383} RT-PCRE o] 43
COX-2 mRNA9 expression 8| &

Ultraspec™ RNA ¥4 (Biotecx Laboratories, Inc.,
Houston, Tx, USA)E o€ 34 Chomczynskist
Sacchi(1987)9] WO 2 MO ZHE total RNAE ¥
gHAPt. 2 01gd 98 WEIZ 28L 1 miYy
Ultraspec™ RNA £ oA Poiytron homogenizer
(KINEMATIKA)Z 3338 F 4Co) 587 incubationt
ok thdo] Ultraspec™ RNA £9 1 ml% 02 mid
chloroform® ¥718l3 152 §St samples& A sHA 432
4T 587 incubationdtHth, FA AL 12000 g 4CHA
1585 fdveld & 4398 ME & eppendorf tube
ol $Zth 5% isopropanclg  H7IEte AEE 4CoN
10¥7F incubation® F 12000 g, 4CAA 158 F¢ 94
E23ld RNAE A 4398 AAST RNA
pelet& 75% ethanol 1mlZ MM A2 31900k RNA pelet
2 37 244 Z¥ ¥ DEPCE A§ 2o LA H
260 mA N EFEE $H 35 RNAE A s 94

AHreverse transcription) & $18tod total RNA 1 @2 200
U reverse transcriptase (Gibco BRL, Grand Island, NY,
USA), 10 U RNasin, dNTP mix (05 mmol/L), DTT (10
mmol/L), MgClZ (25 mmol/L), oligo {dT) (05 ),
reaction buffer [200 mmol/L Tris-HC! (pH 84), 500
mmel/L KClIel #rbste] #E volumeo©] 20 pL7} SA
3l Giboorte] Hate] uhgkeh COX-2¢] PCR 22 94
CollAd 1% 3027} denaturation, 54ColA 1¥ 30%7
annealing, 72CIA 1¥ 3037} extension stepg H3tch.
B-acting G4ColA 45% 7t denaturationAlZl §, 56CojA
4527t annealing, 72CHlA 1% 3027+ extensionA 2 o}

COX-2(Yang et al, 1998) 1|3 Pf-actin{Abassi et al,
1998) 9} oligonucleotide A €& oh&-3 7},

COX-2 primers (sense primer, 5 ~ACACTCTATCACTGGCATCC-
3, antisense primer 5 -GAAGGGACACCCTTTCACAT-3 )&
ol &35}, HZAHEL 584 bp fragmentolTh, f-actin primers
(sense primer: 5 -GACTACCTCATGAAGATCCTGACC-3 :
antisense primer: 5 ~TGATCTTCATGGTGCTAGGAGCC-3')
< ol &3tm, AFHEL 423p fragmentse|th. PCRE H3}e]
z} primer 20 pmole, dNTP mix (250 smol/L), MgCi2 (15
mmol/L), 1U Taq polymeraseE E%3te HZE volume 20
LLE VEO AMSEHh PCRE $EE g AEE
ethidium bromide’} ¥/ ¥ agarose geld] #7149 %E3814
UV transilluminator2 W50} ARE #HE § COX-2
mRNA9 HdALE IMAGERTM & 1D MAIN
(Bioneer, Korea) & o8-8l A#3lsiginy.

5. A8

PWL3} TFTOlA 4] Wl ANOVAE o&3te vl
T, AFEAR L Tukey AAWE o] 23T

RT-PCRIIA 9& AL student t-testZ o] £31h
FAGH 4Ee 058 8, SPSS 100 for Window
& AHgste A Ao

Im. 2 3

1. TENS$} -5 443+ 3 A3 7oy
ARZE7 PWL, TFTS) #3}
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Carrageenang §¢j317] A3 FAG F 4NN th2
3 4¥27el PWLF TFT ¥t AAtH(Table, 1,
2). 2184 %8 Fd F 10A73 UABAMNE
carrageenan 3 TENS$ o] H4d H4¥F7+e] PWL
3 TFT @iste {9% Ho]E HAch(Table. 1, 2). PWL
3 TFTY Aol 4E Fo £ 10/ UADAM &
ZANed ot oAy E 43I {Hud Fo
TENSSt o] 49 4¥7e PWLH TFTS FH4L3A
%2 camrageenanol HlE ASHISE ¢ & YU
23 %E Fo F 10474 24474 o) PWLH
TFTl Wi§ TENSSt ' 247k o] Ho|x] Qi)

Table, 1. PWL difference between groups in each time

(24 : sec)
Time carrageenan carragoenan carrageenn F .p
+cd + TENS

Baseline 12004076 1150+120 11861064 674 52
Hour 4 613+146 5381092 6631130 2038 .15
Hour 10 575104 8881064 9381052 52929 (000*
Hour 24 600+£107 1088084 1138+074 88440 000*
mean+SD

* K05

Table, 2. TFT difference between groups in each time
(29 : sec)

Time carrageenan CATageEnan caageenan F p
+ cld + TENS

Baseline 11384052 11631052 1150+059 339 717

Hour 4 5384052 5251046 538+052 0179 848

Hour 10 600+076 9001053 10631074 31764 000*

Hour 24 5404053 11004076 1138052 273000 .000*

mean+SD

* p(05

2. 95294 9] COX-2 mRNAS] #3}

WEF, carrageenans Foi¢ AYE carageenang
F481 TENS 32 YAEE 48 4P2M COX-
2 mRNAS %8 AEE HTH 2F carageenand Fo
& %, 24A 70l A carrageenan APFOIAM COX-2

mRNAZl dxFe HAAM A Frdged
camageenang Fo{8t3 4417 ¥, TENS 2 YX8E
go] 20A17k0] At AEFOAE carageenan® 8 571
COX-2 mRNA7Z} 23 #&22 #4 A 748
o (Fig. 1).
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Fig. . Expression of COX-2 mRNA in the
gastrocnemius, Levels of COX-2 mRNA
expression were determined using RT-PCR
technique.

Original data of 2 animals per groups are shown
in (a). Each column are presented the
densitometric analysis (b). * means p¢05 vs.
CONT. # means p{05 vs. CARR(CONT :

control, CARR : carrageenan).

Iv. 1 #

TEAAY §5& B Sstd AUIAE, AR,
SHARE FL3)7(Wright and Shika, 2001) AE¢ &
FE Hria] A8 553 AAE PN fAr-E
A AF AANE &R Hed M £ {684 AF
AMNZE HA7] A ER7APL ol 48T

Gopalkrishnan® Sluka(2000)& AHEE< wuldhe]
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carrageenang FHE F dulgoMe] @ £33 i)
T FHsY 44 4 BAANe ZAANOY U7
T AAEAGT BT Ska S(1998)E AYE
29 €84 kaolin# carrageenang FYF I oA
g FA4AUNE gotry] S5 wulda W g2y HE
718 B, INES AWME TENS EFoA o
A4 2 BAANE 2D T8 o)} g B2t
B9 A&AZHE A2 gt A¥E TENSE o34 @
FAANY 247 12AZ A&HU9 o I T TENSo)
Me UAZE ALY ol g AFHE APSEY njx
ool carrageenan$ FYF § T TENSO| o3 o]z}
A4 2 BRGNS 22NN B A7 Ao $A8G

A 458 234 93 BuHo Loh(Halar et
1980). 92} FHA AE HHE 8 H5 A
Ar8d HEE 550 UE gFure] 7a
Zt AR A AABEE B2 R
dlN olxgd @ TN dE
 AE719 mEx7) FEsY 27}
Ge sHY FERYAN WAL o3 o Ezbi
WE ZA2AZTE Suka $(199)¢] A7 AR} SAHe}
A AL T ol 4 £ A ARy
YA gol A A4 858 A2 49 44
oFF AF TR F3do

a3y ol NERAE HrlsEd o] P
SATOE BHAH AU} Qo] Bk ARFo|7 AFe
AN ERABEFHA FFAA ZAL " sa)et A
Zteoh 28A HIo) cfos, COX-2 & T2 SaA2
2719 whgate dEEE RAAE EHA YoM =
9 A1 markerZ AMEHO]A T $th(Harris, 1998;
Yamagata et al, 1993: Adams et al, 19%), 2£Z 292
HY¥ ¥ TENSS W& 3e3dlo Waly Aeo] dge
7IAE COX-29 H¥E ZAIE A carrageenand] 2)3)
fredol A3 Z/hEUY COX-27F TENSS wWel 3
B 3 dx2F $£F0Z 7S WA o) H
TTATAA AgRY AP EFEH] H 5 Y=

424 240 oW 248 44 ¥ 1 adE Wi
&= marker® AMLSIE BTk $& AAHA X8} gy
2 47y,

V.24 &

A "B carageenan® 2 I&FALEY J2ES
& $HE & TENSY & HEdld gEwes &
g Azt PWLHY TFT RN 48 T4 F 104734
24A|7Fl A carrageenan# TENSS W& AL3 AgF
Atelof Al Fojgt ZolE Bl 283 RT-PCRe 23
COX-2 mRNAE ZAMS 234 49 F 714 EAE 3
4 ¥ carrageenano] 93] E7+EAUA COX-271 2
FELE ZAEE ¢ 5 AN oHE FFurEEAS
COX-2¢] ZAste 28% X5 TENSS Y87 &3
7t &S AlAbE,
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