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The Effect of TENS on Muscle Pain Induced by Carrageenan
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{Abstract

The aim of this study was to investigate the effect of TENS on muscle pain induced
by carrageenan. Muscle pain was induced in male Sprague-Dowley rats by
intra-muscular injection of gastrocnemius with 3% carrageenan. nNOS was measured to
assess the effect of TENS on muscle pain induced by Carrageenan. The lumbar
enlargement of the spinal cord was removed in different groups of animals 24 h after
induction of muscle pain. The level of nNOS mRNA was measured in the lumbar
section of the spinal cord using RT-PCT. The expression of nNOS was analyzed in the
dorsal horn of the lumbar spinal cord by immunohistochemistry. TENS decreased nNOS
immunoreactivity in the dorsal horn of the lumbar spinal cord when compared with
controls(p<.05). In RT-PCR, TENS decreased nNOS mRNA level of lumbar spinal cord
when compared with controls(p<.05). These results suggested that application of TENS

attributed to decrease muscle pain.
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olg] g A#AAHS HolA FErHMense, 1990).
1 E EAdE Ay 55 3%, o2 S(allodynia), 18l 2 #R1

(hyperalgesia) &4o] AtHDiring 5, 1998). 574 ¥ dlol= 224 F237e o
B FEA 27 olxAd ZZrFulo]l 9vh(Hargreaves 5, 1988 ; Wu %—, 1998).
o o3 BT WHedHH 2AE gdd AEEn YA @A, TEFHA
g Jdeg E4#RY dis) At AohKehl 5, 2000).
o 2FH {aAlFE4 AP g3 HFodAeE FTEAY otvx=itd AP HE o=}
of HFFzteMel TEAS FT/HANIIA @rh(Hoheisel &, 1997). old FelEe 4
EAQ 35 b 8 A el =0 S5 AAE fdsted ol Fad 9
& o} AzbEa glow, 53] glutamate F871% 2 bl NMDA +87)9 &4
st7b w9 Fosuge Akde] HauE 3 glth(Melleret Gebhart, 1993). d53%2F 217 ol
ol glutamates] ]3] NMDA $&7])7F &43t9H Ca”2l £34 Z7HConti 5, 1997)°]
o] A AALTA B A(nitric oxide synthesis @ NOS)E AZFsA =H+E=d, NOSE
L-arginine®] L-citulline® 2 A& =HA A3d A (nitric oxide : NO)E THEA € rhH(Meller
9} Gebhart, 1993 ; Lancaster, 1996 : Hukkanen %, 1998 ; Lepore, 2000). o1& A A%
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ofa] =Sule shehA FaAlegd AFE uste] SHule {8 o
group Il 9} NV 7448 AnE u”i!"‘]ﬂ Al ¥lchKehl &, 2000). Diehl %(1988)2 5ol
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sl F v ED JiuIe R RE FAAN APBE w= Ho 9xle A4 2559
A A6 &F7tAelth. 2y 255 fE Foe A3 aFdAME FUtEd FEAES R
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o] TEA FT/IE FEsA @i ¥ s tHMense®t Craig, 1988 ; Hoheisel 5, 1997).
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TEAAZYEH AT 55 dElsty] Y EYARRE A HAVAE, %7‘];‘%, T
A5 E A8FH(Wrights} Sluka, 2001). $FAEE Al /Mg Bo] 2ol A7Aame
748 21 7 A 7)1 A2 (transcutaneous  electrical nerve stimulation : TENS)e 24, % ¥ ¥
T, 34 WY TF, 285, AAHEF 55 AR A8 AHgEE HAFEH A4
T golti(Walsh, 1997). TENSO] st £F Ao 7]dd] g o2 zZA F 7IAZ A
Al A oA o]EF2 #AFxA oo g BAA o A(segmental inhibition)E Fal
A = 4EE AddE Ao (Kumar®t Redford, 1982 ; Garison®F Foreman, 1994

all

13} Melzack, 1999), oju] &3] Al&5+ TENSY #32 8% TENSo|tl & H A

o] o]22 3}3Al AHH 4 7] A (descending supraspinal mechanism)2. 24, AWM= TENS2|

Ao o] WA old %A A (endogenous opioid)7t WEEHo AE FIHNE dA Los
A o) tHSjolund®} Eriksson, 1979).
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Aol H e WaE A7 AE A9 fle dAolth
WA B AP E carrageenanC ® A A &

7131, TENSE #H-&3to] TF 2o 7]odsts Hao 49 nNOS

2
N
b
il
32
£
=
H
K
o
2
)
<2
]
=
&
olrl

1L 2394 2 29713

B QR o]4y AHPEEL Sprague-Dawleyd 3 (AF 230~250g)2 AM&3lRon,
2003\ 7€ € 10¥872 A48& AAsArt

2. 29474

AP E 5 o] 88 Z(gastrocnemius)l] carrageenan(Sigma, UK)-S ¥93le] 25FS Fd
& F TENSS &#E H7] fste] 4¥FEs 2T 4¥Lo2 e 2
3% carrageenan 0.Imere o3 oz 3t 28 e 3% carrageenan 01mlE 5
3 I TENSE A8 Fog stdr).

AESEL halothane(L A, o=z FY uiFAz T 2
carrageenan< o3t Rr. FE Fof 4A7F F 2]
|3 24A13k0] A Hol AR RS AAdetr] A 8 Ay E HEoAH A9 F
2o 7 2o gid FRAYE 109 A S AMEstET Z Fed A8 HEsE 751?5] Q.

2235 8N 3 RT-PCRZ BA1317] S8 m=uA 10vta)e 7 #+&
Sz 8oty 2 RT-PCRE ’\] P uf SNz S 98] carrageenans 7
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& 2 skx] P& 5vlalE Z7bete] & o5vlE)E AL&E o)

ul

AP EE 9% n)E2d T4 Tyrode solutionl £3]¥H 3% carrageenan 0.1mlE
ALt 2%5%8 FEstyl 98t carrageenang HFoldlr] e AEFES WA
halothane 2.2 &< w3 Al At}

2) TENS 3%

TENS(EMPI, Eclipse’™, US)E& #£3}7] Aol halothane2 2 &< nt3 & Azt w3
A EE] vEZ B " AAG T F el AZF(linch, round)S AMAA A H=
B
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24%0] Yol ZEelA Ao FEE O Fo 2FFo] Uolud ¥ s

TENS A 5%E 25%F Fd 447 Fd HgshAr).

INECESEL

B Ao A9 A EES carrageenan T 24Xz Fo BAAZHL ¥ FEE
thiopental2 v} 3 Fo] s|Fd fo nAgstn FHE AMstd AFES =EAFHh pH
7.49] phosphate buffered saline(PBS) &doz AA#Fsto] AL AAsH Y, thA
4% nutral buffered paraformaldehyde(4% NBP)Z A @A Fale] A5 o] F A3 EE 9
58 ANl 23" HFE ZA2YA AAS F HS F a5 FUYFE HEIA 4%
NBPoll Al 3A17F E¢F A &olA T3 & 30% sucrose £ g A 4Ce 222 3 &
AAsl 7rerEgct. %A optimal cutting temperature compound(O.C.T., American
Opticah& X3t 3L, Cryo cut O (Lecica CM 3000, -25C)& A8-3te] 15mm FA o F¢
H AEHAS dAUh 7 AAL 1% gelatineZ ZEH o= Yol thaw mount § F
glole Aol Ho] Hxgstig HAAsy] A7A deep freezer(-80TC)ol A H#A3LS

AzxA S Aldstdct. F6lE
v MA Aol E HAaststutk z

Aol Al nNQOSe] wmodz3z 2 © 7 Avidin Biotin  Complex(ABC)
horseradish peroxidase 71&& AF&3to] Aldstdvl. WA 22 dHE 0.02M PBS, pH 74
2 1084 33 AFstct v 5o Wy wkgS HA88l7] 98l 0.1% normal goat serum
< 30F ¢ AFsdd. 2 ¥ A (anti nNOS)E PBSol Z+7zh 1:1000 ¥l &2 343514
I =AY Agstn F& At 2AE o 4TeoA 1243 5 S A AT o] &
Ao gk Aguk-gg 4371 8 nNOSl Sold anti mouse nNOS(BD Biosciences)

A}

39l 3x HgaE avidin biotin peroxidase WH o2 wMAAow %28 PBSZ 33
108 A 338 ¥ endogenous peroxidase A& AAst7] $13le] 0.5% periodic acidZ
587 2839tk Biotin 52 #2384 (biotinylated goat anti mouse antisera, 1:200 in
PBS)E A& 502 B¢ AHHF F oA PBSE 33 1034 AFHSATH ABC
complex(ABC kit, Vectastain)® 1A]17F E¢ wr&Al7l & xS 002M PBS gZdoz
Al AAG g A 9SS Al =4S 0.05% diaminobenzidine(Sigma Co.),
0.04% NiCl, 0.003% H,0:7F #7l%l PBS €& do] 5-10%27F wr3A1#A Ao g |
WS WA g5, 513 35}—“ 7174 % canada balsam© 2 mountd+Sith. nNOSe]
gaEdeh qzwoi= 13 FAE AAS AelFE skgl o,
oA s A5 TARs }E}L}X] kgt AFEEL  Nolmarskii  interference
S

o]
microscope (Olympus)®2 Az &L =38 35t9 v}

3) RT-PCR



B Ao 2 gd =4 & 947 H?SH A 5 Eo) carrageenan T 24A7 A1 Fo AF
& @7AA AN HFo o HgRE FYFT F vk °"7<ﬂz”\ A 53 zE Al
A -80TCd A RT-PCRS 4] 33'6}7] x‘jﬁ]-x] B33l Ultraspec' ™ RNA 224 (Biotecx
Laboratories, Inc., Houston. Tx, USA)E o] &3] Chomezynski®t Sacchi(1987)2] H“%LQ
2 9 2RE total RNAE Edsdct = 01 g9 €9 _7::3!% 1 m¢el Ultraspec'™ RNA
£ Ao A Polytron homogenizer (KINEMATIKA)E T dssk § 4T 58%F incubationd}
o] nucleoprotein complexes7t #A3] BslE =2 &k thSol Ultraspec'” RNA &4 1
me 0.2 mlel chloroforme& Z718ta 15 &< AEFS ZAFsA A 4Tol 53t
incubationst Attt TA NS 12000 g, 4ToNA 158 F A & FFAE ML
eppendorf tubeo] &Zth %29 isopropanold H7lsle] A& E 4T A 10%7 incubation
& F 12000 g, 4TCoAlA 153 &< A4 &5t RNAE HAdA T AZHE2 AASL
RNA pellet& 75% ethanol 1mé2 AH A H3A . RNA pellets &7 FolA 2d &
DEPCE A& & £3AZ 260 o)A F3=E A3 RNAS AFstAvh 92
AHreverse transcriptase)E 93t total RNA 1 pgg& 200 U reverse transcriptase (Gibco
BRL, Grand Island, NY, USA), 10 U RNasin, dNTP mix (05 mmol/L), DTT (10
mmol/L), MgClz (2.5 mmol/L), oligo (dT) (0.5 gg), reaction buffer [200 mmol/L Tris-HCI
(pH 8.4), 500 mmol/L KCl]o| #7}8te] ZHZF volumeo] 20 w7} HA 3to] GibcoAte] A
Aol w}gket,

nNOS®e] PCR %7 (Bobadilla 5, 1988)& 94ColA 187t denaturation, 58 CollA 187+
annealing, 727 ColA 137t extension stepS BT B-actin(Abassi &5, 1998) 94T oA

4523 denaturation ™zl 3 56Tl A 4527} anncaling. 72C ol A 1% 30% 7 cxtension ]
Atk nNOS$eF B-actine] oligonucleotide A €2 th3¥ #Zuvl nNOS primerse (sense
primer, 5'-GAACCCCCA- AGACCATCC-3, antisense

5-GGCTTTGCTCCCACAGTT-3)& ol&stH, HAFTAES 308 bp fragmentoltt. B
—actin primers< (sense primer: 5'-GACTACCTCATGAAGATCCT- GACC-3’, antisense
primer: 5 -TGATCTTCATGGTGCTAGGAGCC-3')8 oj&3sly, FHFTAEL 423bp
fragmentse]t}. PCRE 93t Z} primer 20 pmole, dANTP mix (250 umol/L), MgCl: (1.5
mmol/L), 1U Taq polymeraseE &&3to] #H= volume 20 plE TEo] AL PCR
2 ZZ3% cDNAE 2% agarose geld 7] %5389}t Ethidium bromide® €43 nNOS
¢} B-actin cDNAE IMAGERTM & 1D MAIN (Bioneer, Korea)& ©]&3te A &8st 4
th nNOS cDNA %42 B-actin ¢cDNAZ B A& Ac}

4. A5 A
RT-PCRAA 22 nNOS mRNA<2 Aol HAzzgsHod A2 nNOSe Hogq
$A A= student t-testE o]t EA Y X—’l FoES 062 %, SPSS 10.0

for Window& A}&3lo] S2 #e)stgdo),

1. &5 29 nNOS mRNA<2 ¥ 3}



24 e Ax RNAE #3349 nNOS mRNAS #d FF& RT-PCREZ #4331
t}. Carrageenane 59l&x && IF3 carrageenan?te Fo3 Ad FoA nNOS
mRNA®S & AL E sl A3 carrageenane F o84 &2 TZFol W3} carrageenan
9bS Fold & 24A17ko] A vt ¥ oA nNOS mRNA2 2d HA%7E F748k A ohFig.
1). Carrageenan%-S folste] 24A17ko] Ak A3 a3} carrageenans F st & 44]710)
AUA TENSE AE3a 204 7k0] At F(carrageenan 5] F 24A17hel e nNOS
mRNAE Hl2g 23 TENSE &g A4 nNOS mRNA 2Edo] ZAstd
(Fig. 1).
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<Fig. 1> Relative expression of nNOS mRNA. Bar graphs
showing the relative expression of nNOS mRNA in the lumbar spinal cord. Levels of
spinal nNOS mRNA expression were determined using RT-PCR technique. Original data
of 2 animals per groups were shown in (a). Each column was presented the
densitometric analysis (b). * means p<.05, compared with the N~-CARR by student
t-test. # means p<.05 compared with the CARR by student t-test(N-CARR
non—carrageenan, CARR © carrageenan).



2. 84 39 nNOSe "odxA s
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u-g
Z 2FEY 2HE0 dis nNOS HHA LS dolr 7| $s)

v} Carrageenane F938t2] 22 IF

nNOS d9 w35 el tHFig. 3). © o

408, US)E ol&dte vlug AIAE GFES Fofzt A¥LAA ¢ A ISohFig.

2)X(p<.05). Carrageenang o3 Aday T %

B TENSE A &3 d3daddA ¢ @& |y

ZAa s o vA el eR(Fig. 2)(p<.05).
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<Fig. 2> Average number of nNOS immunoreactivity. Bar graphs
showing average number of nNOS immunoreactivity in lumbar spinal cord. * means
p<.05, compared with the N-CARR by student t-test. # means p<.05, compared with the
CARR by student t-test(N-CARR : non-carrageenan, CARR : carrageenan).



<Fig. 3> nNOS immunoreactivity in lumbar spinal cord.
Photomicrographics showing nNOS immunoreactivity in lumbar spinal cord. nNOS
immunoreactivity in the dorsal horn of the spinal cord in non-carrageenan groupla, x
100) ; carrageenen group at 24h after carrageenan injection (b, x100) ; TENS
application group at 24h after carrageenan injection(c, x100).

V. 2%
Z2A7A Az thek TENS Q7+t A 8o o] xael wgol ulst AE A FHxol
O

of el=atAl =Ed. olule Hrh wEe #xte] AR By 22 o8 TENS
§A413817] oA THECHRobinson, 1996 ; ALY %, 1999). 78|31 #£i4

o &g aRNE 3 :

A AR BAEL GFY AR wAt 53] ARE AN HEel Ayel Ans
5% #41517] oJ@A WET. Robinson(1996)& olel# £A1E a7 gaidE @& =4
A dzT 283 B3 @At FAY HETES ool dom ARsGAod, Az
Aol glof olel@ APY 2Ee v ofYrha st o)kt Ao B =AY



EERAO AN A3 FTAA &40 HAE 24T & 3om, TENSY Xs & o
T AAAY Bl 8AL wiAsld AR TF AT SAE #HY F YA vt
Carrageenan< 9534 454 £%58 A3y s &3] AL&E0 sl 3F e Hid
carrageenang T FF & fEate, el AHE SN, EAFO Z1AH A=
of did #xd WA S/ F4AYE {F2strh Carrageenan Yol o ¢ 57479 v
$9 2z ##& bradykinin, cytokines, 18|31 T2 XElF @I 2L AFAH wNEH

=
vl 243 Ao o9& 2Bt (Fock® Mense, 1976 ; Diring %, 1998). 3 2 4=
A= NMDA 8719 @4o] Z7iea 2z o] oish H4 NALde] Zrtg v
Holx & AT fustA Bk webd 52779 oo 9lo] carrageenane &3] A
olel 3Fe yEarx wWsie A

TG A A9 BRusgrt.
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. Hedo %(1999)2 carrageenan< 59
71y 5SS 58 B o 54949 xU)dA

b

(2001)& carrageenan®. 2 gurgl @z 27]9A(2-627H R}
o W7t o A=A oy, ol e WIE FulFE Ao uiAE 24 NMDA $4719
750 274E QY] HEolg D It Tx 2T o)z AF F3 gate] s Al
2 271949 gdoz NMDA 8719 7150 Wae7 ), NMDA 8719 #4S &
e NOW Zz2elgddy 22 AAXAEZAY Asxdo s F7dA7 Yehd
oz 2 4 UrkStanfa 5, 1996).

2 A3E 53 2539 z7|dAdA HE&3 TENSZE F7]dAlolA NMDA 8719
A ZAIE AAZHEZAA NO9 4 E4QU nNOSE JA A tE AL gestd
o}, #F 9 v]E-Zo) carrageenans FY F 24A17Hol A nNOSe| W=z gtsr kg 3)

mRNAd A 9] H3lE TENSE 83 AP ol AEE AL3A] & carrageenan

Sopps ZaRe W A=e AL 1FoA NOSIH B8 AaHATE AL X 5
AAT. WA B ATE Fo £ 23] ofd 428 olA44 Sz nNOST} #e]
b AL FAL 5 AW, odF FHAEASY gao TENS Heo asil dee

" NMDA #871% %% ¢a3% ol A8 E73ve glo] 223 e wiem Yo
o, T34 A A2l NOE NMDA +&71¢ 233 #AE 23 vk £33 NMDA +&
71 carrageenan®l 93] AiE 4x 945 #AE 4P E A#EGy BuFHn 3l
CHSluka®t Westlund, 1993). Lam $(1996)2 3 F 9 Iidto] x =29 Fo mE
nNOS®| 4+z4d2 NOZt 22 9% Fd dedes 437 $57174d F88 488
Hdeta Aok ARbatArh AAAR xFANA nNOSY HARIAHL Hed £7h
A (central canal), ¥ &5 (intermediolateral column) LE]51 #zZbollAl fxa o= w
A cHDun 5, 1993). ® e Wz gsiyel s nNOS/E H4el FodA Tz o
2 2EED S FAT 5 U Wu F(1998)2 FEdo] FdE HF o LFRolA
nNOS¢ ¥ 2} A

= T LA
Gugdo] tg G n wustel 2 Avel A%s fAAL.
AGAA YA x84 nNOS &L 950 FL=HUSE o 2

-

Carrageenan® FAbol] 23 Z28F2 & Fo 4 A5l DAL, Flr871e



AFAAFRe BARAY, £ ol B2 9

ol\

T = Yuho] ofue} A& C-dHfe v
% A (high—frequency discharge)o] A=tk C-469 mHlE WAL 7A4 Ao 3
F FZolA glutamate$t neurokinins®] W&E Z#3HA "BrHWoolf, 1989). non-NMDA
28719 HEo|E £87]o]Me] go] ola) AHE TEA A4 A9 NMDAS Aote

rh

Tl ox

Mg” gg A ek NMDA 8715 #4851 Ca&' e NMDA $47]9
AAe B ATUZ 990 B 39 Ca¥ 9L nNOSE 43A 74 Ha
NO Aol F7tatA Erh o2l d nNOSS &AL Ca” #43 T9¢ F¥ses dds: 2
AAGEA F87)0] oFEE Wule] ol)e} MG FEAH Ca¥ AL B Ca¥ FYe

—L

o)
T 1=
07l A A AlolM e ZdF Aol ojEdrt wikA carrageenano] o Z5F I
ki
s
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o

0
r
U

=

l

Aol glo] Axp FAAML] A& PP Ca'e A%H FUH NO2o 44L
A Aok ol#g HEle AH Aol 5L F2eA Ho] carrageenanol] €]
T 2l Jdo] F7] gAY TG F5F g S v Frh

webA dedatel B AT AAE BW carrageenand] ¥ ZHFL HF A9
NMDA #8718 848 A1A nNOSO B4 & F7HA713L, 1o wet NO9 AAE F7HA

i

ol

AL & F dAgT £ olgd AAHEo| FF AFAS FEsHA Hia, ole tA He £

A e 7153 WAEE FEste] 37 dAY FF FRH F4ANE oA A= AS
¢ g AdUTE B ATE 2554 93 fdE 5 2F Fol TENSE H &3y, 5 7
zholl ol WA FAHARIG FQEA VGt ABEZEQ] NO2 &40 nNOSe 7
A28 W9zz3styga PT-PCR #48 £33 g4t

V. 2%

Carrageenan®l 98 38 Z3Ed 3 TENSY ZHE dolH7] s & AFH A
= % AFd dE HFe T3 23RS FEAE + de EFQA nNOSe WEE A
Aot AIFEL FFHAE ALY carrageenane Bl E 2o FUslo] ZHEL FUAA
o AF ES fH A FrHAY 2FoE YFAEd carrageenanths T g t 2T
3} carrageenan ¢ § TENSE A 83 APy oz BEFsgrt aglz ddzA sty
RT-PCRY #4d 9lo] carrageenan wAlel HWHFH  Tyrode solution® F3F
non-carrageenana = 78l th TENSS &2 & FU F 4A7olA A Fe oS

I 22 HdEES IUL
1. TENS®| #H&oz HSEd A9 nNOS mRNAE 72 A1H th(p<.05).
2. TENS® H&22 HFoA 2 nNOSe| WY&AE 72 H Hp<.05).
olAel A3} =2 carrageenandl] 2|3 HL%} 22 %0 9lo] TENSY HLLe 37 99
= or

o
, TERAS FEAE F e nNOSS Ao TENSS Ago] axrt AddSS & +

23

d

r-{n

A, F1A, A5, 3Rz A0 0 Ao Zold uwE xd A Z285%F E
A5 gy e A+, dE X883, 11(3), 37-44, 1999.
Abassi Z, Gurbanov K, Rubinstein I, et al : Regulation of intrarenal blood flow in
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