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Objective : The aim of this study is to investigate the anti—inflammatory effects of 15 Hz electroacupuncture
(EA) on carrageenan—injected rats. Inflammation was induced by an intraplantar injection of 1% carrageenan into
the right hind paw.

Methods : Bilateral EA stimulation with 15 Hz were delivered at those acupoints corresponding to Zusanli and
Sanyinjiao in man via the needles for a total of 30 min duration in carrageenan—injected rats.

Results : The developing edema was measured 30 minutes interval after carrageenan injection and 15 Hz EA
stimulation presented significant edema inhibition. Three hours after carrageenan injection, prostaglandin E,(PGE;)
and nitric oxide(NO) levels were measured. The 15 Hz EA stimulation significantly inhibited PGE, and NO
production in the right paw. The pro—inflammatory mRNA expression such as cyclooxygenases(COX)—-2 and
interleukin{IL)—13 wete slightly down-regulated by EA stimulation. The number of COX-2, IL-14, tumor
necrosis factor— ¢ immunoreactive cells were abundantly observed in paw edema. But these cells were decreased
in number according to anti—edema effect of 15 Hz EA.
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induced edema and local inflammation.

Conclusions : These results indicate that 15Hz EA stimulation have an alleviating action against carrageenan—
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I.A4 &

A s3] AHEA AFHEE I”S
A M7dAEe)Y tumor necrosis factor (TNF)—
a, interleukin(IL)—1 #& cytokines & Th¥dt
9 9 Yy 2o ols) S E8H. Carrageenan
& FAIRlY FE5EE SATORA 9T 299}
%499 (hyperalgesia) 2] F@#aAE $A3=
A7+ AH (electroacuuncture) 8 &5EF adE
E& oipiod anatgonist# #& thFe kol st
oke| 223 #A o]FojA 1 e F YR 1A
HQl wpgo) sl ?,

H5¥A Aol proinflammatory cytokines,
prostaglandin E2(PGE5), lysosomal enzyme, free
radicals & TH¥s A&7} Befste AR elA &
%7 (neutrophil) Z& HFAH AXE} inflamma-
tory cytokines, superoxide anion & AZ &
s #AE d1n Y. Proinflammatory cyto-
kinedd IL-18 8 TNF-c°l 98 357+= &4
seo} GFRIAR o5, T8 IL-18% PG
E: 3 frE 3l 2EE L8t TNF-a 9}
A 459 8 vi7iAE 283k nitric oxi-
de(NO) & B]£% superoxide aninon 59 34L&
FEshe Aoz geA AudO.

NOE AAU AHAA NN BJ44F (reactive
oxygen species) T YA F YN E (reactive

oxygen intermediates) & ZH-g38to] ute]g]o} S
ZRE AE7} AA Bo71AE JERd o A H
+ 4otk 18y NO+= superoxide anion$} &
7 =& AXEY 84 7HA peroxynitrited ¥
A8, cyclooxygenases (COX) —2%& arachid-
onic acid At 28 AL FPJ= FAT
COX—-10] F23& A& vs EF4 A= 5
98 F=H9 prostaglandin FAol #eist®,
arachidonic acid¥ d4%(platelet) o] 23 NO%
e AN,

23 @FNE AN F7kEE TNF-
a, IL-18, IL-6 ¥ cytokine#} COX Z&< &4
= @5 dEd 2 ople 94349 T4
oE #ojstm Y, wek B dFE FAH
3 B39 Ao dg] Rol3 Q)& carragee-
nang FAR T4 AFWHE el dfg 15Hz
Y AHRE F5E FAY dEo €523 o
3 NO ¥ PGE: A FCo 2 3% F olo o3}
+ proinflammatory cytokineq! IL—-18, IL-6,
TNF—-a 2 COX-2 £42 mRNA 933 4
¥ olF ¥ £ ] dAxZ353 Yor
At
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Carrageenan SUYS0 B 15Hz HA9 ajo) Cfst o3

8¢ 7% Sprague—DawleyAdl BHE Ta-
conic & SamYuk Co.2%E TU& o 257+ 2%
Holflog A#A @7 £33 F AFe| A}
B3t 243 4FTEE 9 1% carrageenan
(Sigma, USA) 50uS 2% wuleto] FAMS O
Z33% carrageenan FA} ¥ A AHF,
283 FY 49 saline 4L FAS AAToR
whro] ARt oH ZF 9 8 UiA] 10vk3E At
43131 ct,

2. MEX=F

Carrageenan FHI FAlo] AFJAFE A &E
Aok AdHAH A 0.25m HE A7 (N AL,
SM-600) o] @Zdste 15Hz WEE A2 (Sp6,
ZAEFA] vzl dis 29 3m W) S 48
(836, BE d¥2A ozl 9% Sm A AT
e ¥F g9l A F 3027 A=Y 3
T 108 24 LE £AF2E 1,2, 3mE 2%
p=g

3. &9 #g g

5ol WE FFEE AYAT F 3A47A 30
B tFoz FANEel tig 2ol T plethy-
smometer (Ugo—Basile, Italy) & °] &3l 2E &
< F3AT. BFEE V%= (Vreastn—Veas)/ V
Bas X 1008] 4o 8 E&3AH(Vrpassn, 2
AMNZE Z3gk, Visas, FAM 3.

PRESEE

Carrageenan A & 3A]7ke] 10% chloral hy-
drate(350mg/Kg i.p.) 2 vi 3l duld A5+
W FAE AEsto] APl AL

5. NOQ| Md2 &5H
NO AAEE 5A3)7] 943 griess AloFS £

168

A(0.2% naphthylethylene diamine dihydrochlo-
ride in D.W.) 8} 8 B(2% sulfonylamide in 5
% HsPOy) & AZdto] Ydde] Baate, ALS- 2
Ao F §4L 112 EFst AHg3Igi) du}
2 23 1g9 2me9 lysis buffer® ©]g€3}e] ho-
mogenized ¥ ANt & 45 A 100
96 well plate®l] 531 ohA] Eg429 1004
3% = ELISA leader (VERSA max, US.A)
AH83te] 540 melA FFEE ST, 7
238 NaNO,ol & 24 28 NO9
Fe e

SR T T

o

6. PGE: &3

PGE; ¥#4& PGE; immunoassay kit(R&D
systems, Minneapolis, USA) & AF&3t91ch. Car-
rageenan FY F& phosphate buffered saline
(PBS, pH 7.4)2 vifidt ¥ 5,000 rpmel 5% F
t AR I A4F AL manufacturers
assay buffer ED12 3MAIAC, 343 44
PGE; conjugate, PGE; antibody and pNPP sub
-strate® ¢£2FH 02 HH5-A]7] 1 VERSAmax tu-
nable microplate reader (Molecular devices, CA)
Z AHEEt 405nmelM FA3 oA PGE: &
< SOFTmax PRO(Molecular devices)& A3}
ArrsrSiTt.

7. Reverse Transcription—Polymerase
Chain Reaction(RT—PCR) £ 0|28 RNA
24 24

Z2& 2F 359 homogenizer|7) ¥ TRIzol&
o] &3ty A oA RNAE F&3I%ch 1mY TRI
zol®) 2004 chloroforme ¥ ¥ 10&7} voltex
mixdtx, Y&t 1087 W23t} Microcentri-
fugeZ 12,000 rpmellA 1587 482 § A
98 sty F%9 isopropanol® EEF ¥ M
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H3) E5o] F9ot. 1832 microcentrifuged ©]
430} 12,000 rpmellA 1023 F&esdch 4
88 AAS & pelletoll 70% ethanol& ¥1 &
J 22 gto] A5 A& AAS AL pellet< DEPC(di-
ethyl pyrocarbonate) —-DW 20l %o} RT-PCR
of AHg-3dtt.

HHARES-S FH]E total RNAS 75CA 5%
7+ WA 712, 10mM dNTPs, random sequence
primer, RNase inhibitor, 100mM DTT, 10XRT
bufferg 7}t ¥, 0.5u2 M-MLV RTE t4] 7}
8l1, DEPC—water® #37} 20u7} H =5 3%
t} o} 20p8) mixtureE Z EEE FH 2 944
2 E o83t spin downA W F 42Tl 14
7t E<t cDNAE #4933t}

32 FE£& $3 PCR machined ©]§3}o]
AL FHEL QNS Y8 B2 o
o] I4E 2uS] cDNAE FH 22 AHg3tT, 5§
o] thgt primer+ Table 13 22 sense primer
9} antisense primer& E¥3std 1uE 718tT,
master mixtured] HFHH7L 20 HEE HF
558 7183t Predenaturation 95°C, 10min,
denaturation 95°C 1%, annealing 50C 1%, elo-
ngation 72C 1¥& 38 cycles§ ¥ postelonga-

> of)

s

-

a8

tiong 72CM 108 &< F¥3Kck Z+ PCR
productsE= 1044® 1.2% agarose gel®] loading
3ol 100V 2704 1587 A795E B3t &

EETLY

8. ZASH Y HAZsSY P

4% paraformaldehyde®] 4C 12A17 133
o €A g4 2 5938 AA paraffine] ¥
et ¥ 6m AEHHE AFst Aol AMR-3131
o 228A AAE Yete] d&EHS Eapetud
% hematoxylin—eosin(H-E) &} wright §4-& 4]
Akt A9 x4 58 A f8 10mM so-
dium citrate buffer (pH 6.0)914 95T 587+ A
&3 3, ©]F 3% methanolic hydrogen peroxide
of 30%3 AoA Ak

PBSZ A#% ¥ goat normal serum(Vector
Lab., PK-6101) 282 A4 3083 A
on [L-1, TNF-a, COX-2 &(Santa Cruz
Biotechnology Inc)& 200 : 1% 343l 4T &
Aol 16A1ZF F<t ¥HAIZTE. PBSE Al En
biotinylated anti—rabbit IgG(Vector Lab., PK—
6101)E AN 308 &<t HHSAIFH 2 PBS
2 A3 ¥ ABC kit(Vector Lab., PK-6101)¢]

Table 1. Sequences of primer used for RT—PCR

Gene name Sequence

IL-18 Sense GTCTTTCATCACACAGGA

Antisence TCCTGTGTGATGAAAGAC
IL—6 Sense CTGTTCTGCTTTCTCATATG

Antisence CTGTTCTGCTTTCTCATATG

TNF- « Sense CTCCTCTCCGCCATCAAGAG
Antisence TGGGCTCATACCAGGGCTT

COX=-2 Sense CACTCAGGATGCTCCTGTTTG
Antisence TCTTTGCCCAGCACTTCACTCA

GAPDH Sense GAACATCATCCCTGCATCCA
Antisence CCAGTGAGCTTCCCGTTCA
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Carrageenan SEHS0 it 15Hz TS Halo) ojgt A7

A oA 6087 WHEAIZTE DAB substrate kit
(Vector Lab., SK—4100) 2 A-&|A 583t 44
ANRow A7) Ag v F AxEA gl 10%
BSA/PBSS Azistn U APz FAE A
& gzToz Mgt

9. AN

EANYE 9F EFBAE A ALY Si-
gmaPlot version 6.0(SPSS, Chicago, IL) & Stu-
dent's t—test® S22 HAI

m 2 3

1. ol 57 U £58

Carrageenan At FAo AMAFE 7H &
AR 308 Aoz 2o FA 9 plethysm-
ometer® °14% %8¢ 53¢ A= Fig 19
204 B vie} ot 2ol FAE carrageenang
2248t 273 AALL salined FAE BTl
vls) A% F7HP<0.005)¢ BRI dE2TH
ARNE Ao f94e BAFA A3t <Fig.
1>. PlethysmometerE o] &% ¥%& &3z 4
Aol vl iz AYFL @A Frrehd
gz7y AFTL v £ 9 AJzF F 27
iS4 S HolA wWsko AFAST F 1208
o= P<0.01, 150% ¥%H P<0.0059 #9I4
UA F2 BFEEE EAUKFig 2>

2. NO2! 4d%

Carrageenang A whlgt Z3 9] NOAA
g v wE AFE Fig. 394 BE v 2ok A
oA 0.35+0.02ug/miolR oYy dxXFAME
1.82%0.27ug/mE 24 (P<0.005) A F7}3t
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Paw thickness (% increase)

30 60 90 120 150 180
Time (min, post-electroacupuncture)

Fig. 1. Comparisons of paw thickness in rats.

* P<0.005 indicate significant differences from sa-
line—injected groups. Saline—injected groups(@)
Carrageenan—injected group(QO) ; 15Hz EA stimula-
tion after termination of the carrageenan injectio((J).

8

Paw swelling (% increase)
-]

30 60 90 10 150 180
Time (min, post-electroacupuncture)

Fig. 2. Comparisons of paw volume measured by
plethysmometer.

*P<0.05 and ~"P<0.005 indicate significant dif-
ferences from saline—injected group. * P<0.01 and " P
<0.005 indicate significant differences from carra-
geenan—injected groups. Saline—injected groups(@) ;
Carrageenan—injected group(Q) ; 15Hz EA stimula-
tion after termination of the carrageenan injection(().
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Fig. 3. Comparisons of means of NO produc-
tion in the paw of rats.

The NO production were significantly increased by
carrageenan injection compared with saline-injected
groups, but these were markedly inhibited by the 15Hz
EA stimulation. *P<0.005 and " P<0.0]1 when com-
pared with carrageenan—injected group. All bars in-
dicate means*S.D. of 8 rats. NOR, saline—injected
groups ; CON, carrageenan—injected group ; 15Hz EA,
15Hz EA stimulation after termination of the carragee-
nan injection.

gk 28y AYFAME 0.7310.27w/miz o
Z7o B8 94 (P<0.01) QA B2k "
Ao o3 NOAA A E BAFAT

3. PGE, M4 &

sl 234 93 Yo} 28 48L 9
95k PGE; 8¢ 238 23kt Fig 404 1
& vhol gth PGE; 82 Hlad) B AATL
Z3A 0.1g% 449.7£93.6pgolvt =+ 908.0
£71.3pg 22 #9148 (P<0,005) A Z7Matsich
15Hz APA=24 7Hed AAFL 591.3£97.8pgl
2 ol vls) 4914 (P<0.05) QA ZasAch

4. RT-PCR
AF3 FAg COX-2, IL-148, IL-6 ¥ TNF

NOR CON 15 HZEA

Fig. 4. Mean PGE2 contents in the paw ex-
pressed as pg per 0.2g of tissues.

Note significant increases in carrageenan—injected
groups compared with saline—injected ones. " P<0.005
and " P<0.05 when compared with carrageenan—
injected group. All bars indicate means=S.D. of 8 rats.
NOR, saline—injected groups; CON, carrageenan—
injected group; 15Hz EA, 15Hz EA stimulation after
termination of the carrageenan injection.

< A— COX-2
A < TNF-a

NOR CON 15Hz EA
Fig. 5. Gel depicting RT—PCR products for CO

X—2, IL-18, {L—6 and TNF—a from rat paw.

Note that COX-2 and IL-18 mRNA expression of
15SHz EA was slightly depressed compared with car-
rageenan—injected groups. NOR, saline—injected gr-
oups ; CON, carrageenan—injected group; 15Hz EA,
15Hz EA stimulation after termination of the carragee-
nan injection.
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Carrageenan SUHZOf it 15Hz B &oj0f ofst o1

Fig. 6. TNF—a immunoreaction in the paw of saline—injected(A), carrageenan—injected(B) and
15Hz EA stimulated groups after termination of the carrageenan injection{(C).

The intensive immunoreaction for TNF—a were mainly observed on the inflammatory cells of carragee-
nan—injected tissue, but smaller immunoreactive cells were detected in 15Hz EA stimulated groups than observed

in carrageenan—injected groups. X 400.

—-a°] g RT-PCR 3= Fig. 58 2ok 34T
of uld] dzFA ©]E mRNA 2do] o F7}
st AR gte™ TNF-a7} tha A
o} cizFel uls] AR COX-29 IL-18 mR
NAY wdo] tha Zraggloy dAsA] Ykt

ka}
18
Ja
o

LY

5 =3 =

BTE AVEAANN &) o1277kA] HY
e 72E BAFL oY dxee #F
3 dujz 3 2§ Aol Az o] F45 o]
#3330 AAHY o] 2L TUE B
< GSAEE 928 F AU IL-18, TNF-
e % COX-2 doih3-& Avud gayvd ¢
A T AHFAE 2R Wgo] dAHY RF
Aol w2t AgzA FHd GFALAN B
HheE Bow olg# BHEAEFE FF FEd
Hlgste] BZEHAT<Fig. 6>.
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V.2 &

A3 FFZ(analgesia) & 4mg/Kg morphine &
2 Veh naloxone, opioid antagonist 2ol
& AsEE 2SR Hol endogenous opioid
systemo] #oi3ty £4 W E(frequency) ot
FFAAAY 2ol opioid systemo] ¥A3tE
& 2 dyA P 2Hz AL Hs) B4
enkephalin®} A—endorphin ¥H|3}Y u~9 -
opioid receptor’t #A 8t 100Hz AHL 249
4| dynorphing #4389 HsulZ(dorsal horn)
9} k-opioid receptor7} TodcHY,

Capsaicing 0|88 21734 45 29| naloxone
3} parachlorophenylalanine® $oj3ltjgte A3

of $2F EHE Uehi oS8 ZHd A8
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»
3 o] a3} AP Hol AR EFo I
A3 &2F ZH opioid®} serotonergic inhi-
bitory system7} $74 @i & & Y0¥, 1
I carrageenang °| 4% FHEFH 43 ¥4
9l o tfg A #Eo % opioid systemo] B
3 Q29

Carrageenang FAME# FAlel 15Hz ARz
F2 7S 9 A A% YA A= #E5EY
FAE Y £ ULk ol 15Hz AFAFo]
opioid system# QA€ IF &3 ¥4 carra-
geenand| 93 KEHE ¥ AFHEE A
FE & 5 Uk olgq# @FuE M FoE
wi7lA e} 39l NO+= superoxide anion®} ZE
3o & AXEEY 84& 7HA peroxynitrite®
FYSu2 NOAA Asle ATeds BAsg,
A2l 7] £2AQ superoxide dismutase(SOD)
€ B98%F 7155 7L Ao o]FY FAE ca-
rrageenan % $%F T A,

£ AFA carrageenans FAFE Wule 234
o g NO AAZFE A A3 el v
carrageenan®] 3 FEHE NO AAFo] A
3 Z7kkanh 12U 15H, ARREL ol
NORBYE AsIAIZAE B o carrageenan®] 2%
ZAERE AToEA YEhe $RF A9R
2 F YUk

% EH5E) COX £4F 7HA9 arachid-
onic acid®lA prostanoids $& W@A|7|=d &
3= o]F COX-1°] 723 A&l uisj C
OX-2¢ 957 #d8 A=A 828 J5# pr-
ostaglanding o] #J#}®. Kaolin £+ carra-
geenan®| o FFHLTA COX-29 F7hk=
PGE;¢] F7IE oloJAY o] ZAAFAN 54
FuNg-S A&F o2 vepfed COX-2¢ 9%
PGEz 44Je] 78 2019?'”. 715802 PGE,
= €7 e F4H &4 As 9} C—fiber 2

=
.

Hajrgrle] Fgste] ARAEY AFE FEG
919,

B AYolA carrageenang FALY AFZF 9
PGE; %% 813 B9 carrageenan®] 23} PGE;
A4 k& #A3] Fhste olef @ F7ke 15Hz A
JA=e] g8 AAHA o2 s A= HEAT
2 B o 45908 344 24 $EF A8 Y
ehd B ohyz Halaegrlel Y& FFY centra-
lizationdl = Z&&& v|FE ¢ F Uk ol& u}
go% 15Hz B3] ¥9F AFE Yoluy] A3l
olo] #ojsh= COX A4 proinflammatorty )
mRNA 2#e A3 Hsich

Proinflammatory cytokine$! IL-18+ PGE:
BAFES 8 B E T EFlN $FT
FEE 228 @FFYZ o|FA 84 lysoso-
mal enzyme& #H|$t}h(Storck et al.,, 1994). =
3 IL-18+¢ 3AS 3F5FE A3 inflam-
mation mediatorg& #u]3l% NOS$ superoxide
aninon 4L #2980 INF-o & 22 ¥52
IL-188 #58 & 9od 3579 £33 84
& #7319 superoxide anino ¥4 TR,

T3t TNF-a, IL-1, IL-6 %<2 inflammatory
cytokineZ prostaglandin®} 2ZAAA £P3F
oz 2wl @i Ysi gL g4
Lo FJ3kd FaFo R FEY, B3] T
NF-a & UEL: ¢ 43974 44 718
L)

Carrageenan FA} ¥-9jo] di# o5 mRNA
3 AEE ASEY AP 8 COX-29)
IL-18 ¥do] ta AfEE & + UYL ol&
carageenan ¥ 3A1t ¥ Ao g FAYS
o FAAGE e AFZAH old FAH Q=
B FFAE Fd COX-2, IL-18, TNF~a
HAEE HAF T YEE BT 59 A%
o wet o] NEFI} Fade AL Hol FH
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Carrageenan SYHSOl 8t 15Hz BAS Adjoy oigt ¢

Aol 3 FEF, FHF AAE & F Uk

olAte] An7 Wo} 15Hz AAHAZL carrage-
enan® 2 §5¥ proinflammatory cytokine® %
g JAEY ol FAFHRY AFHAREY 7
< A8t volrt NOS} PGE, A& Aoz
A A% e Yed S ¢ 4 ok olE 4
FHE AASL @54 TEFHE #Yo| Qlof o]
g9 AAHE A AT adsE ddYe
ZFA 3 §1e] old tjgt dF+E 8F€rt

V. &

ag

837 Pulete] 1% carrageenang FARIY =
43 AFE Fuey A 15Hz AAAEE 7}
e 9 HAFE FEF ARE FFEEH ¢
NO$} PGE: 84%< B3 vAsn ol 45¢
@ ze] mRNA @3 ddzzsisty Hag
T3 Yopr itk

2

1. Plethysmometer®] 93t #&§& W3lE ud
15Hz ARAZE carrageenand] 93§ 2F S A

AR L NOSH PGE: A= A ARt

2. AAAF g3 EFA™EQA IL-189 COX
-2 mRNA ¥do] tha dAAF o BE3 v]g
3o F7}sH= IL-18, TNF-o 2@ COX-2 ¥Y
AT FEE AU

o] Ho} 15Hz A& carrageenano] & &
T3+ 4598 $A )M proinflammantory cy-
tokine ZEE 33 AFHAX 3L A& U
o7} NO ¥ PGE; 34 & AsEo2M #§d5 &
}E Uepd g ¢ F 3t
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