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Anti-hyperalgesic Effects of Electroacupuncture Combination of
Microcurrent Stimulation in Rat with Induced Inflammation

Young-Phil Kim, PT, MS; Jeong-Woo Lee, PT, PhD'; Sam-Ki Seo, PT, MPT'; Se-Won Yoon,
PT, PhD% Hui-Jong Yoon, PT, PhD% Tae-Youl Kim, PT, PhD*
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Public Hedlth and Welfare, Donshin University

Purpose: The purpose of this study were to examine the anti-hyperalgesic effects of combination of
electroacupuncture and microcurrent on anti-hyperalgesia in local hyperalgesia zone. Methods: It used 24
rats for experiment, divided them into control group, electroacupuncture group (EA group), microcurrent
group (MC group), combination of electroacupuncture with microcurrent (EA+MC group), caused
hyperalgesia by injecting A-carrageenan into hindpaw. Thickness of hindpaw, mechanical pain threshold
(MPT), thermal pain threshold (TPT), noxious flexion withdrawal reflex (NFR) and somatosensory evoked
potential (SEP) were measured immediately after induction, at 24 hours, 48 hours and 72 hours after
induction. The electrical stimulation was given once a day for three days, 20min per session. Resulls:
Change of thickness, MPT, and TPT showed significant difference in all groups compared to control group.
In particular, there were remarkable difference in EA+ME group. In particular there were remarkable
differences in EA group and EA+MC group. Change of NFR(% threshold, % reaction time, % RMS) and
SEP showed mainly significant differences in EA group and EA+ME group compared to control group. In
particular, there were remarkable difference in EA+ME group. Conclusion: The above results suggest that
appropriate combination of microcurrent with electroacupuncture for pain control will be very desirable.

(J Kor Soc Phys Ther 2007;19(1);67-78)

Key Words: Electroacupuncture, Microcurrent stimulation, Hyperalgesia

.M £ < g% ¢ ofzA wt=& FZHT (hyperalgesia)
o] ®t}(Andrew Greenspan, 1999).
ZA &AL ity o g BF WL (sensitivity) B &4 o BEA3Yle F A @4L=E

g A 9T, dAE AAAez o Az Tl F ddEE, dA% FHAprimar
9).0. AA M O il
FAFFY: 20078 19 59 g7 224 Y3 E4847¢ EAo] glon, o

AANEAY: 20079 1€ 31Y 2} E2t7}9 (secondary hyperalgesia)-& =48 H-4
A AR e E, ptcep@hanmail.net
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FHo BAHT, 23 J|AFA FZ4HTY
Aol Utk EI dFA FPoE AT F4FH
e Az} 5zl P, BAFH A
4 EZ(neuropathic pain) 2.2 <13+ Ezt3}
oz} EZx v v)szdttt(Treedes 1992).

g FZHRY JjAE Zx JiHAT F
ez Jro HAEHoxdd. d4F#H A
o &34 8719 UHse FAANY
713 0] 8 (Andrew?} Greenspan, 1999), F=4
g 5o Q3 YAt FAAAEAA A A7
Hav BAste] 4 W) AAZAA73E 9] 1737
el 34 917+3} (central sensitization) 7} f T 5
= (Dickenson %, 1997; Laird &} Bennett, 1993) §4;
L FF 7NN Z AR S Yo

LAARE HI olzy] 7tA FAHANE 3
A3y 9 g3 PPEC] AxRHAA 23
A=, F(acupuncture) & & Fol % EF
2 FZFH Bo] AMSE Ko, o AR
t FFAFAMA WAA o}HEZ (endogenous
opioids) 9] &/443le] g Aoz HiuHI Yo
(Han, 1993).

Zhang %-(2005)& A A &= (electroacupuncture)
o 52zue A% AT 3 U Aed Ty
ol A Al A A7 A= (transcutaneous  electrical
nerve stimulation, TENS)#} &7 7} A3 o]
= A3 ez 35487 2 F-4FaH
(anti-hyperalgesic effect)7} -9~ & ACSZ HIH
3

ARATLE FFAZANA WAL olHER
7 #HEse U3 NS EA7IeE 2 He
HEe) e WEdAE N9 q% FzolA 4 o}
& receptor®} WA 3}e] enkephalin®} B-endorphing]
2Hlshe, 100 b A=Y EE MEQNE A5F2
(dorsal horm) ol 4 k receptor9} B 3la] dynorphin
& Bu)3ld 3P4 TFEA VMR FE3e
Aoz HIHIT Y (Huangs 2000; Chens}
Han, 1992).

oA A A7z 9 (somatic teceptive field) o]
Gg ATl A4sE % 9 429 49

4 A7Ade BARE AAAE & AeH, AR

rflo of 2 Jm

g o

olN 1

~ g
WO B e o

o

a9

S ez 3 AgdAe HHAAF| AdEZ
FeaRY DFL 4 BaNAE oz
X 31519 o (Meissner 5, 2004).

Picker (1985)% w]A)&&-(microcurrent) = A=7+H&
7 4 Qv ol Al A=Z(subsensory stimulation) 2]
T PHE 5%, 2, 43, AT 5 34 w9
of 713 HEAdoes HEHY, HIH #HE, A
FIESITE, ITUES, ALY 2y oldY
Z 53 2L g 5= &3 o]tk (Smith,
2001).

VA AFE QA WFAM Ao g Ad
< 53 HAET HYAAE wES MELS EA
3a) Ca''* 0] &S AX FY 2 o)F A7t

o] 5 ® Ca’*o] 2ol 2% 5182 ¢) F3Ye F5}]
ATP(adenosine triphosphate) 2} T2 A& 71
AlA Axe] B X{E AU H(Chang 7,
1982). WM A F-2 ZARF 7]1- g 7= =
ZEatol] w2 A A A 7| (bio-electricity) /o] &
HEARE g# R 7] A Fs Aot

9ol o] ZFo] &4 HoH MEHY ¥
$2 74 99 2ol90E £4¥A7F FEP By
A71FA o2 &g o) Z71F th(Becker, 1985).

ol2| g Aol FukS-o] &dol UF ¥ 71A
olfE dNE F o, &£ARA= 55 €8 F
21 53 e 4F5x3 9 EAS el e
A7 5L oI =AL EF4 AYS
44 342 4+ Aok

up2bA vl A 7o A8 &R A A
FEES S/ Hed, 2 olfe &48 £
2o -G AN A AAAR7 S 35 79
2 4A 38 & JA & NELFE BAHLE
3B A 7)1 Al D H(Fricki} McCauley, 2005).

weta] B AFMes §FE2E JHe) FFEF
FdA AL&de AIAATH AXFEAAM A&
e PHHFY] 95 HE e WHEd AT T
#4%9 B Rol§ FRAFLA B,
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APz EFE Table 13 Th HAFFTELS
A Z0] 247.3x2.68 go] 8% Sprague-DawleyAl ¥
X 24shE Bdo} 159 IANY F AE

Table 1. Experimental group

a2y X533 2198 Al1s 20073 2¢¥

3t AFSAY &5 22+1 T, % 5510
%E F7 dgoen, HFL 124 F7IZ A
on AR B AFEA HESF I

APFEY FARNE F2AY F QET
(1), AAAFZ), PAHAFASZ(), A=A
F 2 AFAST(V)e2 7R3 7 T F
22 6vie] ¥ S v

Group Characteristic N
1 Control group 6
1 Electroacupuncture 6
m Microcurrent stimulation 6
\') Microcurrent stimulation + Electroacupuncture 6

2. MEYH

1) S 72

W) FRo| FFE FEEY] A5t etherE
o] g3t FUvHH A2 7 1 %9 A
—carrageenang 0.1 ME F Y33 24217 Foll thA
Sds gy o g 27 FAS AT

) Zxe| 83 5%

Zr Hzo WizlE dolHy] 3o} Digimatic
Caliper(Mitytoyo Inc., Japan)E& ©]&3tdq FAE
=389 2 24 AW 42 W, 42
3 24X17F, 48A12, 12417kl 334 E3se B
#FE AHREAS-

3) JRH 44N 5F

7141 E7}9E R 3o von Frey
filament(North Coast Medical Inc., Touch-Test
Sensory Evaluation, USA)E o]&3l4ct WAME
Aoz 4, 6, 15 26, 60, 100, 180 g9
monofilamentE A3t 4FE FEAY F5-

Yol we ARE AIFs A2 FFAE #
I A Z33 4 (Sluka &
Chandran, 2002).

Z7 A] monofilament2] Fo] WA FHo 3
Zg AejolA It Fod Az qhgez A
a0, WAe A %Y A% 4YT 2
AL A4 2¥oE AW FHS TAA &
u A, fd & 24417 48417, T2A13E T AA
S A=

2O
TIEEE

4 & YA 5F

g Ez219 %= hot plate(DIM Inc, Korea)E ©]
231a] 30CLEANA 1087 HeAZ F OA
0CE ASAA RA WNE ST R
& @AY WA Bol gele weol YEhd
£ ArE ALY

e 2PNDL 27 £ YA 9%
o] 302 oWz ATstPen, 338 243
#3e 0] 8389 TH(Sugden, 1983). FHL T4H
9§ A, o T 2447 4847, 124120 A
A SR
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5 wllY SJH uutA}

FaA ZI3ukrte 2L etherZ FY U
HE A& A AYIAT. WA E vHF
35 A4 SZINUA BFHAE Y @
=38 A= (Biopac system, EL450, USA)-& AL-8-8}o3 ©)
Ao g o)z AYstz EMGIOOC amplifier
module (Biopac system, USA)-S E3lod 7]E3tH T}
AART e melo) 2R

STIM100C stimulator module 3} STIMSOC (Biopac
system, USA) & o] &3t & 49 937 J5& F
23R 23N SR 4T F A7 8
o oAt R E 2714 BAAAE AW

&, B49A 9 15WE AF5e 2 E ZUH
oA Fa A SFI| WAL G597 Ve A
st Eoh

GEAYE 71E317]) §% ZHL high pass filter
500 Hz, low pass filter 10 Hz, gain 1000 4V, sample rate
1000 Hz, 39 2 noise voltagex= 0.2 gVol 11 60 Hz 2
notch-filterE AM4-3tAth AARAS S &4 A4
B2 2 ms P70 A 38 I3
A9l B4 Acgknowledge 3.8.1. program& ©]-8-3}
2], WA, XA AL BAsgen,
e BaT $% W, §2T F 2443, 484

, A A BT

[T 1 ° 2

6) MMAZ FUHY AHM

A7 FEdde JAEE EMGSierra
Cadwell, USA)E o] &3l ZA43tAth HA UM E
vk A 71 ¥ § 42} monopolar needle g ©] §-3t] F
A3l 2 B S0 AYHAT K28 7]
22 93] A =8 X & international 10-20 system=- 0]
galg e, H3AFT & ARt 85T FA
B0 CZ, FnAFL Fpedll A3 e, FAAF
o solo] WA BEAANE A3 A
high filter= 100 Hz , low filter= 1 Hz, gaind 2 4V,
sweep-& 100 ms, sample rate:= 20032 A3 sA}
Zz24e B39 ¢ A, {% F 24A3L 48413,
72417k0] AT

7) HAXRT ¥ AR IS

APAFL WA 2 GB 309 A (FHAT, ¥F)
L 10mm Zo)& AYsta AARFE o] &3t A
) 2} 7] (Miyopoint, I Yol A2 A]Z 2} (Zhang, 2004).
AZfASsE dFEHEE 2 pps, W57 0.1
msZ &P on, G 2Fgte] dFo] dojd A
T8 Z=2 208 7+ RS
tAAFATS F4H FF 2HAA SAH R
7ol 5mmQ 23 A o] F x|t w4 A
2712 7] (Intelect 600MP, CHATTANOOGA, USA)
o AAA AT AZuNEFE Faee 100 Hz, 73
AFA ZHE 0.5sec., 338 -& o)At} (biphasic wave) & =
AR E 2.5sec.2 dlPed, ASFHFEE 100 p2
5ol 202 3 35T
AR L o AAF AFL BFE Hd AFREH o d

13] ¥ 33] AA3 A
3. SAYY

B 39 EAE SPSSPC 1208 o] &34
AFsJ. & = FE JIARE /- FE
7] $isld B ¥ E Kolmogorov-Smirmnov 2734 -&
ANFPY. 2 A BF EXVF AAHY,
A EEY 2PN 7E T 7+ Zol= YUBA
AR (one-way ANOVA)O. & H-A38t g on, A}
EARL Tukey BAL AASHT. BATH F

e AZE7] 98 F95F o 0052 &g

He

o
ol

o

n. d =

1.

3

go| #F W3

&

2ol 2z wHd g Y4 BARHA
BT §3 F 14400 E B2 vl =
& AYTAN 7a7 detod f9% RolE
QAT AL F 48AZHR<0.001), 72A1ZHp<0.001)
AME 2 2 el f9% Aol uehgch AL
% AAIA 8T A I Fo] U =
£ 490l % Aol E VEhAATHFigure 1).
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Figure 1. Comparison of thickness before and after treatment among groups. Values are mean+S.E.
There were significant differences among groups in post 48hr(p<0.001), and in post 72hr(p<0.001).
® significant differences from group I

Group I : Control, Group I: Electroacupuncture , Group IIl: Microcurrent stimulation

Group IV: Microcurrent stimulation +Electroacupuncture

70 r
R —— 1
60 b
= -1
_g 50 |
a0} ? —— I
g3} =
=
E 2 }
3
> 10 |

0 il '] '] I

Pre 24 hr 48 hr 72 hr
Time (hr)

Figure 2. Comparison of mechanical pain threshold before and after treatment among groups. Values
are mean=*S.E.. There were significant differences among groups in post 24hr(p<0.05), in post
48hr(p<0.001), and in post 72hr(p<0.05).
®; significant differences between group I and group IV .
b g .
: significant differences from group I .
Group I : Control, Group II: Electroacupuncture , Group II: Microcurrent stimulation
Group IV: Microcurrent stimulation +Electroacupuncture
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WA %

299 9 59 - 93/

2. 71 A™ BZtxe| W

AAH B Wsel Y YA BUEA
oM EBZtR Hd F 48A1ZHp<0.05)0E I
I VI AoldlAM, §% F T2A1ZHp<0.05) &
123 RE 4T APldA #98 Holrt u
B}k o} (Figure 2).

APAIT AAR

Aol 3-E2AAD £

3. 9 SZ%Xo W

9 T 244 7H(p<0.001), 48A17H(p<0.001), 72A]
ZHp<0.01)l A 7 ol ®% Aol7t Ve
AR AAAN fE F 24X ToE [7FH EE
AF 7 AtoldA, 48X e 128 O+ 9 NV
T Alolol A, 2AIZH= 18 BE AET AL
ol A F3 Zol7t yrebRtTh(Figure 3).

12
& a1
= 8} a b
= —+—10
£ o =
=
=

2 b

0 [} 1 []

Pre 24 br 48 hr 72 hr
Time (hr)

Figure 3. Comparison of thermal pain threshold before and after treatment among groups. Values are
mean*S.E.. There were significant differences among groups in post 24hr(p<0.001), post

48hr(p<0.001), and in post 72hr(p<0.01).
% significant differences from group I,

. significant differences between group I and group II, group 1 and group IV.

Group 1 : Control ,

Group II: Electroacupuncture , Group III: Microcurrent stimulation

Group IV: Microcurrent stimulation+ Electroacupuncture

HqolN B23
folg Aozt geH,
7241 ZH(p<0.001) o A]

A T4 Aol et ALFE B3
AN ¢ F @ATE 129 OIF 2 VT,
mEd 02 2 N AeldA, 2Ade 12
I BE AYFE AleloA, MEH NV AFoldA
frol gt ztol7t YEbskth(Figure 4).
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Figure 4. Comparison of NFR threshold before and after treatment among groups. Values are
mean+S.E.. There were significant differences among groups in post 48hr(p<0.001), and in post

72he(p<0.001).

a: significant differences between group I and II, group I and IV
b: significant differences between group Il and II, group II and IV

¢: significant differences from group I

d: significant differences between group IIl and IV

Group I : Control
Group II': Electroacupuncture
Group III: Microcurrent stimulation

Group IV: Microcurrent stimulation + Electroacupuncture

2) eold SFulkAle] WS A2 M5

290§ F 24A%0E H9F Aol U
o, i ¥ 48A]7H(p<0.001), 72A13H(p<0.001)
Z 2ol fel@ Folzk ekt AE
AN g F 4827 ZARE 123 1O
Zol distel fel@ Aol7t vehg

(Figure 5).

3) 7ol 2J Al MG X XE Mt

A5z AL Wt did d9d BEAEAAN
48R f2 F 24/ e F9F 2ozt ¢l
Qqom, §2 I 48A17H(p<0.01), 72A17H(p<0.001)
A AEE el fdd Zol7b UERT ALE
ARANA i F 48R 2AZele 1#% O
T 2 Vo st /o8 Zol7b Yegtt
(Figure 6).
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Figure 5. Comparison of NFR reaction time before and after treatment among groups. Values are
mean=*S.E.. There were significant differences among groups in post 48hr{p<0.001), and in post
72hr(p<0.001).

*: significant differences between group I and II, group I and IV

Group 1 : Control, Group II: Electroacupuncture , Group I: Microcurrent stimulation

Group IV: Microcurrent stimulation + Electroacupuncture

—— 1
—a1I
——1I

=N

Pre 24 hr 48 hr 72 hr
Time (hr)

Figure 6. Comparison of RMS before and after treatment among groups. Values are mean+S.E..
There were significant differences among groups in post 48hr(p<0.01), and in post 72hr(p<0.001).

®: significant differences between group I and II, group I and IV

Group [ : Control

Group 1I': Electroacupuncture

Group III: Microcurrent stimulation

Group IV: Microcurrent stimulation+ Electroacupuncture
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4 HMAA FUHENA WX Wy

A2 watd g3 Y BARHNN F4H
B F 24, BATNE FAF Aol gL

ER8&HL

SEP amplitude (%)
nsa 88

(=}

dEAXagsx A9d Als 20073 249

to

s
=13
=

o, §3 & 72A17Hp<0.001)ol ] AFFE
o8 Hol7h yeheh ALF AAANM &
Azt O, Vol I, MZe Wstd f43
2o 7} vhebitch(Figure 7).

——1
a1
-1

=1V

| A g
Pre 24 hr

48 hr 72hr

Time (hr)

Figure 7. Comparison of SEP amplitude before and after treatment among groups. Values are
mean+S.E.. There were significant differences among groups in post 48hr(p<0.05), and in post

72hr(p<0.001).

® significant differences between group I and I, group I and IV

Group I : Control
Group I : Electroacupuncture
Group II: Microcurrent stimulation

Group IV: Microcurrent stimulation+Electroacupuncture

94, 4 wE 4% 8 e 27
4 Aol od MAFHY 4T F
Z

FalAd 8719 Aste] % I T
J 717}+3) (peripheral sensitization) 7} LE}L} AL, o]
F & AA = F FS Y FHol AL
Hoz BUHYE FHFAFA AFYY vEE F
XN e 234 S (central sensitization) 7} A
8) gt} (Sandku~hlers, 2000). 2 ¥ 22 £45 9=
ol A& XFHUBE FHA N3l o3y 7]
7t AgEHe 54949 FAol ol JeW TF
757k W oA g FFAFANA

WA olHEAY fEE FAAA AFE L
AAe ARA=FT 2E gy F5E2HE 713
gk B AF7t ojFofX AH(Oliveira®t
Prado, 2000). W2HH B AFINE FAHUEL
I3 BAME QPR FFAH FFYA JdL
2 AYHoAE APAFY] ©5 FHEH} €24
AA 7|z ol He HMAFY Wi 9
$-F4un Bne FHolg Yohurl A%
5%, 549%, 3473499 FEA ¥z E
Aun L A%, HL F 244 HL F 480
7 F Az @7 &3

Zhang 5(2005)& & WX (10 H)9} &2 W
200 K)9) AFATE MAY F3 FATAE
AASTHT B39t Resende $5(2004) w4

[o

ofm Iy

AN

—
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o] X A-carrageenan® FYI F FA 7|0 A
we WM=(10 H)o AZASH w2 ¥=(130
Hz)o] H71A=S Z4zh 208 HE3% 28 23
ZAaode ARV QAT FAHTAE FA% &
71 e Aoz Bu 3yt 28y Zhang §
(2004)9] AFoAME AFAFTE & 2dH% 4
9ol F SAIZEA RFo] RodtA AT
Aeg RIFHT. £ A7AME dEzTd o
3l BE APTo) H4ANHFE {27 XolE
HYow, 538 AJASH vMAFE BHET
oA B FAE BYH

Ainsworth 5(2006)2 A7|xFo] 93 I-F
239 ERE Fohus] Asted 22 FAH
S FEE 2F Fo ¥ NE(100 H) 9 22 W
(4 )9 AIANFZHANATE FH e JIAF
$49AE 29T AHAN oA AT FU
Fa%ue FaAdna Rasdt & 29
HE ZAH Baex M F4%Y 42 F
HAGYAA BE AYEY G207 AT
} A% gEsE P4 ugon, 53 437
23 oAARE WEW AaTAA O e 3
712 B gt Sluka®} Chandran(2002)L ¥ ¢
Z R 3 % A-carrageenane TY3H EZH-g
gt 3 932 B 2 ¥z HU|RFA
AAH % 98 SA9 wae 24T 23
oA dizTel s EE Ad¥To] F93 2o
& BEo JIAFH 549X 448 549XE F
AANE Ao duth. @ drdNE @3
F49x WHAN 92 ¥T F 24ATHAA
2E 4UTY AA7 BL2RR} 4H 949
£ pde Rgod, SAQMAN AAATH 2
A MAAFE HES 482494 o €& F
e HAG B $ABY 296 20 o)
AR WEol FEAAANA WAY oIHE
A9 fElE FAG dRWUHEEY 4F8A4sE
AAAA FXFso o] d oz ALH

)

®

4ol g A7AF £E B Hf
2 FHSF ABI2AM FHAY AFe i
FTH7AE gotry] A3t R SIIHIAN

AHGozariu 5, 1996; 7129 F, 2001; Seybold %,
2003; Zhu 5, 2004)¢t fallAd AG7z FLHH
(Lopez 5, 2004) &A& AT frald 33
HuAte] e A7|A2e EHE ATE BT
A ZFE (2006)2 WA FRo] G AFo 9
g BAANE Hd A F LFGNEAF
&3 AN ARFAARIG Y [FHH 2
3| Fyiate] HAX Fo] §F% F 48A1HEH
A3 Fagun FQT B AFAME #3
d I3l FBAIE BE AP &

fr dy o

=

3z
=

$9 23 AAAIH WAAFE e YT
=

Meissner 5 (2004)& &7} o] HAARIZo 8 EZ
& #2F F JAAZEL Fo 44 A2
We A7 FeAsde Dol felaA 22
01 Haddd. B dFAME ALAL f
2R AE Wl #2 T eAITRE 2
2871 AFHGoH 4% F RAGAAE A7
43¢ @5 A8 BAAIH DA AFE
e APTIM AT Part AR

o]e] AdelX FHFAH FFAA HL&EL 3
t AARAZH B2FFAA ZALIE AR
o] W¥go] 2% F-F4AT AV} Je AL=R
Yetdon, AAAIH wARRAZY Weol
-2ty S8 ©L ASAIE Aoz U
Ehsteh

v.d E

AT MeE EZHTlo]l fuad WA
FF714 938 -4 &HE g
ARJAFTH NEZFFAA FEss vAA
FA5Y &= HE 4 HEo] BF FAHPVS
AASE FAVF AYen, 3] A2 n)
AdFATE B A F-54A% a3 0%
FAHE Aoz gyt wed EZ22AL
A% AAAF Al oA AF wEo] F-T4

B
F2
He
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