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Heterotopic electroacupuncture modulates formalin-induced
pain via descending inhibition in the rat
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Abstract

Objectives : The present study was investigated the effect and pathway of heterotopic
electroacupuncture (EA) on pain induced by formalin in rats.

Methods : Acupoints in the right forepaws, HT; and PC;, were stimulated with 3 mA, 2 ms, and
10 Hz before subcutaneously formalin injection (5%, 50 wl) to the left hind paw. Moreover, it was
investigated whether the dorsolateral funiculus (DLF), as known to the descending inhibition, mediates
analgesia of the heterotopic EA, and an administration of naltrexone blocks the effect of EA.

Results : In the immunohistochemistry of cFos-like protein (cFL), there were inhibitory effects of
EA on the increased expression of cFL in the lumbar spinal dorsal horn neurons following formalin
injection. Especially, EA inhibited the expression of cFL on the superficial laminae than that on the
deep laminae at 1 hr after, but that on the deep laminae than that on the superficial laminae at 2 hr
after. Also, EA suppressed the increased expression of nitric oxide (NO) and neuronal nitric oxide
synthase (nNOS) in the lumbosacral spinal cord after formalin injection, but not Sham-EA. Suppressed
expressions of cFL, NO and nNOS in the spinal cord were eliminated after transection of the ipsilateral
DLF at Ti~Tn levels. However, pretreatment of naltrexone could not prevent the suppressive
expressions of cFL, NO and nNOS at the spinal cord.

Conclusions : These results suggest that the analgesia of heterotopic EA may be modulated
through the DLF constituting the descending inhibition.
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WPL US.A)E S8 2ms, 3nA9] =9} 10 Hz
o Bz o] o]FojAth of&E, HEA
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AN #38}1, strepravidin peroxidase (Vector
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2 superficial layer (SDH, laminae I-1),
nuclues proprius (NP, laminae II- IV)2} deep
layer (DDH, laminae V, VI, X)& U9
cFos et 7 g S wiw HA3HA. Forma-
lin U3 A7) Afe] g 835 27 3
Ao A cFos whufl Ao wh& ok dat EHHIEK
of W MRE WH3t7] st} formalin
Q5 1A 2k 2417k 242 A 3~59 234
AN A A= HpF T
A cFos e o] Ael e oo
L}, formalin % 142+ (Con 1hrs)of 23
4 Zzbo A cFos ©uld Wdo] 34 F7tst
A tH(SDH, 48.64+4.197); NP, 22.64+2527;
DDH, 45.2745417)). 2y EHFHE F 14
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Fig. 1. Effects of electroacupuncture on cFos like
protein expression in the spinal cord dorsal
horn of 1L.3-5 levels. Con, formalin injection
to the left hindpaw; EA, electroacupuncture
on the contralateral acupoints of the forepa
w to formalin injection; SDH, superficial
layer of dorsal horn; NP, nucleus proprius;
DDH, deep layer of dorsal homn. * p < 0.06
, ¥ p<00l and **+ p <0001 compared with
the same time of control, respectively.

frelstAl A=A (SDH, 27.6+2.8971, p<
0.05; NP, 8.6+1.247, p<0.001; DDH, 23+2.93
7, p<0.0l1). Formalin &% 2A7F(Con
2hrs), g F£7} 435(60.15£6.4370) 7}k
3.7} ®Z3(34.85£3.757])0)| u]8}o] cFos T
dgEo] IA FrHE A 28y BHEEE &
2A17HEA 2hrs)o| A= cFos th] WHgo] A&
e | I 5 #4E EAFUHSDH,
2763+2.837]; NP, 7.631.357}, p<0.05; DDH,
24.75£3.477), p<0.001)(Fig. 1).
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Bl 2AS EFMEHoE S i
formalin FHEES] MR SMER B
g AYe 5y, WEFE 54 Aol TI0 -
11 &4 559 wWASES SSARA:
of&d 9o AYAINE T3l AYAFO| for-
malin 9] ¥ 2412k Ao A cFos @] L&A
F25tA A7l dEel #FolA cFos
ol Hd o] WItE formalin FYF 247
Ao {3t WY E&E &4F SN for-
malin £¢]-& 2417k ¥, 34 46.17+4.517
(p<0.05), nucleus propriuso]4] 24.45+3.987]]
(p<0.05), AZA 602747747} Z@EH &
<=3] formalin F=¢Jof vjste] {FJstA F71
g dgo] FAHJGFig. 2). sidEZE &
A(DLFx)O) A formalin G J@iE] oigt
EHRBS] BRE THeAS W, £FH=
405745497}, nucleus propriuso Al 14.14+3.29
AN, A5 lA 50.43+5.887H 9] cFos T Ao} vt
@=lol, nucleus proprius @ Ho AT %F3He]
Zravto] vebd B BHEERNA HoE
Folgt 29 cFos @A I dA & e
2] okrthFig. 2). ol2gt wiel& &9 1Xig
7b E EERS] EEA Lo V13t Bk
(Sham-EA)ol| 9J5}to] SRRV A8 &
A5t datoAe AF5HY cFos ddo] oA
He AS ) 2 1}(44.13+5.1071,
p<0.05), 71e} Fo A= cFos Thufd o] 4y
o] A% A cHSDH, 4145.847); nucleus
proprius, 12.63+2.347])(Fig. 2).
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BRo| formalin %% Aol CHEt ERRE sty TS|

No. of cFL Cells

Fig. 2. Effects of transection of the dorsolateral
funiculus on cFos like protein expression
in the spinal cord dorsal hom of 1.3-5 levels.
Con, formalin injection; DLFx, formalin
injection following transection of the dorsol
ateral funiculus: EA, electroacupuncture fol
lowed by formalin injection; DLFx-EA, elec
troacupuncture and formalin injection follo
wing transection of the ipsilateral dorsolater
al funiculus; Sham~-EA, electroacupuncture
on the ipsilateral non—acupoints of the foreli
mb followed by formalin injection; SDH,
superficial layer of dorsal horn; NP, nucleus
proprius; DDH, deep layer of dorsal horn.
* p < 0.05 and ** p<0.01 compared with
each, respectively.

3. R4 %2zte| cFos e Ehy
WHoAE S 2 EEA

opioid receptorsete| |
i ] & <L&(DLF)el sl $Rfmaci7t A4
tte B ARE upgow, DLFY opioid

receptors7} ZFof ZE3t=x& st

X

formalin 535S L3517 308 Ao B4
£33 naltrexone2 F3s}¢th. ©o]|&, formalin
FAI HAATE AHAIStY cFos @A ¥

2 wESGEC, FZIAE 215:2357

8 ol

No. of cFL Cells
]

o

SDH NP

Fig. 3. Effects of transection of the pretreatment
of naltrexone on cFos-like protein expressio
n in the spinal cord dorsal horn of L3-5
levels. Con, formalin injection; EA, electroac
upuncture followed by formalin injection;
Nalt-EA, electroacupuncture followed by fo
rmalin injection following pretreatment of
naltrexone (10 mg/kg, ip.); SDH, superficial
layer of dorsal horn; NP, nucleus proprius;
DDH, deep layer of dorsal homn. * p < 0.05,
** p<0.01 and *** p<0.001 compared with
Con, respectively.

(p<0.05)& formalin F=¢)toll B|3te] F-2)3}H
AA ¥ g}t E3L nucleus propriuso A+ 9.9+
09412 4" AL vehgled, 4359
A& 287+3557](p<0.01) 2 EHmESE L 22
29 g dAE vet Ach(Fig. 3). o2 4,
B#go] 23t EHHIEHLS formalin -5 JHAE
& A B #MIEM O] opioid &A= T
@atA vebd S gdstah

4, EA ZTIEzHEO| 2§t nitric oxide
Uiy w3

B AdoAe dollA AAAST cFos TR

se] BAE FAHCE AEsuA AUAT
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Fig. 4. Effects of EA on nitrite/nitrate levels of the spinal cord. NO production on the spinal cord
was measured by Griess reaction assay method as described in the Methods section. (A)
represented the effect of EA on formlain induced pain. (B) represented the effect of dorsolateral
funiculus lesion on EA analgesia. Notations are the same as previous figures. Values are
meantSEM. * and #, p<0.05; ** and #, p<0.01; **+ and ##, p < 0001. * and # of significance
was compared with control and normal, respectively.

o oJste] HfFol A AbshAE A (nitric oxide,
NO) % nNOS7} oJ%A Wzlst=X& &Us}
At

Formalin F£Y§ A|7te] ©& NO9| I3
WHetE g 2F(Con)2 3%, formalin F¢] 1A
7t Fo 30.8+0.69 nmol/mge 27t 34 =
7hstal o, 2A 03 417 Fof Z+2h 21.55
£0.61 nmol/mg® 18.17+0.2 nmol/mg® A7}t
of me} A FastAct o= A5 ENor)
2] 12.84+0.13 nmol/mg Rt}= {2314 Z7}
" HEe Hojn UrkFig. 4). AHAIZ
(EA)o| M+ formalin o2 Z71E NO7H 1
Aol 16.87+0.17 nmol/mg, 2A|7tell 13.98+

HN

=
=
T

AN

A

LY

0.13 nmol/mg, 18X 4A|7be] 12.3420.21
nmol/mg2 F93tA ZAHE AL ¥ 4 vk

t2o] o3 ZAaFAo| naltrexoned HH

AE T (Nait)o = 16.43+0.13 nmol/mg
FE0E A2 E BT (Fig. 4-A), ol
cFos Wdg #ag Lk d¥ZTe 5
g A RAFR Qrh EF AT ¢
gt AFaEIIE AAEHJAY wigSE &2
(DLFx)o| 4 formalin $2 9% 3 14]

NOZ& &g AxollA DLF7F 344<l df
T(Con)9] Z9 AJAFTLE NO9 Z4E
et Q1A 9k, DLF &A4(DLFx)9] 799
7bstoq A A RS AFHolA=
39.38+0.52 nmol/mg °|%len, AHAFo| 7}
slod A= 3829+042 nmol/mgZE tZE79
AR 93 NO 2E oA e 22 a7t
Uehl 2] 9FotchH(Fig. 4). o) 24, 2 F 404 9]
cFos W& NO W@ Atolo] FudA7 4
HE, B8 dAAS0] NOY Hdo= IF
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)
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Re| formalin 5% ol st EwRsot sty TSI A

Nor 1h 2h ah h 2h4h1h

Con EA Nalt

w

N

-

Relative expression of nNOS
(arbitrary units)

Con EA Nalt

"
&
o

. Effects of electroacupuncture and naltrexon
e (Nalt-EA) on nNOS expression in the
spinal cord L1-S1 levels at 1h, 2 h and 4
after formalin injection. Molecular weight
of protein band corresponded well to that
of nNOS. Each lane was loaded with 30ug
protein. Number of each group was 6. Value
s are meantS.EM. * and #, p<0.05; **
and #, p<0.01; *** and ##, p < 0.001. *
and # of significance was compared with
control and normal, respectively.

& 7AE A% ¢ 4 At

ol2|gt NO9| wlalel Fedste, 3 4 =&
o4 2] nNOS T AH-S 37 B2 9
3}o] western blotting™y& ©]-&% Thid Ak
& A=stgch. 273, NOF| wstel Ze

FAHS TS 4 gt &, formalin induced
painoj o]ate] £ H4=9) nNOSS) WL A
Z(Nor)ol| H]8}e], 1A|7bel] 2.33£0.14, 243te]
1.45+0.042 Z7139l3, 4A)7 Fo= 1.03+
0012 ZraEQch AT o3 nNOS
AP FASA AAstel, BAZOl ¥)3)
of 1X]7ko] 0.8£0.03, 24|zt 0.75:0.02, 1]

_19

155 KD B> o smops o i S

EA DLFx DLFx
-EA

Nor Con

Relative expression
of nNOS (arbitrary units)

Nor Con EA DLFx DLFx
-EA

Fig. 6. Effects of transection of the dorsolateral
funiculus (DLFx) on EA analgesia at 1 hrs
after formalin injection. Each lane was loade
d with 30ug protein. Number of each group
was 6. Values are meantS.EM. * p<0.05,
xx p<0.01, *** p < 0.001 compared with
control.

1 4A| 7kl s 05440022 7H4 = 9l oHFig. 5).

AAAZ nNOS Id oA ¥ naltrexone
AR A < 07420022 AP ZH,
opioid ZA&zHgo] oste] PP kot
(Fig. 5), DLF ¢&4Fol 25t nNOS9| &2
Aol viste] 21220072 & F7HE EHL
olo] 3t AAAZo= 213100302 JA H
A ¢korch(Fig. 6).

N. £ £

59 kA £A
Rl 548 formaling u3te] F3te] oF
B39l Hory of 5B HASE A 13

FETh ol FEERMC] £AH F 20H~608

Formalin induced pain
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7kA7)1m™® wide dynamic range (WDR) 4]
Nzg =3 AR AEZEY s
2 F7MA7E Aoz Bagdn’. 58 2%
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g FWRERZ FEAEY APAA AT 9
3tod As , C A RSl SHol H+ =
5o £A|5l= WDR AlZAZE9] g
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A AL, A=ofA] glutamate, substance
NO 5 AAALEHe Z7tHE: Aoz 43
7‘:] 2}]\];]_17,18).
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BUELTy wELE TIRZ WETE BIZ
W M2 R REEER M. GwE i
HRPTEE BN <BiE #EE>Yen s,
stz o] REIt REste] whdj o] ol WA
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