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Effects of Herbal Bath on Acetic Acid-induced Somato-visceral Pain in Mice

Ick Hwan Kim, Taeck Hyun Lee', Chang Ju Kim', Choong Yeol Leg*

Department of Physiology, College of Oriental Medicine, Kyungwon University,
1. Department of Physiology, College of Medicine, Kyung Hee University

As an effective non-pharmacological method of pain relief, hydrotherapy was widely used. And bath additive has
been used for enhancing the efficacy of hydrotherapy. In the present study, as a bath additive, the -analgesic activity
of HAC, which composed of Corydalis turtschaninovii, Atractylodes japonica, and Harpagophytum procumbens(HAC),
was investigated in the ventrolateral periaqueductal gray (viPAG), lateral PAG (IPAG), central nuclei of amygdala
(CeA), and the paraventricular nucleus of the hypothalamus (PVN) in mice, using writhing test and
immunohistochemistry for c-Fos. Male C57BL/6 mice weighing 25 + 2g (8 weeks of age) were used for this
experiment. The animals were divided into five groups: the control group, the acetic acid treatment group, the acetic
acid treatment and 0.01 g/L HAC-immersed group, the acetic acid treatment and 0.1 g/L HAC-immersed group, and
the acetic acid treatment and 1.0 g/L HAC-immersed group. To induce somato-visceral pain in the experimental
animals, a single intraperitoneal (i.p.) injection of acetic acid was administrated to each animal, and the animals of the
control group received injections of equivalent doses of normal saline. The animals of the HAC-immersed groups were
immersed the water with HAC powder at the respective doses deep enough to cover the mice body, and those of the
control group and the acetic acid treatment group immersed the water without HAC powder at 10 min immediately after
the acetic acid injection. Our present study has shown that the HAC reduced the acetic acid-induced abdominal
constrictions and the acetic acid-induced increase of numbers of c-Fos-positive cells in the vIPAG, IPAG, PVN, and
CeA. The most potent analgesic effect appeared with the treatment of 1.0 g/L KB-immersed group. Based on our
present results, it is very possible that HAC can be a potent therapeutic bath additive for alleviating pain without the
fear of addiction to the drugs and side-effects associated with the prescription of multiple analgesic drugs.

Key words : bath additive, Corydalis turtschaninovii, Atractylodes japonica, Harpagophytum procumbens, periaqueductal
gray, central nuclei of amygdala, paraventricular nucleus of the hypothalamus
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Zdl(paraventricular nucleus of the hypothalamus, PVN)ojA]
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ZFAANA] £ 1.0 g/L HAC aFSrolm, 2 9] ngke 80|t
HESEM AY WaASS FLAITI7] fdhA ZdH(acetic
acid, 1%, 0.15 ml; Sigma Chemical Co., St. Louis, MO, USA)&
13] BZW FAlintraperitoneal(i.p.) injection)l= BWFHE AL
SIACE d4 R TolE Ee B9 rjAd4E FARIICH
Q& A (herbal bath additive) HACE & 54 (Corydalidis
Tuber), & (Atractylodis Rhizoma), H>+Harpagophyti Radix)
S HREL 2A 71ESE 7H1:1:19) BIEE 585l THHER
o} Z8]1 AgddlAEs HAC B2 30 + 2°C 2ol 3146130t
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cFosZ#2 BQOF Bl $I) cFos WO EAISEH
g ABHIDY. dBEE) WL ooldl x5 HuF
mouse anti-c-Fos antibody (1:1000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA)Q} g1 5150 S¢t vISA1ZTE 1 e
ZXHEHES biotinylated rabbit secondary antibodyZE 1417}
Z7} HbEAlZ oM, 2R} S| 9F ZEHE AEE Vector Elite ABC
kit® & o}gdlAl SFAIFICE antibody-biotin-avidin-peroxidase
B3t = 0.02% 3,3-diamonobenzidine (DAB)S o] 246 2HB518]
Lt T2 ZHEE PBSE 33] MASH & Aelelg ¢l gelol=
kAo T A 2004 513 B0 AKAA X A7 L Permount®
(Fisher Scientific, Fair Lawn, NJ, USA)Z o| &4 2Q5Hir}.
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Hitie7etE 22510, ofg A ZAKE to]EdE Image-Pro
Plus® software(Media Cybernetics Inc., Silver Spring, MD,
USA)E o|83lo] BA6IETE 2 F99] c-Fos-positive cell =5
o A] the Image-Pro Plus® softwareZ 0]&3ld Aoifom z}
section & cell £2 THSIHCT

&4 242 Duncan post-hoc test B}2loll wlZ} one-way
ANOVAHIIEZ o]0t Z 3= the mean * standard error
mean(SEM) Z VIERHRICE X}o)E= p<0.05014] EAZCE 29
B EHARATL.
2% 2%
1. HAC o¥&0] writhing reflexoll n]x|&= @&k

Y tiZFollA1Q] writhing reflex BT 0.00 + 0.000]
A RZZS 2575 + 2698, &4F WA E 001 g/L
2 1875 + 4458], 0.1 g/L HAC Qk272 170 +
2193%], 1.0 g/L HAC oS5 8.00 + 2493|2 LIERJTY.

o] AgollA] R4t Bz FAIE writhing reflex7} 1A 317
&7 Ag BaE + AUNoH, HAC A4S g ToilA]
= oE 8% JEHOE xio] SUSt HEWRES £
BAIZTE 1.0 g/L HAC oFgFolA 1 G317t 74 39l 8HA
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Fig. 1. Effect of HAC on acetic acid-induced somato-visceral

pain. (A} Normal control group, (B) acetic acid treaiment group, (C) acetic acid
treatment and 001 g/L HAC-immersed group(D) acetic acid treatment and 0.1 g/L
HAC-immersed group, (E) acelic acid treatment and 1.0 ¢/L HAC-immersed group.

2. HAC 9F£0] ventrolateral periaqueductal gray (VIPAG)ol|A
9] c-Fos wiglol] wixl= A&

ventrolateral periaqueductal gray (VIPAG)OIlA{9] c-Fos 2}

S ZARSH 23 B4 v R Tl section & 66.93 + 948712

SR 4173 £5197H, 01 g/L HAC QST 4595 +4.407,
1.0 g/L HAC 272 27,67 + 323702 LIERIT}. 0] ASoljA]

A E71E e Ag BEE 4 ANSH, HAC 988 AJgst
TollAE c-Fos-positive cell 4= £717} &3lEQich 1.0 g/L
HAC FSolA] T o &b/t 74 SolahA Liebkdoh(Fig. 2).

3. HAC 9}£0] lateral periaqueductal gray (IPAG)ollA19) c-Fos
ol vlxle @E

lateral periaqueductal gray (IPAG)IAQ] c-Fos &g &

AFSE Ak HAY R ZOIAE section B 66.42 + 7.1770QIL, &
A} AR EE 9540 £ 6.6070, A A F 001 g/L HAC k&7
2 6221 = 51670, 01 g/L HAC T2 60.78 +5.037H, 1.0
g/L HAC Q272 4940 * 589712 LIERTE o] AaloA] =
A 220 FALE IPAG BEQ0lA] c-Fos-positive cell 271 S1A
SHA E7HE e AE BEE 4= UARCH, HAC &g Al
ol &)= c-Fos-positive cell = £717} &gl At 1.0 g/L HAC
okgTollAl L AR g3t 7 [feldkA LERdTFig. 3).
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Fig. 2. Effect of HAC on acetic acid-induced c¢-Fos expression in
the ventrolateral periaqueductal gray (VIPAG). Above: Photomicrographs
of c-Fos-positive celis in the PAG region. A scale bar represents 100 um, (a) Normal
control group, {(b) acetic acid treatment group, (c) the acetic acid treaiment and 10
g/L HAC-immersed group. Below: Number of c-Fos-positive cells in the VIPAG region.
(A) Normal contro! group, (B) acetic acid treatment group, (C) acetic acid treatment
and 001 g/L HAC-mmersed group, (D) acetic acid treatment and 01 g/L
HAC-immersed group, (E) acetic acid treatment and 1.0 /L HAC-immersed group.
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Fig. 8. Effect of HAC on acetic acid-induced c-Fos expression in
the lateral periaqueductal gray (IPAG). (A) Normal control group, (B)
acelic acid treatment group, (C) acefic acid treatment and 001 9/L HAC-immersed
group, (D} acetic acid treatment and 01 g/L HAG-immersed group, (E) acelic acid
treatment and 10 g/L HAC-immersed group.

4. HAC 9}&0]| paraventricular nucleus of the hypothalamus
(PVN)ol A Q] c-Fos Wddol] mik]= F&

paraventricular nucleus of the hypothalamus (PVN)ojlA] ¢}
c-Fos el TALSE 23} M2t th 2ol A= section & 49.06 +
302709 0L, FAF AR FS 96.07 + 111370, &AF AR & 001
g/L HAC 28372 5050 +4.297), 0.1 g/L HAC QRS2 4138
+4.007), 1.0 g/L HAC k&2 41.31 + 6.8070F LIERITE 0] &
oAl Z4F BZ4uU FALE PVN BjojA] c-Fos-positive cell 4
71 AAGH S7HEE Ag BEE 4 AA2H, HAC AEE A

A3t oAl c-Fos-positive cell 4= £717F &3l Urt. 1.0 g/L
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Fig. 4. Effect of HAC on acetic acid-induced c-Fos expression in
the paraventricular nucleus of the hypothalamus (PVN). Atove
Photomicrographs of c-Fos-positive cells in the PYN region. A scale bar represents 50 p
m. (a) Normal control group, (b) acetic acid treatment group, (c) the acetic acid
treatment and 10 g/L HAC-immersed group. Below: Number of c-Fos-positive cells in
the PVN region. (A) Normal control group, (B) acetic acid treatment group, (C) acetic
acid treatment and 001 g/L HAC-immersed group, (D) acetic acid treatment and 0.1
g/L HAC-immersed group, (E) acetic acid treatment and 10 g/L HAC-immersed group.

5. HAC 9}&20] central amygdaloid nucleus (CeA)o|A1€] c-Fos
a5l o)X= YEk

central amygdaloid nucleus (CeA)olj4]Q} c-Fos 25
8t Al A i E oA E section & 8.30 + 15270931,
MR 2490 + 27270, &4 AX] & 0.01 g/L HAC &
11.88 + 1.977), 0.1 g/L HAC O}SZ2 1117 2127}, 10 g/L
HAC Q272 926 + 130 E LIkt o] Adlolla] R4t
ZhA FALE CeA 2Qo)A] c-Fos-positive cell 427+ GA 5}
7ElE Ae BEE 4 JU2n, HAC AlSE oA
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Fig. 5. Effect of HAC on acetic acid-induced c-Fos expression in
the central nuclei of amygdala (Ce). Above: Photomicrographs of
c-Fos-positive cells in the Ce region. A scale bar represents 50 um. (a) Normal control
group, (b} acefic acid treatment group, (c) the acetic acid treatment and 10 g/L
HAC-immersed group. Below: Number of c-Fos-positive cells in the Ce region. (A)
Normal control group, (B) acetic acid treatment group, (C) acetic acid treatment and
001 g/L HAC-Immersed group, (D) acetic acid treatment and 0.1 g/L HAC-immersed
group, (E) acetic acid treatment and 1.0 g/L HAC-immersed group.
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WAL= “EHRY wRet S22 SFEWE)SH gES 280l Yo, AREE UL &5 ABTE ¥F
gl ®7F 2F0]1, T 22 Ag 55 i BEE] = ACE ZAEIY?. A4 PAESAEN IELY EEE
U IMo] Eolzkct o@% Klio] AtiE SddlE o|SE i acteoside, isoacteoside, bioside, 0] ] 71X phenohc glycosidesS
o @0l om, Aol ZE ol Rk PR slod mel o ZF MBolM UeE ASE 4zEn deZ ni2
U= AL EolA] EMATIE E50] YTt 31 (secondary root) 88| BZI] FAlE 24AMG EZUW FALSHA

AEHEAE “MPRFES} RPIHE SO oPCﬂ 4l ekt writhing BHe-€ SAGHA ZoAIRIERE Aol HAEU
3l E52 skt a7} Holuy 175l EEasivt %\ o, olofl Biall 42 2&}Z(secondary root) EMNQ| Zzhy F
22 Wol 1, ATKENAE “EHRS Mot RE UBS Ak UE, TAS, FLLS) A8 Veign?. A2 25
I oA EoXX) &g vl B8l EolAl st 19 84 ZE& histamine, polypeptide kinins, prostaglandinsE = &lsh
2 E5IEE &Kol & E5MA ol slol @] miEd Kille & BE A gE, g, dirg O*XﬂOLOE’H g 2185 &
Z31A Bl HEZIA Stk wiEe] A4 4ot 2E E52 U IE U3oke AOE B B pEd E, g
Pled EHREA WOZET B2 gus =o' gl sl & ZFE iridoid harpagoside, harpag]de procumbide®} Z&
Rg EoAM BEE & & USS Lokt iridoid glycosidesoll 61 AR HIRF = AR FEPCH”.

UEHOZL 35 ZEEL SES, guiA, g784, o] dFolME dSM, BE, Ae2S oA T ¢%
g 37t UTHL HRPRFY. S5 1E, 11Ez AME 30T HLY Eoll EtA] CkS(herbal bath)Z AlZR S wl &
8 E4E DL-tetrahydropalmatine (THP), D-cotydaline, FHolA 24re Bzhl FAlSl FlSt writhing reflexE EA45}
corydalis H, [, ], K, L} Z2 olg] £F9 GLUZol=alA HIE A AL B VIPAG, IPAG, PVN, CeA BEolA] €071
Ee AT MZIE T QL) o] YLTO|EES AE, SRAM, c-Fos-positive cell 29| £7}8 A sH= ZHE LIERSITE o]
51, gEE, SN, SaEe, FUTA GHE ViERdTt T 4BE o ago] Ad WEESE dsiE £ Urke Ae
Poapa wg JE, A%, £, gugd au I ATt HolF = Rolrt
. @i&‘ HEE REE2 AFolM X da fuE FAYO B2 FALZ KR writhing reflext W] AH 20]

S £718 dAlgitl stk 2l FollA] carrageeninod] = SIESOFE(non-steroidal anti-inflammatory drug, NSAID),
5 =4 E1, Helio] Qe cyclooxygenase-1(COX-1)AAM A Soll Slal

o5l FUE B F4 REE BANR
[}

oM FEEE Alghl TR0 s SUAE 6l Z45n, COX-1-deficient mouseoll X% ZrAEH AT B}
Fakel E5(cold pressor-induced pam)9— BASHA LTIt AUKACF“ COX-10] 2l THS{AE prostaglandins(PGs)e=
Wt 2ERICE B45E 0|2 HEo) i @5 oF FE RAIOZ Fahe writhing @&l &3 A Wl 7
o £E AEe A4 1&g 71d % ShEHL TR Utk B SCHY. Sa18E A= CZ Qs 58y (hind brain)o]
Ol 2 PAG A1Z A TollA SHEH 5 ZEAILRE 435} A| A cfos widio] SulElE Aol PGsE §E5HE COX-10] Zlo]
7171 HECR Bty M=ol ke A2 2 YK ATk, PAGE EEXY, EZ

Zr&(Atractylodis Rhizoma)2 HEXCZ BE EE5] ol A} & (antinociception), K}%éj@%@?}%(autonomie defense
Het AL BoA sl 2% A EFIL BEE ECiXle reaction), M2EF, W, 71d, SS4Z0tE0] gES A2
BE50% AlSd St ggsle Ao® wEA Ut sw PAG AlZHZE

WAL e SORECE Qg v15E XEshY, rostroventral medulla®} A2 %] o] Q) O, rostroventral medulla
Zo A3 AN Yog= 2/2 xgay P sl g9En ol YE B AFMELES spinal cord®] lamina I, IT, V 414
ELSolT FES At AUSE Wi, AEREAMAE “& =3 dxY g W Aok 749 HeY AFEA 250]
22 oty 20 AXRS 42 uFo] B &718 sk A = SE4] E2Y ol LAE Su|H FAIH FEkE vIPAG
A Sl P 1 sIYey B8 AEMEIE “RKOE Q18 Bkt 9] EX (activation)2 deep painoll Qs SUE BIST} RIS
EE RMS Kol @Eo] 4P Z2E AFI L 3 FARSH gEH0] JBla SeiEel Bis(ES, ARk, AUE, Al
Tl RET2 “B20] F€ IMIKTIL HVIE FEOMK], T4E w)g of 7]@1’/}3 ZARRQCY. 28, BE, WE 22 48 Z280
248 ZIEV I it APHOZ BE B 2EES A} BBt A1ZG 715PH VIPAGOIA] c-Fos-positive neurond] 7} &
oAl ol LAREE YO7Iv, JB1L olAY YE FEE 4l B %7}@1‘/}5”. ol UHHEZESY FHEHQ B (localization)
WA ol Ago] Q= ACE Uehdti®™®. J2)1 72%%% = vIPAGY} FEZAE Y BAEUrhE 71sHQ HolHEn ¢
EE&zxmy #HEY X2 aiEolgln i e, A5k Holth!. 1B EE vIPAGE HotE AR W& EZ
(Atractylodes)Th= SHE AHE0] Qe ALE EJI_E%D}M. A FE(inputs)S T84, & deep paindilA] EFHCE L}

H4(otule] wE, Harpag0phyt1 Radix)2 G&1 €54 ERE SR, 428 12Eg Sicls A8 239
WaEE x50l Aol o] AE9 AEsieE 241 B4 FARIE o golubs W& Ab=2 PVN B
(phytochemical) FHE*3 MEsd gHE""ol oire 9ol4] c-Fos proteind} c-fos mRNA M4 & [ESCIL B
B B7} k. RIS |l gk A2 UEAEH ok cfos WE Oxle BEUA-E EE9 WISH FAX}
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(marker)E AMZES] %D}SZ). morphine, tramadoli} 2+ K&
CEEEE vIPAG B9} AlYBHRolA cfost cFos WHE A
HBHL YEId Aom®, il 24k 2z FAlsle E7hE
c-Fos-positive cell£0] NSAID, mefezolacg £ & W) ZA4E

T Basa Yok

=
[=)

B AMA = Yot B HE olgg

I 8 s

b i N A .
SET Belsl EZ A9 B4H0 BE F SR Hojok 3
o E52 EZd Ui 2243 REH0 BAAE 94T TE6)
= o, B/ WEI8A ATES AELHE AF0] BT 4
BAZE @43 AT AE 2oiFdl?. dEY eae
Mot dEE &5 eSS AaAIXIen, old BlgEdE J1E
Al 4 & HAlof ¢

=
, F-&E(poststress analgesia), shockol
oSt E2taIT 22 REB0| YR, B Lozt A2l 917k 7]
54 x| g4 JF(functional neuroimaging studies)= &% A=
ol thst BT VISES BEAFACK.
ZAO] BZU FAE} CeAdAlE c-fos mRNAE o] R
3l ukH BLAOIAIE 79 RESIA Erhal e ek’ &4
52U FA0] g8 sekEe] WA /ol §EE CeAAIBMZE
4 5IA717] Y8l spino-(trigemino)-parabrachio-amygdaloid
pathwayl} nucleus of the solitary tract-amygdaloid pathway&
E2 H0% A7EL Ay
Wk CIoFSt @ Q. AF=2 CeAoflA] c-fos geneo|L} 2 71
A wEl g SRR BRI, 0]A2 CeA UFAME
2457} Ho w8l Jlddinie AE BoFE Zoli)
HEol s S8 £Y Aot 5, CeA AR

= =
T LU wl g
1AES Aul(forebrain)@} X 7Hbrainstem)d] 12 7AE
i

2d

Kct 12l HACE R419 54 FAE {2 vIPAG,
IPAG, PYN, CeAoIAQ] c-Fos-positive cellE7} ot ZAAl 2
o, ol AME O E AFoA MPUWMEESY A449 2FE FA
437 (negative emotional components)g Z+A17] Aot 71&
ZAEs AEsadeE 1.0 g/L HAC 2S04 LIERGTE

ol ik HACT} &30 285 BA18 si7)7] I8

OIAE =T ot HHE
B8 g dusks §d &olA o] 22 g AFEH
HEE S5E 4 AT BENAMEMY diekrEstd XEYY
ol 7hsd e HAFUTkE FollAl grizt Al AlEEr

4 &

2 432 #5(Corydalis Tuber) =

&
Rhizoma), H=Z(Harpagophyti Radix)& 5RO % E§er 4=

MHACQ)E o] E¢t 2kS(herbal bath)2] LEFTHE ZEAFSH AO|
ot HAC o829 ZEGHE  writhing  test®t 3FY
ventrolateral periaqueductal gray (vIPAG), lateral periaqueductal
gray (IPAG), central nuclei of amygdala (CeA), paraventricular
nucleus of the hypothalamus (PVN) Flol4] B x &) 5l8HH
2 A3t cFos 282 Bol RABIION, 1 ZIH= TIeD 2k
HAC 52 419 524Ul FAlo] dd) =2bE writhing
reflex® RIS Z4AIZICM, 1.0 g/L HAC &FEgtolla] 1
FI7L 7HE S5 UERITE HAC 9F2& £419] 82U F
Aloll 915 Sk ventrolateral periaqueductal gray (vIPAG)Oll
419] c-Fos-positive cell 4= £712 A51999H, 1.0 g/L HAC
otg Rl 1 ol B3 7he SOSHA LAk HAC ok
2 241 273U FAl Aol 32k lateral periaqueductal
gray (IPAG)ollA19] c-Fos-positive cell & £718 AHBIH o,
1.0 g/L HAC &&7oA] 1 AR S0} 718 9o Liekt
Ch HAC oi&2 =4 32U Fall o fad
paraventricular nucleus of the hypothalamus (PVN)oll4{9]
c-Fos-positive cell 4= E71g AAEIH 2H, 1.0 g/L HAC ok
wollAl L A a3t 7HE FelsA Vel HAC oFs2 &
Aol 22Ul FAte] Qldl U central amygdaloid nucleus
(CeA)ol 418l c-Fos-positive cell 4= 715 AJAIBIHCH, 1.0
g/L HAC &t&FollA 1 A g7t 71a |elsiA vshdrt
old 23 HACY} 853 REA Mg gski7)7] f1g
T3 E22 AEE YSAIEE £ ke AE HoFE Aolch
FEFE tiet Friwd vas 118 e
= S HojjA] o] L2 oFEEHE X &

o pEg FEG 4 Y BAWANEA BIFEEE X 2
B JH5HE BARUTHE Hold 9ul7t A0kl AEEL
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