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Effect of Hyeongbangdojeok-san on Acute Cocaine-induced Behavioral Effect
and Immediate Early Gene Expression in Rats.

Ji-Yong Seo, Ae-Ryun Choi, Deok-Mo Koo
Dept. of Sasang Constitutional Medicine, college of Oriental Medicine, Deagu Haany Univ.

1. Objectives
The present study was designed to investigate the effect of Soyangin Hyeongbangdojeok-san(HBD]JS) on acute
cocaine-induced behavior effect and gene expression in the rat brain.

2. Methods

Experimental animals were composed of saline(SAL), cocaine(COC), HBDJS + COC, HBDJS + SAL group. Rats
received HBDJS(100, 200 mg/kg, p.o.) 1 h prior to cocaine hydrochloride(20 mg/kg, i.p.) treatment respectively.
After cocaine injection, locomotor activity and rearing were measured in a rectangular container equipped with a
video camera above the center of the floor for 60 min. In addiction, c-Fos expression in the rat brain was detected
using immunohistochemistry 2 h after cocaine injection. And the effect of HBDJS on acute cocaine-induced pERK,
pElk, pCREB upstream of c-Fos expression was detected using western blotting and immunohistochemistry 15 min
after cocaine challenge.

3. Results

The present results show that HBDJS at dose of 200 mg/kg attenuated cocaine-induced both locomotor activity
and rearing. Also HBDJS at dose of 200 mg/kg significantly decreased c-Fos expression in the rat brain(nucleus
accumebns and striatum). However HBDJS at dose of 200 mg/kg have no effect on cocaine-induced pERK, pCREB,
pEIK-1 expression. HBD]JS is c-Fos expression through ERK-independent pathway.

4. Conclusions,
These results suggest that HBDJS may be effective in suppressing the reinforcing effects of cocaine.
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1. M=

1) S8

AFTES REAGAIAEZRE % 34
Sprague-Dawley Al $1%1(260-300g) S AHE-8H% 2,
7Y F 7} caged 2nH]H Hof, 7Y B AEA
(L5 21+2 T, FI: 55-65%, light-dark cycle:
2h)ell H-3AATE A4S 717 59t B3 AEE A
2o] 47 J=F d9oH, 43 Al A Ay
SRt 2EHAE FHAste] 914 3% 1t han-
dling3}53

N
—

stobrlol m=

TS AN Fht o, A
W TR ILRIT, OB A R o 71
2l #Bﬁgfﬂﬁ(i & 1500m{, 100CellA 2217 &
oF 29l F o338l 74 5Z71(EYELA Co., Japan)Z
=23 3 2AA%7) EYELA Co. Japan) 2 BT A%
SFTE xsto] A G SR 8.7396 g= 23
tHTable 1).

3) Al
280 B 23 cocaine hydrochloride= FRRF-SAFY]
X FstRon, W23 9, western blot-
tingoll 2~o]= paraformaldehyde(PFA), bovine serum al-
bumin(BSA), 3,3’-Diaminobenziding(DAB), 30% Hydrogen
peroxide, Sodium azide, Sucroses= sigmaAl Al &S AR
319121, Permount(Toluene solution, Fisher scientific),
PBS(GIBCO, pH7.2)& GFJEto| = AfoldAE Fal
YFsAtt. K3 anti-rabbit 19G conjugated hourse-radish
peroxidase, c-Fos, antibody= Santa cruzAb Al F-S ¢
&to] A3tk B3, phospho-ERK, phospho-EIK-1,
phospho-CREB antibody<= Cell signalingAF Al &2 7+
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Table 1. Composition of Hyeongbangdojeok-san(HBDJS)
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Composition of Hyeongbangdojeok-san (HBDJS)

Herbal Name Scientific Name Amount(g)
R A SH A ) Rehmmannia  glutinosa(GAERTNER)LIBOSCHTZ 12
EE () Strophularia. buergeriana 8
A Platycodon granflorum(JACQ)A.DC. 6
FERARTE) Anthriscus sylvestris Hoffm. 6
A S (RiTHA) Angelica koreana L. 4
() Avralia contientalis 4
=S (HiE) Schizonepeta. tenuifolia var.  japonica 4
AT Sapushnikovia divaricata. Schiskin: 4
e (Ol Ledebouriella  seseloides (HOFFM.) WOLFF 4
Total 52

*‘%;&91 Had et FEd sl ti
o 3584 Wsle] S videotracking S ©]-8-31
Ethovision program(Noldus Information Technology BV,
Wageningen, Netherlands) &2 £413}1t) 852
712, A2, =07} 47} 40 x40 x45 cm=Z TS0l A
A2 ofad gz} Qhol] ¥ AFFES] 2
S AR} 910 AAH digital cameraS AH&-31od video-
trackmg upH o 7 =Rkt AFAA = AdEE
o] #FAE 5788 7 6719] &5 793R AN
Ao g Yol 147} OH x&/\] F% % o,
1/\]7FEJ %% 1 gAe] BEFS S8k
= A4 BDJS(lOO 200 mgrkg)2 2mllkg
I%ﬂi 7§%T°4 &, ofzo] Ze] & QA
FFEES 1AL 5 E AT R LA
IR0 mohg)E: 7Y 74 2 T, 1410 5t 0
A G5 rearingS St A AT
HBDJS7} e} B12] 1417} Foll 3791 87} FAkh
AL TR 4 Fof A AEFE2] handiinge] F=

o}A]7] WZeltk

14

O

c-Fos HEHE B 94311 A AP FEANA A F
o 1A17F A A2 44 2 HBDIS(200 mglkg)S 242t

AFEe] 3 F 77191 20 mgkgS B FAVE
1417+ 3ol sodium pentobarbital(80 mg/kg, i.p.) 22 v}
Z A)7) %, phosphate buffer(0.1 M PBS)Z Z=H|3}+ 4%
paraformaldehyde(PFA) &9 500méS A74He] 44S
Soll aota® AF3IATE 2ol B FE HE AU
o] A<l 4% PFAE 10% sucroseS THEo] 2417)
Sot ZIAN I T, 20% sucrose”} -3 phosphate
buffered saline(PBS)oll 2 o] 4°CellA] overnight Al 2 th.
2~34 B3 5 HE F§4 YT 3 T, cryotome(Leica,
Biosystems, Nussloch, Germany) ©.2 - 25C “Jelj ol A
30 ume] =712 coronal sectiond}ed 1X PBSe130% eth-
ylene glycol, 20% glycerol 37}k cryoprotectant solution
gol - 20Col| BAsldeh I & A X3 Al 3%
PBSE 104 Al ¥ wHgsted 4137, 1% Triton X-10001]
108 &9 Mxzee] AFE A L AR F
THA] PBSE 1094 Al ¥ wkEste] AATh 3%
BSA/PBS-£-<4 © & blocking 3+ %, c-Fos expressionS 1.
7] $15}k] 0.1% BSA/PBSO 13} rabbit anti-Fos anti-
body(1:1000; Santa Cruz Biotechnology, Santa Cruz, CA,
USA)E 1:20000.2 3]Aslo] 4TCollA] 20A17F HES-A]
71 %, 11 tgd PBSE 1084 39 uwkE AT
Endogenous peroxidaseE 271 913l 0.1% H202solution
of] 587} & F PBSE A0 H, T F AollA] 2A17F
&< biotinylated secondary antibody(1:1000 polycolonal
goat anti-rabbit 1gG; Santa Cruz) ol W3- A1% 21 PBS
2 1084 3H AjF 5 A2ox] 1A)7F =< Vextastain
Elite ABC Kit(Vector)oll B WH--A1Zth PBSE A%

_\“J



68 AMMIIZOISISIX| 2010;22(4):65-76  FBEERE0| =

& wbAiA| ) DAB(Diaminobenziding) 2 24 A1 0
=]

ko] ik 2222 gelatin coated slidedl] Slojx] A2
ol  AZAIZI &, 50, 70, 90 100% ol gkl =
dehydrateA] Zi T}, 18] 32 WA xyleneoll o] £ 3HA]

71 o permonut® E-A8lom, digital cam-
era(iCAM3000)7F -21¥l LABOMED light micro-
scopes(LABO America Inc., Fremont, CA, USA) &m| 73S
o]-&3}od c-Fos protein expressions 231tk

Z18] 3L c-Fos ZF1 TS A AGA Al S et
7] $15ked HBDJS 200 mglkgE A58l 1 A7
5 7RIS 57 FAL §F 5 15%0] He Al 5=
< w33l ERK, EIK-1, CREBQIAHSE wH-g-ofl ojgh
FHE B 93] perfusiondh T Phospho-ERK1/2
(Cell signaling 1:500 dilution), phospho-EIk-1(Cell signal-
ing, 1:2000 dilution), phospho-CREB(Cell singling, 1:250
dilution) ol gk &L c-Fos e A3} FUgh
WO R ARkt

3) Western blotting

HBDJS 200 mg/kg=2] c-Fos 49 AT A AIS
ot 7] fl5te] 2711 Fof 15A17F 5 sodium pento-
barbital(80 mg/kg, i.p)= v A7l 5 wE A7 oﬂ
=5 % &3} isopentane(- 40°C, Junsei)oll BH =

WEAIZl & Tafolofol i 9] o] Lol A 1mm-r
A2 #et AZA striatum) S E2)s) Wleh 28]
W 222 50 mM Tris(oH 7.5), 150mM NaCl, 1% Triton
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0% FeF AARE & 3 ATAE Atk 1
Bradford assay'™] &= T 2-S et & 10% SDS-pol-
yacrylamide gel electrophorysis(10% acrylamide/0.3%
N,N’-methylenebisacryalamideresolvinggel) ol ERK, phos-
pho-ERK & #719% Azl ¥ PVDF mem-
brane(Millipore Crop., Bedford, MA, USA) 2.2 65Vl A
1 h &<t transfer A1Z] % 5% skim milk /TBSTel[A] 1
hs<t  blockingalSith.  Blocking$-  primary — anti-
body(1:1000 ERK, Santa cruz; 1:1000 phospho-ERK,
Santa cruz; 1:1000, GAPDH, Santa cruz) & 4 TollA] 24
h WA o, 11 $ TBSTZ 1084 3 A3 &
secondary antibody(1:1000 antirabbit-HRP, Santa cruz)E
FollAl 1 h 59 §HEAIZ] § TBSTE 10min) 31
A2 3 ECL(enhanced chemiluminesence, Amersham
Biosciences, UK)Z &-<13lsich
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Figure. 1. Locomotor activity and rearing responses in Sparague-Dawley rats treated injection of saline(SAL) or
cocaine(COC). Results are shown as mean £ S.E.M of the travelled distance (locomotor activity) and

frequency(rearing).

SAL treatment group, n=4; COC treatment group, n=8.
##p<0.01 SAL treatment group vs. COC treatment group.
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2. #E HIZO| et HBDJSS &1}
w4 Z7RRI &8 ek 5ol thek HBDIS
o] ZIHE YotEr] fste] AE AT e
HBDJS(100, 200 mglkg) Z4-T+-5A3ta, & A17+ 5 A
G =TI 20 mgkgE 7 A 5 o
Al gk AIZE 51 s S4BT 1 A B
2 BEake] Aaks AAFLSAL)LS 893.694420.34cm,
) Z4COC)S 17063.81+3555.89cm, HBDJS 100
mg/kg Fol-S 15593.54+2136.22cm, HBDJS 200
mg/kg TS 6499.16+1536.38cm 2H %L
HBDJS 200 mglkg Folwoll Al freldo 2 HaAd &
T AU & & AN, 608 Fte] 22
Azt 7k A7 HE gz

AEE 108 9= g1l g
o ¥]3] 7HAhEE & 4 U (Figure. 2-A, B). 12
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Figure. 2. Effect of HBDJS on locomotor activity and rearing response in Sparague-Dawley rats treated a single saline or cocaine
injection.(A, C) Total travelled distance and rearing.(B, D) Time interval in each 10 min. Results are shown as
meanS.E.M of the travelled distance (locomotor activity) and frequency(rearing).

SAL treatment group, n=4; COC treatment group, n=8; HBDJS 100 mg/kg treatment group, n=4; HBDJS 200 mg/kg

treatment group, n=6.

##p<0.01 SAL treatment group vs. COC treatment group.
*p<0.05 COC treatment group vs. HBDJS 200 mg/kg treatment group.
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Figure. 3. Effect of HBDJS on locomotor activity and rearing responses in Sparague-Dawley rats treated injection of saline.
Results are shown as mean + S.E.M of the travelled distance(locomotor activity) and frequency(rearing).
SAL treatment group, n=4; HBDJS 200 mg/kg alone treatment group, n=3
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H
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HAS AR 1 A 53433} H2A B
A 71 o]t ¢-Fos B0l A5 S7FSH A S
ol5k3 2.1, HBDJS 200 mglkg FoiAl F71elo] 2]
=71 c-Fosalo] 743 AL & & AT
(Figure. 4).

ZH0 M2

:(l)l'_',
IN

5. ERK, Elk—1, CREB 2l4ts} Cf §F HBDJSS|

h=an)

c-Fos &S v ahs A9 AeAY HARIAK]
ERK, Elk-1, CREB 9] <143}l HBDIS®] o & ¥
= PA=AE gR1817] 918k western blotting <} #
AxZ sty S o st At 1 A 54
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Figure. 4. Effect of HBDJS on acute cocaine-induced c-Fos expression in the nucleus accumbens shell and striatum.
Photomicrographs(left:4X, right:10X) of c-Fos immunoreactive nuclei in coronal sections of nucleus accumbens 1.6 mm
anterior to bregma after cocaine treatment(20 mg/kg, i.p.)(n=3) or HBDJS (200 mg/kg, p.o.) plus cocaine treatment(n=3).

Nucleus accumbens Striatum
Cocaine HBDJS 200 mgikg Cocaine HBDJS 200 mg/kg

o - . .

- . . .
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PERKI12 PERK1/2 | —— == = =140
Total ERK1/2 | e T —
Total ERK1/2

Figure. 5. Effect of HBDJS on acute cocaine induced pERK1/2, pCREB, pElk-1 responses in the nucleus accumbens and striatum.
Photomicrographs(10X) of pERK1/2, pCREB, pElk-1 immunoreactive nuclei in coronal sections of nucleus accumbens 1.6
~1.2 mm anterior to bregma after cocaine treatment (20 mg/kg,, i.p.)(n=3) or HBDJS (200 mg/kg, p.o.) plus cocaine

treatment (n=3).
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