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Abstract

Objectives

This Study was performed to assess the antioxidant and neuroprotective effect of
Chunghyul-dan( Qingxuedan) in PC12 cells and primary rat mesencephalic dopaminergic
neurons.

Methods :

The anioxidant effect was investigated using the DPPH radical and ABTS cation scavenging
assays and total polyphenol amout of Chunghyul-dan(Qingxuedan). The neuroprotective effect
of Chunghyul-dan(Qingxuedan) in PCl12 cells was evaluated using MTT assay. The
scavenging activity of Chunghyul-dan(Qingxuedan) on ROS production induced by
6-OHDA(6-hydroxydopamine) in PCI12 cells was evaluated, as well as the attenuating effect
on GSH reduction. Finally, we examined the neuroprotective effect of
Chunghyul-dan( Qingxuedan) against 6-OHDA-induced toxicity in the primary culture of rat
mesencephalic doperminergic neurons.
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Results :

neurons from 6-OHDA at 1 pg/mL.
Conclusions :

neuroprotective effect against 6-OHDA
production and increasing GSH reduction.

Key Words :

Chunghyul-dan( Qingxuedan) showed concentration-dependent scavenging activities in DPPH
radical and ABTS cation scavenging assays and it was not cytotoxic to PC12 cells. In post—
and co-treatment, Chunghyul-dan(Qingxuedan) protected PC12 cells from the 6-OHDA
induced toxicity at 50 and 100 pg/ml significantly. And Chunghyul-dan( Qingxuedan)
decreased the 6-OHDA induced ROS production at a dose dependent manner, while increaing
the 6-OHDA induced GSH reduction at 50 and 100 pg/mlL significantly. Finally,
Chunghyul-dan( Qingxuedan) showed signicant protection of rat mescencephalic dopaminergic

These results demonstrate that Chunghyul-dan(Qingxuedan) has the antioxidant and
induced cytotoxicity through decreasing ROS

Chunghyul-dan( Qingxuedan), Antioxidant, Neuroprotective, DPPH radical, ABTS cation, ROS.
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Table |. The Contents of
Chunghyul-dan(Qingxuedan)

Herb Pharmaceutical Scientific Name
Name

Coptis japonica
MAKINO from Japan
Phellodendron amurense
RUPPECHT from China

Scutellaria baicalensis
GEORGI from Young—am,
Korea

EiE Coptis Rhizoma

&M Phellodendri Cortex

& Scutellariae Radix

Gardenia jasminoides
ELLIS from Young—am,
Korea

Rheum palmatum
LINNE from China

®F  Gardeniae Fructus

RE Rhei Rhizoma

2) @A}

Alan)ke] Qg Roswell Park Memorial
Institute medium (RPMI),
(FBS), serum,  penicillin-streptomycin->
GibcorHAuckland, NZ)ollX F-dste] AR8-8FAT

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra
zolium bromide(MIT), 6-hydroxydopamine(
6-OHDA), 1.1-diphenyl-2-picryl hydrazyl( DPPH),
(3-ethyl-benzothiazoline-6-sulfonic
acid( ABIS ), potassium persulfate, dimethyl
sulfoxide ~ (DMSO), para-formaldehyde (PFA),
griess reagent, 2,7- dichlorodihydrofluorescein

fetal bovine serum

horse

2,2 -azinobis-

e S4of ot MEMERESEY -

diacetate(H, DCF-DA ), hydroxychloride(HCL)<
SigmarK(St.Louis, USA)elM T-913ke] A1
. Total quantification kit
Dojindo molecular tech.(Tokyo, Japan)ellA]
dste] ARSIl Rabbit
hydroxylase(TH) affinity purified polyclonal
antibody+ USA),
biotinylated anti-Rb antibody ¢} ABC standard
kit Vector(Burlingame, USA)ol|A -3t
ARSIl o, Aol AHE EE Aok B4
€ 57 oo E ARgsiaith

glutathione

anti-tyrosine

Chemicon  (Temecula,

U

2. &g

l]9_'

1) WwiSre ditksks =4

AN

(1) DPPH radical &4 2§ 3

DPPH radicalell o3t £AEA-LS Blois9
Yo 2 =439tk 02 mM, DPPH 100 1
Lol #1i3S 21000 pg/mLe] HE=W= 100
uLy 7hsted & ESE F, 37°ColAM 5% 1H4
©2 30% 7}A] Spectrophotometer(Versamax,
Molecular Devices, USA)Z 517 nmol| 49| &
BEE S8t AFsih

DPPH radical inhibition activity(%)=(control
O.D.-(sample O.D.-blank O.D.)) /control O.D.
x 100

(2) ABTS cation &~A 2+ &3
ABTS radicalS o] &3 33l =
ABTS cation decolourization assay®l| <]3s}
AYEtget. 7 mM  ABTS®} 245 mM
potassium persulfates HE FEZ T§sto
A2 ShaolA 24X3F FF WA|EH
ABTS+S 44170 & 732 nmollA F3%= 3t
°] 0.70+0.02¢] =Al &} phosphate buffer
saline(PBS pH7.4)Z 3|43}t 3]4® &

o
£ rlo
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950 uLell 2-1000ug/mLe] &%) ﬁ
uL ¥ 7hste) Q88| 52 B¢t l
spectrophotometer= 732 nmoj| 4] %ﬂ
gtk

ABTS cation inhibition activity(%)=(control
O.D.-sample O.D.)/control O.D. x 100

m{m F%‘E mlo
e Hot &

@) T Y= FqEF 53

% Z29%E 322 Folin-Denis"S &
ste] FAstAed, F EEldse o] =
oW ikssge]l svhe As gtk i
M)hs S7TE ol&al 343t 2N folin

200 uL9t NaxCO; 2 mLE H7}sle] 220 A
1 Az B3 WA & spectrophotometer &
&3t 725 nmellX FREE SHSAh
W F ZEj9s S9E2S tannic acidE ©|
sto] 233t BT JACERE IS

S,

o

o o

OFO

-IP

2) ii51fiSTe] PCI2 celloll thgh gk

1) A En)oF
2 AFd

—~
~

AHEE AxEFeE A
Sprague-DawleyA|l rat®] pheochromocytoma
Ql PC12 AM2°]™, American Type Culture
Collection (Rockville, USA)ollA] #FRbo} A}
83tk 5% (v/v) FBS, 10% horse serum,
1% penicillin/streptomycing Z 3= RPMI
WA S ARSI o™ 37°C, 5% CO, , 9% air
ZZ00 4w Fst AT

(2) MIT assayE ©]-&3%F Cell viability 7

9 well plateol] 2.5X10* /well & PC12 A3
S Bkl 48 AIRE ¥, Sl 1, 5, 10, 50,
100, 200 pg/mL FE=HEZ 2447 5+ A3}
Aot MITE Agste] 342 wjF §, DMSO

=

& ©]83ll decrystalizeA]# spectrophotometer
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(3) 6-OHDAO tigt NX B3 a7 54
well plateol] 2.5X10* /well ¢] PCI12 Al
kol 48413t vtk olF il
1, 5, 10, 50, 100, 200 pg/mLe] FTEZ
21A12F Askar it AAS 6-OHDA(300
M)E 3A13F A 2létAY, 6-OHDA((250 ©M) 3
A AR F AAG o w1, 5 10,
50, 100, 200 pg/mLe] FE=E 21 A7+ A
stk &b S-S 1, 5, 10, 50, 100, 200
pg/mLe FEZ 3AZF M2 & o|F A|AF}
A a1, 250 uyMe] 6-OHDAS 21417+ ¢
SAAL WS FE F MITE A3k
spectrophotometer2 570 nmol|X &F =&
Atk Ax AEES dETdd tgk ¥
2 FAISA

o M K

Z M

oy

(4) 6-OHDASI &% ROS =4

ROS 42 2,7-dichlorodihydro-fluorescein
diacetate(H, DCF-DA)E AF&-3ll fluorescence
SA3h= WHE o] &3tATE 96 well plate
o] 25X10%/well ¢ PC12 XS EF3} 48
AlZE £ 1, 5,10, 50, 100, 200 pg/mLe] F%
HE it 341 A3 § 6-OHDAE
2177 AgskAitk 20 uM H, DCF-DAS %
= % 30 &3 Wil PRS2 AlH ¥,
fluorescence excitation 495 nm, emission 530
nm= =743}k

it

(5) 6-OHDA®l| 2]gt glutathione(GSH) 57
finrte] 3417 A7) 8 6-OHDA 214]3t
8] & cell collection H}AHES ARl & A=
S AASL 10 mmol/Le HCS ¥ JF
(freezing) ¥ 3l-5(thawing)< 2¥ HHE-313] T}
1 & 5% SSA(sulfosalicylic acid)E %3 800
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sttt 96 well
working

g 4TolA 1023 AAE
platecl A wellol]
solution?} buffer solution, enzyme working
37ColA 5E3F vt
GSH standard solution®} sample solution<
Y31 37Co)A 10827F vjeFstth. Substrate
A2 103 il
% spectrophotometer 405 nmolA] &%

kAt

Zay co-enzyme

3 <
a7 -

solution® Y1l

working solution= g1l

o3}

T
A

Ly
a

3) Primary cultureol| A /o] 6-OHDA®
3 HAME Heay =4

1) Biota wiF 2 =AY

Sprague-Dawley 14 Ejo}e] F¥ XZS
Htejete], FAS o] gt FAH R Ees)
Atk 2Fd| wrypsing AHglate] AE =AE
Alal PLL(poly-L-lysine) 2 w8 =¥
coverslip®ll seeding ¥ ¥ 37C wj7]ellA
10% FBSE X &sle= wjddo=z 59 <t %—
A7 FBS7F fl= iAol fEiiShE 0
ng/mLe] s=2 At 643k F 10 UME]
6-OHDAE A e]et3lth. 18 A1ZF - 4% PFA

Z 1A3}a PBSE Al H3styth

™ o =z &) p;]_é’]—l‘ﬂjl

CREESEE
PBSZ A& %, 1% bovine serum albumin
# 01% Triton X-100& X33l= PBSZE
primary antibody(1:2000 rabbit anti rat TH)
g Aste] Ag2olA s RESAIZ . PBS
2 A4 3 %
blotlnylated anti rabbit IgG(H+L)<
F$-A1ZTh ABC solution®l] 9043t
DAB(diaminobenzidine) 2
Gelatin®] FHH®HH &Ffol=o  coverslipS
mounting 3T V|7 (Zeiss  Axioskop,
Germany)s ARt jmiMS1e] HAZel o

secondary antibody =
stof

°|-&

ko3
T

(=]
T

el S Mo ofst MAMEESE I -
3k 93-S AEAstATH
3. EAXzE

BEE S Hapd 2TA=E FASH
Aot 2t AT SASA 42 SPSS 12.0
K for windows Oﬂ A one-way ANOVA "+

[e]

T =

AHE-SEA T
DifferenceE AA|3} o™ Hitzke]
5% w|Tte] AR ZA}SHA T

A2 Least Significant
ol

m 2 3

1. DPPH radical &+ Z+g

HIE E(Vit E), HIEFR C(Vit O), #4(HG)
2 i HCHD)S] H%%¥ DPPH radical 427
A8 279 A%, v=9 F7il wel DPPH
radicald] 47 FE= F71EE Aoz U
ok iSRS 21000 pg/mLe]  sEolA
9.63-9027% 4AA B4S Jehldo™, 50%
A A 2% i)t =< 8835 1
g/mLE H®tt. 9, DPPH radicalS 50%
27 Ao Fo% Hewl B} 74
wokom(7.95 ug/ml), HIEMD C(23.13 n
g/mL), #*(33.89 upg/mL) 1|3l i)}
(88.35 ng/mL) A 50% 27sh=d Fe
& FE7F EobA= A¥Fe] dEhsthFig. 1,
2).

T
FET
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125+

1004 &2 il
}/}—{/‘—’_'*’ -+ 10 gl

754 =50 gl

50 /// =100 pafmL
/’__,_4—-"" —+ 1000 ugfmL

=
i

DPPH radical scavenging activity (%)

0 5 10 15 20 2 30

Time (min)

Fig. 1. Scavenging effect of
Chunghyul-dan(Qingxuedan) on DPPH radical
according to concentration,

100+
-2 \itE
e i C
75 G
== CHD

on
=
M

D
on
A

(=)

DPPH radical scavenging activity(%)

(o)

10 50 100 1000
Concentrations (pgimL)

Fig. 2. Comparison of scavenging effect
among Vit E, Vit C, HG and CHD on DPPH
radical.

Vit E: Vitamine E, Vit C: Vitamine C, HG: Hwangguem, CHD
. Chunghyul—dan(Qingxuedan)

=
o
H ABTS cation &A 2§ 49 23, &
o] Z7}o]| we} ABTS cation®] &7 ZH&
S7HE = Aoz Yestth i 2-1000
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g/mL 9] FZoA 531-9280% AAH TS
Yehlon, 50% A7 Ao a3k jEiMm
1o FEe 576%(th ¥, ABTS cations
50% A Ao HQ3k Fx=+= HElY EZ}
7Hg 9o (0.03 pg/mL), HIEF C(1.26 1
g/mL), IS H5.76 ng/mL) 18]3L #*(13.71
pg/mL) =412 ABTS cation 50%S 4A &
dell a3t TE7F HoA= AEFo] UEs

HFig. 3).

100+
-a-vitE
=it C
T -+ HG
—CHD

on
(=1
A

D
on
A

=
M

ABTS cataion scavenging activity(%)

2 10 50 100 1000
Concentrations (jugimL)

Fig. 3. Comparison of scavenging effect of Vit
E, Vit C, HG and CHD on ABTS cation.

Vit E: Vitamine E, Vit C: Vitamine C, HG: Hwangguem,
CHD: Chunghyul—dan(Qingxuedan)

3. & EolH= &t

Hinstel =l de F Eeds 39
EL tannic acidE ©]&3t A qF I
Ao RE FFS FoTh oW o]&H F
2 o 2

y = 0.009x + 0.0734, R*=0.9525
o] TS o] &3 A, Wit 10 mgol 3
FEol e F EYds sFEY de

157.20 = 3.26 ug °]3Uch
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4. PC12 cell viabilityoll o|x|&= &t
PCI12 celld] #FIf1S T & Az A

28 2RO, HiHTE G5 T3
S W Az B4AEo] gE o e

$om™, 100 pg/mL, 200 pg/mL FEANA=
formazan crystal2 W&Eo] A Zo] HHE=
MTTS] o] F718t cell viabilitys =3t
(Fig. 4).

140.00

120.00

100.00 - == T

80.00 -

60.00 -

40.00 -

Cell viability(% of control)

20.00 -

0.00 -
control 1 5 10 50 100 200

Concentration of CHD (Ug/mL)

Fig. 4. The effect of CHD on the cell viability.

*x1 p<0.01 , »»x: p<0.001 compared to the control group
CHD: Chunghyul—dan(Qingxuedan)

5. 6-OHDAOI th3t PC12 cell 25 &3}

1) Wit AAeje] MERS a3

IS 1, 5,10, 50, 100, 200 pg/mLe] &
T2 21 ARE A v olE AAT F
6-OHDAE 3717+ et 4$, 550 pg/mLo)
TEAME HIEAE T oA o2 UEh
Aoy FAHCE fFosAle eSkthFig. 5).

i
I
0x
o
n
o
>
oY,
=
Hel
H
ok
ol
A=}
I

120.00

100.00 |
3
S 8000
8 it
9 ok
X 6000 -
z .
S 2000 -
2
T
© 2000 -
0.00 -
contol 0 1 5 10 50 100 200
CHD(Hg/mL) - - + + + + + +
6-OHDA (300ug/ml) -  + + + + + o+ o«

Fig. 5. The effect of pre-treatment of CHD on
6—OHDA induced cell death.
###: p<0.001 compared to the control group

*x*x2 n<0.001 compared to the 6—OHDA only treated group
CHD: Chunghyul-dan(Qingxuedan)

2) WIS Ao AXRS a3

6-OHDAE %A 3 AIF A3 g o5
AA F HESS FEEE 21 A TIPS
o, #Fimre] = wet BRI avst 715
E Aol e, 50, 100, 200 ug/mLe]
it FEdAe froet MERS a3E
AL 4 9ATHFig. 6).

.

120.00

100.00 -
s
= 80.00 -
38
]
x 60.00 -
z
2
g 40.00
3
20.00 -
0.00 -~
control 0O 1 5 10 50 100 200
CHD(ug/mL) - - + + + + + +
6-OHDA (250 pg/mL) - + + + + + + +

Fig. 6. The effect of post-treatment of CHD on
6-OHDA induced cell death.

###: p<0.001 compared to the control group
*xx. p<0.001 compared to the 6—0OHDA only treated group
CHD: Chunghyul-dan(Qingxuedan)
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3) Wit FAIA S MEIRS F3}

HiSHS FEEE 3 A0 A & ools
AASHA gL 7)o FAlo| 6-OHDAE A
39S W, 1-100 pg/mL FENAHE T
2 AEZRTEIHNE Yo, 50, 100, 200
g/mLe] S} FEANNE FY3 AEZERS
BNE 4S & AAHFig. 7).

120.00

100.00 -
:O‘ * k¥
X3
2 8000 - o ;
[ =
3
S 6000 |
§
2
S 4000 -
=
=
©
© 2000 -
0.00 -
control 0 1 5 10 50 100 200
CHD(Mg/mL) - - + + + + + +
6-OHDA (250 Ug/mL) -  + + + + + + +

Fig. 7. The effect of co-treatment of CHD on
6-OHDA induced cell death.
###: p<0.001 compared to the control group

*1 p<0.05, **: p<0.01, ***: p<0.001 compared to the
6—0HDA only treated group
CHD: Chunghyul—dan(Qingxuedan)

6. 6-OHDAOI| 2|8t ROS MM x|

WIS FEEE 3 AlZF WA PCI12 celll
223k ¥, 6-OHDAE itz 7 21 AIZH
¢ At wWe] ROS A Fs Adh
Aoz ZA3% A, FEEXHOZ 100, 200
ng/mL =9 ST AolA 6-OHDAC]
o]k ROSY Aol FostAl FaHE RS
2 ehstthFig. 8).
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140.00

it

120.00

100.00 -

80.00 -

60.00 -

40.00 -

DCF fluorescence intensity(% of control)

20.00

0.00 -~

control 0 1 5 10 50 100 200
CHD(ug/mL) S s s
6-OHDA (250 ug/mL) -  + + + + + + ¥

Fig. 8. The effect of CHD on 6-OHDA induced
ROS production.
###: p<0.001 compared to the control group

*. p<0.05, **: p<0.01 compared to the 6—OHDA only
treated group
CHD: Chunghyul—dan(Qingxuedan)

7. 6-OHDAOY| 2[&t Glutathione(GSH) 2~ |
=Y HimST 2 6-OHDAE PC12 cellol]l A
23l & Glutathione?] %2 =43+ A3, 50 n
g/mL, 100 pg/mL F=& HififF AglollA
6-OHDAC! 9J3] 7FA % Glutathione®] ko]
oMl F7tE= ASE e THFg. 9).

250.00

"
20000 | "
=
=}
o
£ 15000
5’ HitH
2 10000 -
g 1
50.00 -
000 - :
control 0 50 100
CHD(ug/ml) - ; ' .
6-OHDA (250 pg/ml) - + * +

Fig. 9. The effect of CHD on 6-OHDA induced
GSH reduction.
###: p<0.001 compared to the control group

*x: p<0.01 compared to the 6-OHDA only treated group
CHD: Chunghyul-dan(Qingxuedan)
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ZH A A F 1
£ A3 29, 51.75% = z;iL Tl A g
o} THAE7} lug/mL FE {FHifftol <)
88.64% 74 S7FEATE 5, 1 ug/mL %9
EiSte] 6-OHDAZ Q13F Aol £4S &
JstA AAlstE Ao®E e TtHFig. 10).

)
a

N b s

6-OHDA(10 uM)

34
CHD(0.1 pg/mL) +6-OHDA(IO0 pM) CHD(L pg/mL) +6-OHDA(LO M)

(B)

120.00

100.00 -

80.00

60.00 | L

40.00 -

TH positive cell(% of control)

20.00

0.00 -

CHD(Wg/mL) - - + +
6-OHDA (250 pg/mL) - + + +

Fig. 10. The effect of CHD on primary culture
of dopaminergic cells.
###: p<0.001 compared to the control group

*+xx p<0.001 compared to the 6—OHDA only treated group
CHD: Chunghyul—dan(Qingxuedan)
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tsExs 24 3 DNASH RNAOA #E =
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9] WS Sk
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