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This study examined the antioxidative effects of Cornis fructus (CF) extract on cultured Cé glioma
cells. For this purpose, cytotoxicity analysis of chromium trioxide (CrOs) was performed and the
protective effects of the CF extract on CrOs-induced cytotoxicity was examined after the C6 glioma
cells were cultured for 48 hours. The antioxidative effects, such as electron donating activity (EDA)
and lactate dehydrogenase (LDH) activity were also analyzed. In this study, CrOs; decreased the cell
viability in a dose dependent manner. The XTTso value was determined to be 33 uM after the cells
were treated for 48 hours at a concentrations of 20~40 uM CrOs. The catalase (CAT) antioxidant
increased significantly the cell viability that had been decreased by CrOs-induced cytotoxicity.
Regarding the protective effect of the CF extract, the cell viability of the CF extract was increased
significantly compared to that of CrOs only. In addition, the CF extract showed antioxidative effects,
such as EDA and an inhibitory effect on the LDH activity. These findings suggest that the

cytotoxicity of CrOs is correlated with oxidative stress, and the CF extract effectively prevented
CrOs-induced cytotoxicity through the antioxidative effects. In conclusion, natural products, such
as the CF extract may be a useful therapeutic agent for the prevention or treatment of toxicity

induced by heavy metals via oxidative stress.
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aspartate (NMDA) 8412 3 SA A 71T} 7). Eeh kx| 2 2]
FaksH8] 9 &4 As(reactive nitrogen species, NOS)2} 2+

A A (reactive oxygen species, ROS)7Fe] AY & 21-g-of o]t
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1. MZZ

B2 Ao ARgsl AlFotwAER] C6 glioma AT
American Type Culture Collection (ATCC, Maryland, USA)
ofl 4 Ff wrol AFgBhlct,

2. M| Mz

ARGAICF O B= catalase (CADE HIRSE chromium
trioxide (CrO3), ethyl alcohol, ethylenediaminetetraacetic
acid (EDTA), trypsin, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
phosphate buffered saline (PBS), dimethyl sulfoxide
(DMSO) % 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-
2H-tetra-zolium-5-carboxanilide (XTT)+= Sigma-Alderich
AKSigma Chemical, Saint Louis, MO, USA.)olA] 18}t
T35t Hanker's balanced salt solution (HBSS)¥} fetal bovine
serum (FBS) % minimum essential medium (MEM)- Gibco
AKGibco Chemical, USA)lIA -1 8F3Att. Lactate dehydro-
genase (LDH) CytoTox detection kit+= TakaraAKTakara
Biomedicals, Seoul, Korea)ol| A -+t CrOs2] Al 2=
FBS7F &0 QA] 9k MEMS AR5t 242 10 uM, 50 uM %
100 uM&| A7gHE Thzo] Yokl 2143t 3 B 8 A] 3]4s}
At Tz Aol A5 A71eke] ARSIt XTT+= PBSE

o]-g-5ko] 50 ug/mLe] AFHE Th= F Y orio] Bt o
vk 2 AR v Ad71ste] ARg-sllTE.

3. M| HHY

C6 glioma A 3E£2] Bl oFS- Kim 5{16] 9] W el whe} trypsin
S o83 A4 HjEER ujgEr]o Bk Al 2E 2okl
o} = Aﬂz o EHof Hol X A7l & 10% FBS7} oH&
= MEM kR 0 & 1% 10° cells/wello] E %2 96-well Bk
71 E5 ‘2‘1 L BEE M| 2E-L8-36°C, 5% CO2/95% airs:
274 827 ol Al 72A17Hg < vioRet 3 A dlof| ATt
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of 557 |2 Ao 5552 tha 244K S8t S 2271014
Azt 13 go AlwE A3t OlHH B 5.2%% LFEFT.

A ZAYE&2] 42 Mosmann [171] B o] whet 335}3‘5\
t}. &, vigo] LE% AﬂE% wellg 1x10°/well?] x5
T FI. v o] ke A2 1 Al
AN TS A3t oh, ﬂ‘é’ ﬂ}_@’ XTTE 7k welld 10 uLA-&

_;

ELISA reader (Spectra max 250, Molecular Devices,
Sunnyvale, USA) & S 455 Z4to] t2-3} vl 2AFSH
et

6. CrOs01l CHeh M= A}

CrOs 8] Al 3254 ZARE §18to] il Al 320l 20 ~40 uM €]
CrOs7} 247 3ok ljoFelof| A 48417 &< v 2t 9 450 nm
o ] ELISA reader& S35 2A450] t 23} vl 1 2ARS}
et

7. CATO| htsts £H

CAT®] BHiloks-5 2AFE] $13te] Ho02 40 uME B Al
F2 X 2|8}7] 2A17F Aol CAT7F20 uMF 40 uMe] 3+
Mo A NS Aot F A ZAEES 2T} v 2AF

shoct.

8. CrOs0f CHEH SAttr|e] Sk

CrOs 8] =30l vt gH4tobA| o] U521 CATO] G Hot
7] 9180 XTTso %2 CrOsS % Al Zof| X 2j8}7] 2417F
7ol CAT7} 22} 20 uMt 40 uMo| 223 ulj kool A vt
3| ZAEES CrOsTHe] X 2|9} v] 1w AT XTTso 3F
& A4 3l Ao ofsto] ARSI,

9. CrOs0f CHEH M~ F=EE2| B

XTTs05%2] CrOsE v Al 220l A 2fstr] 2417 o] 4k
i &5 72 140 ug/mLT} 160 ug/mL7F 501 Q=
QFelof| A Hl oSt 3 A ZAYEE-S CrOs 21 A 2|3 A £} 1]

0%

=

10. MRE0HEM(electron donating activity, EDA) &3
EDAT= AR Aof| tt eiid AAgE S40= &
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13- Z4=olt). ik thet a4k} AikE 45
913l EDAC] 3k e =& ARE-$t. EDA 3742 Blois [18]9]
WPl whet Fekoict. =, w24 =0l 0.3 mM DPPH Hghe
&N 100 uLE 718ko] Ao A 3047F A 2fskeiet. X 2]

ELISA reader® 517 nmol|A] T EE 45T AA3o]

S AR AR AR TR Aol AR TR
of St w8 el o n], w3 CATS] 4 P 2E

o5 AHglgict,

11. Lactate dehydrogenase (LDH) &4 X

LDH &4 $Ioto] SRR A5 A 2] 3t A 222wkl
H-2-31,500 rpmell A 158 &<t Y-AIZ ok 452 50 ul
£ HFch Fet Aol LDH kit §R8-9 50 uM-- 41 30
B A 7T ¥k 945 3 ELISA reader® 450 nmollA] &

o

B2 2A8}o] 277} v W 2AFSHIT LDH &2 %
o gk HE-E = AT
12. S7 A2

A0 M= A5 39] o HHESE 43S mean+ SDE U
Eflom g‘@éﬁt— SPSS (Win Version 18.0, SPSS, Chicago,
O] Aol & H| 87| 915to] ANOVAE Al
st AR —F‘:i% Tukey s HSD (honest significant
difference)2 oF9.om, BE BA 9] Fo4ES Pvaluet
0.05 wRte] -5 o3t 2 o = XHsGict

2

1. 09 MZ=Y £3

CrOs°] ti$t Al £=/d& 5783171 $13te] v Al 2] 20~
40 uM®] CrOs7F501 Sl vl o= 212t X2let 2, 20 uM

Table 1. The cytotoxicity of chromium trioxide (CrOs) in cultured
C6 glioma cells

Incubation of Cro; ~ XTT assay (450 nm)

P
(M) Mean+SD
Control 0.21+0.02 60.51 <0.001
20 0.14+0.01
30 0.12%0.01
40 0.07%0.00

XTTso (CrO3) 0.11£0.01

The values are mean+SD (N=16).
Abbreviation: XTT, 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-
2H-tetra-zolium-5-carboxanilide.



Ao A= Al EAYEE0] P22l 100% (0.21£0.02)0] H
ko] 66.7% (0.14+0.01)E UEFE S 30 uMo A A28 7
©57.1% (0.12+0.0)E Lrepsteh. w3t 40 uMe] 49 A=
AJEE8-2-33.3% (0.07+0.00)% LFERETE, o] Il A XTTso
8- 33 uMol| A YERGTH P<0.001) (Table 1). CrOsol| tjet

A5 of| w2 AR EA] A3t Al ZAYEEo] t 2, CrOs
20 uM, CrOs 30 uM, CrO3 33 uM, CrO3; 40 UM =0 & 3-S
o &= Ql]ich. Ttk CrOs 20 uM, CrOs 30 uM, CrOs 33 uMS
FoJgt Ao = o Sirt.

FARoR

2. CAT| gitets &7

CATS] gAbsls 2AF AT H0, 40 uMyTHe] X 2] of A= Al
EAELo] dj 2t B|Bte] 45.0% (0.09+0.02)F LHERTh
(P<0.001). Z1&U, A ZEAEE0] CAT 20 uMe] Hejol| A=
60.0% (0.1240.00), CAT 40 uM X 2]ol 4= 90.0% (0.18+
0.02)2 UEFETHP<0.001) (Table 2). CATS] GHAFSRso] o
B} AR A A} o 257 CAT 40 uM, CAT 20 uM} H,O;

40 UM =08 AEAIE o] =22 & 5 Ut

3. CrOs2| MIZ=-80| CHot Shitatr|e] gt

CrOs9] ME=AC] st ShatstA ] fake Lol Ay,
XTTs0 5=81 CrOseke] Ae]oflA] 39.5% (0.68+0.10), CAT

20 uM o)A 51.4% (0.89+0.07), CAT 40 uM A 2] o]l A]

Table 2. The antioxidative activity of catalase (CAT) on the
hydrogen peroxide (H.02) in cultured C6 glioma cells
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72.7% (1.25+0.05)2 A A OZ F-2J3F Alo] & HATH <
0.001) (Table 3). CrOs2] A=A 3} galskA| o] o ofof| u}2

A AR AT} T 25, CAT 40 uM, CAT 20 uM, XTTso (CrOs)
L0072 /\1]4}\145_%0] L0 0 o} A 0] %{1’4—
4. CrOs9| MIZ=-do]| LSt AMRFES| I
A 3EE0] Cros9] AlEEAo UW
A3 CrOsRke] AefofAle] A&
(1.83£0.03)°] HIs}o] 41.5% (0.76 + 7) A UrE’r‘Xbﬂr.
Y, 140 ug/mL ARG 55 AejoA9] MEAEs
52.5% (0.96+0.08), Al=f =5 160 ug/mLe] 4] 011/‘1%
02.8% (1.15£0.05)% YEFHTH<0.001) (Table 4). At
F5EE0] CrO 9] Al=/de] mlX = Gl et A-d44
I 22, AR 160 ug/mL, A 140 ug/mL, XTTso
O A EPEEC] =& A Y 5 AUSith

(CrOs) <=

5.EDA&HE

Z*XFLO%%*J(EDAH ZHAT A EE 140 ug/mL
FEof| A=t 2Tt H 0}0% 2H4J0] 80.4% (1.23+0.09)& 1+
E} oun ARG 2EE 160 ug/ml FEOIAE 77.8%
(1.1940.09), CAT 20 uM A gJolAl+= 21.6% (0.33£0.07)=
A A3t A 0 2 YERGtHTable 5). whebA, Af 235

Table 4. The protective effect of Cornis fructus (CF) extract on
chromium trioxide (CrOs)-induced cytotoxicity in cultured C6
glioma cells

Concentrations of CAT XTT assay (450 nm)

Concentrations of CF~ XTT assay (450 nm)

(uM) Mean+SD d extract (ug/mb) Mean+SD i
Control 0.20%0.01 35.97 <0.001 Control 1.83+£0.03 168.78 <0.001
40 H,0; 0.09+0.02 XTTso (CrOs) 0.76+0.07
20 0.12+0.00 140 0.96+0.08
40 0.18+0.02 160 1.15+0.05

The values are mean=SD (N=16).
Abbreviation: See Table 1.

Table 3. The effect of catalase (CAT) on the cytotoxicity induced
by chromium trioxide (CrOs) in cultured C6 glioma cells

The values are mean=SD (N=16).
Abbreviation: See Table 1.

Table 5. The electron donating activity (EDA) of Cornis fructus (CF)
extract

Concentrations of CAT XTT assay (450 nm)

Concentrations of CF EDA (517 nm)

() Mean=SD : extract (ug/ml) Mean=SD 7
Control 1.72+0.03 128.38 <0.001 Control 1.53%£0.06 130.58 <0.001
XTTso (CrO3) 0.68+0.10 20 CAT 0.33+0.07
20 0.89+0.07 140 1.23+£0.09
40 1.25%+0.05 160 1.19+0.09

The values are mean=SD (N=16).
Abbreviation: See Table 1.

The values are mean=SD (N=16).
Abbreviation: CAT, catalase; See Table 1.
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Figure 1. Electron donating ability of CF extract at concentrations
of 140 ug/mL and 160 ug/mL, respectively. The data indicate the
mean for 3 times on triplicate experiments. Electron donating
activity of CF extract were significantly different from negative
control. CAT was used as positive control.

Table 6. The lactate dehydrogenase (LDH) activity of Cornis fructus
(CF) extract on chromium trioxide (CrOs)-induced cytotoxicity in
cultured C6 glioma cells

Concentrations of CF LPH activity (450 nm)

extract (ug/mL) Mean+SD P
Control 1.76x0.04 35.56 <0.001
XTTso (CrOs) 2.40+0.07
140 2.13+0.13
160 1.86+0.07

The values are mean+SD (N=16).
Abbreviation: See Table 1, 4.

140 ug/mLe} 160 ug/mLe] AxFgois-> 247 19.6%%
22.2%, CAT 20 uM®] AA}& 4% | 25t v]3}o]
EAZ O R {8 P<0.001) (Figure 1). HAARE0I5-2]
A7 AT} CAT 20 uM, A 335 160 ug/mLe} 140
ug/mL, Rt 08 w2 7102 UERT]

6. LDH &N =X

CrO 9] AlEZEEA ol g Ak 2522 LDH A4S A}
Sk A3} Crosre] Ao A= LDH g4o] tiztel 100%
(1.7620.04)°]l HI3}o] 136.4% (2.40+0.07)2 H-9- =7 Ly}
wiek, ofof] Blslod, 140 ug/mL AR 325 X 2o A= LDH
27401 121.0% (2.13£0.13)= HERLF CrOs7He] A 2] v}
of wig- ZHAdt AS ERIsHATHP<0.001) (Table 6). E3H,
160 ug/mLe] Ak =57 A 2lol| A= 105.7% (1.86 +0.07)
= CrOsTre] Xejof| ulsto] o8t LDH 84 7H4AE Yo P<
0.001) (Figure 2). CrO39] A|Z=A o] thel Ak 2250
LDH &4 o] that Ak A A Ax} )22t} 160 ug/mL ARG

FEa, 140 ug/mL A 55, CrO; Mel 0% LDH
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1100 A
1058
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100.0 -
Control XTTS0 (CrO3) 140 CF 160 CF
Concentrations of CF (ug/mL)

Figure 2. The LDH activity of CF extract at concentrations of 140
ug/mL and 160 ug/mL, respectively. The data indicate the mean
for 3 times on triplicate experiments. LDH activity of CF extract
were significantly different from negative control. CrOs was used
as positive control.
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[19]. = ‘?i:rLOﬂ A=Ak &5}3%01 CrOH *ﬂ F=dE AL
7] J5fo] e C6 glioma Al|3E0f] 20 ~40 uMe] CrOsE 484]
7k &3 At At A elskof vlgste] NEAEEo] tjx
wof| Hsl] F-of et s H it o] IAg el A XTTsodkel 100
uM °]s}<l 33 uM= UERY Borenfreund®} Puerner [20]°]]
Ot =71l &8l 115/ (highly-toxic)ql A= 1}
BT 1¢I5t A= CrOs7H Al 2540 711 AL Qa2 o
T2 3loH Jung “s{2110] 9J2t CrOs o] Al 254de Kt
el YAt o] 2 A4 CrOs7F Al f dik=
DNA (deoxyribonucleic acid)®] $/dHslivt T Tl
e AARE Ayt viAIe = gIAIRHB], 71 Bok= Cros

O
|}

}_‘

FNIO;

N g
1o ro iy
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o] A¥ota] Aol ofsf M7t B3t Wil AR A 7hs
Kol 2 Ao g AzEI) whehA], B Gt A= CrOse] B4
I} AbebE £A3Tk0] ATAE AR FAFA o] Ul

CATS Hl Al aze] A 2] et 23, =)ot CATS] A 2] 5o
Hlg[sto] CrOsell of ol At Al EZBEE-S FolsHA 571
ZAth & A= CrOs 9 BAJo] AR &4t o] Sle=
AAlstaL 9lom, Jung “s121]0] CrOs;9] H44& FARFAQL
vitamin E7} o1 8FQith= At Aafebs 4o Aok o 4
UG, o] T2 /-2 CrOs0l| 9J8fl A/ hydroxyl radical
o|u} superoxide anion radical?} -2 A2t A2 CATH



vitamin B+ 22 GATSHA7F Al AR Aol Aoz Azt
[4]. 2, A FE20] CrOs o] =40l W T Yot

B7] Jafo] Af 255 140 ug/mLe} 160 ug/mLE vk
Aol Z+7F 7 Hejt A3}, Crosvke] &|eof| vjste] foet

AEAEL0] 571 B, 3 ATk AR 3380 CrO;

FA Ol A —?—%Efﬂ GAbss& AAIstaL Qlet. o] 2] TA
OPUrEH Lee F22]o] AR 2=0] At d<l ik}
ZA(H02)9] *}9}@. A ootk At 2xkeke A
ﬂ"% o] T2 A2 A i 5= &l & linolic acidE
H| 53} gallic acid B saponin¥} 22 PALS} AJH0] AL 2k-8-
o] Axtof 7918t A o2 7 TH12). whehA], 2 AtofA =
A0 22 mo] SARI S otolhy] 9Jato] MAFLoiEHA]
(EDA)= HI:%t LDH /& ZAFSISIT 2 A2 EDA &7
< $180 140 ug/mLe} 160 ug/mLe] AR Al 55 A3t 4
I}t 2tof] BISke] o3t MAbgol5-o] S7HE KAt ol=
A 2ROl A7 IAIA GO Sers Tolial QLo o]=
T ARG 22mo| AP O =] 271 o)k 3 ASG
F==9] LDH 24 A Aol Al 140 ug/mLet 160 ug/mLe]
ARG 228 A 2o A= CrO;21He] A 2of| u]slo] f-ofot
LDH /4 #¢l5 K3t ¢ iz A 529 ditels
of] ©J8}ed Cr0O;9] A3}A 2:AF0 2 ofy|¥] ko] 2| WAk}

7holE 2O RA, of= A FEE 0] IHARlRA 9%t
AVS1A] 418 Hhojsto] LDH BAITAS UERlth: o B
e AXBFY 0 [22], EDAS} 8 Ak 250 GAE
oS SE0AL U2 & 4 Sl LDH AdHA-2 A d b4t
A3 3 e &=

= ;(;(401_/\ o]L x%a}:x% ‘:‘/\431"3494 ]-14'_?_ ?:_}quq %1

=
o o= = =]

sHR(reaction of lipid peroxidation)2] &

cHg]. ool AVHENE ARG 23 EE ABHA A B
o] Qi CrOs©] B4 Atz o] Ofste] aba o2 ol
the 219 Shelstotr). wheb A, Ay 2227 e MAAE
of S B Al BALS X 5 S8t oFAl ] At
8 =B o] ARA fi5o] & BAARE o} 83)
AR SARO.R oy Bl WE X2 ZeolA] Mg B4
NS 91 N 2AREA ] BEEA S H0R A2
2 o

B AT BHS Mnh 2380 Fust 43S vlef C6
glioma AJFEE tlAFo 2 ZARISILE o] 2 BHE Slgte]
C6 glioma Al EZ 484111 F<t vt % 67} 5O Al 257
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I ARG 33550 Wolauks Rkt o]9]ef EDA %
LDH &A1} 72 3l ais BASITH & oA

CrOse Aelskeol vledted Ml2AEes darzlth £
o] IOl A HEE 48AIZF &t 20 ~40 uME 27} S vl

oFollof| A A 2]dt A} XTTso 462 33 uME UERgTh Ak}
A2l CATE= CrOs & G5 A E=A o] o8] A A ZAYE
&S FOJslA S7HIFLE ThE Ak &) Bo Aol
oVA, b 252 CrOs W] A ef<to] Histo] Al 2A8E
&= TS S7MAAT. SOl Al 3552 EDA%
LDH 247} -2 34t} aakg B o}, o]eh -2 Aita e
CrO;9] Aol Aloh] &/go] Tl = o] Gl A 02 LhEpidth

ESH i 5T 0] o AR fdte] of3te] CrO; 9] A3

E4S OB oldhith ZRHOR, 4G 325
2o AL AR A4 I Fa4] o) e
AEEAL o] A X 2eln] 563 XRa 840 3
U gz
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