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A Study on the Physioactivities of Salicornia herbacea L. Grown
in Sunchon Bay on Cell Viability and Antioxidative Effect
in Cultured C6 Glioma Cells
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To evaluate the physioactivity of Salicornia herbacea L. (SH), which are obtained from Sunchon bay as
wild plants, an SH extract was prepared by freeze drying to obtain SH, and by cold drying to obtain SH.
For the evaluation of their bioactivities, cell viability and antioxidative effect were measured. The XTT
assay was adopted to measure cell viability after C6 glioma cells were treated with various concentrations
of reactive oxygen species (ROS) and hydrogen peroxide (H,0,) for 8 hours, The DPPH—radical scav-
enging activity was also measured for the antioxidative effect. In this study, the XTT;, value of H,O, was
determined at 30 #M which was highly toxic based on the cytotoxic criteria by Borenfreund and Puer-
ner. The protective effect of SH extract significantly increased cell viability compared with H,O,—treated
group. Its antioxidative effect showed a significant DPPH—radical scavenging activity at concentrations of
1—100 pg/mL, while SH extract showed highly a DPPH—radical scavenging activity at only 100 gg/mL,
From these results, H,O, was highly toxic in cultured C6 glioma cells, and SH extract was effective in the
prevention of cell damage by its antioxidative effect.
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2] o] Hlth(Velioglu 5, 1998).

SRk AAIA o2 FHe A o] shvtE deA]
<= vk oy}, mgk FAI ol A ARAYSkAL Q= At 9
Z9} 2L HE AEEL I &l xFH e ARy =
37 FheFo] =7] whitel olEe] AEAE vie- Holdt
Aoz defA JrhKang &, 2005). 53], =3kel 214y
3t = WAL = &% (Salicornia herbacea L)Y 97
Htol] M AEEAL Qs dA 2 EAEZA T2 GRS
S5k o mulhs skl lth(Lee 5, 2001), ¥
oA T rtHEtals Ee9-r I Hhellx A E B A
Z, 2% 5 vt ol 5o = WH AL Qth(#, 2008). &=
= o A FH S=o] Fuet wel kol A AlWE
t Fash AxZ AR o n Egh dRofA= 19219

. o]g o9 st
SHEol| mol ) R QT E H|ES T
] mAT| o a2 ?_i]"ﬂ DAl TFet vvlEE 6}‘5}
S 7HAAL 917] wiEolvh(, 2008).
Fobah-8-2 vIRg o v ilst
Fis =3 ‘JrE}ﬂE}F— defA glow 1
Hholl Biwoll gk 2484 9 B s o B tite]
ByE v} QtkGersberg &, 2001; Woo %, 2009), 53],
shakal= 2kab4] €2 (oxidative stress)ol] &J3he] FEE=
A|Z o] &I Hlipid peroxidation) S Hlo18HH (Witting,
1980; Yamamoto &, 1983), M2 ZHE29} sk #
< 7R3 1= N—methyl—D—aspartate (NMDA) 48]
recepton'S 44 A1710.24] ALE 34 U= 24
otar defA] dokPark 5, 1990). e vhet A2l
& 7HAAL Qo 53], aikstel| tigh ATe Aol &
et WA EE AR T A7 v ==THE, 2008;
Lee ‘5, 2008). F ol M YAH|ZZE 0|83t 745 ¥ ol o)
sk AR a5 A &St ALY e o] & o]-g-gh e 287
A g 2okAe] B Fe kst BA T -85
#8531 Qltk(Michikawa &, 1994). 53], A 2= A2
Z2o| wg} ARAAEE A TR S5} 9o weF &
3t AF S 53] WrEE 5= 9lo] AEA o] Holutl= A
o] It} (Mosmann, 1983; Ha 5, 2007).
B A= S (Salicornia herbacea L)2] e8] 4

o

-

=l

= ZAV817] 9l8he] wjekE C6 Glioma A
XE 5= & ’{l’ (reactive oxygen species, ROS)9] &

¢] hydrogen peroxide(H,0,)Z ] 2|3} & o] t3} =
FE= 9% /‘ﬂi"§ T&o) oste] ALsEl o, BEgt
Bz o] a8 AAlF o= (DPPH—radical scav-

enging activity) ]l 9]’5‘]-04 ZAFs AT

American Type Culture Collec-

tion (ATCC, USA)OM Bk "k C6 glioma A EE A8}

2, 2| M=

2 A¥o] ARE3E hydrogm peroxide(H,0,)2} HEHS:,
dimethylsulfoxide (DMSO), pyrogallol, 1,1—diphenyl—2—
picryl hydrazyl (DPPH), trypsin, phosphate buffered saline
(PBS)& Sigma AHSt Luios, MO, USA)ol|A] +43}1.0H,
H0,9 AlZE fgtodrs EHe] 5o A &2 mini-
mum essential medium (MEM, Gibco Co., USA)l| 212} #]
Rolg whEo] Wekiol M T
SER 3Mste] ARSI XTT (2,3—bis—[2—methoxy—
4—nitro—5—sulfophenyl]-2H—tetrazolium—>5—caboxani-
lide, disodium salt(Sigma Co., USA)= PBSZ 50 ug/mLe]
Agoe wEo) etk Hek ¥
25 vkt ol 7fslo] AR8-8h it

4% ol Pag

49 9 BaFe

3. BEE

[h]

&% (Salicornia herbacea L) & A
gholl 28t Qe TxE AFSt 4 gl T 3
Z T Yzl o5ty B3t Ex FE2
00.5 g vl 7hEe] WehES 7hste] 244]7F B4t 43] Bk
Ealo] 32 YAsilth, FEol d5E T oFd s ®
of FFF710MA St FFAZ F A7 Yz
3

(freeze—dried Salicornia herbacea L., FSH)T 0.9 g,
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%32 (cold—dried Salicornia herbacea L., CSH)x=

REER

5.7 g9

ﬂl

4. M= s

B 28 o] AR&-3F C6 glioma A FE 2] v %F-& Kim %5-(2006)
o] HhH ol ofato] g7 F2E AEE 0.025% tryp-
sing ARg8lo] WiV R FE AEE Eeledirt. e
H A E+= 10% fetal bovine serum (FBS, Gibco Co,, USA)©]
?J % MEM #j%felol] Yo 3 1x10°0] HEE AZ4E
= B8l ATt w87l AofXl Al xS
EQF 36T, 5% CO,E 28d 27 oAl vk

5. H,0,9| 2|

%k 591 C6 gliomad| el 5 uMelA 50 uM7HA] 2] H,0,
TEE Z7F 8AIRE ek A Egt ﬂw olo] S HOE A
237 -2 2w A EAEES vlaste] ARSI

6. etx=FE=2| A2
HO,0l thet FxFE=o] &< A7) Afste] v
HOZ A 2l7] 2213 ol ¥sdx

o2

4
@z%%%d H2F 50 g/ 100 /L. ETE o
. 2 o]o] AFTES M| ETAEE | o5l thx

7. NI ZMZEE(cell viability) X

A ZAEE 5742 Mosmann (1983)2] o we} 33}

oh &, 9 F<l C6 glioma A X of2] =2 HOW

2FZES 47 g AZ A ok, A A A
Sk XTT, 50 ug/mLE welld 100 ulX 7=
wloFstict, wiokekE % DMSOZ A28k Tk ELISA

readerg ©]-8-8}¢] 450 nmol|A FFEE S48t

6‘1_ T4)\]

2N ook e

8, MX}50{5(DPPH-radical scavenging activity) &
AAgePse] 24 Blois 19589 Wilol we} P3hs
S HRFEES e s R AT A58

0.3 mM DPPH Her-&-8- 100 uLE H7}ate] 204 30

B+ A5k D} ﬂaﬂ =¥ T ELISA readerE ©|-8-3}F
o AAbEos e AlES
A7VetA] g o] FREE S0% A7 dell 2
23 A= %
o Yehd o, o]9] Az 2 butylated hydroxy-
toluene (BHT)S ARE3FIT), sk A 837 Al 874
73] Apol & AlEF-7boll ofgh Wiita = vEbith

8

ru

FS- RC,, (50% reduction concentration) © 2. 3}

0, SAIx/2]
A3 Aol et fod 44

A Student’s t—test= 3}
o p—valueZ} 0.05 7|Fe] 732

o
-
FE frold Aoz shoin

2 &

1. NIZMEE XTT,, &4

HO,00 gt AZAEES AR §18ke] 5 uM, 25
UM, 35 uM =2 H,0,5 ZH2} vljokA| ol 2 2]3t 23 5
4M H,0,9] A gol|AE= thz=7¢] 100% (0.3020.01)] H]
aFed 90.0% (0.27£0.03) % UFEFE o, 25 Mo A 2] oA
£ 60.0% (0.18+0.02)2 Yebgth, w3k 35 uMo] 2ol
ME AZEAYEE] 56.7% (0.17+0.052 YeR} o] o
Zatol Hjgte] fFofgk s HATH(p(0.01). ole} e
A2y T XTT, w2 5 uMe] HO, Azl Yepytch
(Table 1).

Table 1. The effect of hydrogen peroxide on cell viability in
cultured C6 glioma cells

Treatment XTT assay (450 nm)
Concentration of H,0, (uM)  Mean£SD (% of control)
Control 0.30£0.01 100
5 0.27£0.03 90.0
25 0.18£0.02 60.0
35 0.17£0.05 56.7*
XTT,, 0.27%0.03 90.0

C6 glioma cells were treated with 5, 25 and 35 uM H,O, for 8
hours, The data indicate the mean=SD for triplicate experiments.
Significantly different from the control. *»<0.01
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2. M ZHES XTTso &3

H,0,9] XTT,, #& =43}7] Yste] 20 uM, 30 uM, 50
uM FEC] HO,Z ZH7F v FA e A ejgh 23 20 uM
H,0,9] Hg|olAlE tlZ7e] 100% (0.28+0.03)9] B|3}4
85.7% (0.24%0.0D)2 YEREo™, 30 uMe] A z]ollA=
50.0% (0.14£0.09) %2 VFeR} thzeol] vlste] f-o &k 74
= YeRATH(p<0.01). T3, 50 uMe] A g]ollM= Al EAYE
o] 17.9% (0.05%0,000) 2 Wep} 2ol H|ate] -2
HAE HATHp(0.001), ol#fgh A2 F XTTy, 4t
30 uMe] A g ol|A] LR tH(Table 2).

o it

Table 2. The effect of hydrogen peroxide on cell viability in
cultured C6 glioma cells

Treatment XTT assay (450 nm)
Concentration of H,O, (uM)  Mean+=SD (% of control)
Control 0.2810.03 100
20 0.24£0.01 85.7
30 0.14%0.09 50,0
50 0.05£0.,006 17.9"
XTTs, 0.14+0.09 50.0*

C6 glioma cells were treated with 20, 30 and 50 uM H,O, for 8
hours, The data indicate the mean=®SD for triplicate experiments,
Significantly different from the control, *p<0.01, (0,001

3. H,O.0l L3t HEAZSE(FSH) FEE9| Pk

H,0,°l| tigh FSH F&59] 93 %0}_%71 9]3te] FSH
FE50] 27} 50 ug/mLe} 100 ug/mLe] & 21P b
H A oA AEE A A gt 23 XTTy, 5%
o] Aol M= MEAYEE ] 272 100% (0.160.08)0]

H]3}e] 31.3% (0.0510,004) 2 YERFT] H]3}e] 50 pg/mL

FSH FZ&&2] Ag]dllMe 37.5% (0.06£0,005)2 YEFS:
o}, E3E, 100 pg/mLeke] A2l 56.3% (0.09+0.007)
2 YEhY o] XTT, 522 HO,Rke] A g]of] B|ate] f-¢]
gk A EZAEE S7HE UERATHp(0.05) (Table 3).

Table 3. The effect of freeze dried Salicoria herbacea L.
(FSH) extract on cultured C6 glioma cells damaged
by hydrogen peroxide

Concentration XTT assay(450 nm)

FSH extract («g/mL) Mean=+SD (% of control)
Control 0.16%+0.08 100
XTTs, (H,0,) 0.05%0.004 31.3
50 0.06%0.005 37.5
100 0.09£0.007 56.3*

C6 glioma cells were pretreated with 50 zg/mL and 60 zg/mL FSH
extract for 2 hours, The data indicate the mean®SD for triplicate
experiments, Significantly different from the positive control (XTTs,
H,0,). *p0.05

4 HEHZTEE(FSH) FE529| MAI20IS

radical scavenging activity) &

FSH F&59] dAgolss S4s7] Sk 25-100
ug/mLe] AEE F4% A9 25 ug/mL sEoM= HAt
Folso] ol vlEke] 67.9% (p<0.01)Z YERE o,
50 peg/mLe}F 100 pg/mLe] F=ollA &= 2H2} 83.4%9} 92.8%
2 YERY o] BT tizwtel vlstke] fofgt S UE
WeH(p<0.001). £-3], 100 ug/mLe] F=2] FSH FEEol|A
+ ¥zl BHTS AAbgolsdt A9 frAkeh ghs v
ERITHTable 4).

S(DPPH-

Table 4. The DPPH-radical scavenging activity of freeze
dried Salicornia herbacea L.(FSH) determined at a
wavelength of 517 nm

DPPH-radical scavenging activity

Concentration of FSH (517 nm)

extract (ug/ml) % of control
Control 0
100 M BHT 98.29.7"
25 67.9£7.5*
50 83.416.3"
100 92,818 4*

BHT (butylated hydroxytoluene) was used as positive control, The
data indicate the mean=SD for triplicate experiments. Significantly
different from the control, *»<0.01, ' p¢0.001
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5 HZUZXIE(CSH) FE=9 MAIS0{5(DPPH-
radical scavenging activity) M

CSH FZ&9 AT o5 5437 fI8ke] 25-100
ug/mLe] A5E A% A3 25 pug/ml FEAA = AR}
FoFol el vlste] 1.8%= eSO M, 25 ug/mL
A= 3.9%= WERTE Eg 100 pg/mLe] SEIAME
9.7%= Yeh} o] thzatol] Blste] fo3t 37 B4
TH(p(0.05). 531, 100 ug/mLe] FE=olX = Fdzael
BHT?| H2}&ol% 3¢l oF 1/103k-2 YelitiTable 5).

Table 5. The DPPH—-radical scavenging activity of cold
dried Salicornia herbacea L. (CSH) determined at a
wavelength of 517 nm

DPPH-radical scavenging activity

Concentration of CSH (517 nm)

extract (ug/mL) % of control
Control 0
100 M BHT 98.2+9.7"
25 1.840.06
50 3.9%0.2
100 9.010.7*

BHT (butylated hydroxytoluene) was used as positive control, The
data indicate the mean=SD for triplicate experiments, Significantly
different from the control, *p<0.05, ' p)0.001

2 %

8} % (Salicornia herbacea L., SH)+= ™§o}53H Chenopo-
= AU 2E2AE2A] 8-9Y | 7}t

diaceae)ol| &=
9-109 0l 248 W= 2lEolth(, 2008). &

d

lr
N
4

2

w3 nEgtol BHY R F55 L dSARTAR
73k gads Jehdoa A Aok, 2008). 1
ol i Farolt Yok, Puste} Lo vt A

A Fffyod 45 Ho
ox

6

2
2 oo

ol

C6 glioma Aol A 2|gh F gt FEF9| JTFS Al
Ak, o] & Hske] WA, vl Co glioma M= thgt H,0,
o] ME=EE AEZAEE oJte] AT 1 A
5—50 uME =] H,O,7F Z42; 23 vl Aol C6 glio-
ma A|ZE 8AITE 3 A Elgt A3 Hgwkd oEqon
AEZAYEEE FoAF oM, 53], 3050 uM H,0,9] A
ol A thzol| Hlate] frofgk Al ZAEES s VER
THp(0.001). o] ZZollX] XTTy? XTTyHk-2 242 5 uM3}
30 uM9] F oA YERstt} Borenfrend$} Puerner (1984)
= BE sl Al254E XTTy0lv MTTy, gkl 100
M o]&to]H 1= (highly—toxic) © &, 100—1,000 zMo]
H A0 2 1,000—-2,000 uMo]H A=A F 2,000
1M o)FolH =g o 2 747t hdst St kAl & T
oAM= XTTy, gte] 30 uMoll A e o= a15d3l 2o
2 Yebgtt. o]} 22 A= H,0,7F Hi%F C6 glioma Al
o Ae SAEHE 7ML S WAL qloH o)+
Ha 5-(2007)0] ¥ij&F 1A 27 4% Azl thgt H,0,9]
A EEAS gk A2 del At & A elx e}
2ol HO b AIZ54E YRl AL ofrte HO7F AlZ
U] DNAY RNAS} 722 S hHE2 of SR AV e ol
A Al g nFoBA AxESE eSS 75
& AL = PARHLoft 5, 1994; Tsou &, 1999), 1
Hrh= o] 9] 232 €24k (oxidative stress)ol] &]&Fe] Al Euj
superoxide dismutase (SOD)U catalase2} 22 &Aaksl g 4~
o] B4& AAIBIIAY == N EUR 07 ROS7} 3k
sla e oJste] nA A=A KAl AEELS st
& 7hs7dol 2 Aes AZbEH(u 5, 2006; ), 2008).
4, 1mO,0l ek FsH FE&e] J3FE 28] 2l
& 50 pg/mLe} 100 pg/mLe] FSHFEES XTT, 5 %9
H,O,5 A gla}7] 2413 el A gjst 23 25 H,0,5ke] A
glol vlste] NEAEES S7HAIZeH, 53] 100 pug/mL
o] FEAAE fFofgt TV UERATHp(0.05). & AT
A= FSH F2=0] H0,9| A4 &35 dofgho 24
NEAZSS Z7)3) Avbe Yzhen, o)= L3l FSH 22
ol gkstatgo] k= As AAEkaL it weba] &2
ATolM = SH FEE¢ tigk bl sts dolr 7] 9fst
o] FSH &5} CSH F&5-9] AAF3-oJ%(DPPH—radical

=
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scavenging activity)2 ZAFFIYE, 11 A3} FSH FE5&5S
25-100 ug/mLe] ] RFoA] =) vlate] f-oJsk
Z7He YERITH(p<0.001), 53], 100 pg/mLe] FL=olX &
&7d0] 92.8% (p(0.00)E Ut of= Fh T o8 A
831 BHT2| 228 o15 98.2% (p<0.001)l 71&] W53k 3L
S YR 3H, CSH FEE9] dAlgols Ak o]
A, CSH %8 25-50 ug/ml A 25 Lol A= oz ol vl
ate] tha F78he AEE Bolov 53], 100 ug/mL 5%
A oM frofet F7He YERITHp(0.05). ol¢} & 4
= FSH 50U CSH FEE0] B5F A7) A AsS

o

Uehgo s B B31E AT 9lee Bl Fa o)

o7 A7)

o L

il

[ N
tnE8!
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