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Free radical scavenging activity and protective effect of three glycyrrhiza
varieties against hydrogen peroxide-induced oxidative stress in C6 glial cells
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Abstract Oxidative stress is common cause of neurodegenerative
diseases. The purpose of this study is to investigate the in vitro
free radical scavenging activity and protective effect of three
Glycyrrhiza species including Glycyrrhiza uralensis, G glabra,
and a new variety of Glycyrrihza (Shinwongam, SW) against
hydrogen peroxide-induced oxidative stress in C6 glial cells. In
vitro assays, radical scavenging activities of G wuralensis, G
glabra, and SW against 2,2-diphenyl-1-picrylhydrazyl, ‘OH, and
O, increased as concentration-dependent manner. In addition, the
SW was found to contain the highest polyphenol and flavonoid
contents. The treatment of H,O, to C6 glial cell induced oxidative
stress, whereas G wuralensis, G glabra, and SW significantly
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increased the cell viability as dose-dependent manner. In
particular, SW exerted stronger protective effect on H,O,-induced
cytotoxicity, than G uralensis and G glabra. Furthermore, reactive
oxygen species (ROS) formation was significantly elevated by
H,0, in C6 glial cells. However, treatments of G uralensis, G
glabra, and SW decreased ROS formation. In addition, SW
decreased pro-inflammatory related protein expression levels such
as inducible nitric oxide synthase and cyclooxygenase-2, compared
to H,O-treated control group. These results indicated that G
uralensis and G glavra, especially SW, may be useful for
preventing from oxidative stress-induced neuronal damage by
regulating inflammatory reaction.

Keywords Glycyrrhiza glabra - Glycyrrhiza uralensis - Hydrogen
peroxide - Oxidative stress + Shinwongam
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ol tlEA YRleR Ui Urh4]. wehr AAZHE &
e ROSE 2HsAY AAT + Jde EE2 deil kst
AL Mg B3 AFHPEE o I XFof At A
7} 2ks] FPEar Th(5,6].

2 (Glycyrrhiza, licoricey= 52 2] &E(Legumiosae)l|
= thdA B2 =, S E dEOA SekAEHN
Ol &EI e FEAEo|th dAl Euetelr Fgo=z
He gxe e W22 (Gheyrrhiza uralnesis)=
2 FRoPIAM AREE ZoZ dEA X, A FHERG
glabra)®] FUF= F7VSIAL A7) HEedl Hek =u-9] A
TEE sl 34 AdEdm 5o AEgAe] B
F9XE2 glycyrthizic acid 5

N ot b Q
Hujm:ggﬂ -+

rr wa xo

AES FRsle Aoz dEA Jrh7,12]. Al¥7H(Shinwongam,
SWYe G wralensis®t G glabraS WHIAA Al FUj4t 21
Z2 %2 2, 27, A257F Bt G wralensisEt}) 3=+
Edo] Hggo] w2 AoR duA Ur13]. T Hxe] F
2 BFEZR] liquirtin?} glycyrrhizic acid®] $HFel G wuralensis
2 G glabra®tht 7] FrElo] ATH13]. 22y SFE Hx
FE=9 in vitro U 2ATH Sl 2EAZRE A
AuAE s gl g d7e Jeh Aot w2
AFANME G wralensis, G glabra 2 SW FZE9] radical
2A% 58E B9 in vino ISt BE RIS, H,0,2
sty ~EHAZ7F FEE C6 glial celllAd 37K % F

ZE9] AARMEY BE FHE Dolr A} sk

=

2

A= & Uy

AgA =

2016 A¥NE G wralensis, G glabra 3 SWe| FE2E2 ¥
2384 FHYAEZAI A4EZ (Eumseong, Korea)el|
A Algrol ARSI 2™ voucher specimens 3F=FEAI %
B HEo] At ARAZ G wralensis, G glabra 2
SWe 50% ethanols ©]-8-3e] “F2ollA 72417k &<k A+,
oz 8 7RF w53l AlIEE AT 7t FEES dimethyl
sulfoxide (DMSO, Sigma Co., St Louis, USA)oll = 4 °Cel|
Al BashHA, AF A 34 ste] ARSI

Aek

In viro 28} 9 278 A3l M-S 1,1-diphenyl-2-picrylhydrazy
(DPPH), 2-deoxyribose= SigmarlollA], FeSO,-7H,0+= Daejung
Chemicals & Metals Co. Ltd (Siheung, Korea)oll*], EDTA
disodium salt dehydrate 3 phosphoric acid= Samchun Pure
Chemical Co. Ltd (Pyeongtaek, Korea)ollX] F-ulste] ARS8
t}. Thiobarbituric acid (TBA), trichloroacetic acid (TCAY= 2+t
Acros Organics (Fair Lawn, New Jersey, USA), Kanto Chemical
Co. Inc (Tokyo, Japan)llX] Twl3}%1. 2™, phenezine methosulfate
(PMS), nicotinamide adenine dinucleotide (NADH) disodium
salt, nitrotetrazolium blue chloride (NBT) A]2F2 Bio Basic
Co. (Toronto, Canada)AlellA] Fajjale] Aol AL&-slc}. C6

glial cell& 3¥+=FAH| X323 (Korea Cell Line Bank, Seoul,
Korea)oll X +dste] Aol ARtk Al wjds flall At
4% Dulbecco’s modified eagle medium (DMEM) HJX], fetal
bovine serum (FBS)3 100 units/mL penicillin streptomycin,
trypsin EDTA 892 Welgene (Daegu, Korea)ollAl %3}
AREITE. AlaEe] Atsh AEHAE fEsh] fls) AR
H,O,= Junsei (Tokyo, Japan\lollx U3t ARSI, cell
viabilitys 5733171 918l A8k 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) 2 ROS A% ZAH&
£33k 2-7-dichlorofluorescin diacetate (DCF-DA)= Sigmailol A
FRI5He] AHgSsnt.

1,1-Diphenyl-2-picrylhydrazy (DPPH) radical £A4%

7t s FEEG, 10, 25, 50, 100 pg/mLyS EtOH] =<1
A& 100 uLe} 60 uM DPPHE 100 uLE 96-well platel]
Edeted 3027 Aol HEEAIR ¥, 540 nmollM FEEE
743tk AEE 7 e tixaH AEE Hte A
-2 Hlwsled DPPH radical 22752 the-2] AXRAS o]&
ato] WS (%)= UERAITH14].

DPPH radical scavenging activity (%)=(Abs.—~Abs;)/Abs.x100
(Abs.: Absorbance of control, Abs;: Absorbance of sample)

Hydroxyl radical (-OH) &A%

-‘OH radical £7% =42 Fenton Y22 wW3tow, 02M
phosphate buffer saline (PBS)°l H5=E A& £ 1400 pLo
10mM FeSO4 7H,O-EDTA 200 uL, 10 mM 2-deoxyribose
solution 200 uL, 10mM H,0, 200 uLE #H7I8l99tk 2 % 4
AlIZE EF 37°CollA ik §F F, 2.8% TCA 1mLe 1.0%
TBA solution 1 mLE Z7}5te] 208 &<t 100°CE 7FE35kL
Ao WzkAZl 7 490 nmollX B E=E 3N AR
B W R thEEs ARE WK PTe vwskd
‘OH radical 27%5& tho] AXE ol&dte] WME& (%)=
ERRLITHIS)

‘OH radical scavenging activity (%)=(Abs.—Abs;)/Abs.x100
(Abs.: Absorbance of control, Abs,;: Absorbance of sample)

Superoxide radical (0,") &A%

7zt s FEE(5, 10, 25, 50, 100 ug/mL)yS FFl 59
AlE 500 uLet 0.1M trissHel (pH 7.4) 100 uL, 0.1 mM
PMS 200puL, 0.5mM NBT 200puL, 0.5mM NADH 500
pulE E3ste] A2A 1087 BE&AIZ #, 560 nmelA] &
g SN AR A %S Hais ARE
7¥eh AS vlasled O, radical 275S thdl AR
olg-3te] WM& (%)= UehHit16].

O, radical scavenging activity (%)=(Abs.—Abs)/Abs.x100
(Abs.: Absorbance of control, Abs;: Absorbance of sample)

Z dE ¥F &4
% ¥E S Foling} Denise] "ol wel S48k uH17].
ZHol 12l AlE 200 pLet 7= 1800 uLE =5 ¥, phenol
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reagent 200 pLE E3Fate] Aol 5%7F A3 ¥, 2mLe]
7% Na,COsE EFate] A20x 907+ HAAIZ =, 750 nm
gr FEE=E S 4% A= garlic acidE Al5¢}
T3 oz Bl 2st BFE AP ZHE AF9
Z = FEFE =Sk

Z EFHxolE ¥ &3

% ZEHwo|= 8RS Moreno 52 HWHO ulgl =431t
[18]. S/l =< AR 100 puLet S/5 400 uLs &g 3t
H, 5% NaNO, & 30 uL=E 7}ale] 687 W8tk 10%
AICL; 30 puLE U8t 67 WA ¥, 4% NaOH 400 uLE

&

Hate] 1587 WA £, 510 nmelA =S SASIT &
At A= querceting A8} FUS WHoR Al
A% B HAHHNORNE AR F FEpEolE TS A

Fsich.

A wjF

Aglol] AM8-3 C6 glial cell 100 units/mL penicillin-streptomycin
7 10% FBS7} $H+¥ DMEM ®jRIE ARE-3le] 37°C, 5%
CO, incubatorol| A ¥ISISIT). vlkE A= 120l hH uj
Gl o] FHA wisisith AlE7F T75-flaskel]l 80% ©]
g w3ENS W, PBS (pH 7402 AEE AF I
0.05% trypsin® 0.02% EDTA &£3teloz Hid AEE £
shal 4l BEE B3l JANR 3, 9Elg o]gste] AlErt
ZIF BAEEE Z Efste] A wjdsiEa A AR

S

Cell viability 33

M E7} 80% ©]% confluence “FEN7F Z™H 96-well plateol]
3x10* cells/well F=Z seedingd}e] 37°CollA 24x]7F 52t ul
&t o Al & FEREE, R g% AEES, 10,
25, 50, 100 pg/mL) Z} wellell A2|te] 1A17F wljeFst 5, AF
3k 2EfAE sk 28] H0, (400 pMyE A 2lste] 24
A7 vt 2417 vl &, 7 well®] WiAIE A ASAL
Smg/mLe] MTT solution 200 uL¥ #7}ske] 37°ColA 4A|7F
ot AuiFEtdnt. 427 H, MTT solutions A 73kaL AYA)
H formazan ZAS o] AckE JElolA] DMSOe| 307F
=] 540 nmol|A T2 EE =G SIATH19].

Reactive oxygen species (ROS) 33

AEZ7F 80% ©]7 confluence® ™ 3x10* cel/mLE  96-well
black platel] seedingd}d 4A17F F<F 37 °CollA] w3t Bl
G T AEL BEREE sEEE 843 AlRE(S, 10, 25, 50,
100 ug/mL) 7+ welloll AzJstar 117+ Ajget & 4kshs =~
Ef 2 S 918 H0, (400 uMYE F71sted 2447 wi kst
Atk 24717 F, 80 uM DCF-DAEY-S 7t welldl]l |3l
3057F vlY ¥ FLUO star OPTIMA (BMG labtech, Ortenberg,
Germany) excitation-480 nm, emission-535 nm= 37 3} 5tk
20].

Western blot analysis
9% B vy e SIs) Siskel wgR Az

RIPA buffers 718k 4°C, 12,000 rpmollA 30587+ 9452
sthal geele] wES FEejeiich Wil A7 Bio-Rad
protein assay kit (Hercules, CA, USA)E ©|-8-3}313L, sample
buffer (Bio-Rad)?} &3l sampleS AZ3te] Aol A-8-3}
ATk ko] AlEE 10 = 13% sodium dodecyl sulphate-
polyacrylamide gel& ©]&3te] H7|d5e= R F,
nitrocellulose membrane®)| transfers}ATh. 5% skim milkZ 7
2oflA] 50% F<t blocking 3ted 1=} A1 inducible nitric
oxide synthase (iNOS, Calbiochem, Darmstedt, Germany)<}
cyclooxygenase-2 (COX-2, Merk, Darmstedt, Germany)E
PBS-T¢} Z+z: 1:2000, 1:10002] H]&=2 3] 3le] 4°CoA
overnight ¥F-3-A171 % 22} &A|Q1 anti-rabbit IgG HRP-linked
antibody (Cell signaling, Bevely, MA, USA)E 1:10002] H]&
2 PBS-TS} 3|4sto] Ad2ollx 147F W-gAIZIt). ©]% PBS-
TZ 1527 4%
solution®} ¥H-&-A]Z1 & Chemi imaging system Q6 (Davinch-
Chemi™, Seoul, Korea)s ©]83] vz ddg 1519 t).

M2 & enhanced chemiluminescence

BAEA

gzt zh ASERRE Jde AY A3 HFLiFHAE
2 YeEhidy, 43 B4 SPSS 20 (IBM, Armonk, NY,
USA) Z29g o]&3ste] 7+ 4% ZAZHE ANOVA
(analysis of variance)S 7t & Duncan’s multiple test (p <0.05)
£ olgst] 7 o] it 7 fold AR ] AHE 1
=

A3 9 3F

AW FZF] free radical & ROS ALz QI3 2317 ~E
e gxslolw Ag 2 uRIEyy e A EYYEF
xRl ¥lez dEA dom, ) - o Tkt Aol
AAE F kst 2AE o]gsle] o5 HIhe] o 2 3
Foll A% A7t G| o] FoIX| L QUTH1,5,6]. - ATollA
= G wralensis, G glabra, SW & 37 Zx FE2E9] in
vitroll<] DPPH, -OH, O,  radical 2753 H,0,= Aksls &
go] fE AAFRAE B g3E IRIsAl 3199tk DPPH
assay= AlE F9| ksl E23 ¥ES- A] DPPH radicalo] &
LA wstsle Ao Xolg o|&3t FHHOE, A8
aksl @48 Wrkskedl F2 ol 8E21]. & AFelA G
uralensis, G glabra, SW 5 37FA Zz% F&E°] DPPH &7
TS 2% A3 (Table 1), 2 F2EE T2t TGS &
o]F o=@ DPPH &AGe] 718 & & UATh SW &5
o] DPPH &A% &4 234, 5, 10, 25, 50, 100 pg/mLe] &
TollA 7kt 5.00, 12.09, 24.45, 39.78, 62.69%2] $3S et
ylom, 53] 100 pgmL %04 60% o] DPPH 4A
g UEdY 53] RE TRAA SW FEE°] G
uralensis, G glabra5ZE°] Y8 F2do=2 =& DPPH
radical 22752 YERARIOH, 7P e 1Cs, XS YERY
o] SW FZE9] 973 DPPH radical &71%5& <13t}
ol At o, TFE Hx FEE 100 pg/mL %
4] DPPH radical 2752 243 23, G wralensis FE=0°]
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Table 1 DPPH radical scavenging activity of Glycyrrhiza uralensis,
Glycyrrhiza glabra, and Shinwongam

Table 3 O, radical scavenging activity of Glycyrrhiza uralensis,
Glycyrrhiza glabra, and Shinwongam,

Treatment Scavenging activity (%) Treatment Scavenging activity (%)
(ng/mL) GU GB SW (ng/mL) GU GB SW
Control 0.00+0.00 Control 0.00+0.00
5 4.59+0.91*" 2.85+1.01%° 5.00+£0.54" 5 3.18+0.74%F 13.74+0.58°F  5.96+0.64%F
10 7.22+2.02°° 8.37+2.83% 12.09+1.90%° 10 13.46+1.17%°  30.18+1.62*°  21.18+0.15"°
25 14.63£0.77°C  20.23+1.39*C  24.45+1.35% 25 45.81£1.66°C  55.86£1.42°C  50.03+0.96°C
50 20.40+£1.05®  3552+090°®  39.78+1.10* 50 5826+1.42%8  61.47+046*  55.62+1.16%°
100 32.17£0.60%%  57.442£0.50"*  62.69+1.50** 100 61.40£1.75"  6525+0.17**  61.21+£0.31"*
ICso (ug/mL)  845.53+76.51 85.67+1.44 67.03+1.95 ICso (ug/mL) 41.60+0.86 29.18+0.51 39.38+0.27

Values are means + SD (n=6). “**“Means with the different small letters
are significantly different (p <0.05) between different samples within
same concentration, while A*Means with the different capital letters are
significantly different between different concentration within same sam-
ple by Duncan’s multiple range test. ICs is the concentration in ig/mL
required to inhibit the formation of DPPH radical by 50%. GU, Glycyr-
rhiza uralensis; GB, Glycyrrhiza glabra; SW, Shinwongam

Table 2 -OH radical scavenging activity of Glycyrrhiza uralensis,
Glycyrrhiza glabra, and Shinwongam

Treatment Scavenging activity (%)
(ug/mL) GU GB SW
Control 0.00+0.00
5 41.94+0.66°°  37.61+0.12°F  43.83+0.23*F
10 62.30£0.06"C  59.75:0.25°°  63.51+0.06>
25 77.72+0.11*8  76.89+£0.21%C  77.50£0.14%C
50 83.15£0.07**  81.81£0.16"®  81.08+0.32°"
100 83.32+40.28""  84.07+0.04*"  84.34+0.21**
ICs (ng/mL) 6.56+0.09 8.02+0.03 5.84+0.03

Values are means £ SD (rn=6). ““Means with the different small letters
are significantly different (p <0.05) between different samples within
same concentration, while #*Means with the different capital letters are
significantly different between different concentration within same sam-
ple by Duncan’s multiple range test. ICsq is the concentration in pg/mL
required to inhibit the formation of ‘OH radical by 50%. GU, Glycyr-
rhiza uralensis; GB, Glycyrrhiza glabra; SW, Shinwongam

B3] G glabratZ52] DPPH radical &~75°] $<rgho] Bl
wof, ¥ Ao} fAke A3E JepdS & 5 AdAT22]. €
Ag)e 7t F2E9] DPPH &A% 28L Edl] 10 ALt
gt A3} 0.86-2.36 g/Le] FAIE YERo], B AFolx ARESH
SW F&22 gAeet 7= F=590 ¥8| %2 DPPH radical
2ATE UErS & AUATH23].

-OH radical> AjolA] wkgAdo] vl$- &3, WHs &%r}
2m, o8 free radical 2ol 7FY ZEs 2slEe 72i=
o7 d#A QtH24]. °l& H,0, ONOO™ 5ol 23] 44
™, A, DNA 5 A BAE &dAA 23 EP4A8-S
et ohekst A3 W] Asle ZoE BAFITH2S). In
vitro -OH radical assay+= H,0,9} O, Z%F -OH radical®]
HA == Fenton WHE2] Y25 o]&3l] A3 TH26]. £

Bty B

AP G wralensis, G glabra, SW 5 37HA] 7z FEE
9] 'OH radical 27%5& =43 A3N(Table 2), =& #Hx F

Values are means = SD (n=6). “*“Means with the different small letters
are significantly different (p <0.05) between different samples within
same concentration, while #Means with the different capital letters are
significantly different between different concentration within same sam-
ple by Duncan’s multiple range test. ICs, is the concentration in ig/mL
required to inhibit the formation of O, radical by 50%. GU, Glycyrrhiza
uralensis; GB, Glycyrrhiza glabra; SW, Shinwongam

Z50] ¥5 o&H 02 .OH radical 27 T/}t Z7HI= A

S FISINTE E3] 25 ug/mLe] F=oIA 70% ool 47
235 el 7K Az FEE9 53 OH radical &

A 2AE AT 4 A WY ol G wralensis, G
glabra, SW FZE2 50 pg/mLe] sl 22 83.15, 81.81,
81.08%2] & YERHAIL, 100 pgmLe] FENME zHzt
8332, 84.07, 84.34%2] FX& UERIS] 50 2 100 ug/mLe]
FeolM A #E %29 -OH radical 24%50] =3 &
s eSS & & ASlTh

0,2 AR SHAWHg-g B3l At 230 54
AS AT, ol wstel WS o] e Boe=m &
B SUtH24]. 53] O, = -OH, H0, 59 ®k&Alo]l A%
radical Aol Hofste] 22 SAZITH24]. & AFlA]
PMS/NADHZ ¥ O, radicalell ] NBT7} A2 9
formazan® 2 $H= A2]E ©]&37 O, radical assays &
8 37 R FEE2 0, radical £27%5S =3sI0H16).
G uralensis, G glabra, SW 5 37FA 7% FE59
0, radical 27158 =43 A3(Table 3), 37 Tz FE5
& FEOEAHOZ O, radical 2750 73S elslSiT).
53] G glabradZE°] 50 ug/mLe] F=oA 60% /32| 7t
 EE 0y radical 27%S UERSITE o] AtelA i
F2E9 0, radical &2AFE 4% 24, F 50%Y 0,
radical 2752 UERfo] & AF7e fARRE FXE JER S
& T AATH27].

HsA e AEAC 9 Bxo] e 23F ghrkkE
o] sl=H, E2F W phenolic hydroxyl”]7} &4 vz} 7+
S FAEY disle AAE e el dds 9 s
o] tefet A 715S e B dEA o8] 8
Hiolus A& sl Je =3de W HA E48 F
Ash, gitsl, e, WS, TA
A4S Yepdt29]. 53] siE 2
At 38 JERH, olE el =855 st 840 =
ool LA UTH29,30]. ¥ AToNA G wralensis, G glabra,
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Table 4 Total phenolic and flavonoid contents of extract from 120 1 mGU
Glycyrrhiza uralensis, Glycyrrhiza glabra, and Shinwongam N mGe
Garlic acid equivalent ~ Quercetin equivalent 100 asw
(mg/ext g) (mg/ext g) a
Control 0.000.00 0.000.00 = [} 4
GU 145.16+0.39¢ 1608.33+434.18° %‘ . b
GB 149.30+£0.29" 2238.89+120.87" ;f a. b
SW 169.69+0.80" 3791.67+82.34* ° 40| NS blb ®
Values are means + SD (n=6). **“Means with the different letters are sig-
nificantly different (p <0.05) by Duncan’s multiple range test. GU, Gly- 20 A
cyrrhiza uralensis; GB, Glycyrrhiza glabra; SW, Shinwongam
0 . . . . . o
_ Normal Control 5 10 25 50 100 (ug/mL)
SW 5 VA #x FEEY] F dHe ¥ F ZFgRxo= 3 H,0, (400 uM)
2ZrO =Z5 ]— =z ==X = ==11
d= =% §— b A3K(Table 4), 374 Hx FF= T SW __'—g_g Fig. 1 Effect of extract from Glycyrrhiza uralensis, Glycyrrhiza glabra,
S 7MY w2 dE 9 SgExolE S 7 74"‘5 21 813 and Shinwongam on cell viability of C6 glial cells treated with HyOs.
i 1= u’]—a]-/ﬂ e 72 FE2E50| Hlg] SW F=2E& = v Values are means+SD (1 =6). *dMeans with the different letters are
W Zgcole dteko] ol kel BAo] 9gek o Ab signif}car}tly different (p <0.05) by Duncarfs multiple range test. NS,
= non-significance; GU, Glycyrrhiza uralensis; GB, Glycyrrhiza glabra;
s SW, Shinwongam
M AARAEL} AAWHE FOZ FAH, o] F Al
/\—“,_L‘—‘ u £AF 2] SAEE o] £ AAANEL o]EF
IAske 24285 k= & AW macrophagest fAlSE 2 B3E RIS, 53] o = —ir%%"ﬂ Hlsl SW F=&
%% 3}7] wjiZell brain macrophage® E2]7]%= h‘/} B1]. & o A= ‘§L N &7 7P +5EE o Al
A AES 510%E ST Qs AATAEE felF A ROSE A AYA Askabg Fol AE, B A4 A

= (stress)OFE ¥ &40l FEEHAS vl 243} Hof AAES
(neuroinflammation)S F=30H31,32]. ol E3ulsNQA]
iNOS, COX-2 53 Y34 cytokineQl interleukine (IL)-1B,

IL-6, 52 SUAAA ARAE
AR RERT33). ol9h e AEOR NHWAE £

Gzsloluy, IS e AAFHYG AT Wil 7]o]
e Aoz dEA Ut34]. e ¥ EoERE AR
AEE o & & gle oy AAE A el &3t A7t
ks o] FolX| L ATH35,36]. = AFoA ROSS dEel
H0,2 A8}7] &40 f=® 6 glial celle °]&3t] G

uralensis, G glabra SW & 37K #x FE2E AHwAE

BT Zdes Flsich *ﬂ AELS ST AHFig D),
OFEAE AT etA] ¥ normaltS 100%3}; a3 HH,

H202“}~ 223k controke] 3% 36.02%2] W AM|E =L

< Yehlle]l H,0.01 23 C6 glial cell®) *@P‘q 4L 91
}021:]- VA G wralensis, G glabra, SW 5 37FA %
=55 AsiiE 7, controkell HlE] %S Ax AEE

o ox ¥

;qe stolalgl o] 53] 100 ug/mL o4 50% o)) Al
E& FE UEpfo] As e dig B a3t 9SS

ZZUO

FEET

& 4= AATh 53] 503 100 ug/mLe] FEoAA SW-
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Fig. 2 Effect of extract from Glycyrrhiza uralensis, Glycyrrhiza glabra,
and Shinwongam on ROS production of C6 glial cells treated with H,O,.
Values are means+SD (n=6). “®Means with the different letters are
significantly different (p <0.05) by Duncan’s multiple range test. NS,
non-significance; GU, Glycyrrhiza uralensis; GB, Glycyrrhiza glabra;
SW, Shinwongam
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Fig. 3 Effect of extract from Glycyrrhiza uralensis, Glycyrrhiza glabra, and Shinwongam on iNOS and COX-2 protein expressions of C6 glial cells
treated with H,O,. Values are means = SD (r =3). “*“Means with the different letters are significantly different (p <0.05) by Duncan’s multiple range
test. B-Actin was used as a loading control. GU, Glycyrrhiza uralensis; GB, Glycyrrhiza glabra; SW, Shinwongam
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