. ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
Korean J. Food Preserv.

checkfor | | 28(7), 1000-1009 (2021)

updates https://doi.org/10.11002/kjfp.2021.28.7.1000

L5 IR ET P QY

bt
v The Korean Society of Food Preservation

Anti—inflammatory and neuroprotective effects of
astragalin isolated from Aster scaber

Eun-Hae Kim', Sanghyun Lee?

Mi Ja Chung'*

'Department of Food Science and Nutrition, Gwangju University, Gwangju 61743, Korea
Department of Plant Science and Technology, Chung-Ang University, Anseong 17546, Korea

22l (Aster scaber)OIM

Hp|st astragalin?| st

ol
=

oM

LMANE BS 53}

=1 1
A2o) - o] &’ - Fu|AH*
BRI ARSI, SEYTET A2H T}
Abstract

The aim of the present study was to investigate the anti-inflammatory effects of astragalin (Ast) isolated from Aster
scaber in lipopolyssacharide (LPS)-stimulated Raw264.7 macrophage cells, and the neuroprotective effect of Ast
against nitric oxide-induced neuronal cell death. The ethyl acetate fraction of Aster scaber had the highest 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity among the ethanol extracts and the five fractions. Cells
were pretreated with Ast isolated from the ethyl acetate fraction of Aster scaber and further cultured for an appropriate

time after LPS addition. Ast reduced the concentration of nitric oxide (NO), tumor necrosis factor-a

-a), and

intedeukin-6 (IL-6) in the Raw264.7 cells activated by the LPS. These inhibitory effects were attributed to the suppression
of the mitogen-activated protein kinase (MAPK) pathways by Ast. Sodium nitroprusside (SNP) was used as the NO
donor. Ast increased the survival of human SK-N-SH neuroblastoma cells exposed to toxic conditions due to the
excessive production of NO. The effect of Ast was observed in co-cultured cells (SK-N-SH cells and microglia).
Treatment of SK-N-SH cells with Ast showed protective effects against SNP-induced NO production in microglia.
These results suggest that Ast could act as a potential neuroprotective agent via its anti-inflammatory effects.
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N B

AHollA SRS T2 thA]A| 2 (macrophage)2t TIA|
oF AR microglia)o] SISHH FHE=T, BlAoRLAIRE
9] sfutef HFF EAIkE tAIAIE] L T3 monocyte)

oAl E3lE]o] F5417dA|(central nerve system)of| AEAfoH=
H] A7 A o] th(Kreutzberg, 1996). k] £A0|L 71 S0l 9]
Sl ASHES= S7H 17| nitric oxide(NO), cyclooxygenase-2

HOoO wv-wo=& O

(COX-2)2} 22 A= 7§41 =], interleukin-1B(IL-1PB), IL-6,
tumor necrosis factor-a(TNF-a)2} Z-2 &34 Mo E71R19]
Hu|go] Z7lslo] d=slo|H ZFHAlzheimer’s disease),
71 A8 (Parkinson’s disease) S -2 E|gPA A7 A
o] F8 HUlo] He ZoE dTA UrHMcGeerd}
McGeer, 2004). ¥5°] Ts1A S7FsHH NO 2H|Fo] 57}
5}1, NO= peroxynitrite(ONOO'), superoxide anion(O,"),
H,0, 53} Z-& A A (reactive oxygen species, ROS)
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2 AJAJslo] AU Ak AEH A(oxidative stress)S 57}
AIZItHMcCord, 1974; Ryu -5, 2003). w}2bA], o]2fst EF
& 7SR A5/ AelETIRIS] RIS 245k Aol
A5 %S A5T ¢ U= WHOE AAEL St

HF(dster scabery= S| A UEE A]-8F 0] 7
U kg0 AMgER: AR 29| SR TheE R 2
Q] astragalin(Ast)¥} isoquercitrin®]tHChung 5, 2016).

Astragalin THAAEZAA AFHESO o8 EA4stH
NF-kB/mitogen-activated protein kinases(MAPKs) A1 &g
7= (signaling pathway)ys AAIFC =4 IL-1p, IL-6 121l
TNF-o #HFZ AAaAA GBS §H3] Sitk= Zo] ofn
BIEYeKLi 5, 2017; Soromou 5, 2012). J1&Y 43t
H vlAlofmA| oA TpF EH|%= NOo thdsto] ol
Al 2% astragalino] HABAEZE Ho S &= Ql=Alo] &
et A= ARSI

2 Aol = FF oA 22H astragalin®] Raw264.7 T
AN oA FHS B3 E MAPK Alodg =0 B3t 7]
A AFE sIAL, ] skt 22 mlAotu A2} A A
27t FESHE FAF 2705 THE0] pidletu A7} ASRES
o7 ¥=Fo] NO7} #u]d uff astragalin®] HAIZAEZE K

o 5 UeA LopHslkth
ERTET

&3 (Aster scaben?| O|Etg 22 U 2EE AR

2 0] AT A scabery= FUE oI A3
ST, AlA W % 7 ofRkE S J1e F 9% S olg
oo} F&%F & Whatman NO.1 filter paper(Whatman
International Ltd., Springfield Mill, Kent, UK)& o3}5}o]
79}t 5=7|(Biichi Rotovapor R-205, Biichi Labortechnik
AG, Switzerland) g AMESHo] 55519l 55 FEES
£l defsto] g 4 Apolofl Wt Fik(hexane), EEE
3E(chloroform), OfEolA|H|o]|E(ethyl acetate), FEHS
(butanol) ¥ E(aqueous) B3 E SAR BEIEES S &
719} 5=7](Biichi Rotovapor R-205)E Al&5lo] B3] guj
= AASE & 5 Z27A%7](Clean vac 8, Hanil, Incheon, Korea)
SAAR T B2 20T Hasilet. it S8R
oEotAlEIoIE, FetE 9 & & 54U 2L
I HX, CH, EA, BU 9 AQZ} si3it). ot 559
a2 EtOHZHTL 3t

o fuo

T

N

ot J
my,
i}
BN

&% (Aster scaben?| NEHE 22 ¥ Z2=29| DPPH
giojgd 278y 24

2,2-diphenyl-1-picrylhydrazyl(DPPH; Sigma-Aldrich Co.,

St. Louis, MO, USA) free radical 2AZ-2 ZZ|(A4. scaber)
229 u H3EE0] EOH, EA, BU, AQ, CH 183 HX
< 4, 8, 15, 30, 60, 125, 250 1231 500 pg/mL == AR
3k & A]E(540 pL)2} DPPH(1.5x10™* M, 360 pL) 2HS 4]
2 T 37C) A 3087t RESAJHTE UV-vis spectrophotometer
(Model Ultrospec 3000, Pharmacia Biotech, Cambridge,
England)& 517 nmof|A SHTE =%45}9ct. DPPH 2]
Z A2 G iR tiet Alm 7S] S EEE v
stod [1 - A= F8%= / 272 F35)] x 1009] ofs}o]
%= UERH]ITH

&& (Aster scaber) IEHE =22 HPLC &4

Agilent reverse-phase HLPC system(Agilent 1260 Infinity
II Quat Pump, CA, USA; DAD WR detector, CA, USA) ]|
INNO Cj3 94 Z (25 cm x 4.6 mm, 5 pm; Young Jin
Biochrom Co. Ltd., Korea)& A5t EASIACE 0.5%
acetic acid’} 3E3FE E3} acetonitrile 87 Z4J0] 90:109]
A 30 & 50:502] -&Hff /o] HA 71&7] &7 WHoE
A3k 32 270 nm, 9452 | mL/min 183 £
2 10 pLoqich

&3 (Aster scaber) OIZOIMIEIO|E EEIZ2SE
astragalin 22| ¥ 53

¥ (Aster scaber) HE 2= 4 1 =59 =4l
AL Ho A(data not shown) 3! kSl AMES FARY
23, 7Fg §=p2t o doMA[EIo|E REEE K astragaling
Ba5Fc} =, EA 13 g2 silica gel(200-400 mesh ASTM;
Merck, Co., Germany) column©]] dichloromethaneS ©]-&5
o] 29(loading)5}33 1, dichloromethane 100%°]}4] methanol
100%7}F A 245 A7l 80 0]85}9] open chromato-
graphy2 % 17719] AE&E(sub-fractions)& AUt 1 &
oA sub-fraction 10 Z|ZHste] 12719 AFEZE(sub-
fraction)S H-2|5}% 0™, 1 5 sub-fraction 10-10-2 B14t=
ZolE T3 (prep-Thin  Layer Chromatography, Merck,
Darmstadt, Germany)E o|-&5}0] £2]5}39t}. Kiesel gel 60
F254(Art. 5715, Merck Co., Darmstadt, Germany) plates(silica
gel, 0.25 mm layer thickness)& AR&slo] E2j¥H S22
TLC Z7IE &5t RfghE SRlohaA JdPstoiar, Rfgh}
TLCO| #fjdo] 22 =47]2] groupings SHTHLee &,
2019). GroupingZ d}o] I F 3719 sub-fractionS A
& St 23} sub-fraction 10-10-20]|A] astragalinS LAt =
4 g2l TLCE o]&-sto] gRlstgi=d| TLCS] %7 -8
ZA)L dichloromethane 80%, methanol 20%S A235}o] A|5Y
5t SHE9] L2 57L Bruker AVANCE 500(Bruker,

il
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Bremen, Germany)ZS ©]-83] =73t 'H-nuclear magnetic
resonance(NMR) spectrum¥} “C-NMR spectrum £41 E3]
o 3}, FFZ O = astragalin(=kaempferol 3-O-glucoside)
o7 A3 HChung 5, 2016).

M= Hi

QA TJRIA| IS Raw264.7 A EE SHEA| ZF-28)(Seoul,
Korea)oflA] 45t} ARGSISITL,  HIHoFw Al (microgila,
EOC20)9} A HA|ZZ SK-N-SH A Z= ATCC(American
Type Culture Collection, Manassas, VA, USA)o|A 45}
of ARESHAITE Raw264.7 HjAIA|Ze} mAofwA|Z o] /g7
X+  Dulbecco’s modified Eagle’s medium(DMEM,;
WelGene Co.)ol| 10% H|ZAJS} L-Efjo} EH(fetal bovine
serum, FBS; WelGene Co., Daegu, Korea) 2 1% penicillin
and streptomycin(PEST; WelGene Co.) €92 ©|5t Alo|11,
SK-N-SH A|3Z9] AAH A= Minimum Essential Medium
Eagle(MEM; WelGene Co.)°ll 10% FBS ¥ 1% PESTE &
3t Zoltk. Raw264.7 A2, m|AlofaA 2 2 SK-N-SH A|
2o " HiIAE Tt * 5% CO7F FaEe MY
(Thermo Fisher Scientific, Waltham, MA, USA)°{A 37C
z70= Hjstoirt

Nz dz8 =4
Raw264.7 TAIA|E, m)A|olu Al E(microgila, EOC20) ¥
SK-N-SH A|E+= HAE MEZE wo] W Z 24-well plateso]|
HZESE 1x10° cells/well2 23510] 7+ 3 24A]7F S2F Hj
Fote] 2417t 710 AEE FAIRE ¥ Raw264.7 ThAlA| 320
A A A4S dolry] Y3 Ast 0, 0.5, 1, 2.5 18|31 5
g/mL 24A|7F A 2|5}, Sodium nitroprusside(SNP; Sigma-
Aldrich Co., St. Louis, MO, USA) #2525 5t7| 2ail
SK-N-SH AJ&o] SNP 0, 0.025, 0.05, 0.1, 0.25, 0.5, 1, 2,
4 2217 8 mM 24417k A}k, SAORIAIES SNP 1
2 18412 HeJalgict. tisto] SKNSH AES Ast 0.5,
1, 2.5 12|31 5 pg/mL A3k 2417 & 1 mM SNPE A
Sfof 18417 AoFBlsict. SKN-SH A|ES} o] Hlol |
SHAIARIOA] SK-N-SH A|3LO| A|E BEES 75K
oh. SFAAHOIA Y] Aefsre “AFAIREL} HlAokA
Z TRAAY A5 Aol ApA|s] Attt
AE BZEE-2 Kim 5(2018)0] ARE3ST 3-(4,5-dimethythiazol-
2-yl)-2,5-dipheyl terazolium bromidMTT) 2 B'HS o|-&
stol 27gslgict. A2 A7t 2ol Aol FBS7} 363
o] 917] gre WAJo] MIT 8945 mgmL)S 1080] 12 3
it 50 mL7F BT AL 1% PESTHE & %] 45 mLe}+
MTT 95 mgml) 5 mLE 4lo] Zx[5i5ich. 2+ wellol

MTT -§Ho| = HiXE WARE & ThA] 37CoA] 447 T
Higstlth. MTTE 2HIAIA A/dE formazono] Hi ] wh
2t W] s 8ixE 2AH2HA AASKL ot = H
AS @8] AASE] ffs A2olA 3023 WA &
DMSO(Sigma-Aldrich Co.)S ©|83l] AlZE =t
UV-vis spectrophotometer(Model Ultrospec 3000)= 570 nm
MM FF=E S5 F8= 4 Al 3AIEE= DMSO
2 S, Ao AES2 ofet o] ALksith

A& Aeee] T

M AZE(%) = L
-0 = O

100

Nitric oxide &4

225 AES dol W T A% Ao] AEsg 1x10°
cells/well2 Z75}o] 24-well plateso]] A|ZE 7F T 24A|7F
&3 Hijgsle] 2417t Z]oF AEE RAIRE - Ast 0.5, 1, 2.5
83 5 pgmLE 2417 B9 A 26t3irh. Raw264.7 tha]
A= 2407 3 0.5 ng/mLo] LPSE A2t T 18A1ZH Afu
Tttt SFAARNA O] A2l Eee “ABAIE} HIA
ORI SR AH -5 AR ol AHAIs] Argstaitt.
A viF A5MT} 53] Griess A|2H(1% sulfanilamide in
5% phosphoric acid and 1% a-naphtylamide in H,0)S g
of Sgstal QFAoA 1087 HRSAIZ] &, UV-vis spectro-
photometer(Model Ultrospec 3000)& 540 nmoj|4| S4LE
243199tk NO9] &= NaNOy(sodium nitrite) S ==
& g|Asto] FHIRF AR Q] S8k o= Y HPAe R
AFZESIE K Choi 5, 2008).

Western blotting £4

Raw264.7 AN EZZ 6-well plateso]] A|ZSFZS 1x10°
cells/well2 275t0] 7F & 24A17F B2t vioslgict. A&
A2l 2417 710 HIE FAIRE & Ast 0.5, 1, 2.5 12|40
5 pg/mLE 2A17F 59 AL, 2417F F 0.5 pg/mLe]
LPSE A Zst & 30&7F Au¥sict. Radioimmunoprecipi-
tation assay(RIPA) buffer(50 mM Tris, 150 mM NaCl, 2
mM EDTA, 0.1% Tween-20, 0.1% SDS, pH 7.8)°]| protease
@} phosphatase inhibitor cocktails(Roche Applied Science,
Mannheim, Germany)< Eloto] FH[5ITE vjQfo] Eut A
ILE Dulbecco’s phosphate buffered saling(DPBS, 1x
WelGene Co.)E 33| AlA3I9TE RIPA buffers 751
Az FENe A T PHR2(13,000 rpm, 1042, 4T)5to]
AEOS Aotk AZo] Tl kS Bio-Rad protein
kit(Hercules, CA, USA) o]-&slo] ARAF X Zof ujg}t =
ottt 20 pg HAES TR AFHS 12% sodium
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dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-
PAGE)Z F7|E& &3t &, o] gelZ nitrocellulose
blotting membrane(GE Healthcare Life Sciences, Freiburg,
Germany) 2.2 ZIO0]A|IZ{Th. Antibody2] WS04 Aok <
A5t7] Y3l 5% non-fat dry milk -89-S ZF2+9] membrane
o] 4 B2 Ho 147k WSS A7) F TBS-T20 mM
tris-HC1, 150 mM NaCl, 0.05% Tween-20, pH 7.5)% 15&
A 33] AA5IH 2™, p-Erk(phospho-Erk; Cell Signaling
Technology, Danvers MA, USA), Erk(Cell Signaling
Technology), p-p38(Cell Signaling Technology), p38(Cell
Signaling Technology)Z} B-actin(Cell Signaling Technology)
13} RIS 1:1,00002 S)41510] 7K 3 4ToIA 1841
&<t overnight SFHA] §FGAIZ] T2 TBS-TE 1584 3
3] A& o]% 1:2,00002 543t 24} §FA|(anti-rabbit
IgG, HRP-linked antibody; Cell Signaling Technology)E 1
AR &% HESAIZ. TBS-TZ 1520ttt 33] Al& & 23}
A} Agtel TS AbSignal western detection kit
(AbClon Inc., Seoul, Korea) 2 & 2|51, LAlo|A Agfa
X-ray film(Agfa HealthCare NV, Mortsel, Belgium)© 2 i
EE A3kt A75FL:. 1 HIE9] FEE SigmaGel
(Jandel Scientific, San Rafael, CA, USA) A E gJojo] ]3]
A oA, T FE Bracting Fale SHo] 24

shoiet.

ELISA 24

Raw264.7 tAA|ZE 12-well plateso]] A|ZSFE 1x10°
cells/well = Z75t0] 7+ 3 24 A7t B2t HijQFsto] 2417t 7]
o} AlEE |-A|5FATE Raw264.7 THAA|EO] Ast 0, 1, 2.5
2 5 pgmlS 2417 E9F Aefet 5 gj2gg Aol
0.5 ng/mLo] LPSE #|=]5lo] 18A17F AHi Rt 5 B HiA|
£ o] YAEZ|(10,000 rpm, 105, 4T)sict. LAE]
% 5] FREY TNFoit L6 AolE7tel Bujzke
ELISA kit(eBioscience Co., San Diego, CA, USA)E 0]-23
of Azt Aol wet ZgstoAc

MZNMEZe} O[NOLLAME STIAIAR 7=
u|HJoF A E(EOC-20 microglial cells, 1x10° cells/cell
insert)s= Falcon cell inserts(Cyclopore polyethylene terephthalate
“filters’, Pore density: 1.6+0.6x10%cm’, pore size: 0.1 pm)°]|
BE351910, HAIAAEQ] SK-N-SH AJE(1x10° cells/well)
+= 12-well culture plate©]] £33t} Falcon cell inserts~=
12-well culture plate®]] 2 4= 11 cell inserts®] Y7 HHo]
12-well culture plate©]] FA w|Ajo}w AL} SK-N-SH A3

7F AR Edugo] 7Fse 5 e AlAdEs e
12-well culture plate©]] HiFo}1l Q= SK-N-SH A|EO]| Ast
1 1813 5 pg/mL& A=5FEaL, SAf cell insertso] v
29| "ol EE | mM SNPE A aste] 1847 vljoks}
it ojuff SK-N-SH A|ZE ujF 521 12-well culture plate
o 713t astragalin®] 35t HiR|Q] FL 1 mLE cell
inserts”} SK-N-SH Bl %F plateo]] 1/2 A= FA A= E2n
slo] 7i5 4 9l A2EE TEA

=21 0
SD)E HAISIHI A+ 7t B2 2}o]= one-way ANOVA
2§94 &9I%t & Duncan’s multiple range testS ©|-&
Slo] ARE A oH p<0.05 oA §oJA49] oRE
AS0ITE BE EAREAL SPSS(statistical package for
the social science) version 17.0 & 724(SPSS Inc., Chicago,
IL, USA)= o]-&3to] EAst3icth

o=

Zot & a3
&2l (Aster scabenO|X 2212 22lE2S2| DPPH 2tC|&
L27|HE

A3 olghe FEE(EOH), ootAlEP|E FHE(EA),
e BREBU), RIS FIE(CH), W 2B
(HX) 2 E3(AQ)2] DPPH HjZ A2 do A}
A5 B E A]§ Zo] EA7} 7P =& DPPH )z 4&A
Z-8-% YefQlthFig. 1(B)). 3F4tel Galr} Hojd EAR
BH astragalin® Chung 5(2016)1} -2 vhiog Hal 9
B3I, #3 oehe 2229 HPLCE B3 Zxt
astragalino] 9hF-E|0] k= AS & o AUIL(Fig. 2(B)),
HAH 3259 EARRFE U2 astragalin(Fig. 2(A) & <
ol ARSIt

22| (Aster scabenOIM 22|l astragalin?] Raw264.7
CHAMIZO| M|z HZ80 0|3l T

Raw264.7 GAMZA] 05, 1, 2.5 12T 5 pg/mL AstS
Agfsto] 24417 Bt iRt & MRS Yol A=
Fig. 33} 2t &3 (4ster scaber)ol|A E2]H Ast= BE =
Lol Al BEE0] AstE A|Z|SHA] gk tHETH100%)2t
w|slel §914 Aol7t YUOBE. Ast 5 pgmLrH) A
Z=/do] glthe A2 & & AUAHFig. 3). wEhA =40l
ERA QK 5 gl AstE T SEE Sof Adsie
g8 AP

=
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D
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>
58 Y7
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Fig. 1. DPPH radical scavenger activity of fractions from Aster scaber.

EtOH is ethanol extract. The ethyl acetate, butanol, aqueous, chloroform, and hexane fractions from Aster scaber are EA, BU, AQ, CH, and HX,
respectively. The values are expressed as the meantSD (n=4), and the means with different letters are significantly different from each other (p<0.05),

as determined by Duncan’s multiple range test.

2l (Aster scaben M 22|E astragalin?t Raw264.7
CHAIMIZOIIA LPSOll 2fsf R=E NO 2 cytokines 1hH2H|
ol 0]zl I

W549] shQl LPSE A2et & oA aEoflA ko]
A PZA AL EFIQI(TNF-q, IL-6, IL-1p ), NO 5] &

HIE SRIFte 24 A5 8 Axudolel= 2 4 4 9
Th(Leed} Lim, 2008).

2 oML astragalin®] FHZ S YolH 7] Q5]
Raw264.7 IAA O] AstE WA A2jgt & LPSE Ao}
oIt} Ast 0.5, 1, 2.5 18] 5 pg/mLE A 2|5t A3} LPS|
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(A)
OH
HO 0
| oH
0 0
OH O HO OH
HO
®)
[ DAD1E, 5ig=2304 Ref=off [JUSUNGIL cunesta dfferents Smix 2018-08-20 13-44-4811A7-0601.0)
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1000
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Fig. 2. Chemical structure of astragalin.

The astragalin was isolated from Aster scaber and identified by method of Chung et al. (2016) (A) and HPLC chromatograms of the EtOH extract

of Aster scaber (B).

120
nsY

100 | —=— . . _
80
60
40 |

20

Cell viability (% of control)

Control Ast 0.5 Ast 1 Ast2.5 Ast S

Concentration of astragalin (Ast) (ng/mL)

Fig. 3. Effects of astragalin isolated from Aster scaber on cell
viability in Raw264.7 macrophage cells.

The cells were treated with the various concentration (0.25, 0.5, 1 and
2.5 pg/mL) of astragalin (Ast) for 24 h. The values are expressed as
the mean+SD (n=4).

Dns, not significant.

ofs IEHl © NO7F E= SJ&A o= A3 Fig.

4(A)). AstS A3 F LPSE A2ISIAAL, 18AIF & HijA]
o] TNF-02} IL-6 wH|F= 577t 23} LPSo| 2sf IH2H|

= TNF-09} IL-6 2H]=F
4(B), 4(C)).

oA BTN AA| oA A 2l astragalines #]2]gF
2A7F Zof) LPS(1 pg/mL)E AF=6to] 24A7F vkt the
A 5N #25t0] NO, PGE2 o IL-65 S5 43
astragalin 222 0|5 &3o] Fo|¥ o= AAsiittal 5t
P & A Al GARBIATHMok 5, 2011). TR0
astragalineS 77 £o] & LPSE A uj Hlo|A LPS
of 9Js F-=% NF-kB/MAPK /& At =4 TNF-q,
IL-1p 183 IL-69] SRS ZAAFHTHLI 5, 2017;
Soramou G, 2012). WEHA £ AtofA= oA E2=
astragalin®] THAIAN|EOf|A] oJE 7]Hof 2Jsl] NO H cytokines
AdE A=A LotE Sl

S5 oEdow gaslrkFig

&2l (Aster scaber)MIM 22| astragalin?t Raw264.7
CHAIMIZOIM LPSOfl of5 |2 Erket p-38 MEHEE
2 g4sio| njals 3

AN f Erk, INK 2 p382 H33H MAPKs 413 7
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Fig. 4. Effects of astragalin isolated from Aster scaber on nitric
oxide (A), TNF-a. (B) and IL-6 (C) levels in LPS-stimulated
Raw264.7 macrophage cells.

The cells were pretreated with astragalin (Ast) (1, 2.5, and 5 pg/mL)
for 2 h, followed by treatment with the LPS (0.5 pg/mL) for 18 h.
The nitrite content of culture media was anlyzed. Control and LPS were
control cells (Ast and LPS-untreated cells) and LPS group cells (cell
treated with LPS only). The values are expressed as the meantSD (n=4),
and the means with different letters are significantly different from each
other.
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INK 7831 p-38)9] A5 AY ARL R 228,
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(Fengyang -5, 2012; Park 5, 2012; Woo &, 2018). Raw264.7
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0.25, 0.5, 1, 2, 4 718]11 8 mM SNPZ 18A]7F A 2]st 23},
0.5 mM SNP AejZo]As Hzat Hma@] 2912 o]
7F @113 1 mM SNP Ao ofsf thR2TH(ABEE& 100%)7}
H|wsle] AEE0] 82.4%= -/]Xqi SK-N-SH A=~}
A5tk Fig. 6(A)). Ast 0.5, 1, 2.5 12T 5 pg/mLE 24]
7H 59T AEIT T 1 mM SNPE 18417 Helg Ak S5
O]&4 0 & SN-N-SH AL RJZEZo| Z7J5l0] Ast 2. 5 11+
3L 5 ug/mL A2 LPSE A2foHA| B2 tiEx 0=
S1E5Ith(Fig. 6(B)). RIACHAIE(EOC20)0] 1 mM SNP
£ 18 h A3t 2}, Al P22 90%°]1L, NO= FA
Q1 23} vlwsto] oF 18H) S7151tHdata not shown).
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Fig. 5. Effects of astragalin isolated from Aster scaber on LPS-
induced phosphorylation of Erk and p38 in Raw264.7 macrophage
cells.

The cells were pretreated with astragalin (0.5, 1, 2.5, and 5 pg/mL)
for 2 h, followed by treatment with the LPS (0.5 pg/mL) for 30 min.
A and Ast are astragalin. The Erk, p-Erk, p38, and p-p38 levels in each
sample were normalized to the P-actin levels. The density of each protein
band was quantified by using SigmaGel software. Control and LPS were
control cells (LPS and Ast-untreated cells) and LPS group cells (cell
treated with the LPS only), respectively. The phosphorylation of Erk
and p38 was abbreviated by p-Erk and p-p38. The values are expressed
as the meantSD (n=3), and the means with different letters are
significantly different from each other (p<0.05), as determined by
Duncan’s multiple range test.
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Fig. 6. SNP-induced cytotoxicity (A) and effect of astragalin
isolated from Aster scaber on SNP-induced cytotoxicity of
SK-N-SH cells (B).

(A) The cells were treated with various concentrations (0.025, 0.05,
0.1, 0.25, 1, 2, 4, and 8 mM) of sodium nitroprusside (SNP) for 18
h. (B) The cells were pretreated with astragalin (Ast) for 2 h, followed
by treatment with the SNP (1 mM) for 18 h. The values are expressed
as the meantSD (n=4), and the means with different letters are
significantly different from each other (p<0.05), as determined by
Duncan's multiple range test.

84k & QItKChung £, 2016; Lee 5, 2018; Lee &,
2019; Meda 5, 1995). &2 Aol Al= HAotaA| e} Al
BAIE7L BE Q= ointet B2 fARE AlARE 5Tt
7] 9J8f wlAlo}w A E(EOC-20 microglia)= cell insertso] Hf
FoF L, HAIZAIZ(SK-N-SH A Z)= cell insertsE 2 4
QE=E AZE 12-well culture plateo] HiGsIATT.

EAdske v Aot A E (microgliayx= TNF-a, IL-6 18|11
NOE & £H|olo] H52 FEstaL, =9 sfiuto] &5t
= HAlotwA| I E/d3te] 3t cytokines?t NOL| I £
H= HAS5E 7 5= qlom, olg 42 dAlske I
< a7 9 XHS Bito] o3t HAe ol d A HAL
A o] 7FsT Aotk Yang 5, 2020).
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SHEgol 9Jsf NO7F 3718k Ak 22 k2] NO7| AB/8H
Ad2ZAMx o] E 4= 9tk(Lee 5, 2019). Cell inserts= &
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Fig. 7. Effects of astragalin isolated from Aster scaber on NO level
(A) and cell death (B) in SNP-treated SK-N-SH cells.

The SK-N-SH cells in 12-well culture plate were treated with astragalin
(Ast) and the microglia on cell insert was treated with sodium
nitroprusside (SNP) (1 mM) for 18 h. The nitrite content of culture
media in SK-N-SH cells was analyzed. Control and SNP were control
cells (Ast and SNP-untreated cells) and SNP group cells (cell treated
with SNP only), respectively. The values are expressed as the mean+SD
(n=4), and the means with different letters are significantly different
from each other (p<0.05), as determined by Duncan’s multiple range
test.
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