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Abstract This study evaluated the in vitro antioxidant activities of ethanolic Polygonum multiflorum
(P. multiflorum) extracts and their cytoprotective effects on H,O,-induced HT22 and SK-N-MC
cells. Among ethanolic extracts of P. multiflorum, the 40% ethanolic extract of P. multiflorum
exhibited high total phenolics and flavonoid contents, with 105.68 mg of GAE/g and 28.92 mg of
RE/g, respectively. The 40% ethanolic extract of P. multiflorum showed a high 2,2'-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) radical scavenging activity and
malondialdehyde (MDA) inhibitory effect. The 40% ethanolic extract of P. multiflorum also showed
efficient inhibitory activity against @-glucosidase and acetylcholinesterase. Moreover, the 40%
ethanolic extract of P. multiflorum reduced oxidative stress and increased cell viability in H,O,-
induced HT22 and SK-N-MC cells as determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zoliumbromide (MTT) and 2',7'-dichlorodihydrofluorescein diacetate (DCF-DA) assay. High-performance
liquid chromatography (HPLC) identified 2,3,5,4'-tetrahydroxystilbene-2- () -beta-D-glucoside (TSG)
as the bioactive compound in the 40% ethanolic extract of P. multiflorum.

Keywords Polygonum multiflourm, neuroprotection, HT22 cells, SK-N-MC cells

1. ME

Airtels oSt 9 Belr|&o] e R geo] SHEAY, kokE BRE A HA A
£9] HAgo] S7Hgol wet o] & ofgstr] et TAlo] FHEIL Urk(Lee 5, 2023). 11 &, YX5}
o|m/d A= 654 ol Q1Y) ATl F 5SS ARSI, 654 o4 ARl 41 5 15A Ut
U Aox HIEQITH(Wong, 2020). F=sto|HA A= ¥o] 7|54 H F22 WslE Qs
71981} Q1A 5go] AotE= HAA A7 EPY O E(Kim T, 2020), T A4l 2443
SR A AAARE, -2 At Aol W2 AReHY AE# A(oxidative stress)2F HIFZAFH Q0 o
WA S3og odte] JEAMEI WS Bo] Qlokyl B EQIth(Feng 5, 2023; Kim 5, 2020).

ASHE AE A TRt AEHA, F, 92 508 Qg AW tiAe] EHFOR Qs Akt
T 249 BT AlA 71 wFol FUH =N WA (Kang 5, 2021). £3], Al ©F 7
oA} drAYeH= B AJAkAZ(reactive oxygen species, ROS)Z 315H24] 0 2 Hk-3-Ajo] o} A BExE
I} "2 A ¥Fg5to] DNA &4, A4 1Ak} 2 el WA 52 42XItk(Joo 5, 2023). o=t
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ROSZ 24517] a4 Aol Atst ¥o] AlIAEE 714
I QIARE A& o7 Aot AEY A EEA HH AU
FAEE A7 FUA B4aESS AASHE SEo] EolA
A HeH(Kim -5, 2020). WebA 451 AEFHAREE IAE
Hos7] 9l EejdlE 9 S|t 53 &2 Ao] At
SHA| 9] A& HF7F R FEth(Feng 5, 2023). 53], A&
A fEfiste] QbR/dol USE FArSHAIY A F = AWolA A
3H AEHAE GO R ASfAld S Qlrtal HiEIL
o] AF AAERE PIBHAIE Z= A7 o] 2P
QltH(Joo 5, 2023).

A5} Q (Polygonum multiflorum)= ftjE&1}o] £&3l= o
| B2 249 AEE e, S, dEolA Ak
Wang £(2017)9] A0 oJ5}8 He}4:9.2 UPLC-Q-TOF-
MSZ EA3gH 7“J—]- A5l Qo= stilbenes, flavonoids,
anthraquinones 2 naphthoquinone 59| 7|54 &4o] £45}
m, o]& £ 23,54 -tetrahydroxystllbene 2-0O-beta-D-glucoside
(TSG7F thE E4dH] AR &2 peaks UERA AT
RElo] 9o, okelshy d7-50] B Moot T
SR TR R PR N R e
2 Mok BA] S 8 7] 5ES HA5HE Ao 1
EFTH(Choi &, 2021). E3F, H5l500] 8 &4 A&
o] TSG= o(}OﬂZ o]—/‘\l-g,]- A 23S, 7HHS q.ool:;]- A
o o 4 X]ioﬂ A 71995k 9= -’F—;%}Eh——’ F &
o, @A TSGE &-&st7] Ash I Fadd FH4ES 4
7Ft7] $1%t A7 A Folth(Wangs, 2022). Ast+25
aAE oot Begd A7 SRS, PR 24
4 x] AFAE BS Gael A% A FE53 AAol
weha] B JoA Fok0.9 2E2ES 883519 in virro O
Arst &g grtet a-glu0051dase 4 olqEd=Eg e oA &
3 H0,2 F28 & AFAxE &40 st 25 a3, 9
sty 228 =4 4l Ao M 717&'7]%’51% A2
Aol & Hs4S WA QTS SIS,

2. Mg ¥ Wy

2.1. Mg & AJSF

Folin-Ciocalteu’s phenol reagent, rutin, 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt(ABTS),
2-thiobarbituric acid(TBA), catechin, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetra-zoliumbromide(MTT), 2',7-dichlorodihydrofluorescein
diacetate(DCF-DA), Dulbecco’s modified eagle medium(DMEM),
penicillin, streptomycin, H,O, @ ascorbic acid: Sigma-
Aldrich Chemical Co.(St. Louis, MO, USA)°|A £QJalo] A}
251911, Na,CO;, dimethyl sulfoxide(DMSO), NaOH, sodium
phosphate buffers= Daejung Chemicals & Metals Co.(Siheung,

https://www.ekosfop.or.kr

Korea)of| A o] ARE-013 0H, 2,3,5,4'tetrahydroxystilbene-
2-0-beta-D-glucoside(TSG)E= Tokyo Chemical Industry Co.
(Tokyo, Japan)ol 4 7-J5to] ALg3Hct. o|9jel ALg-= g
9 AOFS BE extra pure(15) o1 ALgSHAT

22 F==9 HZX

2 Q1] A8E Aok 20004 4 A4 7
Aefste] sk A Fuiste] A&l EAZZR7]
(FDU-8612, Operon, Gimpo, Korea)ol| A &5} E AR &
Eajoto], B4t Aol 20 g& Z2F 0, 20, 40, 60, 80, 95%
ot 1 Lo} Egtsto] Hiztsiol| A 2417 59t 51910
o, FE2HL oIlste] 3HAT-5Z7|(N-N series, Eyela Co.,
Tokyo, Japan)Z %3191, o]& BAAZX7|(FDU-8612,
Operon)E ©]&sto] A% F, -20°Co] ¥& Hust & A9
o AHE3H.

2.3 Fh=4 3/5F

0, 20, 40, 60, 80 & 95% oJe-E F&& F 5% &4
el = e 58 =5 gRlsh] 93
£ 9 SEHER0E I 34 AdS XWPsisit. S
54 RHE S S5 Al Alm &9 SR 2
Folin-Ciocaltew’s A|9FS #7loto] S5E7F AL20)4 HM-3-A]7]
5, 7% Na,CO; ¥ S7SFE F7hsto] 2417 &<t 204
HFSAIZ. ¥R 882 760 nm 1o A EFE A (UV-
1800, Shimadzu, Tokyo, Japan)E °©]-&5}o] SGEE =45t

dom, A7 ZH&EA IE I gallic acid(Yakuri,
Kyoto, Japan)S AR&olo] A|5e}t -2 viHo g Y #&E
248 B9 Ak

FETE 0|t S o] Yl Alm 9-0“0]] diethylene
glycol(Samchun, Pyeongtaek, Korea)Z} NaOHE ¥ 1 &35}
of 1417k B<t 30°CofA] H}%f\]’}’i‘:} Elacy %‘lﬂé’-_ 420 nm I}
oA FBEE S LH, AR FEIH oL SRtE
HFE ruting ARESHo] AlRe} 22 o A HES
s & ALt

2.4. ABTS EfLjZt A7 24 & XEEf = Y& oA
24 55

ABTS 2z &4 @45 S74517] sl 1 mM 2,2"-azobis
(2-amidinopropane) dihydrochloride(AAPH), 0.15 M NaClo]
395 0.1 M monopotassium phosphate buffer(pH 7.4) 2
2.5 mM ABTS A|9FS Eg510] 30&7F 68°C| 2204
AR o) Aeold 1087 47 F AZH gL
0.45 pm syringe filter2 o3t thS F 24A17F WA B3 o]
T g0l A8t ABTS 8912 734 nm TN T
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2ol 0.70:0.027 1O R% 8 o} 2418 AlR9} S}l
1087F 37°COlA BRI 1L, 734 nm WA FHE
A9t

AATISE Y oA BHS =4ek7] 9l Samtako
(Osan, Korea)Z5-E| 453 9] 47 Institute of Cancer Research
(ICR) TH928 FYste] 12402 F712 Whe mehalw]
FF2(2242°C), F5(50-55°C) 2ACRE 15347 ARS39H.
o|% Y& AEsto] 24 FA 9 1040 sigsk= 0.02 M Tris
hydrochloride buffer (pH 7.4)E& go] #2438t & 158 59
12,000 xg, 4°C 2702 YR s}0o] B2 HFHE 0|85
of AYS APt Ao HAAPoto] AL = XA A5
o 0.01 mM FeSO,, 0.1 mM ascorbic acidE 75t 5 1A]7F
59t 37°Co| Al HFS-A|ATE ©]F 30% TCA (Kanto, Tokyo,
Japan)?} 1% TBAE H7Fsto] 2087F 80°C 25304 BF
SAIZ &, dAEE St E4EE AASHL, 532 nm IO A
FFEE S75ISItH(Chang 5, 2001). & A= A=
i IACUC 521 ol £35ilth(BA=dd ety 554
9 59l W3 GNU-220429-M0042, 5212: 2022.04.29.).

ook
it
|\

2.5. a-Glucosidase 2 acethylcholinesterase(AChE)
o 24 5%

a-Glucosidase A &4 =4S A3l 0.1 M sodium phosphate
buffer(pH 6.9)°] Al& @ 0.5 unit/mL X2 a-glucosidase &
403 TYR0] 37°CAA 1087 HFE F, 71991 3 mM
4-nitrophenyl-o-D-glucopyranosideS 7}5}0] 37°CollA 5E7+
RS AIZI ol WS Bolg vlo|22Ea0)E 257 Epoch
2, Bio-Tek Instruments, Inc., Winooski, VT, USA)E 0] &35
o] 405 nm 3HFO|A FFEE S

AChE 9A| &AL =7517] Y3l acetylthiocholine iodide
(ATCDHE 7|34 =, 5,5-dithiobis(2-nitrobenzoic aicd)(DTNB)
2 WA Aoko AFIGTt. Helne 40% ol 23E
AChE(0.1 U/mL)E PBSO] 7}, 37°Col|A] 587} Bhx|s}
9it}. o]% DTNB(S mM)®} ATCI(15 mM)E 87kt 5] 37°C
w704 1087 BXAIZ] &, ulo]ZAREH0|E 7]
(Epoch 2, Bio-Tek Instruments, Inc.)E ©]-85}o] 405 nm I}
Jold FYEE 2T

2.6. & LZHE B

HT22 M| Z= vhA0] & sfuf 2204 Figh 202 X
AAA e E4e UehH, Bd=ddistal ojadish £4]
BFA 8 Al (Jinju, Korea)oll A 2021 12Q0] EoFdto} AL8-5}+9]
o} HT22 AlZE= 10% calf serum(CS, Gibco, Grand Island,
NY, USA), 1% 50 units/mL penicillin & 100 pg/mL streptomycin
o] Z3lH DMEM HjA|E o]&3}o] 37°C, 5% CO, RXACZE

454

stk

SK-N-MC AH|Z& A A Ft AFEAZF HEFE
A EZ-2-38(Seoul, Korea)of| Al Eofdtol AF25}9 T} SK-
N-MC A2 DMEM HjA]9] 10% fetal bovine serum(FBS,
Corning, Glendale, Arizona, USA), 1% 50 units/mL penicillin
9 100 pg/mL streptomycing Z7}5ho] 0]-&351990H, 37°C,
5% CO, £ALCZ vttt

2.7. ME 4z 5

¥ ABAE BELE A7) 9o AEE 1x10° cells/10
mLE A3t & 96-well cell culture plate©] 100 uL¥ E3=5}
of 2417k ¥lFal %I}, o|F A2 Sohe Hejsio] 2442 W]
&t F 0.2 mM H0:5 Az|5to] 347 57t HESAIZ{T HEA]
uLo 2 o] 10 pM MTT S H2js}e] 2417 53t v
A7) 5 A AASIT DMSOE AsI5ict. o] mlo] a2
Z4d0|E g 47|(Epoch 2, Bio-Tek Instruments, Inc.)S ©]-83
o] determination wavelength(570 nm)} reference wavelength
(655 nm)o M FFEE SHSI.

2.8 ME Lf ROS += =&

AlE Y ROS 38 24317 A3 AZZE 1x10° cells/10
mLE 43t & 96-well black plateo] 100 uLA E33}0] 24
AIZE &3F HiFSlSiT o] F A& GHS AT sto] 24417 &
Qb HigRE H 0.2 mM H0,5 A2jste] 3417 &< §HSAIR
o vpAEO & A3 10 uM DCF-DAE 2-gsto] A 2|3 o
2 508 H FILTA(Infinite F200, Tecan, Minnedorf,
Switzerland)E ©]-8-5}9] 485 nm(excitation wavelength)2} 535
nm(emission wavelength)o|A] ¥4 FE =751t

29 1485 YHIZEOHE 7240 24

AR Y R A E42 145 AT Z0ETH
I (Ultimate 3000 series, Dionex, Sunnyvale, CA, USA)ZE O]
golo] EA519 ). Columne YMC-Triart Cig(250x4.6 mm,
5 um, YMC Korea, Seongnam, Korea)E AME5}%1 2™, 50%
MeOHo]| &3}|5}0] 0.45 pm filter2 o3t A|& 20 L2 FY
3} oM, o] 5ARE ZF4(0.1% formic acid)(A) 2 acetonitrile
(0.1% formic acid)(B)& TAH .00 Sf 2L 0%-100%
(2-32 min), 100%(32-35 min), 100-0%(35-40 min)& A3}
o & 4087t A §42 1 mL/min, HE7]& diode
array detector(DAD)E ©]-8519°2H, 310 nm9] UV T4
2. ol% AP WekS o) A& wgo] ohat Azt
RFEHY UV AHEYS Hwsiglon, A&H £49 AT
45 A #2E4Z /1Y sETHE ©A 34t
A=} FUe o B § et EEE4Y 5% o

do
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H] F20tE 15 peak WA of thet A=Al A/dstlth. 4
Aot A Ao A9 F2utE 13 peak HAS TIYTHO
24, A& FE #E49 T2 ALt

=
N

2.10. A2/

£ AY 2= 33 ol WS A35te] meandstandard
deviation(SD)Z YEFHATE &4 EA4-2 SAS software(version
9.4, SAS institute, Cary, NC, USA)S AM25lo] 4 BAL B
A(one-way ANOVA)Z 5t10m, o]F Hotk 7k9] {922l
Z}o]7} Q12 ™ Ducan’s multiple range test(p<0.05)E ©]-&3}
o 4% 719) Ajolg Falstelct

(A)

140
> a
w 120 |-
S b
- b N
O 100 | x b
te)] T
E
8 st
b
= ch
g eof s
L
E 40
< L
=
Q
S 20F
o]
[

[¢]
0% 20% 40% 60% 80% 95%

Ethanolic extracts (1,000 pg/mL)

o

100

== 40% ethanol extract of P.multiflorum (IC 5, = 679.06 pg/mlL)

80 |

60 |

40 1

20 1

ABTS radical scavenging activity (%)

Vitamin C 20 50 100 200 500 1,000
200 pg/mL
(ICsy =114.79 pg/mL)

Concentration (pg/mL)

3. 21 ¥ 1%
3.1. sl 24

7Y akst @Ao] Sttt oetE FEES A4St st
o 7 o&tE vl FEE9 FHeA e FETE .
ol S &%t AT Fig. 1A, 1B} &t} 0, 20, 40, 60,
80 ¥ 95% FEE9 FHlsd IRtE ¥ 47 63.74,
98.83, 105.69, 55.87, 93.93, 124.66 mg of GAE/go|H, &=
gtH o]t TS ZZ; not detected(ND), 26.10, 28.92,
25.85, 30.59, 38.54 mg of RE/gO.2 Upehdth 22 293}
FHEA SRtE 2 SEGER|E I &7 A%E 1o}
= W, 40% ofletE FEE0] $5to] o] %] AdoA = A

=

50

Gl
] a
o L
&« 40 T
o
[=2]
g cb b
2 | I =
c c c
] % -
c
o
33
T 20r
[<}
c
Q
>
S
= 10
[}
=
<]
[
0 N.D
0% 20% 40% 60% 80% 95%

Ethanolic extracts (1,000 pg/mL)

(D
120
=3 40% ethanol extract of Pmultiforum (IC.,= 87.32 ug/mL)

100 - a

N

80 b

N

60 |
40

20

Malondialdehyde(MDA) inhibitory effect (%) —

Catechin 20 50 100 200 500
100 pg/mL
(ICsp =21.08 pg/mlL)

Concentration (ug/mL)

Fig. 1. Antioxidant activity of Polygonum multiflorum. Total phenolic contents (A) and total flavonoid contents (B) of extracts of
Polygonum multiflorum. ABTS radical scavenging activity (C) and malondialdehyde (MDA) inhibitory effect (D) of 40% ethanolic
extract of Polygonum multiflorum. Results shown are meantSD (n=3). Different small letters represent a statistical difference at p<0.05.
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SR 40% oEHE FE2EZ o]8sto] st

Hol=Q 40% ofghE 229 ABTS &z AlA €4S &
A5t A7}, [Cse 679.06 pg/mLE YLD b4 o279l H|e}
91 CYJ ICsp> 114.79 pg/mLE UeRRTHFig. 10). E3L, A&}
ASHE A4 oA €442 TBAY] ¥Egol| 9Jgt malondialdehyde
(MDA)-TBA adductE A&$Ho 24 H71E It MDA A
24S SAT 23, Holre 40% olgte FE2E9] ICse2
87.32 pg/mL, P4 229 71E1719] IC5 21.08 pg/mLo]
o, Aol 40% othE &5 AFIiEE B4 o
Al /42 200 pg/mL FEOA 89.91%= ¥/ TR 71
71(86.73%)9] JA| 58 thH] FH o & 955 A T4t
3= B4 A a3 YeEtfQick(Fig. 1D).

A1 Z0] 22} tiARER] HlEd SREEY} et o|tes Y
4 Ao Hol Tl glom, Weks g0 17 o4t
hydroxyl7|& 7HA 1L Qlof A 2t g Arsto] At &4
o] $83 IS k= A0 =E AP A QIth(Nagarajan -5, 2020).
Liu 5(2018)0]] w29 A3} Q0= gallic acid, catechin, rutin,
quercetin¥} 22 A4 EAE0] 5o, oo w=h AW
SRS FIA7|IL SAAAE PGSt EEE XA &
dita AHERE-S BIH 0 R HA|ok= 0 & Byt w
2hA] B Aol A ARRE AR 40% ofehe & 50| Ak}
L2 O FE2E ] =2 34 SRE ¢ EetE ol
SRPE 22 Y 2404 7191t AeR wekE

e e 2o o EXIFA|AL Fhego] FH-okAL AkA
[Q7=Fo] Zom, Ao ot YRl ks Hof AJAH]

ZHA L Qlo] Aot A3 Bl FHFotth(Feng
, 2023). T3F Fe*" @ Cu*'9} 22 Akslehel gh4 Aol 24
2 X0 F5oto] HE gh3ol sl A== ROS7F A|aHte]
AH2EE HAE wjolol A E &A17]= A A5t
Yojut MDA} Z-2 A& AtekE 9] AAJE oF7IjttH(Lee 5,
2020). Lv 5(2007) 7o k2 Hslr0f g-7-H stilbene
HiA = =ok2 QIgh AlSH AEHAREH F XA(HA, X
4 7He Hoohs ZEs S 98-S dtte 23 B
ST E3E, Wang 5(2022)°] 95t Aska=Q0] ohiE
TSGE ASHY AEHAS AL AGHE AFES A7TE
A& ZHAANF O 2N Fuled H RoA ¥ FATF T,
S84 m A3t fute] A7 &4 A 2 I JAIE Bl o
S /AT S g AL AT Y S48 A5
7l A0 E Bttt wEbA HolrQ 40% e FE52
2 A AIHisEe] ARG opyet Absh WA 54 S
THAA At AEFAREE X ABAE B0 E3S
4 918 Ao whE )

o ol lo

ek o |

N ofx

H1

3.2. a-Glucosidase 2 AChE o5 &

At 40% ogtE 559 o-glucosidase A A=

456

B2 &E50| A4 &L a-glucosidase JA| A5 LfE}
WTh(Fig. 2A). A5kr2 40% e F5E2°] AChE oA &
AL 2A% AT}, ICs502 19.71 pg/mLE YERGT FA tiz
TO = AREE tacrine®] ICsp#k=> 0.028 pg/mLE UEIT &
Q. 40% e FEE 30 pg/mL 5EoA 66.52%2] <
A e Ueilon, 7t Worgld] wet A &/l A4
St= AFE HSth(Fig. 2B).

4% 2=T =7t 2EEA Pot 1ETF A7 A&E=
Y 18F5E v =4, HS GeMkE Ao Ak A
Eg A dF SVIE A4 45 2T 81t ozl 4%
B 9 917 olg FUTTHGupta 5, 2023). ofidt 1
3 ARE 99 acarbose®t T2 o-glucosidase AAAE &-&
S, ol BrBHE 431 AFTAGA oI BT
T 7EeEe A AAsk] A% 2 F55 A7
& A-8-2 Fth(Papoutsis 5, 2021). E3H, T 1FFF] 2
ok ARet AEHAR ] o] wIEH oAEEH
(acetylcholine, ACh)9] R34S 714|711, AChES] &AL 1}
T ST EH QA7 Aofoll S vIE 5 Ue
Ao =2 YA Stk (Moon 7, 2022). ACh F¥/ 7H 9
3 == F8 AFAGEDCH, U FH ol g
HREo] ol Bt ofyzt gk, 719, $98 9 AL 5
22 B2 Q1A 7|5 24of| Togtth(Bekdash, 2021). 0|23k
ACh®] Z15 A3fist7] 918 tacrinet Z-2 AChE AAAE
ARESta] AChY] E3iE AAINZ 5= tk(Xie 5, 2023). 5HA]
9t acarbose®} tacrine¥} Z-2 QFEL BE MAl =3} -2 9
Aol 0 2 549 3248 A Slck. b, 1R
AA71s Ao A R AZE 9 BHoz Hago] 2
RALAZRE G5 U] AT B BT 29 F
olth(Xie 5, 2023)

Aol .0] g4 stilbene ¥ anthraquinones AFZ2HY]
(scopolamine)o] &Jsf F=H hs A 719 5 Aol Ko
A BU 0 A9 BRSNS Ao A AR A
o7 d#A UrkXie 5, 2023). EIF, Holeoo] o AL
= IR TSGe= IAGA 0|2 Fies Tt Hhe-AofA
B} 9 ¥ ohlek Fedy BUEE WHo] 207
S} renin-angiotensin A|AES A 4 Qtkal Bl
AtHGu &, 2020).

Kim(2012)0 W= 1G53 T tjAbdeso] X
e Yo7 Fa3 AP AR e, L UM E 11F
g5ol g AuEnt oy}, d=sto|H o] AdS =<l
ol Basigint webA 2 4 Zi= stilbene S3HET}
anthraquinone©] &3t 25} 40% oghE FEEo] Agt

)

o)
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Fig. 2. Neuroprotective effect of 40% ethanolic extract of Polygonum multiflorum. o-Glucosidase inhibitory effect (A), acetylcholinesterase
(AChE) inhibitory effect (B), cell viability (C and D) and intracellular reactive oxygen species (ROS) levels (E and F) in H,O,-induced
HT22 and SK-N-MC cells. Results shown are mean+SD (n=3). Different small letters represent a statistical difference at p<0.05.
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Fig. 3. Analysis of active compounds of 40% ethanolic extract of Polygonum multiflorum using high performance liquid chromatography
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