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Abstract

Amyloid beta (AB) is produced from an amyloid precursor protein by the activation of
the amyloidogenic pathway, and it is widely known to cause Alzheimer’s disease (AD).
In this study, we investigated the neuroprotective effects of three flavonoids, quercitrin,
isoquercitrin, and afzelin, from Acer okamotoanum against AB-induced neurotoxicity in SH-
SY5Y neuronal cells. AR,s35 treatments resulted in decreased cell viability and increased
levels of nuclei condensation and fragmentation. However, an isoquercitrin treatment dose-
dependently increased cell viability and decreased nuclei condensation and fragmentation
levels. SH-SY5Y cells treated with AB,s35 showed increased reactive oxygen species (ROS)
production compared to that from cells not treated with AB,s55. However, treatment with
the three flavonoids significantly inhibited ROS production compared to an AB,s.;s-treated
control group, indicating that the three flavonoids blocked neuronal oxidative stress. For
a closer examination of the neuroprotective mechanisms, we measured the expressions
of the non-amyloidogenic pathway-related proteins of a disintegrin and metalloprotease
10 (ADAM10) and the tumor necrosis factor-a converting enzyme (TACE). An isoquercitrin
treatment enhanced the expressions of ADAM10 compared to the control group. In addition,
the three flavonoids activated the non-amyloidogenic pathway via the upregulation of
TACE. In conclusion, we demonstrated neuroprotective effects of three flavonoids from A.
okamotoanum, in particular isoquercitrin, on neurotoxicity by the regulation of the non-
amyloidogenic pathway in AR,s.s5-treated SH-SY5Y cells. Therefore, we suggest that flavonoids
from A. okamotoanum may have some potential as therapeutics of AD.
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Introduction
A AAZH R QT ns}t FAFo 2 Q) L=5to|r A 2|ul(Alzheimer’s disease)2t 2
AN EY A I 5ol S7FskaL }lom, o= 725 AFE A - AR A #AE oF7lskal itk

(Sengoku, 2020). &=5}o|HA] X|uf= | W amyloid beta (Af3) T2 0] -SR] o] AP plaque
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FH = FA == HY4 E4S UEUH, of= g=stolmAd X|ulje] 2 Qo= deA UthGouras et
al., 2015; Tiwari et al., 2019). AR+ amyloidogenic pathway©l] 23l o}t 20| = 23t Tl A (amyloid precursor protein,
APP)ZHE| (3-, y-secretase &4 &/dol| oJ3l xpd o2 Ea|w] o] A/ HthGouras et al., 2015). Amyloidogenic
pathway©l| 2|5H THY/dE AP+ | U] /44 F(reactive oxygen species, ROS) A= S7HA|A AHeHd &4
FEotal, o] A M AFAE APFEE d oA Q1A 5 9 7|9 &2 = SHTH(Cheignon et al., 2018). BHA
APPEZRE] (-secretase & 42] A& A non-amyloidogenic pathway”} &/J3}He]=1|, 0| = APPZF-E| ARZ E &&=
TS XA A A= AR AYAS #5HA 21 THKojro and Fahrenholz, 2005; Tang, 2005). W2hA] =] 2] A7Loj| A APP
2RE AR A3/dS AAISH= non-amyloidogenic pathway Z/d3tol]| =22 & 4= = g=sto| w4 X|uj o 2 7}
A8 A7) 7ol et A7 2] o] 02| AL I TH Wang et al., 2016).

A 24 (Acer okamotoanum)= $-2|L2ke] S5 ol|A| A Yo= T LRIt Al B2 4, quercetin, kampferol,
tannic acid, gallic acid, cleomiscosin A, C 5-2] 2| &2 -& gash= 202 B THKim etal., 1998; Jin et al.,
2007; Takayama et al., 2012). =3 o] AFE Fofl AR 4]0] ot &5, W S/, |9t axf, 1t i
A g3} 5o] AJgj@Ado] B 1% Qth(Qadir et al.,, 2007; Yang et al., 2012; Kim et al., 2018). AP 12 E5) QA
22 ethyl acetate (EtOAc) =52 in vitro FAS BT ARR &3S L3t A A Zo A AFwAZ BHS
a0l the F2 9 B2 vl 452 ZASHATH(Choi etal, 2017a). =5 AL 2 4] BV #-21E EtOAC
FEES ARRE g=sto|H X|uE F=5t SE2RdolA AR5 7 &k UehdS FRIsHITHChoi et al.,
2017b). #qF opz}, @A 2 4] EtOAc #3-E5 25 quercitrin (quercetin-3-rhamnoside), isoquercitrin (quercetin-3-
glucoside), afzelin (kaempferol-3-thamoside)} 22> 37}A| flavonoids d 2= 22|51 oW, o| &2 et S44S &
SHAZA WA E BT aaFS e TH(Lee et al,, 2018; Kim et al., 2019). 12U} QAT 2 4] EIOACE R E] £33
7}HA] flavonoids®] ARE £/¢S - F A7 M| Eo| 4 2] BT § 79} non-amyloidogenic pathway 24 ¥ w7y
Z ol ek A= RESH Aotk wheka] B Lo A= QA 2 4 EtOAc 23 S 2 BLE] 28]t quercitrin,
isoquercitrin, afzelin} -2 37}4] flavonoids A #-0] AR -7 Al 7 =AJof] TSt SH-SYSY Al GA 22 B S g5 &9l
shar, e HIAY S-S 8 okaLAL st

Materials and Methods

AN ZL! quercitrin, isquercitrin, afzelin AFAATE Foll 2AMILZ 4] EOAc R 2 =2 FE 2a]sto] Aol
AHE5FI TH(Lee et al,, 2018). S-F P22 E 0] -850 995.4 go] AN 2 A 23S methanol = FE01 2,
O] 21 E] 176.1 g9] methanol FEE2 LoH, o] & Eoll HEF T n-hexane (27.6 g), CH2CI2 (5.8 g), EtOAc (35 g),
n-BuOH (74 g) 2 £&85}0] ZF B8 53 AQ]th 11 % Ei0Ac 2253 AFE-5I3ITh QAR 2 4] EtOAc 22 E(30 g)
-2 CHCly/MeOH 871 2/J © 2 slica gel column chromatographyS- ©]-8-510] 127]2] AR E-& A om o B &S
LiChroprep ZL2HFE 1205 A A5t} 2228501 0 2 RE] A ZS 272 74 afzeling, 2228 10H 2R E
ANAZASE S AA quercitring, AE2] 119 2R E] Sephadex LH-20S 5147 isoquercitring £2|5H3t} 2}
B1eFE0] 2= HNMR, "C-NMR, MS datas ©]-8-5101 3714] flavonoids “d-2-& 5453t 2 /g2 HPLC/UV
FA7]7]& 0]-&5Fo] INNO column} water : acetonitrile®] 7]-27| SUi=2/d 2 UV 330 n SO 2 HFRAS AA|
Sttt ZF A3 20] SFFL afzelin (2.66 pg-g’), quercitrin (48.26 pg-g"), isoquercitrin (5.84 pg-g" )22 Q1= A THLee et
al., 2018). ©] = flavonoids2] T-Z+= Fig. 13+ ZTh(Lee et al., 2018).
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Compound R1 R2
Quercitrin OH O-Rhamnoside
Isoquercitrin OH O-Glucoside
Afzelin H O-Rhamnoside

Fig. 1. Structures of three flavonoids from Acer okamotoanum (Lee et al., 2018).

L B A

SH-SY5Y Al A= 3HA| 32 2-8)(KCLB, Korea Cell Line Bank, Seoul, Korea)ol|A] 29F Hro} Al&]of] AR5
Atk SH-SY5Y A7 M| 2= fetal bovine serum (FBS), 100 units-mL" 2] penicillin streptomycin -8-20] %7} Dulbecco’s
modified eagle medium (DMEM) H| 2] & ©]-8-5}0 v 53] 21, o] 5 AJ9F2 Welgene (Daegu, Korea)ol| A 45
o}, AlEE= 37°C, 5% CO, incubator®i| A BI S, HIFE A7} 80% ©1/d 541 =] -2 ™, phosphate buffered saline
(PBS, pH 7. 4)E MN|2ZEE- M| Z trypsin ethylenediaminetetraacetic acid (EDTA, Welgene, Daegu, Korea)S- ©|-8-5}0] F-2¢
TS elstol Aclerstual o) ALg st

MZ4EE 5%

A ZE- 96 well plate©l] 5 X 10" cells-well' 2 seedingd}] 37°C, 5% CO, incubatorol| A] 4A]17FBIFAIZ] & SAFT 2
4] flavonoidsE 217} s 2 2|51 4A|17F B PSRl o] & A 542 =571 213H 25 UM AP,sss (Sigma,
St. Louis, MO, USA)E & 2|5}o] v sttt 24A17F H, Z} wellol] 5 mg-mL ‘o] 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT, Bio Basic, Toronto, Canada) solution= %45} incubatorol| 4] 4A17t ZHu 513 Tt
O] % MTT solutions A|715}aL dimethyl sulfoxide (DMSO, Bio Pure, Ontario, Canada)S- Z} wellol] F5t0] AJ/dH
formazan 272 3057 Hlo] ZpHH Ao 4] 50 540 nmOl| 4] microplate reader (Thermo Fisher Scientific, Waltham,
MA, USA) 71715 o|-&5to] S8 =5 575 THMosmann, 1983).

Reactive oxygen species (ROS) £7{s £H

Z} wellol] 80 uM2] dichloroftuorescein diacetate (DCF-DA, Sigma, Saint Louis, USA) solution = 15+ 37°C, 5%
CO, incubator®l| A 3027F A LSt H, ©] 5 excitation-480 nm, emission-535 nm@l| 4] FLUO star OPTIMA (BMG
Labtech., Ortenberg, Germany) 7]7| S 0|25} FF =5 Z43lo] Z} 8 ROS 27152 AAHHATHWang and
Zhu, 2003).
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Hoechst 33342 staining

SH-SY5Y MIZZ- 8 well chamber slidesO]] seedingd}o] A 25 528 2 22|51 4A17F BIGAIZ] 5, 25 UM AR5 55
£ 24X)7F59F 2 2lskitt o] & PBSZ A|2ISH F 4% paraformaldehydeS- 1027 2] 2|5to] M|EZE T PAIZCE 1
A HIZE PBSE A2 SF F] Hoechst 33342 (NucBlue” Live Ready Probes” Reagent, Life Technologies, Grand Island, N,
USA) A|2FS 20827 2] 2]sto] AliZE AAA|ZITE YA S AHJ2E= fluorescence microscope (Olympus BX50, Tokyo,
Japan) 7]7|&- 0]-8-5}0] A|3E2] apoptotic bodiesS- 5T}

Western blot analysis

M|3E+= RIPA cell lysis buffer (Elpis Biotech, Dagjeon, Korea)S ©|-&-5}0] THlAl-S- =3+ F| Bio-Rad assay kit
(Bio-Rad, Hercules, CA, USA)E ©|-8-5to] Tl k3 Ao A g T2 QFS 10 - 13% sodium dodecyl
sulfate polyacrylamide gelol] 7]953to] 22|St FH, o] & polyvinylidene fluoride membranes©l| transfer AJZATE. 5%
skim milkS- ©]-8-5}0] 147t 52t membrane blocking A171 F, 1x} A2 Cell Signaling Technology (Danvers,
MA, USA)l| A 7-Q1$F a disintegrin and metalloprotease domain 10 (ADAMI10), tumor necrosis factor a cleaving enzyme
(TACE)< PBSTO]| 8]A45}0] membrane@} RF-3-A|Z T} o] & 2282t BH-3-A|Z] & chemiluminescent imaging
system (Davinci Chemi, CoreBio Systems, Seoul, Korea)= ©]-2-5}0] Tl 2l ¥hel-g B A5HQiTt ZF o8 Thilal Hhed

-2 Image J software (National Institutes of Health, Bethesda, MD, USA)E- 0]-8-5}0] AJ&Fs}stoict.

SH =M
DE AY A= gt £ TFHAE UJERYRA T, Statistical Package for the Social Sciences (SPSS, SPSS Inc.,

=+
Chicago, IL, USA) Z2 13- o] &s}o] z} A AIHSZFE] analysis of variance (ANOVA)E 78+ F, Duncan’s
multiple range testS ©]-8-510] p <0.05 0l A] 2} 72 W +7He] -f-2)Ad-& HA s

Results and Discussion

= W AR plaque 22 d=sto|mAd x|ufjo] thxAQl Be|shd E4og Hugo| ueh ARE PA5H=
amyloidogenic pathway+—= &=5}o|H/d X|ufe] F£Q Iolo 2 B E| T QthGouras et al., 2015; Tiwari et al., 2019).
APy 39 - 437119] ofm| e AtS 3235k full length ABS] A THE FENZ A, full length ARRE -FAF =/d-& LERH
ChPike et al., 1995; Varadarajan et al., 2001). 53] AB,s ;5 A7 A0l X 2]38-S of ROS THY/J 02 Qlaf Absha] 4=
Aol FEE o, o= | AN E AFES Ao 7] A o2 HITE|ITHCheignon et al., 2018). WEtA] AR, S
o]-g3to] A=/l tigt AL fef TS MAME B gitE S015)7| 95t A7t 25| of
Fo]Z] a1 QlTh(Sarkar et al., 2017; Yang et al., 2018). WW2tA] 2 Ao A AR, 15 °]-85t 17 54dS 73 SH-
SYSY AlZ Aol A At 22 37HA] 2] E/dE Q] quercitrin, isoquercitrin, afzelin®] A1 ZA|E HS 35 &
Qlstarzt akict.

H2] QAR 24 3714] flavonoids2] AR, 0l TEt SH-SYSY Al A 2o tigt 25 aatE &els)r] <) Al
TAZES ZHSIATE APy, 223 controlT=E ARy, = 2] 2]8HA] 22 normalt 100%0] H| 5l M| ZAYE
80| 2.08%2 4351 AR, X2 2 s AHEAC] FEHS & 4 AATKFig. 2). WH AR 2] 371%]
flavonoidsS 1, 2.5, 5 ugmL'9] w=HE =2 Z}zF 2] 2]51-& W isoquercitring 5 pgmL 9] =2 X2 gF Lol A
46.74%2] NI ZEAYZE-E-S LEFH 0] controlitol] BI3H 214 0 2 A EAYEE0] F7HHS & 4= ULt
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120

100 —?—

80

=1 pg'mL?
u25 pgmLt
5 pg'mL’

60

Cell viability (%)

o be bc

40
20
0

Normal Control

ABzs.5 (25 pM)

Fig. 2. Effect of three flavonoids from Acer okamotoanum on the cell viability in AB,s.streated SH-SY5Y cells.
Values are mean = SD. a - ¢. Means with the different letters are significantly different (p < 0.05) by Duncan’s
multiple range test. QU, quercitrin; 1Q, isoquercitrin; AF, afzelin.

ANZA 2ol ARZ} ThctoA| A3/dE 7% Aty AER A A AS ¥R 52 Bl A7 5/d0] F-=H THCai et
al,, 2014; Cheignon et al., 2018). &=] U] AR Q15+ A7 5/d-2 A2 319] condensation?} fragmentations P27 A= k]
A7 M| 27 F AFEE] = apoptosisS 72 AIZITHL et al., 1996; Brewer et al., 2005). ©]+= 2] /4%l 7|52 +3Yst=
AR5 A 7|9 &2 Fresto] d=stolm A x|uje] Qlo] ETHL etal,, 1996; McPhie et al.,, 2001). PAF L 24
EtOAc £ =2 5 E £33t 3714 flavonoids®] AR,s 3= F-=H AZEAIE APHo|| thigt ES G315 &RI517] 93l
Hoechst 33342 staining=- =-31] apoptotic cell 2 A5} T OFEA = 2] 2] 51A] &2 normal-2] 32 EFI S o] 2 45H
FENE YERARI O LY, AR, 15 Z 2] $F controli-ol| A 3 W condensation} fragmentation=- 53} apoptotic body” 57+
SHo] AB,sss B2 13l Al EA o] =S & 4 A ThFig. 3). ¥HH quercitrin} isoquercitring 5 pgmL '] 5=

2 2] 2|38-& uf controlwol| HI3H 3 W condensation?} fragmentation®] 7F4x5}+0d 5-2]24] O 2 apoptotic cello] HA|E 7

2 L4 Ak
(B)
Normal Control 60 -
/ /' . 50 ~ a ab
32
% 40 -
o
b
o 30 - ©
b= bec
S 20 A
Vol ol -3
10 -
‘Y ~ A c
0+
e

Normal Control QU 1Q AF
ABas 35 (25 pM)

Qu 1Q AF

Fig. 3. Effect of three flavonoids from Acer okamotoanum on nuclei condensation and fragmentation in AP,s.;5-treated
SH-SY5Y cells. The nuclear morphology (400x) of cells (A) and quantification of the nuclei demonstrating apoptotic
bodies (B). Values are mean = SD. a - ¢ Means with the different letters are significantly different (p < 0.05) by Duncan’s
multiple range test. QU, quercitrin; 1Q, isoquercitrin; AF, afzelin.
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o]u

Amyloidogenic pathway ZHJ3HE Q1al A E AR ] Ulol A plaqueE FAJ5HTL o]= ROSE TH¥AJsH= 2o
2 A& JATH(Cheignon et al., 2018). £5] Y/ E ROS+= Al 7 A|Zate] 2| ATH4Fs} & U DNA 2 RNA £
A S A E2Le] 442 A 0 71Tk Butterfield et al., 2002; Bhatt et al., 2021). ©]%]& ROS iAo 2 JsH
NANEZE A HZ APES d o7 olz)se8] 4l 71o& 2512 8- ralo] ¥ o] HAFAQ] 7]5-8 v 3]1
SHCHButterfield et al., 2002). WA B2 Aol A AHel2] 242 AAllohs 7]6-2 2he S ol 85t &
stolmAg ZmiE 7HAdskaLAl she At7F S| o] FofA] AL lTh(Simunkova et al, 2019). 53] AFIA|0] LQEJ =2
It EejHlE Ad2oll 23 = flavonoidst ROS A8 AAls-0] 94p5to] HAE fafio] o34l 4tehA| =
2] 42 ATh(Panche et al., 2016). & AT AL 2 A EOAc 225 E 222 flavonoids®] AB,s =
Sw A8k £4ol et BE S B8] 919 ROS WS STt Alzto] Z7HE42 nomatol
HISH AB,s 35 212]3F controld-9] ROS A0l S715H0 AByqs HE 5 &5l ek &4o] fReHAe= L
AATHFig. 4). BHA quercitrin, isoquercitin, afzeling 1,2.5, 5 ugmL'e] 5= 2 ZF7F 2] 2]31E uff 2= o)) 4] control
ool H|sl| 5214 0 = ROS ATl Ak o] Alshd &4dof tieh BS g3kE =elstqlrt. £3] isoquercitrin ]
2] ol A= controlol] H]3H 5E20]&4 0 2 ROS A/ 70| THastl o, 5 ugmL'e] 5EollA 90.53%2] 4]
& Ueho] B flavonoids %] 2]tol] B]sl 7 243 ROS 2755 UERAS & 4= AATH

(A) (8) 110
8000 -
100
,uc? 7000 A g f
Q
g —+—Normal § 9 =
S 6000 ] =1 pgmL
] ~=—Control 3 %25 ug'mL!
< o .
8 5000 1 QU (5ugmL) 2 80 5 pg'mL!
2
S ——IQ (5pg'mL’) £
e
4000 +AF (5 pg'mL-) 70
0 0 ' 10 I 20 ' 30 I 40 ) 50 I 60 ‘ T
Normal Control Qu Q AF

Time (min)

ABasas (25 pM)

Fig. 4. Effect of three flavonoids from Acer okamotoanum on reactive oxygen species (ROS) production in AB,ss-treated
SH-SY5Y cells. Time course of change in intensity of ROS fluorescence (A) and production of ROS (B). Values are mean
SD. a - f: Means with the different letters are significantly different (p <0.05) by Duncan’s multiple range test. QU, quercitrin;
1Q, isoquercitrin, AF, afzelin.

APPZFE] a-secretase” | 2H-&-3 74-%- non-amyloidogenic pathway”} &/d3H=] 11, 0] = amyloidogenic pathway=.2]
AHA
(o]

Z1lo] Fol=o] 2= AR AJ/d-2 JA|A1Z1tHKojro and Fahrenholz, 2005; Hooper and Turner, 2002). a-Secretase2] T
ot chal A B3 g A7 B 2] ] AT ADAM10Y} TACE® a-secretase?] 2 THHZA BaljgAZ B g
31 RAthLammich et al., 1999; Buxbaum et al., 1998). £5] A7 M| Eoj| A ADAMI10 B3-S F7HA|F 2 W a-secretase

g4 g/do] 37Fot= Zo] B ol wet ADAMI09] A2 a-secretase £/ 2HZ ERIoH= SRS A F2 Y
%] QJTHLammich et al.,, 1999; Allinson et al., 2003). & HLof|A] AT 22 EtOAc B E2HE] 2|5t 37}
flavonoids “J-+2°] non-amyloidogenic pathway©ll P 2|= G2 &1st7] ¢lall ADAMI10 T2 I & SH5130
OFR-A = 2] 2|5HA] &2 normal-ol] H]EH AB,s .5 #4123t controli-2 ADAM10 THERA Hhglo] {o]x o2 kA
SF ThFig. 5). ¥HA quercitrin, isoquercitrin, afzeling 212} 5 ugmL "' 9] 5= 2 2] 2|5} S w, isoquercitring 2] 2|3t

)| A] controlol] H|3H 7-2]24 0 = ADAMI10 T A Hado] F7leha & 4= AT waba] LA 2 4] 0] 371%]
flavonoids “d& %l 4] isoquercitrin®] ADAM10 TR BFA-S Z7FAIH AR, F-& Al SAJof] TSt A1 A E B
© atE UEtl= Ao AR Ho
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AB2s.35 (25 pM)
N C QU 1Q AF (5ugmL"
ADAM10 [ S N S |
B-aCtin |
1.2 r

1.0 F ™

o
[00]
T

(fold of normal)
o o
~ o
o)
o)
l

ADAM10/B-actin

o
N
T

00 1 1 1 1 ]
Normal Control QU 1Q AF

Fig. 5. Effect of three flavonoids from Acer okamotoanum on expression of a disintegrin and metalloprotease
domain 10 (ADAM10) in AB,s.ss-treated SH-SY5Y cells. Values are mean £ SD. a - d: 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. QU,
quercitrin, 1Q, isoquercitrin; AF, afzelin.

TACE= ADAM103} 20| a-secretaseS TAd5h= 242 B U1 E| I Th(Pietri et al., 2013). TACEZ} ZHH S&
o)A g-secretase 2382 Qlal A/d %= APPa Tl Wi o] FUtE|R] ¢k= A o= H gl wke} TACE
= a-secretase S FRISH 4~ Q= A H2H o] 8531 Ith(Buxbaum et al., 1998). Flavonoids A 22 Z3Foh=
polyphenol }3HE-2 TACE & ADAMI102 25} non-amyloidogenic pathway S ZH/dS}A| 7 o] wha} & =5}o]n
A 2|uf of| 5 & ZHAT - A E A ZHg-S HEA Q1T Obregon et al., 2006; Chen et al., 2020). & ATLoj|A] QA Z 2]
37}4] flavonoids2] non-amyloidogenic pathway 248 G52 &915}7] ¢J3ll ZF v TACE T2 9 S =25t 4
2}, normal<ol] BI5H AR, 55 *]2lSF controlol| A 7-2]2 0.2 TACE ¥ o] 744 o] non-amyloidogenic pathway
ZHH|EAdStE 8-S & 4= A3 thFig. 6). BFH A1 2 2] 371] flavonoidsE- 5 pug-mL Q] 5 =2 212|513 ),
37HA] S/ E A 25 ARy, s #1213t controlwtol] HISH 524 © 2 TACE T2 Walo| Z7fstqint. what
A 4F31 22| 37}4] flavonoids /32 TACE T2 2 F71= 55l non-amyloidogenesis 2/33Hs =8-S &

4= Utk 53] 3712 A= FollA] isoquercitrin®] TACE Tl &l ¥ o] 71 -4=8h2 o 4= QU1
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AB2s.35 (25 UM)
N C QU 1Q AF (5ugmL?"

TACE [ B S e
B-actin [ “———— T |

2_
a
—_—T
—~ 1.5 1
S ® b
0 E .
® 5 c
QE 1 4 —
W
o2 d
<3 :
Y
~ 0.5 -
O T T T T 1

Normal Control QU 1Q AF

Fig. 6. Effect of three flavonoids from Acer okamotoanum on expression of tumor necrosis factor a cleaving
enzyme (TACE) in ABysss-treated SH-SY5Y cells. Values are mean % SD. a - e: 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. QU,
quercitrin; 1Q, isoquercitrin; AF, afzelin.

Conclusion

E Ao M= A 2 2] S REER] EtOAc 252 5 E 225t quecitrin, isoquercitrin, afzelin?} 2-2 37}
A] flavonoids®] AP = A5l tigt A7A| 2 BE gatel 2-gu|AYFol tis] A5t SAMLZ 4] 3
7}A] flavonoids /3 -0l 4] isoquercitrine TH= /d-2-0]] B]al| M| ZJEE Z712} nuclear fragmentation 745 53
NZAFEE AAE-E & 4= AT 3 371A] S EE2 ABE 571 ROS A= F2l4d o= AAA1Z1 oW
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