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Abstract Alzheimer's disease (AD) is a neurodegenerative disease caused by accumulation of amyloid beta (AR) in
the brain. In the present study, we investigated the neuroprotective effects of four flavonoids such as kaempferol,
kaempferol-3-O-glucoside, quercetin, and quercetin-3-B-D-glucoside against neuronal apoptosis induced by AP in
SH-SYS5Y neuronal cells. Treatment with A3 decreased cell viability compared to the non-treated normal group.
However, treatment with the four flavonoids increased cell viability in SH-SY5Y cells treated with AB. In addition,
we measured the expression of apoptosis-related proteins such as Bcl-2-associated X protein (Bax) and cleaved
caspase-9. Treatment with the four flavonoids down-regulated Bax and cleaved caspase-9 in AP-treated SH-SY5Y
neuronal cells. Overall, the results of the present study demonstrated the neuroprotective effect of flavonoids by
anti-apoptotic activity in AB-induced SH-SY5Y neuronal cells. These results suggest that these four flavonoids would
be useful therapeutic and prevention agents for AD.
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quercetin?} 1 WAl quercetin-3-B-D-glucoside 2]
% 47}4) SRS AR % SH-SYSY 217 A ol 4]

apoptosis =HS F3 NAAE B35 gyl s Lo}
19k,
2. Mz % Y
21 M=

A8]el] AF8-3F kaempferol, quercetin, quercetin-3-3
-D-glucosidet Sigma chemical Co. (St Louis, MO,
USA)°l| 4 kaempferol-3-O-glucosidei= Extrasynthese
(Genay, France)Akoll A refste] ARg-ataict. 2t 244
o FFE2E Fig. 13 2t

(D)

Fig. 1. Chemical structure of kaempferol (A), kaempferol
-3-O-glucoside (B), quercetin (C), quercetin-3-3
-D-glucoside (D)
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SH-SYSY A7ZAEE = AEF 23Y(KCLB, Seoul,
Korea)oll Al 93t} AlE a2 913+ Dulbecco's
modified eagle medium (DMEM) %], fetal bovine
serum (FBS), 100 units/mL penicillin streptomycin,
tripsin EDTA A]2F2 Welgene (Daegu, Korea)oll A
gt A el ARESHATE  ABssst  Sigma
chemical Co. (St Louis, MO, USA)olA] Fufjgte], 37°C
oA T2A1F T FHAIA Aol ARS-SEATE AlE A
& ol AR&3H  3-(4,5-dimethylthiazol-2-yl)-2,
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5-diphenyltetrazolium bromide (MTT)+ Bio Basic
(Roronto, Canada)°ll 4], dimethyl sulfoxide (DMSO)+=
Bio Pure (Ontario, Canada)AFollA] F+isle] AFE-8FS
t}. Western blotting®] AF&-3F RIPA buffer= Elpis
Biotech. (Daejeon, KoreA)ol| A1, polyvinyldene fluoride
(PVDF) membrane-> Millipore (Billerica, MA, USA)°]l
A, cleaved caspase 99} 23 &A= Cell Signaling
Technology (Beverly, MA, USA)°llA|, Baxi= Santa
Cruz Biotechnology (Santa Cruz, MA, USA)°lA],
enhanced (ECL)= Bio-Rad
(Hercules, USA)AFOIA F-§)3te] Aol ARE-3151

chemiluminescence

2.3 M= HHQF

SH-SYSY A17A1%E:E 100 units/mL2]  penicillin
streptomycin® 10%2] FBS7} $-f-¥ DMEM HIA|&
o] 83}o] 37T, 5% CO, incubatoroll A HeFsls] om,
HlokE AEE 2~3U0 g WA wjddg npte] T
Al AT AE E37E 80% o) EEEAS
phosphate buffered saline (pH 7.4)°.2 F-=-%
AHe 5, 0.02% EDTA7F $Ht% 0.05% trypsin© =

AEE

B2 AEE 283ke] 1,000 rpmoll A 387 AA1EE]
skef Al FaF A

£E HAA H, Mo B3
[e)

wepstela Aol ALgaic.

i)

2

24 Nz MEE =3

ME7} 80% ©]% confluence EI7} ™ 96 well
plate®l 5x10* cells/mLE A EE seedingd}od 37°CellA
Hjekate] AMEE F-ZAAIFTE 244131 H, Al5E FEY
(0.25, 0.5, 1 uM)E A8t 37T, 5% CO, incubator
uloll 4] 4A1F viQEAl 7], L F MEY] &8 st
7] f18te] ABxsasE 25 uMO| FEE AHFste] TU
Z0l A B FAIATE 24417 Bl S ), ZF well9] HIjA]
& AA33, 5 mg/mLe] MTT solution 200 uLE 7}
wellell =g 5 Aujgstdrt. 4A7F 5, BdE Bt
A 9] formazan A4S 200 uLe] DMSO9| ¢ 3087t
Ao Al WA % microplate reader(Termo Fisher
Scientific, Waltham, MA, USA)E ©|&3}4 540 nmell

A BHEE 24590H16)

2.5 Western blotting

100 mm-cell culture dishol] 1x10° cells/mL
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seedingd}e] 24A]7H5<F 37°C, 5% CO, incubator Wl
A HFAIAT o] &, Fabe Aol 7} AlRE 1 uM 9
SEZ ATt 4412 wlge ), ABHNE &35 f

o)
oaal T
T3l7] 98l ABxsasE 25 uMe] FER AP stsict 24
AZF H, wjeFak Aol RIPA buffer H7}ate] 4T,
12,000 rpmol A 3087+ YA el et FEAS

<) e-tube
2 A &N Bio-Rad protein assay kitS ©]-&

sl vl Awe AASETh 74 ARE 10%]
sodium dodecyl sulphate-polyacrylamide gel
(SDS-PAGE)lA 80V #7]9%3 ¥, PVDF

membranedl] 100VolA 2A]ZHs9F transferd}ith. L
%], membrane< 5% skim milkE o] §35to] Ao A |
A 7HEt blockingdtel ZHzE 122009 HLE 343
cleaved caspase9 T Baxs 13 &A1& 4TCoA
overnight "F-S-AIZITE ©]& 1:5002.2 3|43k 22} &4
oF A-Zof A 1AIZE §HEAIZ] ], o2 4]k ECL
7kt WFAIA  Chemilium
image system (Davinch-Chemi™)<& ©]-gate] whalz
AS g2lat9

solutionS inescence
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AL AP + TFAAE JeRQa,  Statistical

Package for the Social Sciences (SPSS) ZZ 135 o]
gl 7
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ABAHE BE B

WA SH-SYSY Aol kaempferol, kaempferol-3-O-
glucoside, quercetin, quercetin-3-3-D-glucosideE 0.5,
1, 2.5, 5 uMe TE= 77 Agstge v, 5 uMe &
S 90% o] Ax AEES UERAS st
2 AYEEE AA4ste] A¥S XgstSri(data not
shown). ABxsssel AR AAAE &S 7
SH-SYSY A|3Eoi|A kaempferol, kaempferol-3-O-glucoside,
quercetin, quercetin-3-3-D-glucosideE 2tz 2| 5}o]
AEES 53] 4714 flavonoids<]
SH-SYSY A ZH% B& &35 AR} (Table 1),

oHF AL A 2leHA| 100%z2+3L 3k
W, ARysas e A elgh ] A5 58.31%2] Y Al
AEES YERo] SH-SYSY 21 M4 ABos.as
Q1sk A|EZ &3S 89189t} WHA, kaempferol 2
A9l kaempferol-3-O-glucoside *2] 2] A|3E
AEE A 295 st Boks |, kaempferol &
+ kaempferol-3-O-glucoside & 717} 0.25, 0.5, 1 uM <]
FEE AR Al BE A 60% o] AT AEES
YHERH ST 025, 05 uM9 FE9 AL

oTT,
kaempferol °l| v 3| kaempferol

=gt

Al x50

ol

%2 pormali-<

H HU 1'#1 o

54,
w1
kaempferol-3-O-glucoside & Mgk wollA] fejH o=
AEES YERNTE  Quercetin
quercetin-3-B-D—glucos1de% 247+ A8 Ehe u)

Lol A ABpsasthE A2l g controloll HIE #-9
2 %-3— AE AEES HERAIT 53], BE w2
quercetin *2] |

= 22

10 fe e

L
=z
]
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H|3|] quercetin-3-B3-D-glucoside

g oA =& A AEES eI ¥k oy,
quercetin-3-B-D-glucoside= 0.25, 0.5 yM<2] F ol A
217} 70.33%, 69.15%2] -3 AE WEES YeR)

o] ABpsas e AAAE o] gk B g5 &9
s

wp2bA kaempferol % 1 WA
1 HHDH{]O]

A
=3
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)

= quercetin-3-3

-D-glucosidet= ABssis2 &4S A1 73 M| | A
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AEAAe] B3 g50] e Aoz AztEm,
kaempferol, quercetin®} -2 aglycone®ll H]3|| nljd= ol
A ABAE BE B0 =55 g1
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=3
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Table 1. Effect of kaempferol, quercetin and its
glycosides on cell viability of SH-SY5Y cells

treated with A[3s.35

Treatment (LM) Cell viability (%)

Normal 100.00 + 0.40"
Aas.3s-treated control 5831 + 1.23°
0.25 62.16 = 0.27°
Kaempferol 0.5 62.47 £ 0.67°
1 62.61 = 1.11°
0.25 66.15 + 0.27°
Kaempferol-3-O- b
. 0.5 66.16 + 1.16
glucoside
1 62.69 + 1.60°
0.25 64.69 + 0.70°
Quercetin 0.5 65.95 = 0.86°
1 63.75 + 2.27°
0.25 70.33 + 0.75
ercetin-3-3-D-
Qu -8 0.5 69.15 + 1.03°
glucoside )
1 64.92 + 1.60%

Values are mean + SD. ““Means with the different letters are

significantly different (P<0.05) by Duncan’s multiple range test.

3.2 Kaempferol, quercetin ¥ 11 H{YXIS
Olapoptosis JiM =1}

ol ARS] IS
Bel family 284S S8 AHAE
Bel family <l
24, Alx
[19]. o=
cytochrome ¢
3} Al7]=t, o] w caspase-9+ cleaved caspase-9 &
2 E2|5WA apoptosisS FrEteitl{20]. =3 A
Fel el AR frie Al digk AAAE
e Atol| %= Bax, caspase-92] whuld whE
53| apoptosis H& 7] 7 AF7F Bk

ABpsss 12 AZAE APEe gk B 7]
a1 slsl, Felshs vl
caspase-93} Bax v ¥ S =43} (Fig. 2). A

g4 3te}
©Z0TH18].
Bax @22 pro-apoptosis 1A

rgs x5}

=2 e

caspase pathway2] 2
/\}tﬁ S 9o]o
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o] AlEA
AE Y v EE=goKmitochondria)ol A

WES S7HAA caspase pathways &

°]
kil
5

apoptosis©] cleaved

Brsas® AbsHA £A4-S 23 controlit OFF- AR A
2)3}A] ¢k2 normal 7ol W) cleaved caspase-97} Bax
ol ds o)A o FHAIZITE ¥HA kaempferol
2 kaempferol-3-O-glucosideE 1 pM9] L2 A 2|3}
9S4, apoptosiso] FolstE WAL cleaved
caspase-93} Bax TlF wEo] {odk AAE F
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Fig. 2. Effect of kaempferol (K), kaempferol-3-O-glucoside (KG), quercetin (Q), and quercetin-3-B-D-glucoside(QG) on
apoptosis-related protein expression in SH-SYS5Y cells treated with A[3s.35. Values are mean + SD. 4\ eans
with the different letters are significantly different (P<0.05) by Duncan’s multiple range test. N:normal group;
C:control group; K:kaempferol; KG:kaempferol-3-O-glucoside
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quercetin-3-B-D-glucosideE 1 yM
gsto] dd Id 4L 53
5 3913 A3}, controla-oll Y] 3|
quercetin@} WG A quercetin-3-B-D-glucoside #] 2]
ol A cleaved caspase-97} Bax T2 %649] 893k
B4E S8l apoptosisell Ot RS E3E ERISIAAT]
upetA] 2 ATFANE F8) kaempferol, quercetin 2
71 WA E-2 pro-apoptosis 1 AF?] cleaved caspase-99¢
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A BE F50] Bk 9™([22,23,24], Quercetin
ABE =38 MM caspase B33} Ao}

X

B>
roh o

cleavage of poly (ADP-ribose) polymerase & A&
webo] Al W ABAIE BE 23kE glskltt

[25,26]. Quercetin-3-B-D-glucoside®] 7-9-, ARl st

apoptosis ¥ A= mEg Ao, sk S-S
FrEgh A A A9 apoptosis ZH S F3F AAAME
B3 fwo] EEoA sle27).
4. 22 H 2%
gzgloln] e dEAL AAHYY Ao,
¥ el A AR T 542 rzstelr] H3ke] Q19le
2 gEA k. ABE &84S FET AFAEAA
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kaempferol, kaempferol-3-O-glucoside,  quercetin,

quercetin-B-D-glucoside®] AAAEL B3 58 HE
Stth 1 A 474 SEA2 ARTE A
controlioll H]E] FoH o g AEAEL] F715 UE
Wolt 2k olug), kaempferol, kaempferol-3-O-glucoside,
quercetin, quercetin-B3-D-glucosidex= control-¢] 1|3
cleaved caspase-99} Bax Tl d ¥ 8- 50% oAt A

ANA ABZ =% SH-SYSY AIZAEL] apoptosisS
AAFO 2N AAAEE BHEs= 08 Holw, o]
& AHE2 flavonoid AIES] 442 kaempferol,
quercetin®] A 7AE YA A3ko] {F-83 LAE o] § E

]
F 9ee A,
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