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Aronia melanocarpa anthocyanins protect SH-SYSY cells against A8,
induced oxidative stress and apoptosis through a Nrf2 mechanism
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Abstract: We investigated the cytoprotective effects of anthocyanins,including cyanidin-3-0-( galactoside , glucoside , arabino-
side, xyloside) ,from Aronia melanocarpa against oxidative stress and apoptosis induced by AB, ,,. The MTT assay was con-
ducted by MTT colorimetric assay and cell group was done,oxidative stress related indicators,including reactive oxygen spe-
cies (ROS) ,hydrogen peroxide (H,0, ) ,superoxide dismutase (SOD) ,were measured using ROS,H,0,,SOD detection kit,
respectively , apoptosis was detected by Annexin-V-PL/FITC apoptosis detection kit. Besides, the gene transcription and protein
expression of antioxidase-related gene nuclear factor erythroid ( Nrf2) , heme oxygenase-1 ( HO-1) , quinone oxidoreductase
(NQO1) and apoptosis-related genes (Bcl-2,Bax) were analyzed by RT-PCR and Western blot. These results showed that
anthocyanins pretreatment significantly inhibited AB, ,,-induced increase in intracellular ROS,H,0, , and increased the SOD
expression through upregulating the Nif2 ,HO-1,NQO-1 expression. Apoptosis was significantly inhibited by anthocyanins via
down-regulation of Bax and up-regulation of Bcl-2. It can be concluded that high-purity Aronia melanocarpa anthocyanins
could protect SH-SY5Y cell from AB, ,,-induced oxidative stress and apoptosis through a Nrf2 mechanism.
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SH-SYSY #iffirh , 7E %4 5% CO, WyskFRAfh ¥ 37
CHIFR 24 h LRI 1 pM,

IR 12 25 ) DR AP 20 b e 25 W DR B 2R D) R
i 25 P4 4 53 ] S5 T 20 .40 .60 pg/mL 48 (5 H
PiAk B SH-SYSY #i/f 24 h, /£ 35 47 5% CO, (95537
%”éqﬂ? 37 OCi%?% 24 h,ﬁj?}ﬁﬁﬁ 1 MM Aﬁmzﬂ‘fﬂ,ﬁi&
RS 5% CO, MIEFR4EH T 37 C1E35 24 h,
firit A, BEAE 37 C F&fL24 h,

1.4 SN XIERENE
1.4.1 A A ROS(reactive oxygen species) #9745

K 2,3- H R HE-1, 4-28 R SH-SYSY 4 fifg
BT g, 4 F 2O WA WA AN ROS JKF-,
RIS 2, B A K R4 BB 15 4419 SH-SYSY 4l
FRRE SR AL, HIE B PBS W VR4 M 3R, OF R
PBS, SRS 7E 37 °C HYZ0 M35 T A6 v A 2 e 2 11 i
AN . Rtk 5e MU , FHBRRE 2 15 AR Y 56 42
B SR A R AL, IR AT B FORORUIS  F 4R A B
O, 1000 rpm BELy S min, F5 FIEW N1 mL 58
AER IR B WCT IR &) 40 (I BE R IR AT 24 WCAE
A1) B 3 x 10° A4, 3 77, HR AR50 43 41
XA AT 4 24 . TR A 4H M PBS 2 mL =%
2 U 2,3- VAR -1 4-ZR RO B 100 A8, X
CCE R ERAEE YL 15 min, PBS 2 mL &
Ve 2 U, BRI N — T R e i R S R
FrHh B (A s T a2y B SR
IR, 20 BAMEE 200 fEULEE i,

1.4.2 @i A A A AL 4 B AL B (superoxide dis-
mutase , SOD ) #5#-m|

K I SOD il 7 3075 & %) 40 L Y SOD #E 4T 4%
T, AR 1 x 10° 41, A 100 pl % 1%
A B 7R A PBS # B, JF 12 000 rpm E.0 10
min, YT, HER 96 FLAR, B NRE S 43 SRR LA
St S B S i Iy = Fi VAN S BRI = 1T E N
A HFL2 A 20 pL A5 7ESS HSL 1 A E L3
FIMA 20 pL ddH, 05 £ £L A 200 L. WST working
solution, JFiR 5], 7E2S FIAL 2 M= 4L 3 HHnA Di-
lution Buffer 20 wL, 7EZ5HSL 1 A FLHINA 20
wL Enzyme Working Solution, 37 ‘C##%& 20 min, fiff
PR 450 nm ZEFEFT R, THE AN

SOD &M = { [ (S1-S3)-(SS-S2) ]/(S1-S3) | x100%

SS A ALY EE(E ; ST 25 F AL 1 YOG
A 552 25 AL 2 PO EEMA 553 : 25 AL 3 IO
Ho
1.4.3 A H,0, ¢4

RIS 22, % SH-SYSY 40 it 76 245 2% whig v 24
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AEAE-20 °C, {fi F BCA 5 1 ot 122 37
A A E, H H,0, &0 & 0 40 i
H,0, 7KF, JFAR 4 br of h Ze 1153, FE i v H,0, &
JEFRIR N pmol/g FE I,
1.5 Annexin-V-PI/FITC # il 28 A8 =
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K A g8 T, {87 F 2, F PBS PR, SR )5
Fik PBS, 1 37 C Y5548 b B AR 11 T Ak 40
Moo SRJE T8 8% 25 3L 20 Ak, I 4 it 5% 75 2]
BB T, HANLL 1 000 rpm B0 5 min, 52 E B
. WITHMIE S 1 mL 8552808 A, m 1L
TA 1 x10° A2 I A B S5 4 i 7, AR 9l 5
IS H AR I AEI T 24 h jSUkE . 1 x 45552
R A EE ZE 1 x 10°/mL, H44 500 WL 20 i
TFWOMA S 5 wl Annexin V FITC F1 10 pL PI R4
TRAWEE . BT, M RVAARTEE IR T R
E e, I BD Co XA M TR
1.6 ZEHJRENT( Western blot)
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000 R REREFE IR 1R Ukl &5, EWRAAE 1.5 h,
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WGBS K0 SH-SYSY 21 i, PBS 1% 4 21 Jfd 3%
Ifi, 35 5 PBS, 4K 5 7E37 °C WY 40 Mo 3% 3546 vh e &
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Table 1 ~ Antibodies
s NG| oy i e L A5
Name Company Source Molecular weight( kD) Dilution ratio
Nrf-2 Abcam Rabbit 68 1:1 000
HO-1 Abcam Mouse 32 1:1 000
NQO1 Abcam Rabbit 30 1:1 000
GAPDH Abcam Mouse 37 1:1 000

I T AL AR T A e B, B 58 A B R 3L 2 R
A, WCFT B FR IR , 457 40 M 7 7 31045 v, 1 000
rpm B0 5 min, 725 FIEW, A 1 mL SEA R R R
PRGN = YOO IR A ARG 7E 37 C At
TR R R, AR A X SH-SYSY 44 iy
PEAT A 2500 3R, R HE T8 5% CO, B 374
HF 37 C R3S 24 h SREWUR . (i TRIzol A3
FEH) SH-SYSY 4iifitg v $2 B RNA , {8 F TaKaRa

BN G T e 5% o LU S SRR AR Y ¢DNA Oy
Bt , R 2 62 i PCR ALEATH 3G, R VAR ZR A
20 L, Forbr, cDNA BEbE 1 L., 1 F U5 91(10 M)
(W#£2)450.5 uL,SYBR GREEN mastermix 10 uL,
YRI5 ddH,0 %2 2 20 pl, R 45k 95 °C, 10
min, (95 °C,10 s;60 °C,20 s;72 °C,30 s) 3£ 40 4§
¥ ,4 °C,5 min, )5 K Exicycler 96 L0} & B 9¢
DGR #8547 RT-PCR 4347

x2 WHEE PCR A

Table 2 Oligonucleotide primer sets for real-time PCR

% Bk Name J¥31(5'—3") Sequence(5'—3")
Nif2-F ACTTCTGTTGCTCAGGTAGCC
Nif2-R TGTCAGTTTGGCTTCTGGACT
HO-1-F TGCACACCCAGGCAGAGAATG
HO-1-R TGCAGCTCTTCTGGGAGTAG
NQOI-F CTCACCGAGAGCCTAGTTCC
NQOI-R ACGATCAGTGCTCTTCTGCC

GAPDH F TCAAGGCTGAGAACGGGAAG

GAPDH R TGGACTCCACGACGTACTCA

1.8 HEFKITEHH

K Excel BAFH3F BB bR fE 2. R H]
SPSS 17.0 Xt i S E s AT 5o 1H o0 o SR FH R
BRIZ 5 2253 (ANOVA) 325 40 47 20 1] 22 7 I 35 M
Br,P<0.05 H B3 P<0.01 JHkiEE, R Or-
gin 7.5 FAFAEREL,
2 GHERE5HW
2.1 4@ ROS #yiME

1 S RIRATAT LA B, 5% B4 (con-
trol ) AH LG , B HYZH (AB, L, ) TR B B L H] B £
VLR AB, ., BEMSE S SH-SYSY 40 ifd ™ A 48 A 0 18K
A, SECRYZHAR L, 25 R4 4 b B 4 E R SR
w0 H, BE A 25 W) Ok 37 4 v 4B 8 (anthocya-

nins , Ant ) 715 1 T+, 40 H 4R R SRS TR
o H SRl W IR 24H (AB L, + Ant(60 pg/
mL) ) 4 A A A H 2 A X R A PR AP R
Hfchf. B Ant BEIEHISS AB,L, 755 SH-SYSY 4
JHEL 7 A ) AR R, R A % A B B O AP
2.2 ZABEA SOD HIlE

ML 2 BZE R AT DA Y, SR REZH AR L, A A 20
[ SOD & M I T X AL (P <0.05) , KL FEAK
16.24% , SV, 25 R4 4l rh Bl A A T
ST, SOD g MEZ i B % T (P <0.05)
Hrp @R E 2P A 4 (AB 4, + Ant(60 pg/mL) )
(1) SOD & P fc i 99. 54% , SHACAIZHAH LG, SOD 7%
PETFE T 23.24% .
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Fig. 1 The determination of intracellular ROS
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cal production increased ; Blue : antioxidant effect increased

and oxygen free radical was inhibited; G1 : Control group ;G2 :Model group (AB,_4, ) ;G3:AB, 4, + Ant (20 wg/mL) ;G4:AB, 4, + Ant (40 pg/mL) ;

G5:AB 4 +Ant (60 pg/mL) ,the same below.

2.3 #RE@M H,0, KE

MEL 3 FTLLE 5 X B AR L, 1A 4
(AB.) AN H,0, A7 A 1IN (P <0.05) ,
KU AB L IS H,0, )7 ILAh, TE25 W) R 3
A, Bl AL O AR T, 4L 1,0, By 2R

SRR b B SRR (P <0.05) o YApta ik
460 pe/mL i, 5% B AH LE, g N H,0, 7=
ATCH R (P >0.05) , kseb LB, AL AR
I AEMAE (5, 7 LA/ SH-SYSY ZHftth AB,L,15S
) H,0, /=,
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Fig. 2 The determination of intracellular SOD
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Fig. 3 The determination of intracellular H,0,
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2.4 AT

E 4 F15% 3 AT LA Y, S0 AL AR L, B A 20
RN TR G N T 3. 3% , M 4R UH TR
BT 4.5% , WS TR T 7. 8% , K
Aﬁmzﬁfﬁ%gﬁ SH-SY5Y g 1=, SR,
eGP RAr b B 25 RGP P AR A S Y

HE, S T s AR TR RS R T R
Rk, MAEEH W E N 60 we/mL I, 588 20 A1
o, ST SRR T 8.3% , X UEZE IR, B
SRR B AERIAE (6 2% 4 AL BRAE 98 A7 R A ) 55 AB L,
755 SH-SYSY 4= A= () i f R T~

3 SH-SYSY AT
Table 3  The apoptosis in SH-SY5Y cell

5341 Group QL(%) Q2(%) Q3(%) Q4(%)
Gl 0.3 0.9 94.0 4.8
G2 0.3 5.4 86.2 8.1
G3 0.3 2.5 91.3 5.9
G4 0.3 1.5 93.5 4.7
(& 0.1 1.0 94.7 4.2

TE: QU FET- 20 5 HE 5 Q2 : MBI T 20 o5 HE 5 Q3 « TEH A0S o5 1L 5 Q4 I T 40 o5 1
Note: Q1 : The percentage of dead cells; Q2 : The percentage of late apoptotic cells; Q3 : The percentage of normal cells; Q4 ;: The percentage of early apoptotic

cells.
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Fig. 4 The apoptosis in SH-SYSY cell

2.5 EBHiEaHm

3 o) 85 BT B A 4 AT Nef2 A OCHT A AR B 1
PTG E I, 2R BRTE R S d. SR
FHEE, AB o 2 Nef2 (HO-1 \NQO1 Bax 25 133k |
i, AB 41 Bel-2 EAFRIA T, fEZRy g,
Bl A6 O R B A3 N, SRR A E , Nef2 (HO-1
NQO1 3 4 i) ek i 1, Bax 25 (R IR BT T
JH, 2476 0 7 e B R 60 pe/mL B, Nef2 , HO-1 FiI
NQO1 #E 1Y FRik e &, Bax R 1 RIA R AL
WAL, AR O W B 20 pg/ mL B, 5% B2 A
L, Bel-2 fE (I FRIA MG A T, 2 5 bl & 46 AT e
(3TN, Bel-2 8 &R L Mk E N
60 pg/mL [, Bel2 25 [ 3Rk & i o X 2R 45 R
BHAE (0 RE 6 B0 Nef2, fif FLHE A 40 i 4% D3 41 ik
HO-1 J¢ NQOI FE Rk, AL, (L pei e
PEHTIRT- T Bel-2 (9336, #0461 42 98 7- 8 11 Bax
Rk
2.6 RT-PCR 4MF

i3 RT-PCR K Nref2 AH 56 35 PR AT 172 4H ¢
FER A% PR ES R 6, MEIF T LA 1, 5
XHEZHAR L, AB L ZH Y Nif2 (HO-1 \NQO1 #1 Bax #H
X mRNA 3552 FE (P <0.05) ,AB, ., 4 Bel-2 #H

X mRNA £k B M (P <0.05) , 1R
H, SR AR L, AL W EE Ry 20 pg/mlL 1,
Nrf2 A% mRNA 33K T [ 0. 095, B 45 6 (011 Uk B
FAOAREEIE TN, Nef2 AHXS mRNA 335 5B 20 AH LE
F EIH(P<0.05), MAEEHHRES 20 pg/mL 1,
NQOI \Bel-2 A%t mRNA 3Rk 5 A4 AH Lt TG b 3
AL (P >0.05), Ffi 4 46 (0 W B2 00 4% 22 5%
NQO1 \Bel-2 #%F mRNA kA b TR 41 i 3
(P <0.05), b, B 46O HWRIE R, S5
AUZH AR L, HO-1 AHXF mRNA ik i 2 i (P <
0.05) ,Bax I3 FIE(P<0.05),
3 Wit 54t

SAARIIHO™ A 19 ROS T 4 3G 7] 42 iy 43 0 40 i
WHFI BT R BT AZ R SE Ko7 W) o i A BRI RE, 2
PR R AL s B A SRR o LA IO % 4L Ak R
P AP E T — 5 2R 0 B AN N B FR Gk
BT H B TR 4, R R TR il
T B PR EURB , LR B B 685 Tt — R 9B f)
Pk L AT 2 Y X —
N7 AR PE SR 1 DNA IR 19 IX B 4804k S g
JGHY (antioxidant responsive element, ARE) 3 i #5
1o MR R A5 SR A A Nirf2 (nuclear factor
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Fig. 5 Western blot analysis of apoptotic-related proteins in AB, ,,-induced SH-SY5Y cells
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