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Effects of tenuifolin against oxidative damage induced by
AB25-35 in SH-SYSY cells and underlying mechanisms

WANG Lin,JIN Gui-fang, YU He-han,LI Qiao, YANG Hong "

College of Life Sciences and Biopharmaceuticals of Guangdong Pharmaceutical University , Guangzhou 510006 , China

Abstract : In order to investigate the effects of tenuifolin (TEN) in the induction of SH-SY5Y cell oxidative damage induced
by AB,s3s and the underlying mechanisms. AB,s s-induced cell injury models were established. Interferon TEN and autophagy
inhibitor 3-MA were intervened:. The morphological changes were observed by microscopy. The oxidative stress levels were de-
tected by kits. RT-PCR and Western blot were used to detect the changes in Beclin-1,LC3,mTOR,AMPK and ULK1 mRNA
and protein levels before and after TEN and 3-MA. It was found that TEN improved the morphological damage and cell viabili-
ty of SH-SY5 Yreells induced by AB,s.5s. Compared with AB,s 55 group, TEN decreased the concentration of ROS and MDA , and
increased the-aetiyity of SOD,GSH-Px and CAT. The expression levels of LC3-II/I and Beclin-1 increased in AB,s35 group,
and /it’s further increased in TEN group. And TEN increased the expression of AMPK and ULKI ,decreased the expression of
mTOR. The addition of 3-MA antagonizes the action of TEN. However,3-MA reversed the effects of TEN. In conclusion, it can
be proved thatTEN may activate autophagy by regulating AMPK/ mTOR/ ULK1 pathway to inhibit the cell oxidative damage
induced by AB,s;s,and play a neuroprotective role.
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A B o 5 SR AR A A7 35 A0 L 2 0 S B E
SRR R S AR EmED L A BE SRS
AR GRS B N B L R R AR
MG AD &2 KB o BF9E B, 1 Wi
FIBE I o S B W, Bk gk iR ROS BRIk, e FE
AB, L, 53 PC-12 4 a4y, i [ wany il 5510 2 hn )
Aﬁmz%l@ﬂ/ﬂéﬁﬂﬂﬁﬁj”ﬁms] o

el A B g B A, T O A
L REARIRZ S g, MRS E . dint
TG R A A A NG M A Ay, BE 8 I
ABass 5 LY PC12 4R AEYH T /N BN N D) RE RSN
I DU T T A ABosas ST /N BRUIIA BB
TEN fb2# P e e, HHAE B 6 W i 38 B o 1)
K R R R T TEN ZEIGER LB IR AD 17
J1o BAEMFR LI, & T s B WD AB
s 2 R E Y . Lk, ARFSE e TEN
SRUNEECE ! NS N RN L 2R i D B2 il 0 7S
(SH-SYSY) 4l il AB,s s 75 3 1 8 AL SR, - #R 1+
TEN #i] AB,sss B £ A /E FH FIALEI, S TEN B if
AD $RALIEREAF T AR
1 #Mel5A*%

1.1 ##

TEN W [ B JE 1 A e AR A BR A | ali 3
19°99.8% 5 ABys s W H 32 [ Sigma 23w sMTT g H
AR A YR A BR A W] 5 3-MA 19 H 36 1 Selleck
Chemicals 23] ; ROS | SOD_ it 48 1k & B AG: Ik 571 &2
W H = KRAEYEARA R Ay MDA  GSH-Px 46l
R & A AR TR ST S AR R
%1 ; PrimeSeript™ RT Master Mix ( Perfect Real
Time) .SYBR® Premix ExTaq™ ( TliRNaseH Plus) Iy
F H A TaKaRa %\ ] ; Rabbit anti-B-actin , Goat anti-
Rabbit Z 4t 1 H 16 50l 5 2% A4 W) 5 R A BR 2 w5
Rabbit anti-Beclin-1 | Rabbit anti-LC3 | Rabbit anti-
mTOR (Rabbit-anti-AMPK | Rabbit anti-ULK1 ( Abcam
) o
1.2 SH-SYSY #paiEs

SH-SYSY 4ff jfd 42 #0 T & 10% Jis 4= 1l %5 19
DMEM 5g4355: 3, 7 37 C 5% CO, H4H i3
TR . YA IR E] 70% ~80% K, Al i
AT ARG AR, BO 85 AR I A A L A A T 52 5
1.3 MTT %M 28R E A

SH-SYSY 4 il A= 4 2 x40, LA S x 10° 4~/4L
BEALEEFD T 96 fLAR T, B 5 N E L. 7AWT:

Control ; ABys ;5 (20 wmol/L) ; TEN (50 pwmol/L) ;3-
MA (10 mmol/L) ; ABss3s (20 wmol/L) + TEN (50
pmol/L) ; 3-MA (10 mmol/L) + ABys,s (20 pmol/
L);3-MA (10 mmol/L) + TEN (50 wmol/L) +
ABas35 (20 pmol/L) o SemA TEN 5 3-MA Fii4h# 2
h ,ﬁﬂﬂ/\ Astssjjx:lﬁJﬂ‘Ifﬁ 24 ho ?(U]ﬂ/\ 5 mg/mL
f{) MTT 5] 10 pwL,37 CHEF 4 h J5akEGIR 7711 4
WA, LA DMSO 150 plL, 8 JR L AR GH 72 75
10 min, FEIMEFRES fh , HBERR (UAE 490nm i 1< A0
EAH. LEEE 3 W, WML IE R = (Agg-
1.4 WEMART

OO B KA SH-SYSY 4, L 3 x 10* 4~/
fLERN T 6 fLdiRh . Jr 240 1.3, 37 CHEH 24 h
IERE AT WP UE - VAl
1.5 DCEH-DA Z3H#REHEM ROS K F

SH-SYS Y #iJifa £ 4 2= x50, LA 3 x 10* 4~/
R 76 fLrth, 43 ZH 40 F : Control; ABysss (20
pmol/L) s ABys 55 (20 wmol/L) + TEN (50 wmol/L) ;
3-MA(10/mmol/L) + TEN (50 pmol/L) + AB,sss
(20 wmol/L) , 5&/A TEN 1 3-MA Tikb$# 2 h, F
I ABoss LRI AL HE 24 b Wi 4 200 B , 45 200 B 7 %
W% 1.5 mL EP & B8 A 10 pM /) DCFH-DA
200 wl.,37 CHEE 30 min, %3 ~Smin HifEIEA]
— N ERE AN ST o el . ] DMEM 15 5% Sk s
WAL 3 X, 783 R A HE A 40 N B9 DCFH-DA
i DGRBS 25 A B DO G HE TR . S0
HE 3K,
1.6 XFIZHKM MDA SOD,GSH-Px fiid UK
EB(CAT) 2 E

Fie 1.5 FEFRAHML, WA A A E s N B, 1
UL BT HRAE M 5E SH-SYSY 4/l ) MDA SOD |
GSH-Px Fllid E AL A & &, SCBE A 3 IR,
1.7 RT-qPCR &#f

1.5 B R 40M0, F Trizol #2EUANMLE RNA,JIf:
Pt 58 4b/0] UL 43 06 0% B2 H I 0D260,/280 i
RNA ¥ J& . #% 8 TaKaRa /) PrimeScript™ RT Rea-
gent Kit with gDNA Eraser( Perfect Real Time ) &7 &
VLR AT S SO o #5453 1Y ¢DNA $% TaKa-
Ra ) SYBR® Premix Ex Taq"™ ( TliRNaseH Plus) iz
5 & U 45 ] CFX96Real-Time PCR Detection Sys-
tem HATHEGE R PCR . SIYIFSILER 1.
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Table 1  Primer sequence " #
HeH 31551 -
Gene Sequence (5'-3")
Beclin-1 Forward ; CCATGCAGGTGAGCTTCGT ﬂ
Reverse: GAATCTGCGAGAGACACCATC 0.0+ T
& F & F o F R R
LC3 Forward : AACATGAGCGAGTTGGTCAAG ® < & X
<&
Reverse : GCTCGTAGATGTCCGCGAT
kS Q - 7 =7
ULK1 Forward ; CCAGAGCAACATGATGGCG 1 AB,s+s#1 TEN Xf SH-SYSY 20 BfiE S0 %2 00
Reverse : CCTTCCCGTCGTAGTGCTG Fig 1 The effects(of ABys.ss
WTOR Forward : ATGCTTGGAACCGGACCTG and TEN on the viability of the SH-SYSY cells
W H5IEFY ,"*P<0.01;5 pi %," P <0.01,
Reverse: TCTTGACTCATCTCTCGGAGTT I SIEH AL 5 Ao 1
#P<0.05, Notes; * * P <0.01 s control;*P < 0.05 vs ABysss 3
AMPK Forward : GTGAAGATCGGACACTACGTG >
P <0.01 vs ABysis-
Reverse : CTGCCACTTTATGGCCTGTTA
B-actin Forward ; CATGTACGTTGCTATCCAGGC

Reverse ; CTCCTTAATGTCACGCACGAT

1.8 Western blot 9%t

Fie 1.5 $ER 4, & PMSF 1Y RIPA 24k
PEHCAM A, DL 12 000 g 4 C 500> 5 min, BCA
PE B E . IR A2, Kol 12% Fl6%
(1953 B S B 5% Wi g, B 80 V.30 min A1 120
V.60 min 17 SDS-PAGE Hi Jk , 1% & 200, mA .90
min PEATIRHE , 5% AR UM BT, <di 4 ClE T
W, PiEiRMFE 1 h, TBST PEE S ECTL W AW
WA RO, B, B-actin /ESH N2 W Image
J AT Sty AT IR BE A e o
1.9 SitZESH

FGEiHA-SPSS.21. 0 #4740 H7, X4 P <0.05
IR GE it e A LRI ABOR R F 7 225007
(One-way ANOVA) , W 2H [A] He AR HH ¢ K06, SEI60 5K
i 2L mean + SD (177 L3R, A L EE 3 K.
2 #R
271 TEN-XY ABss:s 15 SR AE ST M0

n Fig. 1 i , MTT 255 B, ABys a5 2H 40 A TG
F1 B EREML(P <0.01) , TEN 21 40§85 1 3 A JoAE
&,3-MA ZH 43 T B, {5 5 %00 B2 LE T b 35 1k
725 TEN + AR, ;s AN J1 8 E & T ABysss 41,
A 3-MA (1) 5256 4 40 M ) AR 2 R (P <
0.05), Z55KH], TEN X AB,s 5 T 1 SH-SYSY 4fififg
T EA G YWER, HAE R ] 8 3-MA 104
2.2 TEN 3t AR, 15 SRR S B R0

U Fig. 2 i/, Control ZH 2 il 2 i K, W BERE 11

5, AR RRAS 1 (] 2A) , AB,s 55 2H 40 i K0t B 12 D
A U RE AR 2 PRSI A AR 25 (B 2B) .
TEN ZH A A= HAR 47 (&1 2C) ,3-MA 28 4t i 44
HPI T A A LA h AR (18] 2D) , ABys 55 + TEN
+3-MA 20 4fiJfa s 20 B S SR AR Ptk A 2= (1A
2F) JTEN +3-MA + AB,.,s 20 , ZH % Lt TEN + AB,s .
D NG A KRS FEAIE R (B 2G) , 4553k
B, TEN BEEE AB,s.4s 175 1Y SH-SYSY 4 fifd JE 745 41
P, HAEFH AT 4 3-MA 417
2.3 TEN Xt AR, 35S B EK B B0 A 52 i

U Fig. 3 Fr7s, ABysas 2 SH-SYSY 4l fitf) ROS .
MDA 7K -2 (P <0.05,P <0.01),7i SOD .,
GSH-Px Fllish 48 Ak 2B A9 35 1 i & B AIK (P < 0. 05,
P <0.01) ;5 AB, 41, TEN fE i3k > ROS |
MDA 7= A= T3 GSH-Px Al CAT Rl (1) 7% M (P <
0.05,P <0.01),[dAf 3-MA £#5$H7 TEN HI4E .
S50 3RW], TEN 548 5 AByss 5 1Y SH-SYSY 4
LA AR R SR HAE TS 43 T 8 3-MA $i54i.
2.4 TEN ¥ HEIREZEH Beclin-1 1 LC3 FTiEK
TR0

1 Fig. 4A RT-PCR 253 7R, ABys s i Z 1N
Beclin-1(P <0.01) il LC3 (P <0. 05) ) mRNA 7K
-, 5 ABsas ZLAH L, TEN HE— 5141 T Beclin-1 0
LC3 mRNA #3531k (P <0.05) , 1 3-MA /> TEN
755 B Beclin-1 1 LC3 mRNA [ % ik, Fig. 4BC
Western blot 45 5 g 7%, ABys 45 i 19 1 T Beclin-1
HHRIAKF-(P <0.01) fHXFLC3-TI/ T H Rk
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2 ABysas 1 TEN 3t SH-SYSY AR A A2 B B2 0 ( x 200)
Fig. 2 Morphological changes of SH- SY5Y cells by AB,s ;5 and/TEN treatment ( x200)
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Fig. 3. The effects of TEN on the oxidative stress induced by AB,s 35

L SIERAML, 2P <0.01, P <0.05;5 ABys s ZHIHEL,™ P < 0.01,7P < 0.05, Notes: * P <0.05 vs control; * * P <0.01 vs control;

#P< 0.05 vs ABys3s ;##P <0.01 vs ABys35-

HOFSEM A B V22 R, 5 ABysas AR L, TEN 3
—HHA 0 TBeelin-1 1 LC3-11/1 & (4 kK FE (P
<0701),0fi 3-MA J& /> TEN % 5 (% Beclin-1 FI
LC3-II/T B RIR . DL Eg5 B ABs 415 1N
SH-SYSY 4l [ Wy A& AE , T TEN 1Rk — 253
I W & A
2.5 TEN X} SH-SY5Y 4848 §1 & mTOR, AMPK #0
ULKI ZFRiA&KF B 50

41 Fig 5. A RT-PCR 255 57K, ABos s i E 50
T mTOR mRNA F£ik/KF-(P <0.01) , I i E AL
7 AMPK F1 ULK1 mRNA 7K (P <0.01) , 5 AB,s 5

AL, TEN 3 F#IK T mTOR mRNA kK- (P
<0.01) , 915 & FF& T AMPK fil ULKI mRNA 7K
(P <0.01),7M 3-MA #%Jin TEN % 5 ) mTOR FI
ULKI mRNA {223k, )& /> TEN % S 19 AMPK mR-
NA 23k, 5. BC Western blot 255 i 7~ , AB,s 55
RN T mTOR & Rk K- (P <0.01) , I &
FREAL T AMPK Ml ULKI £ [ £ KK (P <
0.01),5 AB,s.s A, TEN i %% T mTOR %&
H&IB K (P <0.01), 3 2 & F+& T AMPK Al
ULK1 & 1 #35 7K (P <0.01) , 1fi 3-MA 141 TEN
%1 mTOR A1 ULK1 A #KA, /> TEN 53101
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SR, A TR 2 LT AD SR A
AT Y ST, R R 2 R e 2 25 AR
Yy, K90 T8 TP 1z e 2k Ak s sh e
TEN J&—Fh 4 [ 2 75 36 2 a4y, Hotl & oE AR
AR IF 5 et AR /N BB iCAZ R 2E ST RE 0 e
Hh, TEN E B 0] LU PC12 ZHf757 ABosas i
AR T o I ST ABas 5575 S B AR MU A
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Fig. 4 Effects of TEN on expression of LC3- 1] and Beclin-1
in SY5Y cells induced by AB,s,; detected by RT-PCR(A) ,
Western blot(B) and confocal microscope( C)

T SIER AL, * P <0.01, " P <0.05;5 ABs 55 4 ILER, ™ P
< 0.01,*P < 0.05, Notes: * P <0.05 vs control; * * P <0.01 vs
control3*P < 0.05 s AByszs3™ P <0.01 s ABysss.
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5 TEN X ARy, BEFH
SH-SY5Y #ffas mTOR,AMPK #A ULK1 3%
B0 RT-PCR(A),Western blot(B) FAEE4#7(C)
Fig. 5 Effects of TEN co-treatment on expression of mTOR,
AMPK and ULKI in SY5Y cells induced by AB,,sdetected
by RT-PCR(A) ,Western blot(B)and confocal microscope(C)
T SIERAMLL, " " P<0.01, " P<0.05; 5 ABys s A HLEE, ™ P
< 0.01,*P < 0.05, Notes: * P <0.05 ws control; * * P <0.01 vs
control;  *P < 0.05 vs AByss3™P <0.01 vs ABysss.

AL TEN 7] LIS ABysss 157 SH-SYSY 4
JHLTE A58 SR T e, T W9 o) 751 3 - P
ﬂ/‘q\(3-Methyladenine ,3-MA) BeH53t TEN BIFE -
AL JEUOV A 2 A A AE I B AR L AB
FERG N TR RE 5 | S Ak I 38, i 480 Ak N 3t i e ot
KARHE AB TEMG N R4, T30 DNA Az 451 ki Ak
fie AL AR MR AR AN 0 U T S g e, 0
— e AD & BT, Song Y 4 & B I K
ST Y A W, R PC12 20 M T 405 48 b A4 ) T
Frfie s, gk 17 H,0, 75509 ROS Bk, BFAR4H
JIBET R, AHS,3-MA R W, 0 Rk 5 1
T AR, TG Lk R TE 40 R, IR RO
ROS #E A4NHE 5 S B4 B A0 T, 3 /R B0 B W RE
U AL O, KA R BT 35 R 1 T RE IR
/b H,0, BRI S 2250 R MDA & &, 7+ SOD
T DI 2 = v T 22 e ) P B RE H . ARFST
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S5 IR TEN BEUSER ABysas XT SH-SYSY 4 fifd (1) 4
AR AR AR FH AT 47 3-MA 3%

£ 36 5 M- VS T A A g L, % S 2R 1 B
FNZ 20 M AR AT 20 , A Hr 20 B P RS, 3 R 200 i
3% F117 . Beclin-1 345 [ WA i 4y o 2 %% 14
G G PT LA L A g A DF5E R, Bec-
lin-1 BEPRI B 04 /N B2 DR Bk = 1 e 0 P T -5 80
ZORATHAE"™ o Ak, 2 AR AR LC3-1 22BR 1k
Sy LC3-11 @ F F mEfR b R e LC3-IV/T #4E b A
IO AT o 5 e & B2 ol N S 1 G O A28 VR 1179
figif ik mTOR/AMPK 3 #& il S 25 11 0 37 B LA
J /> APP/BACEL dilfgth AB 7=/ o WiFLsh
Y& A 5 & 5 ( mammalian target of rapamycin,
mTOR) J&— R FE , 2 [ b0 54 5, X
AEFFPh A A ME DI RE R E AR . PR RIS 1L R
F1 1% % ( adenosine 5’-monophosphate AMP-activated
protein kinase, AMPK) 1] 7E 4fl Jifd N ik = fiE 15 B 9% 54
I, BG4 AMPK 25406 mTOR, AT {2 3 F w314
JE . ULKL J2& Atgl fy R JES , 0% mTOR fg 48 il
il ULKL & #0 il A w5, ™ AMPK #8235 % ULK1
(TR AL TS E " . ABFST 4 R o , TEN $4
TN ABos 5 175 T BY AR BN Beclin-1 A1 LC3-11/1 K5
RS A W Y 2 A2 0T BE 5 mTOR/AMPK/ ULKI
55 M PEA K

S, AR AR 45 R 2R B TEN A] 38 1 445
mTOR/AMPK/ULK1 3@ [I% 34 55 40 f B/ g, FEvk
ABas s 5 1) SH-SYSY 240 Jfd 48 Ak 1z it 7, 3 o 4
JHLIE 3 O 20 MR 2, AR A B P 0 A 2 DR A
YER . VR 40 B F R0 YT AD T TE SR I 2 —,
1M TEN A g2 —i S B 280 0 259, Hol 4540
JiL B WAL 34 R L A AR

S 0k
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