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ABSTRACT: Objective To investigate the effects of zeaxanthin (Zea) on apoptosis, oxidative stress, mitochondrial

dysfunction and Akt/GSK3p pathway of SH-SY5Y cells induced by tunicamycin (TM). Methods The cells were
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divided into 4 groups: The control, TM-induced injury (5 pg/mL TM), Zea (5 pmol/L Zea) and injury plus protection
group (5 umol/L Zea pretreatment+5 pg/mL TM co-treatment). The intracellular reactive oxygen species level was
detected by flow cytometry. Mitochondrial dysfunction was analyzed by Seahorse XF cell energy metabolism instrument.
The expressions of apoptosis-related proteins Bcl-2 and Bax, oxidative stress-related proteins Nrf2, Akt, p-Akt, GSK34 and
p-GSK3p were determined by Western Blot. Results Zea (5 umol/L) exerted a protective effect against apoptosis,
increased the expression of the anti-apoptotic protein Bcl-2 and decreased the pro-apoptotic protein Bax/Bcel-2 ratio;
alleviated cellular oxidative stress, decreased TM-induced intracellular reactive oxygen species levels, and up-regulated the
expression of the antioxidant protein nuclear factor E2-related factor (Nrf2); and increased the rate of oxygen
consumption of the damaged cells, enhanced proton leakage capacity and spare respiratory capacity. Endoplasmic
reticulum stress (ERS) decreased Akt activity, while down-regulating the phosphorylation level of its Ser473 site, which
in turn weakened the phosphorylation level of the downstream GSK3f Ser9 site, leading to an increase in GSK3/
activity, and Zea exerted a mitigating effect on TM-induced changes in this pathway. Conclusion Zea significantly

alleviated TM-induced endoplasmic reticulum stress injury through multiple mechanisms, with potential applications in

the prevention and treatment of Alzheimer’s disease in the early pathological process.

KEY WORDS: zeaxanthin; apoptosis; oxidative stress; Akt/GSK3p pathway; mitochondrial function
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Fig.1 Chemical structure of (3R,3’R)-type zeaxanthin

1 RS

1.1 RS

SH-SYSY ZHM [ ] B 2R} 2 e S b 22 2= Bk 52 o
A TER L

A<HF Z (tunicamycin, TM)(JLF A DA BRA ),
FKREELE 85.7%, LA YR A RA A,
RPIM 1640 #5371 | A 135 (3 E Gibeo A F]); H a8 Rk
BRIRAGWERN TR EY BB A RAF); Cell Mito
Stress Test Kit(3E E LR AR AR, ik H R
(bicinchonininc acid, BCA)Z [ &l 0 & . ROS 4



224 B dn 2 4 R R I A 4R

%16 &

WS ECL fb2= Aot & . Bt S B2
Pif 1gG (H+L)(Ab 5 5 B BAE Y AR AT R AT, B
AP L AEP 1gG (HHL)AL st h A2 i AR W AR A IR
N Hl); Anti-GAPDH (14C10)(32[# Cell Signaling Technology
N dl);  Anti-p-actin( & Sigma 7% #); Anti-Bel2 |
Anti-phospho-Akt (Ser473) . Anti-GSK3/ (phospho Ser9)(3& [#
Abcam A F]); Anti-Akt(ZE 7= K/ F]); Anti-Bax, Anti-Nrf2(Jb
TR AEYHARF R A,

12 UFE5EE

CO, B 3547 (35 1E Forma3 110 £ 41); TE2000 %3] B W13
BE(HA Nikon AHl); BEBREAHTL(H A Image Quant
RTECL 7 #]); FASCailbur #= 4N (3EE BD 2 7);
Seahorse XF ARl 4L (3¢ E Agilent 23 F]); EN027015
FUKBEE . 043BR57802 F e B (3£ E BIO-RAD A Fl).
1.3 5 &%

1.3.1 SH-SYSY @mffss &

B EHG R SH-SYSY AIIE T 1640 FFHRWGT 10%
IR, 1% TR -5E% R)H, T 37 °C. 5% CO, Y44+
TR B 2~3 W, FRAUIERE R HARE, RIvTH
FIaEEs % .

132 ZZRGAER

EHEARREREHAE, EBRZZE WK
(phosphate buffer, PBS)iF Ut /5 - L BGH1TIH L, #
YR E B S SR TR, AR ST R SRR A SRR TR SR L
i, ILE 37 °CL 5% CO, IS N b 55 37 Jm Al i %
BEIL T 70%~80% . FET] 5 pg/mL (9 T™M AL FZ A0, 7E 5%
CO,. 37 °CIZ&/F FHEE 24 hifi T ERS %,

133 @i Eiisum

UG BN A AT AL . TM BiGid] . BRI ER
TRIPEE . BRI TM 2, Frpas vk AU U] b
B TM G4 5 ug/mL A9 TM ALFE 24 h; TKRFE R
20 5 pmol/L E KT XA 6 h, T 24 h; EXRWER
I TM A 5 pmol/L E KK TALEE 6 h 5, FIA S ug/mL
T™M L4 3 24 h,

1.3.4 ROS #l

e A KOIRAS RATF A4, A5 4% 10°~2%107 mL $%
AT 6 fLth, BTN IR SR TP R R R R H, R
1.3.3 iR SE B o MG 40 B, 8532 M0 B ) . $4 B ROS
o X700 G 10 B A XA AT AR R, AR A S AE i U
MUA AT AHAE N ROS 7K. AR B I T Flowlo 10
AL T 4387
1.3.5 AR s

PEFR A KOS RAF A, 4 2x10° mL 60 7 XF24
FLEE TR, ARFL 100 pL, FRAfisiEfs, 4 1.3.3 FiRsim
SrEENZE AT, EHLAS T 1 d 5547 JF Seahorse XF fESAL

WAL, WAL, i HR Cell Mito Stress Test Kit 15683
WA AT R SR L, I Seahorse XF AL UEM K AL AL 2SR
BT KD 24 K442 BB Cell Mito Stress Test Kit 13d HH 45 4b FRAE
U BATANES, 4 15~30 min BESERUS, KHIE IFHY
XF24 FLAAE A, AR, W I T wave 2.6.4
BAREAT 50T o
1.3.6 &G LILIPIE

WREARORS RPN, il 1.3.3 Fossis
YA FRRL SR, AR ANAEAEIRE] 10° LLE . FTA
PBS JEVEAIME 2 WK, PRI 1% R 1k it 3 il 77 1)
RIPA 24 60~100 pL, ETF¥K I 10 min, f# H40E G
H A%, WAEZ 1.5 mL EP 4, 4k%E0K E2Y#% 30 min,
i8] 2 R IR - S5 A9 AR 4 °C 12000 r/min B0 10 min,
W LW, H BCA ETEMABEANER, FREA
FESL TR 4:1 B9 LB N 5xSDS Loading Buffer, /K & i
5 min AR, BOHCEIEE, BF-20 CHEFFRH .

F4HE LA T SDS-PAGE HLIK, LUK AR IE 80 V,
SYESHE 100 Vo HLIKSERE, PRI BARE R B R M 2
WM b, RIS A A IE R £ 0.3 A 45~60 min, F 5% 1L
J& 2 M (bovine serum albumin, BSA)¥IF 2 h, I A—#i,
4°CHM TR R, R H, F TBST ZZolivkisk 3 1k,
WERPES 10 min, A ZHL, FiRPESR 2 h, F TBST
GE MRV 3 . HI ECL Ak & sl G Ak ¥ 23R i . 2 0
i, TEBERS AR ¥ 8% DL p-actin Fl GAPDH A2, f#
JH Image J 1.51 843647434
14 HIEALE

SEI AR IR S5 38 LTS (bR 250 7 e 1
B, BT 3 AR BTSSR SPSS .25 4K
#1502, GraphPad Prism 8 FRAFHIMEEIFNZR . SCIRA5 LA H
HEFEST, ZELBTERS, EFRBEFRRHK P<0.05,
ERR R ERIN R P<0.01,

2 HERE5HH

2.1 ERHFEX TM IFESENEHREHIZZ
2.1.1 EkFHrEBAKTM 355 F SH-SYSY @ity ROS &K-F
ROS 17 A= F1 P9 5t B AT AL RAE BOCHR .. Ak
TSRS T P 5 I ) A R P R T R G
B PN R R R £ PR R I ROS 70,
KA AAG I T™M 155 SH-SYSY 4l % 4= ERS J, 4
JfIN ROS K FRIA L, Hi & 2 AT, 528 I BRLAT e, T™
AAFRIS AN ROS 7KK & THE(P<0.05), 5 T™ Hifhdl
A, TR E AR ROS AF R, HAah g s
F(P<0.01), TOREZ+TM A4IAE ROS /KA TR, HA
A BEERP>0.05), FEILATHL FORER W LIFIL TM
52 ERS &4 T 4l ROS 7K,



55 14 3] AN, A5 ORI FON A FAF 5 10 PN 5T I e A AR Y 225

L 28 I e 4 TMHMHZ
600 FLLH subset | 200F FL1.H subset
500
#
400+
0 @j sk
100 10' 10> 10 10¢ 10° 100 10 10° 10° & 300}
FLI1-H FL1-H =
B
K
6001 : gt 22 (141241 500 FE KR ATMEL &S 200F
FL1-H subset FLI-H subset A
= 400+ 0.98
ﬁ — 100+
=2
g
A4 TM#GE  FRER FRER+
0 0 4 TMZ
100 100 102 10 10¢ 100 100 102 10 10¢ (! il
FL1-H FL1-H LYY
e #NFR SR AR A B 25 5 #. (P<0.05); ##. (P<0.01); ###. (P<0.005), *0 SHUGAM LA 25 *. (P<0.05);

#%_(P<0.01); ***_(P<0.005), FIfl.
K2 FEAMZEXF SH-SYSY 4l ROS 7K (4 5
Fig.2 Effects of zeaxanthin on ROS levels in SH-SYSY cells
2,12 ERFH LN o9 kL ToEISER ), Bel-2 JE 4 9 Bel-2 & A T E A
Nrf2 2 A VR R e S Ak s 0 i B R P () —Fh, EEE LT LORLARIMEL . PN R |-, HL
REW, BN EBG S AD AR, el FEPI 5 P BE -5 Beclin- 1 AH EL45 45 M0 i 2L 46 T4 b,
AR T AR AD AR/ BUIK Y Tau 2 FIBERR 1L K DAL SCEAL R A0 W G S BERY . Bel-2 Al Bax (M 1od
V-, HETIRE R 2SR ARG IR SRR 3 IR, gk 5 A0 T B £ S, AN T
o {4, T™M #i54 Nrf2 7J<qZ—F|3%§(P<O.01), T RSB . YA R A SR G T, Bax B 1200k
3 TM AL, R B GPALG Nef2 K RIL gy SR |, Bax/Bel2 Y HL LSRG %,
FAP<0.01), EARFR M AATULMARGLE gy gax 15 Bol {9 XMAE I AT REEMES, Y
o ZERPIRUE, R RRBEEM TM 51 4 i W9t ERS WL, RN T E1 2k 0 k6 IE i
LRI Western Blot #:il] Bel-2 5 Bax MR E N, F4) Bax/Bcl-2
22 EKRERER TM FESHAMAT FCAB AR H AT . G5 SR UNIET 4 BE/R, 578 ot BREEAR L, T™ 40
Bel-2 &AMl 41 T 9 FE [N, Bax J2& BB A5 (2 U 41 i 8 Bel-2 ik B3 T FE(P<0.01), H Bax/Bel-2 [HHEE

A B 15

. e . -
= 1.0+ i

jan)
[a)]
GAPDI | D - -
™ - + _ + E 0.5
Zea  — - + +

O ST ML TV R E Tk T
[CSiakal TMZ
S5l

B3 KBRS Nef2 SRIK M0
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