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EXRBEXRRM S| &K SH-SYSY 4 86E T rRIP1ER

MW, B Ok, FHE, MNEw, ERXE, FAF"
(AT TFTAEDFRD R ANRERELZELE LFRREXFHRBTEREAFHLKE JF 100191)
WE BN AAERTEXNARR R R mICATHEPER, KBS AT BAE REE(TM) B4 A5 pny
mlL) 2 RF XRS5 pmol/L)Fe 45 bk 748, KA Caspase 3 K7 &4 M Caspase 3 &M a9 T 4L ; K A Western Blot
% € A A8 % & & PERK.CHOP,PERK TF #1455 % F ell2a fo ATF4, A &% B w48 % % & Beclin 1, £R 2+.5 TM #
AL, 2R FF LG PERK 22 T HI2% @ elF2a = ATF4 o5 & ik 48 h £ 3% F % (P<0.01),Beclin 1 #9K-F 23
I3 (P<0.01), 5 & An g ok dph) 7 40k, 2 Rk F 4069 GRP78 A-F 2 F I3 (P<0.01), B ahaa ik , TM A A 2849 CHOP
EE e R REREESFH(P<0.01),Mm 2R T F LALLM CHOP & & o9 & A R -F 2 T TM R 28 (P<0.01), Z#.
ERFF AR AR D N R P R G AR AR A AR R OF BT 4 TM Fl A 69 4R 45 . e AE A ALH) R . B R i@ ad a4 PERK i@
%% 3t M #rH) GRP78 5 ERS & % 809 49 & , 54K 8 = B -F CHOP #9 /K -F il i iR 45 4% 47 14 B 2 &k 2% % ERS,
KR EARIE; ARMER; SH-SYSY @aje; wmfaA—
XEHS 1009-7848(2023)07-0037-08 DOI: 10.16429/1.1009-7848.2023.07.005

BT I 9% T BRORE (Alzheimer’s disease, AD) J&—
FRIRATHERENG . 2EREE 3 s & 1 MR AE R
P, HETEA 5000 7 HIRGE S H, F] 2050
AL BT R B 1.52 /2, b 60%~70% 5% AD
BF FErR E B AT 1000 J1 BT IR 50 BRAE R
=, 3 2050 4F, TR Ak 4 000 7 AP H iR
IR R BRAE 14 A LT AS BT OBk = A R0 F B
W AR YT ITIER BRI R AE e BRAE AR S B
AP, P M (Endoplasmic reticulum stress,
ERS) 90 iR Ir S E A s 2, 51 kN i M
WAL IR AT, 2 AD B R 18, g oorh
RAENBM NS, R4S E AV (Unfolded-
protein response , UPR)# I , 3518 T iF— & 51
FOCHEE FUE 5 RT3 M2z 482 5 UPR, 1
i PKR #£ ER 981 38 (PKR-like ER kinase,
PERK) | 41 1 %7 B 4T 14 & B 1o (Inositol—requiring
enzyme—lo, IREla) I Ak 5% 5% [ - 6 (Activating
transcription factor 6,ATF6)®,
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(Zeaxanthin,Zea) J&—F B A 5mPTA LI ERZE
EE MR D Al rh A iR 20, BOR
A 3 Mk AR, 43502 (3R,3'R) AL (3R,
3°S) BUFN(3S,3°S) B, H SR Fh 4 K 2 %01 (3R,
3R)BIAFAE (O FAEMILE 1), HaFhi 114
e OV 5 R A R, A e T A R
P EALRE ST . PFRERI] B R/ KRR 7
A BB 3 2o o i 2 5 DR R 5 i B D R R
B )2 0 AR RE T R A 0 AR PR K B
2 H A 2 L il B B T AE pl 2 418U BRI g
71, BAFAE B 3, AT g <3 b7 1k B USRI B—TE 43
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Fig.1 Molecular structural formula of zeaxanthin

A% % (Tunicamycin, TM) YE B RIR P A= K
E )3z 0 T P X A AR ST T 5 | A A4
PRI B R TM 5 SR SE UPR £ik T
BB AR T OGS B RS GRPT8 IE5a,
2 AR 9 & B0 T B B MR R S pg/mL
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B, WT X SH=SYSY 2 Jifd 3 B4t 47 5 2 57 47 4% ERS
BT 2~10 pmol/L, F K # 2 nl B g 3l 5% TM $ii
B, Horb e B g 5 mol/L, AL BE 6 h, {3 30U 5
., ARE KA S we/mL TM 4B S, ERS 41 i
IR |5 wmol/L K 85 Z X6 H b 47+ 9, bF 9% £ oK
# F i 14 PERK/CHOP 3 % X+ SH-SYSY 4il it 94
TSE IR, X AD FYHE IR YT SR AR 22 AR 40

1 #MEFE
1.1 #R5iF

FoKEE (LT 85.7% , oK BT R, I
il B 30 mmol/L (6 A7 , DL T-20 CIR 77 ), I
MR A YRR R A

T™ JH DMSO % fi, e il i 5 pe/pl B %7
W, 20 CLRAF, bt AR P A= YR A BR A | 5
2o BRI AN (SH-SYSY) , Hf [ = 24 B} 2 g 20 Jfa 9%
Prpots ; 3-H B RIS | 26 [E Selleckchem 723 ] i
A M3 1640 H5 73, L H Gibeo; L-7F & BEME 5
CHEWRWE B fi R WL, b5 Solarbio 24 7] ;BCA
W&, dbat i E SR AME AR AR ST A A
Caspase 3 Tl PRGN &, Bl = RAEYHOR
A 72 ] Anti—-PERK , Anti—p—elF2a  Anti—ATF4 |
Anti-B-actin Al Anti—-CHOP Hi /&, % [E Sigma 24
A ; Anti—-GRP78 /&, & [E Bioworld Technology
78 F) 3 Anti—Beclin $i &, ¥ [ BD Transduction
Laboratories 2> 7] ; BAR & S ALY 1L F 5T ) TG
(H+L) , A2 & A .
12 NEE5EHF

E191IR B! CO, A0 85 324, £ & i3
A ;CKX41 8] & 1 358 , Olympus 2 7 ; Varioskan
Flash Z UIREREbR1X, 36 EFEER CHERBHE A ]
5043BR57802 %% 4% E  BIO-RAD 2~ wl; #E A%
1253 M4 ,Image Quant RTECL A H] ,
1.3 Fik
1.3.1 SH-SYSY #3535 & 795 SH-SY5Y 4
ML, TESH 10%06 248 135 B9 RPIM 1640 1 37 3
1,37 °C,5%CO, 35 5% , 35 £ 060 8028 I ) 20 Jg 1
TR
1.3.2 2 PN o3 D9 0 S A A A g 7. % SH-
SYSY 4t i FH [t 0 £ | 4t A 45, H2 D 1 8 3R I

M ,37 °C,5%C0, £ F 5535 24 h, LAk 20 B R
B, 7K LW, MAH RPIM 1640 15 37 i 1
B9 TM %59, TM AbBE 36 h ), 3R 2 (1, B AT
Je SR

1.3.3  ZiMiksrdl AR A 1.3.0 o
W7 ARG 2 R 28 (AR BR AL BOR R AR
4 TM 4L, iR 4l T™ 5t 2 Al 5
peg/ml TM 43 36 h, E KRB KR4S
wmol/L FE K # WAL FE 6 h, MRS 4N S
pmol/L, E KB R WAL HE 6 h J5 - iIN A 5 pg/mL
T™ 4b 7 36 h,

1.3.4 Kl Caspase 3 TGPk 4% 5% S Ak 1 5k
A 1.3.1 F11.3.3 15, Caspase 3 i P4 A 4 K ] €
& U AT RIS L ab B S I SH-SYSY
£, 5 FH 200 i 24 fige i Wi 4R BB 1T, Bradlford VA X
BEMAE RIS Caspase 3 JEY Ac-DEVD-pNA
F 37 CINL 2 h, & I E A8 16 L3 B i) g
PRALTE 405 nm 24 AR I & OGEE OD fH . ¥ T™M
ZH (1) Caspase 3 M3 M L h 100% ., i HI A =K
(1)315 Caspase 3 ifif% .

Caspase 3 ?ﬁ‘@(%):%xlm (1)

™ 41

1.3.5 Western Blot 474 f#i I B #) PBS ¥ 24
YL PR A0 Mk & 2~3 WK, N AGE f RIPA 41
b & it W (& AR LB IR ), BT YK B 30 min,
12 000 r/min,4 CE.L> 15 min, Y& L& BCA J7
P R VR EE R BEE 1:4 6 5xSDS I k2%
PRI A B A FIEW D, E P S min,-20 Cf
EHEAREM , SR A SDS-PAGE Bk 40 55 | #%
2| PVDF i I 5% Ng W5 ks 2 I B 1 h, —5t
WP 4 Cidfk, TBST YEik 3 W, = T H Ui
H 2h,TBST 18 #3h 10 min, PE% 3 K, ECL %
SN PVDF JEE - 2% L% BE(E, 1 B-actin
YER NS, 4T 550 1K BEAE
1.4 HESW

B I E 25 R T B e 227 KoK | B
MK 56 3 40 F 47 ,SPSS 19.0 %4 43 #t , Origin
7.5 I R IR IR 2 5 0 IR 4 He AR B
#1871 (One-Way ANOVA), H Bonferroni % £ &
FE#, P<0.05 o 22 5 1 3, P<0.01 B 1 35 22 7
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2 BREHGW
21 EXkEZE¥ ERS 40 A4 A th Caspase 3
sp-A1)

fE#E A T4 Caspase (Cysteine—requiring as-
partate protease) FKIETE ERS T2 40 M 8 1= 3
TP 2 5 EAE H |, Caspase 7640 M T2 & 4%
REEPEEH, 2miFLsh Y A b s 2 i —1
B, YA AZ BT, AT TS Caspase 3, Caspase 3
WO JE RE RS R S PR BT U 2R i TR L B
KAMEFT:, BRibZ4h, Caspase 3 7] T2 4L 4 )it
145 DNA F B At 55— 251 5 B0 M A% 08 T2 1) 2
. I, H Caspase 3 55 &5 % 45 20 40 g i A 7 4
W, IFHZZERA TM AR B S /9 ERS 21 M A5 78 45 1)
Caspase 3 It XK 100% , 45 R UNE 2 Fros, nl
PIFH, 2400 5 wmol/L E KB Z AL H 5 |, H Cas-
pase 3 1&1ME W E KT ERS BRI 4 (P<0.01), A
ATLIRIE W, FOR BRI E] TM 51289 Cas-
pase 3 WG MM LI T BHA —EMEH . 2T
X Y T L S B B ARG 30 I B 8 532 o 3 5 1 0 —
HULHT
22 EXREHRERTERS HREEREXNATH
2
221 FOREFE LM PERK il ik 2 i ERS
SUEMIET: PERK HEH 240N —Fh & 21
UPR I 332 % , 22 oe 51 & P s N 0
PERK 25 GRP78 fift &, J H vl i id 25 I i 1 Ak
M f% %) ERS K WAG*S o JF i w12 1k T il B ek
BT (Eukaryotic initiation factor 2,elF2) ¥ «
IS e e - SV g W IR AR R 2
AL 7 4(ATF4), EAE -7 CHOP, {2 i#
20 B FR T PR SET

PERK — - —
p-elF20 e —
ATF4 —
B-actin w— e a—a—
Zeaxanthin - + - +
Tunicamycin _ g

(a)

PERK %3k 7K -

PERK expression level/% of B-actin
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Caspase 3 1fitE
Caspase 3 activity/%
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T

»
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T

Zea ™ ZeatTM

Control

W X B AR L #. P<0.05;##. P<0.01;###. P<0.005; 5 TM
AL, *. P<0.05;%%. P<0.01;*%% P<0.005, F [,
B2 EXHFZEXTMFESEH SH-SY5Y
4 i1 Caspase 3 i& M I &I
Fig.2 Effect of zeaxanthin on caspase 3 activity

of SH-SYSY cells damaged by T™M

K 7E ERS 7= 4 J5 , PERK 3 % 19 5 5 72 1k
X Rl 2 0 B R T A R, N HESY O
FAE A 1E ERS 4 i 7 th X} PERK - elF2a i %
FEA S F Western Blot [H]BF A T PERK A
H R elF2o 2 A A ATF4 85 H 82815 0l . 45
RWE 3 P, 5 TM BB AEE , 24 5 wmol/L 1
FEOREEEM T ERS BRI 4l f5 , 45 R BoR
PERK ¢ LR i ] 42 2 (1 elF2a0 F1 ATF4 ) 3R 35
AE 1 3 B B (P<0.01) , 6 W o oK B 2% Al ao 3 4%
PERK i 15 3¢ 2% fi# SH-SYSY 4 g it o J5 19 17 384,
Al BEFLHJEBH 1L PERK % 115 GRP78 B4 .
222 FARBEEMELFHTHF CHOP 1™ 4
CHOP & PERK i # T W8 H, 240 ML APt I
T AR P8 T e 3 i — FP OGRS S5 7, ik — 2
PEIT EOR B Z N ERS 41 A AL (% O 4 7B I BL A
[F) ) X6 2% 20 /9 CHOP 2K [ #4753 4T, Western Blot
SiRWME 4 Fro, 5xFEAA b TM AR A2 i
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Fig.3 Effect of zeaxanthin on PERK pathway in ERS model

CHOP 5 H R R B K E B (P<0.005) , 1
EoKE Z AL CHOP 5 M 11 3% 3k /KA e & AIG
T TM BLRIZ (P<0.01) , 3 15 B F oK 85 & Al DL i

CHOP i w S

factn o c————
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Fig4 Effect of zeaxanthin on CHOP expression in ERS model
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A 22 5 2 T I Al 8 2 P 95 0 4 R ) — A A2 4R
()R G, N A+ 4 9 A S R AR
R 4 22 (I 5 2R B, PN 0T I g 38T 5 S ) R,
IF HAR 1B WS AR AE P T D et e e e —
T O RN, SR X SRR SR kR GE T A WA 20
FFE T BB AE T, BIE AT DA B 4 i fif L A
THT, T W AR O 2 4 PN B A 3
VAt T

S T B E K B R AE T ERS 4 M A AL S
MR ER S AVEZ R, WARIR T £k
W ZVEAT ERS 40 BIA S [ WEAR S 5 1 Be-
clin 1 284k, Beclin 1 FERZWHEL W FL )

1 D AR A WA A it B v O E
wWmE s pros , TM AEF 24 h J5 Bk 8 E 419 Beclin
1 KFE BT TM 4, 45 R4 B 3% 2 5 (P<
0.01), 156 W 76 40 39 By B 5 oK 35 K 41 1 W KOF 8 3%
Hasg , SR TM /EH 36 h J5 , TM ZH Beclin 1 1)
KFEEE TR A BRI a3 T B R E A
Beclin 1 K5 TM 21 A H il 2 25 B A% (P<0.01)
FH I AT DLV I K B R BEAE ERS ¥ 45 B B e i
F W 2 ERS $F 2 A fERT , EK £ AR E A
WK, ATREM R R 76 ERS w1 B B, iR 4T
BRATSEAMZ, WH B ERERGEREA
M X5 15 B 1 BOR AT B A IV HEA TV BRI A, A
(1 B W AR Ry 4 ) — A OR AP AL, RN
ERS KM HLARFLESE TR, 400 N 7= A 1 B 1R 2R
FoARYrE&E A2 2 A, ANk 5
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Beclin 24 h e s = guuy

Beclin36h = =
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Beclin 1 FikKF
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Fig.5 Effects of zeaxanthin on Beclin 1 expression

in ERS model

il R B T IR R R AR, A B Uk )
BEXAL S BUNMMIIE T, TR R AE I BT L
REAIG A, 3B A A I S 3R 4R B AE T, T TM 41 i
TRA BB R AW, ARSI, R & 5L
R 5| A AET

2.3.2 B WS 5 EOK B E X ERS 1 2% i
YEH AT — 25 B £ oK 85 2 X ERS 40 i 5
R ER S AEZ R SCR , IFFRH AW
PR3 3 FE MR IZERS (3—Methyladenine , 3MA ) i#F
— 5K I Bl S T oK B 2K X 4 Y ERS
(RS2 IR, 3MA 2 40 il 55 rh 5 R i B w40 o 5]
AT A R AR R, 1T A W R 3MA S
H WSS, 2087 Beclin 1 A1 GRP78 7R LI I, LA
A T K F R A ERS 4 A8 5 5 1 )

KR, M rAfs, AEMHIZHH 10 mmol/L. 3MA
WALEE 6 h J5, A S pg/mL TM 4k£E 4P 36 h,
& 6 /Y Western Blot 253740, A 3MA J5,
Toit & TM 4 ik J2& K 5 3 20 (Zea+TM ) Beclin 1
(1) 22 TR K- 2 AT, FR WD 1 e ), L N IR
Wobs BEHEE A GRPT8 MR B A & TR B
2, INE 6b HIE K il EXAS A H, A 3MA 17
il AW, Bk R AR GRP78 K5 A& 3MA
() K B 2 4 A LA B 3 TR (P<0.01), B A
I 410 1) 5 R OK 85 2 2 A ERS MU RE 1 Bd g, 47
B UL E S5 SR W] £ OK B T SH-SYSY 41 i v
JoT IO 0 R G VR T S B R TR A G, i A
W28 55 T ok 3 Z X ERS i ER .

GRP78 s s G s AR S

Beclinl = cms M -

P-actin e - > - e -
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™ = = + + o+ o+
3IMA - - - - +  +
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Fig.6  Autophagy inhibitor decreased the alleviative

effect of zeaxanthin on ERS cell model
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Protection of Zeaxanthin on Endoplasmic Reticulum Stress—Induced Apoptosis
in SH-SY5Y Cells

Shang Yinghui, Wei Jun, Li Mengjie, Liu Yunru, Huang Hanchang, Lao Fengxue
(Beijing Key Laboratory of Bioactive Substances and Functional Foods, Institute of Functional Factors and Brain Science,

Beijing Union University, Beijing 100191)

Abstract Objective: To study the protective effect of zeaxanthin on endoplasmic reticulum stress—induced apoptosis. The
research was divided into blank control group, TM injury group (5 pg/mL), zeaxanthin protection group (5 pwmol/L) and
injury plus protection group. The Caspase 3 activity detection kit is used for detecting changes of Caspase 3 enzyme ac-
tivity. The apoptosis—related proteins PERK and CHOP, the downstream signal molecules elF2a and ATF4 of PERK, and
the autophagy-related protein Beclin 1 were determined by Western Blot. The results showed that compared with the T™M
model group, the expressions of PERK and its downstream regulatory proteins elF2a and ATF4 after zeaxanthin treatment
were significantly decreased (P<0.01), and the level of Beclin 1 was significantly increased (P<0.01). The level of
GRP78 in the zeaxanthin group was significantly higher than that in the absence of 3MA autophagy inhibitor (P<0.01).
Compared with the control group, the CHOP protein expression level in the TM model group was significantly increased
(P<0.01), while the CHOP protein expression level in the zeaxanthin treatment group was significantly lower than that in
the TM model group (P<0.01). Conclusion: Zeaxanthin can reduce the damage caused by endoplasmic reticulum stress
and reverse the damage caused by TM to a certain extent. The mechanism is that by inhibiting the PERK pathway and
further inhibiting the separation of GRP78 and ERS receptors, the level of pro—apoptotic factor CHOP is reduced, and
alleviate ERS by regulating protective autophagy.

Keywords zeaxanthin; endoplasmic reticulum stress; SH-SYSY cells; cell apoptosis



