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Abstract: The aim of this study was to explore the protective effect of arecoline on the cell model of H,0,-induced oxi-
dative stress damaged model in SH-SYSY cells and elucidate its mechanism. Cell viability was detected by CCK-8 assay.
Spectrophotometry was used to detect LDH release, MDA, SOD, and CAT contents. Flow cytometry was used to detect
cell apoptosis and mitochondrial membrane potential. Western blot was used to detect the expressions of Nrf2, HO-1,
Keapl, Bcl-2, Bax and Caspase-3. Arecoline could reduce cell apoptosis and significantly increase mitochondrial mem-
brane potential. The level of SOD elucidateand CAT increased while the level of MDA decreased. Arecoline 140 pmol/L
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group could significantly up-regulate the protein expression of Nrf2, HO-1 and Bcl-2 (P<0.001, P<0.0001), and
down-regulate the protein expression of Keapl, Bax and Caspase-3 (P<0.001, P<0.0001). Conclusions: arecoline can
effectively improve H,0,-induced oxidative stress injury in SH-SYSY cell by activating the Nrf2/HO-1 signaling path-
way, enhancing the activities of antioxidant enzymes and regulating the oxidation reduction system of cells, as well as

regulating the Bcl-2/Bax/Caspase-3 signaling pathway and inhibiting cell apoptosis.
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BRA T ) 5 AARAR ( LU AR A BR A ) ;
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1.12 22 EL5%4E& IEEEFHEM (Herocell
180) , FIRFEFEAEMIRHE A IRA A 5 AR IR
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(4) 4ifEy SOD. %A b=l (CAT) i

PEF MDA & il A FA 24 b J5,
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Z M BCA A& Ui Fit A i & r, REE
SOD. MDA . CAT #3s) & 16 BH B #VE 2 3%
Tt A A SCAGE 00 2 s 1

(5) MISCHE A FRRM . AIE AR
HALPRANMI 24 h J5, 1000 r/min 250> 5 min, Y8
MIITHE, TR RIPA 75 A 2400 M 22 i 4
fl, B T4 CHsr3ef# 30 min, FE4EEFE S min
¥ 30s. HMERET 4T 12000 r/min &L
5min, W, MEAHITER.
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Wi sk (RT) . ©—HiiFE : FIA 5% BSA-TBST
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Tab. 1 First antibody information and its dilution ratio
) fi‘fi@‘% K ﬁ?*% l:.HﬁU Vi
No. First antibody Source Dllut'lon Mglecular
name ratio weight/kDa
1 HO-1 Rabbit 1:1000 33
2 Bcl-2 Rabbit 112000 26
3 Bax Rabbit 12000 21
4 Nrf2 Rabbit 11000 110
5 Caspase-3 Rabbit 112000 35/19
6 Keapl Rabbit 112000 69
7 B-actin Rabbit 1: 1000 42
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2 HER55W
2.1 1EHBEEXT SH-SYSY RBaTEE R 120
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B 1 iREBERT SH-SY5Y MTFiE A
Fig. 1 Effect of arecoline on survival rate of SH-SYSY
cells
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wer RN AL B CKH] S B (P<0.0001) .
**** indicates extremely significant difference between
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Fig. 2 Effect of H,O; on cell viability of SH-SY5Y cells
222 AEAREST HyO, 3§ SH-SYSY 4o i 7 7 &
e QN 3 B RHARAREEAE H T H0, 5%
() SH-SYSY 4iifitd 24 h i}, 5 CK AL, H,0,
RV (9 240 BT 07 3 A (P<0.0001) 5 5 H,0,
BIRIA AR L, REARARZLTE 35, 70, 140 pmol/L —
ANV FE T 100 BB 0 2 4 T AR Ak 01 1 20 PR AR AL 1)
E % (P<0.0001)
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##FR AL LS CK i) 22 5 22 (P<0.0001) ;
kR AL B RIRI2H [H] 22 5 (P<0.0001) .
#### indicates extremely significant difference between treatments
and CK (P<0.0001); **** indicates extremely significant
difference between treatments and model group (P<0.0001).

3 BEHEXT H,0,3% S SH-SYSY 4R E R0
Fig. 3  Effect of arecoline on cell viability of
H,0,-induced SH-SY5Y cells
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0.001) , H,O, 5% LDH KERL, A4l
B, RAGMRE AT FEEBM TG, 5
Ho0, BRI AR HE, AR T 4L LDH 7
BE TR (P<0.001) , FBAEMPHAE &% FFEK
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P bt 2 2 A I LR ZE T (Q1 R MR ) o K
P 5B A AR ZE R BoR, 5 CK ML, Hy0,
BRI T & A H0,, ST 40 2 251
(P<0.0001) ; TWAERERBAR T W5, P81 4iiEds
FERIZH i 2 R R (P<0.01, P<0.0001) .
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#### indicates extremely significant difference between treatments

and CK (P<0.0001); **** indicates extremely significant differ-
ence between treatments and model group (P<0.0001).

IRMPRIRT H,0, %5 SH-SY5Y 4l LDH & A& 0
Fig. 4 Effect of arecoline on LDH activity of
H,0,-induced SH-SYS5Y cells
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A: JRE; B I TR, wnRoR B CK H 2 R0 B2 (P<0.0001) ;
Rk RORAL IS RIRIA R) 25 A B2 (P<0.01, P<0.0001) .
A: Flow cytometry; B: Cell apoptosis ratio. #### indicates extremely significant difference between treatments and CK (P<0.0001);
** kA% indicates extremely significant difference between treatments and model group (P<0.01, P<0.0001).

B 5

ERBIXT H,0,15 5 SH-SYSY A A T H820m

Fig. 5 Effect of arecoline on cell apoptosis of H,O,-induced SH-SYS5Y cells
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E TR (P<0.0001) ; 5 H,0, BIRIAAH L, A4
Bl % e B A B A ¥ W O R ROk A B HR A
(P<0.001, P<0.0001) , 8% SH-SYS5Y 4l
fedi i
334 &R MDA 4 £ 4 SOD.CAT % MDA
TR A ALY, — e R L RO T AR PN AR
FEREEERY, MiHi A ALEE SOD . CAT %5 24181k
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HHHFOR AL LS CK (A 2253 (P<0.0001) 5 ***,
s b B S BERI ] 22 5w 2 (P<0.001, P<0.0001) .
#### indicates extremely significant difference between treatments

and CK (P<0.0001); ***, **** indicates extremely significant dif-
ference between treatments and model group (P<0.001, P<0.0001).

B 6 MR H0, %S SH-SY5Y 4Lkt
i B BB AL B9 22 M
Fig. 6 Effect of arecoline on Mitochondrial membrane
potential of HO,-induced SH-SYSY cells
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AAb-PrE . sl 7 FJf/T H,0, B35,
H,0, AV A ) MDA S & B EE T CK
(P<0.01) , 1fi SOD F1 CAT {ﬁ e IETE N s
(P<0.0001) ; TEREMBIRT TS, 5 HzOﬁ?ﬁ”?ﬁ
FHEE, AR S 4L (140 umol/L ) YJHE

T8 MDA 7K P<0.001 >,3{°%E.%h$w£% SOD\
CAT 1EPE (P<0.01, P<0.0001 ) . FHALEAARHR, T

T A OCER o R 2D A A s A O R -2
( nuclear factor E2-related factor-2, Nrf2 ) J2&1EH
TR AR AR 07 S 7 rhoAx v B B S s T
TP BORE R Nrf2 550 & Ak W Y T i
( antioxidant response element, ARE ) 254124, %t
HABEMpAZ T, B R mAR 1 (heme
oxygenase-1, HO-1) AYZRIA LLIA B A A0 I
FHK . EHEIELT, Keapl 5 Nrf2 740 i 4%

SR Y= A LR =R 7 & Ao B, IE R Nef2 B IR PRI R, DL
235 MEEFGERELSH (1) Nf2/HO-1 155 FR4ugi Nef2 #2820 K 8 i, 5 CK ML,
E 4rMDA {.;2.0 SOD 7:015 CAT
S g Rk Ly g seokkok
g 3 sk 2 1.5 *x a SHHHE
< A i w5 10
g 2 sk ok H g 1.0 H,E g
g ﬁ ﬂ 3 B3 s
ol o 0.5 Q
i
4 O—cx HO0, B, B, B, E; 0"k o0, B, B, B, § 0 CK H0, B, B, B,
AbFH Treatment AbFf Treatment AbFH Treatment
#H . HHHFORAEIL S CK M2 B3 (P<0.01, P<0.0001) ; *FEpNAI SHEIZE %R BE (P<0.05) ,

Hk kwk
N

LR IR Db P S AR A 1) 22 SRR i (P<0.01,

P<0.001, P<0.0001) ,

##, #### indicates extremely significant difference between treatments and CK (P<0.01, P<0.0001); * indicates significant difference
between treatments and model group (P<0.05), **, *** *¥** jndicates extremely significant difference between
treatments and model group (P<0.01, P<0.001, P<0.0001).

B 7 EESEX H0, S SH-SY5Y 4l MDA & 2% SOD. CAT &R
Fig. 7 Effect of arecoline on MDA content and SOD, CAT activity of H,O,-induced SH-SYS5Y cells
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g 04 sk
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0.2
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CK Hzoz B, B,
AhH Treatment

A: BHENCE; B: Nrf2 B [H; C: HO-1 & ; D: Keapl B[, ####R RIS CK M2 FH B % (P<0.0001) ;
kR R A B RO 2 B) 22 AR B 2 (P<0.01,

R 22 5 B3 (P<0.05) , *%, %k

B
101
08
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3
£ 04r
Z
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Jh Treatment
081
HitH
| = i
e 0.6
§
% 04r ks
g |—L‘
Mo02f
0
CK H0, B B, Bs
AhH Treatment
* ek B A
P<0.001, P<0.0001) .

A: Protein imprinting map; B: Nrf2 protein; C: HO-1 protein; D: Keapl protein. #### indicates extremely significant difference between
treatments and CK (P<0.0001); * indicates significant difference between treatments and model group (P<0.05), **, ***_ **** jpdicates
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Fig. 8 Effect of arecoline on the Nrf2/HO-1 signaling pathway related proteins in H,O,-induced SH-SY5Y cells



1258 o AE A F AR

445 8

H,0, BEARIZH H i) Nrf2, HO-1 5 H /K 3 TR
( P<0.0001) , % Nrf2/HO-1 {551 %At 845 1)
fiEfY Keapl HE/KFREFR (P<0.0001) . 5
HoOp BEFRULAH L, AR AR T T A 2 & 2 5 Nrf2
HO-1 #HH /K ( P<0.05, P<0.01, P<0.001,
P<0.0001) ; 23 T Keapl & /K (P<0.01,
P<0.0001 ) . Z5RFUI, M A0 AT 38 o $2 5
Nrf2/HO-1 {5 %@ ¢ Nrf2 . HO-1 FHKF,
Tl Keapl £ FI/K AR H,00 X SH-SYSY 4
JH B SR A B3
(2 ) Bcl-2/Bax/Caspase-3 15 518 B AH I H H -
ML T — > e 2R PR 2R OR 22 o 2 1 3 fm] 4
RO A PR, Hodr, Bel-2, Caspase HKGE

A

BCl-2 | e e —

Caspase-3

Bax

B-actin | e ——— ——

CK H202 B1 Bz B3

@]

1.5 g
T

§ 1.0~ *kok
@I. dedekok
&
5
& 0.5 sk skk
<
&} ’_‘r_‘

CK H0, B B, B,

Ab3E Treatment

P12 A0 M08 T R SRR T o, Bk A L
RAES TR AR R s PO 2ok AT S s . 4
e A AR AL S AR A . PR T IR ST il
9 ffirn, 5 CK tHEL, H,O0, BRI Hh Y Bel-2
FIZKF 5 2 N R (P<0.001) , 1fif Bax, Caspase-3
EHKTFREERS (P<0.001, P<0.0001) ., 5
H,0, AR 2 AR Eb , A A0 T 191 21 RE {2 35 42 &7 Bel-2
FEHKFE (P<0.05, P<0.01, P<0.0001) , i
2 T 14 Bax . Caspase-3 & [17KF( P<0.05,P<0.01,
P<0.001, P<0.0001) . &5, FAofnT ot
£ 5 Bcl-2/Bax/Caspase-3 {5 53l i H ) Bel-2
HKF, #iil Bax #1 Caspase-3 & H /KR4
H,0, %} SH-SY5Y 4 it i) S8 Ak 45473

B

08 e
T

0.6

-g %k

3

S 04 *

3

2 Ui

B o2t ﬁ

0

CK H202 B1 B2 B3

AbFH Treatment
D o6r
HH
T
g 04f .
] *k
[<a ]
%ol -
0

CK H0, B B, B;

AbFR Treatment

A: EAHNCE; B: Bel-2 #H; C: Caspase-3 f[1; D: Bax H[H . ###. #H##FREHE CK H2ZR M R (P<0.0001) ; *Fx
Ab B SRR ] 22 5 (3 (P<0.05) , *% | k| wokrssloR b LSRRI A ) 22 A 3 (P<0.01, P<0.001, P<0.0001) .
A: Protein imprinting map; B: Bcl-2 protein; C: Caspase-3 protein; D: Bax protein. ###, #### indicates extremely significant difference be-
tween treatments and CK (P<0.001, P<0.0001); * indicates significant difference between treatments and model group (P<0.05),
*k kdkxEk** indicates extremely significant difference between treatments and model group (P<0.01, P<0.001, P<0.0001).

B9 M H0,5 S SH-SYSY 4HAf Bel-2/Bax/Caspase-3 {5 S B HEXE BRI
Fig. 9 Effect of arecoline on Bcl-2/Bax/Caspase-3 signaling pathway related proteins in HO,-induced SH-SYSY cells

3 it

AR, AN ION o 2 B AT
B B O R R A P i S fl-
PURAL A 2 1 G AN e A S R 8, i 45
VLRI TIRE . DNA . RNA [ R I3 505 &
SRR T, XTHLIAE RS 1] 395 45 5 00 iR

R vie P RO A 9 i 2r o mE-1P 1 B
BREE | AR S -0-BEIR I A M . A R P I R i
P2 WAL 0 R R0 A D A ST A K AR
U AT — RV TR BB . LA LA A,

3k 2B % B 100 pmol/L 5% A B BE % 16 %%
ox-LDL FrEid N Kz g i #5145 , I T I RAE N 7%



%5 6 3] £\

TR . FEHRBEXT Hy0, 155 SH-SYSY #1441 i S0 1k W 3461 405 n9 A% 50/ T WL sk P 1259

ik, AR FPLEI AT AR5 0 PN R 4 M 2 19k R e
M, XA AR PR g P A RS,
I HRAEZEPY LB 13107 mol/L HEREHRAE T I8 /1N
BRI 40 L e 9 i PR 8 AT 0 2 4 i 7K T
HAE FHLHI W] 68 -5 o 480 f 00 Tl 4 5 0 00 A2 1R
y (PPARY ) 3. i A 25 USIBE 5T & BUAE 4 2L 245
THEM 14 d J5, /NEUR N SOD . CAT {48 B 7t
i, H MDA &l % TR, RUIEMEAT R
MIPTAATE M. Al AR O 38 A B s 2 P 1Y)
MPTEALRE ST, FRIE MDA Y77 AR SR b PR A
W% (STZ) W3R INS-1 gif e ki, 4
WFFE LB, BEHRBRAE 50~200 pmol/L ¥ B Yl [l N
XF SH-SYSY 4 it Jo 2 4 AE H s 76 150 pmol/L H,0,
T 24 h T, DMEMRSK 35, 70, 140 pmol/L
AR X AT TR P AL B, W] DA BRI
HLO, XF 240 A i S Ak 41 7, (i 4 A 7 DA K 2 i
AR RE R T, WA AN TS, BRI MDA
M7, $EE 4y SOD . CAT 1M, HEABINA&
WA RE L Nrf2, HO-1 £ FH/KSFEFH T
Keapl FHFARBKT. ZLREH, MM
FAAES Nrf2/HO-1/Keapl 5@ #%A K, BEGIM
¥ Keapl KT, FRAK Nrf2 12 R4, #2585
T PUEE A HO-1 K-, M55 240 i ] b8 4k
ity 16 1, WD AR R A DL I P A Ak -
P AT

H,O0, G R R In, 3R N
SN IR . B AR, T R AR
W, AR T kA AR OR Rl R . ARBIETT S
SRR, RN AT A A0 Bel-2/Caspase-3/Bax
JHT-EE, T IRHPH T [HF Caspase-3. Bax [3Rik
K-, EVEHBURET-EE Bel-2 BFEBAF, ik
Caspase-3 WG A E 1T A& A GRIBE RO o DU HTAE9E 3
B, REARAE T T AE LS BIIE TN Bel-2 i RE,
AR S B AnMCO). RIABTIR TSR AR R & 1
P22 20 M R AP FH ) 55— A FBILA

i Lk, fEICEREVIEI, AEMREL T
Bk LDH, MDA, JfRE#E 4 &b A 4L SOD .
CAT ik, #EsE Ho0, 175 5 1 4 i S Ak B 3
TR R AT p9ROR, HAE LS AT B 5 0 e
FAIE 538 J% Nrf2/HO-1/Keapl, 40 HI AT {55
1 %% Bcl-2/Caspase-3/Bax MR IAA K, ARFoesh
SR Ay R A A A 28 3 M A TR A 32 A 4 0 R S

R, I AR TR 08 1 Sl B 7 Al i T K B
& PE AR

£ % Tk

[1] LIT,ITO A, CHEN X, LONG C, OKAMOTO M, RAOUL
F, GIRAUDOUX P, YANAGIDA T, NAKAO M, SAKO Y,
XIAO N, CRAIG P S. Usefulness of pumpkin seeds com-
bined with areca nut extract in community-based treatment
of human taeniasis in northwest Sichuan province, China[J].
Acta Trop, 2012, 124(2): 152-157.

[2] ZHOU H, HE J. Treatment methods of traditional Chinese
medicine for infection with Ascaris lumbricoides and other
nematodes[M]/MEHLHORN H, WU Z D, YE B. Treatment
of human parasitosis in traditional Chinese medicine. Berlin,
Heidelberg: Springer, 2014: 203-213.

[3] KHAN S, MEHMOOD M H, ALI A N A, AHMED F S,
DAR A, GILANI A H. Studies on anti-inflammatory and an-
algesic activities of betel nut in rodents[J]. Journal of Eth-
nopharmacology, 2011, 135(3): 654-661.

[4] LIC B, YANG X A, TANG W B, LIU C Y, XIE D P. Are-
coline excites the contraction of distal colonic smooth mus-
cle strips in rats via the M-3 receptor-extracellular Ca®" in-
flux-Ca®" store release pathway[J]. Canadian Journal of
Physiology and Pharmacology, 2010, 88(4): 439-447.

[5] SPE7E, B4, TR, A7, IR, IR, A

TSRO KR 538 3 (0 5 e B LRI (0], )i
&, 2009, 27(2): 25-26.
GUO X J, WANG H X, DING X K, ZHENG L J, WANG S
X, FAN W J. The effect and mechanism of betel nut water
extract on gastrointestinal motility in rats[J]. Journal of Si-
chuan of Traditional Chinese Medicine, 2009, 27(2): 25-26.
(in Chinese)

[6] BHANDARE A M, KSHIRSAGAR A D, VYAWAHARE N
S, HADAMBAR A A, THORVE V S. Potential analgesic,
anti-inflammatory and antioxidant activities of hydroalco-
holic extract of Areca catechu L. nut[J]. Food and Chemical
Toxicology, 2010, 48(12): 3412-3417.

[77 CALOGERO A E, KAMILARIS T C, GOMEZ M T,
JOHNSON E O, TARTAGLIA M E, GOLD P W,
CHROUSOS G P. The muscarinic cholinergic agonist are-
coline stimulates the rat hypothalamic-pituitary-adrenal axis
through a centrally-mediated corticotropin-releasing hor-
mone-dependent mechanism[J].
125(5): 2445-2453.

[8] DAR A, KHATOON 8. Behavioral and biochemical studies

of dichloromethane fraction from the Areca catechu nut[J].

Endocrinology, 1989,

Pharmacology, Biochemistry, and Behavior, 2000, 65(1):
1-6.



1260

Fics o545 %

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

MAIESE K, HOLLOWAY H H, LARSON D M,
SONCRANT T T. Effect of acute and chronic arecoline
treatment on cerebral metabolism and blood flow in the con-
scious rat[J]. Brain research, 1994, 641(1): 65-75.

ONO M, MINAMOTO Y, SHIBATE S, WATANABE S.
Attenuating effect of arecoline and physostigmine on an im-
pairment of mealtime-associated activity rhythm in old
rats[J]. Physiology & Behavior, 1995, 57(1): 189-191.

CHU N S. Effects of betel chewing on the central and auto-
nomic nervous systems[J]. Journal of Biomedical Science,
2001, 8(3): 229-236.

SERIKULY N, ALPYSHOV E T, WANG DM, WANG J T,
YANG L E, HU G J, YAN D N, DEMIN K A,
KOLESNIKOVA T O, GALSTYAN D, AMSTISLAVSKAYA
T G, BABASHEV A M, MOR M S, EFIMOVA E V,
GAINETDINOV R R, STREKALOVA T, DE ABREU M S,
SONG C, KALUEFF A V. Effects of acute and chronic are-
coline in adult zebrafish: anxiolytic-like activity, elevated
brain monoamines and the potential role of microglia[J].
Progress in Neuro-Psychopharmacology & Biological Psy-
chiatry, 2021, 104: 109977.

CHANDRA J, MALVIYA M, SADASHIVA C T,
SUBHASH M N, RANGAPPA K S. Effect of novel are-
coline thiazolidinones as muscarinic receptor 1 agonist in
Alzheimer’s dementia models[J]. Neurochemistry Interna-
tional, 2008, 52(3): 376-383.

LIU Y J, PENG W, HU M B, XU M, WU C J. The pharma-
cology, toxicology and potential applications of arecoline: a
review[J]. Pharmaceutical Biology, 2016, 54(11): 2753-2760.
M, BT, Eh, ERUS, BEHME, EBL AT/
SRR PTIASVE R B LRI B ST (D). o LR BE 2k,
2022, 32(1): 24-32.

PEI H Y, JIANG N, WANG M D, WANG F Z, AO D M,
WANG Q. Study on the antidepressant effect and mecha-
nism of betel nut on mice[J]. Chinese Journal of Compara-
tive Medicine, 2022, 32(1): 24-32. (in Chinese)

i), Braa s, IRAEG, ¥R B, Z2HM, ERIr.
Sl T T 2 MRS R ST B R ST R (D). B Tl R
2019, 40(7): 341-345.

HE F T, CHENJ Y, XU JY, DONG K, LENG Y, JIANG C
P, PEI X F. Research progress on the establishment of oxida-
tive stress cell models[J]. Science and Technology of Food
Industry, 2019, 40(7): 341-345. (in Chinese)

1EmERy, VERIAT, BRIE. SH-SYSY 4ilfffths i fb 5 pf
ZIRATHESIR Y], EFRhEN A A2 2k, 2022,
49(3): 88-92.

REN X L, XU L L, LYU P Y. Neural differentiation of

SH-SYSY cells and neurodegenerative diseases[J]. Journal

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

of International Neurology and Neurosurgery, 2022, 49(3):
88-92. (in Chinese)

R, EAEH, BUBEER, SRR, AR G H S K
HAFMI]. R REE, 2006(44): 112-114.

ZHANG B, XIA Z L, ZHAO X M, ZHANG H P. Establish-
ment and evaluation of an oxidative stress model[J]. Chinese
Journal of Tissue Engineering Research, 2006(44): 112-114.
(in Chinese)

DESAGHER S, MARTINOU J C. Executioners of cell
death[J]. Trends in Cell Biology, 2016, 26(8): 560-562.

HSU W H, CHUNG CP, WANG Y Y,KUO Y H, YEH CH,
LEE I J, LIN Y L. Dendrobium nobile protects retinal cells
from UV-induced oxidative stress damage via Nrf2/HO-1
and MAPK pathways[J].
2022, 288: 114886.
KRZYSZCZAK A, DYBOWSKI M, JOSKO I, KUSIAK M,
SIKORA M, CZECH B. The antioxidant defense responses
of Hordeum vulgare L. to polycyclic aromatic hydrocarbons

Journal of Ethnopharmacology,

and their derivatives in biochar-amended soil[J]. Environ-
mental Pollution, 2022, 294: 118664.

TUJ,JINY C,ZHUO J, CAO X T, LIU G H, DU H J, LIU
L, WANG J, XIAO H. Exogenous GABA improves the an-
tioxidant and anti-aging ability of silkworm (Bombyx
mori)[J]. Food Chemistry, 2022, 383: 132400.
MALN,LIUXQ,ZHAO Y Y,CHENBD, LIX G, QI R
M. Ginkgolide B reduces LOX-1 expression by inhibiting
Akt phosphorylation and increasing Sirtl expression in oxi-
dized LDL-stimulated human umbilical vein endothelial
cells[J]. PLoS One, 2013, 8(9): €74769.

SALDANHA J F, LEAL V D, STENVINKEL P,
CARRARO-EDUARDO J C, MAFRA D. Resveratrol: why
is it a promising therapy for chronic kidney disease pa-
tients?[J]. Oxidative Medicine and Cellular Longevity, 2013,
2013: 963217.

LOBODA A, DAMULEWICZ M, PYZA E, JOZKOWICZ
A, DULAK J. Role of Nrf2/HO-1 system in development,
oxidative stress response and diseases: an evolutionarily
conserved mechanism[J]. Cellular and Molecular Life Sci-
ences, 2016, 73(17): 3221-3247.

BRECKENRIDGE D G, XUE D. Regulation of mitochon-
drial membrane premeabilization by Bcl-2 family proteins
and caspases[J]. Current Opinion in Cell Biology, 2004,
16(6): 647-652.

BERTHOLET A M, DELERUE T, MILLET A M, MOULIS
M F, DAVID C, DALOYAU M, ARNAUNE-PELLOQUIN
L, DAVEZAC N, MILS V, MIGUEL M C, ROJO M,
BELENGUER P. Mitochondrial fusion/fission dynamics in

neurodegeneration and neuronal plasticity[J]. Neurobiology



%5 6 3] £\

U4 MENBERON HyO, W55 SH-SYSY #4122 200 M S8 A0 I 33eAbi 40 14 £ 47V B LA T 5

1261

(28]

[29]

(30]

(31]

[32]

[33]

of Disease, 2016, 90: 3-19.

ZHUY J,L1Y,ZHANG Y, YU Z J, SHAO C M. Relation-
ship between transcription factor E2-related factor
2-antioxidant response elements signaling pathway and an-
tioxidant effects[J]. Chinese Journal of Animal Nutrition,
2013, 25(3): 458-463.

PARIHAR M S, PARIHAR A, VILLAMENA F A,
VACCARO P S, GHAFOURIFAR P. Inactivation of mito-
chondrial respiratory chain complex I leads mitochondrial ni-
tric oxide synthase to become pro-oxidative[J]. Biochemical
and Biophysical Research Communications, 2008, 367(4):
761-767.

NISSANKA N, MORAES C T. Mitochondrial DNA damage
and reactive oxygen species in neurodegenerative disease[J].
Febs Letters, 2018, 592(5): 728-742.

TSAIC H, YANG S F, LEE S S, CHANG Y C. Augmented
heme oxygenase-1 expression in areca quid chew-
ing-associated oral submucous fibrosis[J]. Oral Diseases,
2009, 15(4): 281-286.

THANGJAM G S, KONDAIAH P. Regulation of oxida-
tive-stress responsive genes by arecoline in human keratino-
cytes[J]. Journal of Periodontal Research, 2009, 44(5): 673-682.
FUERKS, BIRN, V. ARG AR BT S A A B 40 e
HFRIRFEMI]. PO RZYE, 2004(7): 81.

SHI C G, HU G, WANG H. Effect of arecoline on expres-

[34]

[35]

[36]

sion of inflammatory factors in endothelial cells with lipid
peroxidation[J]. Chinese Journal of Cardiology, 2004(7): 81.
(in Chinese)

SKAR, AL, maHs, Wk, TATE, 1ot Wi, k%
R 1 ] S A TR B MR 2 5 5 9/ B W A I A
R 7223k S HHLHI D). o 3 bkig Ak 2435, 2009, 17(4):
269-272.

ZHANG W, ZHOU S H, LINGH Y, YAOQ X, QI Z Q,
WANG G, HU B. Arecoline inhibits the expression of in-
flammatory factors in macrophages induced by oxidized low
density lipoprotein and its mechanism[J]. Chinese Journal of
Arteriosclerosis, 2009, 17(4): 269-272. (in Chinese)

2P, (RSO, TROREE, BESERS, PRELME, X, EAE,
SK/INER. REABERXT STZ S INS-1 48 43 1) (b Fnfis 424
JHI]. R EZAEYZRE, 2011, 31(23): 4583-4585.

LI Z P, REN W H, ZHANG B L, LIN M L, CHEN H M,
ZHAO L, WANG Z Q, ZHANG X Y. The protective and
repair effects of arecoline on STS-1 cell damage induced by
STZ[J]. Chinese Journal of Gerontology, 2011, 31(23):
4583-4585. (in Chinese)

TTATH . AR 2 BUA PR K U AR AU i PR A P B
HALHI[D]. #fH: R, 2010.

QI Z Q. Protection effect of arecoline on pancreas cells in
type 2 diabetic rats and its mechanism[D]. Hengyang: Uni-
versity of South China, 2010. (in Chinese)



