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OB AL G AT AT A F AR B R 8 GES-1 MEMRAER . MARRKAL (60, 90, 120, 150 pg/mL) #9
AR AR AL 32 GES-1 8, FF4& M GES-1 e & /7. A K-F (Reactive Oxygen Species, ROS) #o&X kxR fE .42
(Mitochondrial Membrane Potential, MMP) , & GES-1 @it /R B & pkH 1k (Glutathione, GSH) K-F. A2 £
{43 /B (Superoxide Dismutase, SOD) & 7. LB ML 2B (Lactate dehydrogenase, LDH) &7 . = &Bi g3
(ATP) Bg#&E /o M Z MG F-a (Tumor Necrosis Factor-a, TNF-a) . & A~%-6 (Interleukin 6, IL-6) .
& M E A KRBT (Vascular Endothelial Growth Factor, VEGF) . # 44 K B ¥ -8 (Transforming Growth Factor-,
TGF-B) K-F. X 4%, S asBatat, BMEALE GES-1 MBS RXAERE, WIEEH) RKEKE
24%, FHAKFREHITE 1254, EEABREELAZRKTEZE 104%. £ 150 pg/mL EABAET, & ATP 8 A
B Na'K'-ATP B & 71 5 % F & £ 42.31% #= 39.84%, GSH #= SOD % #| F & 7 40.23% #= 34.1%, LDH L4 7
30.46%, TNF-a. IL-6. VEGF. TGF-f K-F45 A LA T 4.67%. 10.2%. 23.14% A= 22.83%. & R & W ARHS 8 A% 45
AR B E R KER T, 3 GES-1 e A& .
KRR AR AR, A B 5B L & m i GES-1, AL gk, KAtk dn bk
RESES:TS201.4 SR FRIRAD: A MEHS:1002-0306(2024)09-0341-09
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Toxic Effects of Arecoline on Human Stomach Mucosal Epithelial Cells

LI Jiaxu', CHENG Yuying', YANG Yang', WANG Biying', JIANG Yuzhen',
CHEN Jianping®, LI Pan', DU Bing"’

(1.College of Food Science, South China Agriculture University, Guangzhou 510642, China;
2.School of Chinese Medicine, University of Hong Kong, Hong Kong 999077, China)

Abstract: The purpose of this study was to look into the toxicity of arecoline on human stomach mucosal epithelial cells
GES-1. GES-1 cells were treated with different concentrations (60, 90, 120, 150 pg/mL) of arecoline, detection of GES-1
cell viability, reactive oxygen species levels (ROS) and mitochondrial membrane potential (MMP). The levels of
glutathione (GSH), superoxide dismutase (SOD), lactate dehydrogenase (LDH), adenosine triphosphate (ATP) enzymes
were measured in GES-1 cellls. And the leves of tumor necrosis factor-a (TNF-a), interleukin 6 (IL-6), vascular endothelial
growth factor (VEGF), transforming growth factor-f (TGF-f) were measured in GES-1 cells. Compared with the control
group, the shape of GES-1 cells was altered after arecoline stimulation, with the lowest cell viability rate reduced to 24%,
the highest reactive oxygen species level increased to 12.5 fold, and the lowest mitochondrial membrane potential decreased
to 10.4%. Under 150 pg/mL arecoline stimulation, T-ATPase and Na'K'-ATPase activity decreased to 42.31% and 39.84%,
GSH and SOD decreased by 40.23% and 34.1%, respectively, LDH increased by 30.46%, TNF-a, IL-6, VEGF and TGF-$
levels increased by 4.67%, 10.2%, 23.14% and 22.83%. The results indicate that arecoline can produce oxidative stress and

induce inflammatory factors that cause toxic damage to GES-1 cells.
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REEARR A ] o TR B A 2 B Sy, B dEIROK S
Y, N8 B ERE | CHLET4E ., AR, e I &
PRI C RS . o, A= WA A A il ety v
B BN PR BT, CLFEARARRR . AR RO . 25 Jh A
PO . F5 F AR AR R Bk L ATE AR ) R R A R O
geeli=2] - HOR AR & R AE 2.98~745.0 ng/mLB,

FEERBHR (Methyl-1,2,5,6-tetrahydro-1-methyl-nic-
otinate ) & M FEAS 1 4355 Sk i —Fh AR 0k, B A
SRR R S B R A RN ST o AERRER ) B E
ATUA P XS PP e A ) iz s m PR 2R, Biln
=540 MR . Gy R gh A oo M
DNA & RGN RH R . 5T R BT, ARE &
ZFh AN DNA FIXEERZIR -G %, PE 52 m 4n A
K AR A LA A RS HAED . S Ab, AR
PRI A . AU T SRR Fngn i s S
LS R 2 SR, AR IR S RE AT AR T4
fbFan SOD. i 4 1k & Mg 71 43 ot H K -S-5% %2 1ify
(GST) FIIE M (ROS) 1y AN, AARR AR AT 9% 775 55
55 S GeE T REN O SRR SORE ST AR, 5] WA AR O
"l Bl 51 L BT FI IR R E2(PGE-2) FlI ¥R 58 & i 2
(COX-2) =4 LI X ifs = 4 - 2= 6(IL-6) 3R
RRG | K& b gRE! 1 R AR A i B B A
I S 1 R | ) S S

AHWFoT 2, THSB RS B 9 DL R B 2 (]
FEAE—E IR OGRS, PHIRASEARPEST, A A g vk
)i i NIl B N R 2R U = S 1= RN = R YD W9 7B 1= A S B
CRGEARE, FTLA, THEEARE 1] B 23 S EOX LeERAL
RAEFEREITG . z ER AR, KT T Re S | & H
Jih o A FHARREE ek R AR S U £ it 2 Fp Oy = an
HEBUO RGBT, K B ETE AN AR AT 2
L3 S e R, S 250 RS - B2 4l L1 pS3 . Bax
Je p65 [ZK-FhE ", SR, ASERBHR AR PN M 475 45L
R RGN IR W8, AR e SR AR T
AR, JUHE B S 3 DA M BURS B MR A
TEHE . LA IT R RSN FE N B ZhIE L 2 41
GES-1 W7k, #RITEEREXT GES-1 4ifiamsgt4:, A
I3 ST MEHBHEXT GES-1 4 iR 05580, Syt —2
I BHASEARR R ) LB PV A L S A S Bk P
1 MRS
1.1 MRS

GES-1 ANBR Edifis G insed Rl
FA R H] s RPMI-1640 55 38 5 | Frgin 4 1miE
(Fetal Bovine Serum, FBS) . 0.25% & EDTA Ji# i}
(0.02%EDTA, Trypsin-EDTA) . 0.25% JC EDTA Ji#
fif# ( Trypsin Solution without EDTA) . B§lRZ% rhEh i
% (Phosphate Buffered Saline, PBS) . & & 2 -5 5 25
REW(P/S) 22 Gibeo 2 F] s AERRHE (S AT b5 v
i, HPLC = 98%, CAS: 63-75-2) iR A=Y B)
HFHABRZ A LDH 57 & . SOD i1 & . GSH ¥
£, ROS i3] & . YO-PRO-1/PI 44 i T- 5 IR

FEATIAT B s R AR ATP BT
£, Na'K'-ATP BFEF & et sidby TR
JIF 3 TNF-a i 7 45 . TL-6 i 57 &5 . VEGF & 7 &5 .
TGF-g & IR eIl AR T

SH % CO, 4Hiu3EFRsti Ry sf
BRZN ] DGG-9070B UG XT84 IS AR(ESE
YA BR Y T]; ANKE TDL-5-A BUELLHL g
AT ER A BRI AT Al 5 Labserv K3 BURFAR{YL
BD FACSCalibur it =CA4HARAY  FEBRCHREH (p
) A BRAF]; SW-CJ-I-1FD JRi&8%E TAES T30
LIRS TIARA BRI F); ZEISS Lab. A1 5] E AR )~
iR EEEEIAF].

1.2 SEWFHE

1.2.1 4Uffek53%  GES-1 4B 3246 & 10% (A
5P FBS 1) RPMI-1640 15325 rh, 78 5% (R FL45)
$0)CO,. 37 C MIEFRFE T 8537, BOEAE R AN 4l
Mg TS

1.2.2 CCK-8 {RMIE4iiuys 1 B R Sa ety
FEW R A FFL, S A A B A SRRV E X REFL, &
A AS[E] T B v LA AR FL > S2 86 FL (10, 20, 30, 60,
90. 120, 150 pg/mL), FAHFEHIZE 6 TEfL,

B AR KRS R4, FH IR mE T AL s i a4
ML, LA 1x10* A~/mL )25 B 4l i B2 Fh e 96 fL
A BE IR, 4L 100 pl, $%5 37 12 h fili 40 i BE
Ak,

FERAIMET IR A BE TR IL, a5 LS BEFLm
AR T8 A 53Rk, SLRF LA d i A & AN B
R EEAEMBHR(10. 20, 30, 60, 90, 120, 150 pg/mL)
Brae ik, Bl 100 L, Il BR324 N Ak 2255 3% 24 b/
48 h JaFEFEIEFEEL, FH PBS 75UE 1 IRIGEHLIILA 10 uL
M) CCKS8 iRFIAN 90 nL Y58 e85 3%, LR FEBS
FEFE PR 4 h, ME 450 nm ARG (A 18D,
AILNE T o

A-A
V(%) = N _A” x 100

o, V FEUHMENE J7; A FEEEMALN A 1E; A, T8
LM A {H; A, FEXTHELHA A 1H-
1.2.3 FRARHENT GES-1 4R U ROk
X EAF GES-1 4, LA 1x10° ~/mL 155 B3R T
6 FLANALIE FEAR Y, BT AR F2F N ET 3% 24 h )5,
¥ oy eI A F AN [R] 55 2 vk S AZ P (60, 90, 120,
150 pg/mL) EFFEIRE, BEFL 2 mL, BB I35 N 4k
LEi%FE 24 he BEFRSE AU FEAR] B WA US4l i
ﬁ}jt

rieso

1.2.4 GES-1 Mo y% AR B A KRS R 47
GES-1 4iifg, L 1x10° 4~/mL 19 % FE3E R T 6 L4
MXEFRARN, BT AN FRAR N EE SR 24 h )5, $72504H
N A A [ Jo B 96 B AR Bk (60, 90, 120, 150 g/
mL) Y55 FE 3L, FEFL 2 mL, JiB15 FRA6 N 4k 2l 1 55
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24 h, FEFRFEMIE, SH R ESE Wt T ani
TR
1.2.5 GES-1 4RI e i+
B K BB 4 i, L 1x10° 4~ /mL [ 25 BE 3 7 F
6 FLANMURS FEMR PN, B T ANMET F246 RS 3% 24 h, #%
3 20N 5 AN (A 5T 22 vk B AR AR B (60, 90, 120,
150 pg/mL) P35 IR AL, RFfL 2 mL, B BIE% FE46 N 4k
LRI%FE 24 h, FEFRTERUE, S U SENY (it
AT EM LR A AA B LA R ASI o
1.2.6 FEMEHEXT GES-1 40/ ATP BFm2m  Hud:
KRS B4 GES-1 40, DL 1x10° A~/mL [ 85 5 4
BT 6 FLANML RS I N, BT 40 M 15 F2 50 N RS 3R
24 h, #2432 5 AS [R] 5T 0 vk AR AR K (60, 90,
120, 150 pg/mL) 13EFEEE, FfL 2 mL, A5 FRAE
PO 4k 2k 15 3% 24 h, $7 BB 8 T B ATP B8 00 X &
(Na'K". T-ATP Aff) (U B 72 o
1.2.7 HHRHEAT GES-1 41/l GSH. SOD. LDH {45
M B KOIRZS B4 GES-1 48, LA 1x10° “~/mL
B2 BERE RN T 6 FLANMIE SRR N, B T ANl iy 5546
PR 24 h J&, Fe5r A S A R o v A A
(60. 90, 120, 150 pg/mL) BYEEFE IR, F5FL 2 mL, B
6] 1% SR 40 N Ak L2 15 557 24 h, 3% BEZLER I & (LDH)
kG ALY LS (T-SOD) 5l & . I FEAILT
WEH AR (GSH) i & i B BH A5 7 2 o
1.2.8 MEMRHEXT GES-1 4Uie S iE N FRIFEm  HBuds
KRS B4 GES-1 4Hd, DA 1x10° A~/mL %85 5 1
T 6 FLANML RS IR N, BT 40 R F2 50 N RS 3R
24 h, #4532 A 5 AN [R] 5T 5 vk A AR AR (60, 90,
120, 150 pg/mL) 135FREE, FfL 2 mL, A5 FRAE
INLELEL% 3% 24 h, ¥ 88 TNF-a. IL-6, TGF-8. VEGF
TS B A5 A -
1.3 B

>R FH SPSS 24.0 S i # 4 gt 17 5 ¥E 43 Hr, DA
Graphpad 8.0 A TEI AN, Geit R AR E T
22553487 (One-Way ANOVA), FRfiiH 18] Fb 5, ASTEIZ4H.
BIREAEL n=6, T BHIE LR 22 320
2 RSP
2.1 FEEMENT GES-1 AREEV S MR
2,11 AEAREERXT B B R S S AT
R ey Y R O NN = S0 L s 11 | R oA N S B A AN
El 1., 5XFRHAH L, GES-1 4iiftrE£eid 60 ug/mL
FAREARRAE R 1 24 h J5, 0TS 7 1 U H BRAR fl 3 R
R (P<0.01), XT HELH 1Y 82.6%

T7E 48 h RIS E] T, AARHak BE 7 30 pg/
mL B ARG 3 4f B 2 B AIR (P<0.01), J2& X
HRZHMY 86.2%; Bl G A=A ORI B i 1=, Al MY
I, B3RS 30% LI, RIS Lestit et 24 h
VA iR Ta], I HiEHE 60~150 pg/mL AHERR Ik
VE R e EL S 5V E R B TE L

1207 , ©24h

GES-140/31% 11 (%)
3 3

W
(=]

§
§
N

d
1

60 90 0
(ng/mL)
BT AR A S 03 GES-1 0
Cell viability of GES-1 cells stimulated by different
arecoline concentrations

T AN [F) g (R — 0 S ) A [k B A AR GES-1 441
JLiE A 35 25 5 (P<0.01) o

2.1.2 AEMHBHEHIBT GES-1 4iIEAS5m ARk
FEAERBHI BT GES-1 AR ULIE 2. Al
22 F E A K GES-1 4nHES A )5, el 5L i
T N i = A= D (1) 12 = = 7 (B O 7o 4 I | (N
BT, HES H B ZEEL; 3532k [ 46 A2 5] 355
BET A MRS 25 RS, EVRAERE IR, TR At AT LASOL
SRBFRAT ARAE o UEBH AR 20 g HAT — 2 43
T ER, 255 | AU 7L 20T % -

Fig.1

Xt HRZH 60 pg/mL 90 pg/mL

120 pg/mL 150 pg/mL

o
e

&2 OR[EHR EEA AR 24 h X% GES-1 4HHIIEZS 540 (100%)
Fig.2 Effect of different concentrations of arecoline stimulation
for 24 h on the shape of GES-1 cells (100x)

s B SRR AL 2 B [l 45 AR [

2.2 AEHBEEXT GES-1 4R ROS 7K

A A AR BE AT GES-1 4L N ROS 7K V5%
i UL 3, B E AR B9 R T, GES-1 iy
1 ROS /K-P-tLhifiz Fhdr, BHAA—E ik BEARAS M
Las H4HARLEL, 90 pg/mL EHFIRAL LS, GES-1 4ij
AR 6 BE T i H B (i 35 1 FH(P<0.01), Z5°R
XFRELZHEY 7.4 5. 120 ng/mL REHRHR AL B 5 S 320¢
SEEREF AR 259.14, 150 pg/mL FARHRAL S SEA 5%
IR IR F 262.27, 55Xt FEZH AR YA M ik 25 T
(P<0.01). LA 25 RN, Ampodii]ist GES-1 4HAf
T RE2s 5 | AR AU R PN AR AN 8L, TR AL N ROS my4:
i, 5 A R ) S A AT o
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A 5001 (FL]-H)ROS Mean: 21.418 B 4004 (FLI-H)ROS Mean: 36.773 C ] (FL]_H)ROS Mean: 146.082
250
] 300 ]
400 200
§ 3007 % 200 % 1504
Q QO O
200 1004
100 ]
100 50
0 0- 04
10° 102 104 10° 10° 102 104 10° 10° 102 104 10°
FL1-H::FITC-H FL1-H::FITC-H FL1-H::FITC-H
D (FL1-H)ROS: Mean: 254.207 E (FL1-H)ROS: Mean: 257.771 F 400
150'_ 80
w300 T
J szt
£ 100 E 60 8
) ) 4 200
o S 401 i{iﬁ
504 B
] 20 100
0 ™ ™Y ™Y T i b ™ 0 T T T T T T T 0 i — s
10° 10 10 10 100 10 104 10° 0 60 90 120 150
FLI1-H::FITC-H FL1-H::FITC-H HEMBHRRE (ng/mL)
3 RTRIREARR R BE A0 GES-1 4N ROS 7K 540

Fig.3 Effect of stimulation with different arecoline concentrations on intracellular ROS levels in GES-1 cells
T A RS BRAL GES-1 s B FEl; B K 60 pg/mL A AR GES-1 sk B F¥l; C 4y 90 pg/mL AR T GES-1 it
ELJ7 Kl D 2 120 pg/mL ARSI T GES-1 JaCED I E 9 150 pg/mL BERBIRIEL T GES-1 i ELr I&]; F 0 P390 5
GEiHHEIRPE; FL1-H:FITC-H Rl 2] FITC SRS 55 AR RER R 25 035 (P<0.01), 18] 4~&] 5, &1 7 [f]..

2.3

A 10% 4
IC-1REY
1034 62.2% !
T
R 10 ‘
=
10'4
]00 T T T T
10° 10! 10% 10° 10*
FL1-H
D 104_
1 Ic1EsY
1034 38.8%
-
a 10°4
2 E
101_
10° T T e ey
10° 10! 10% 103 104
FL1-H

FEABRRLXT GES-1 ZRRZCRI A R FE (L S2 N
[ AR GES-1 AL AN L (37 5

B 104+

103_

FL2-H

102_

101_

10°

T

10

=
10?
FL1-H

10°

10°
E 10 4
10° 5

105

FL2-H

101 .

10°

10

—
10?
FL1-H

T

10°

T

10°

104

10*

ni WL 4 BEFEASARERA B LT, GES-1 4k
BRI LA, B BT B 78 120 pg/mL IF4G

C 104

JC-1REW
51.7% -

10° 4

AL B L B R |
10? 10° 10
FL1-H

-
10'

10°

»—t»—tl\)l\)’-l-J
[ Y = )

e o

JC-1RE W5 IC-1 AR L f51)
o

0 60
RIS (ng/mL)

90 120

Bl 4 OR[EIRERBOR AR B RO GES-1 4l e (A B 457 5 0
Fig.4 Effect of stimulation with different arecoline concentrations on the mitochondrial membrane potential of GES-1 cells
T A, XHIR4L GES-1 Ji sl Al B, 60 pg/mL ARG T GES-1 JaUHAE; C, 90 pg/mL MBI~ GES-1 Wi zUHLA
F; D, 120 pg/mL AEMBTHRI T GES-1 Wit :UHUR K5 E, 150 mg/mL AERBTURI T GES-1 3 2UHR K5 F, 2RI K4t
HOIRIE . Horb FL1-H Rl 21 4% (5O L5 538 B, FL2-H Rkl B AL 2O U5 SR .
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I 35 T B (P<0.01), SASEHRHI MK B/ 150 pg/mL
A, ki AA R 37 =4 FEZH. A 10.4%(P<0.01)
DL 25 SRR, FEARHRAR AL FE T, GES-1 4Hiii4k
R R A FA A S BOBE R A S AT, WP L 1 A i
SRR B, A SEERAAR B T RE T BT
2.4 FERMEXT GES-1 4RAf ATP EgSM0

AS[R) e FEAE BT GES-1 4H)1fg ATP Fifg52 0 UL
&l 5. B REARORA BE (A EE T, B ATP FilG ) 5280
Se BIHE T RER RS, R R AT B UR DR A A A O
TEXUAHF AL (Hormesis ) PO, BRI Mk B A HB R,
HECTT , (R fE 4 e~ 4= ATP Jif§; 1 Na'K*-ATP Wi
I 7 D) S e R SR AR A U R . 7E 90 pg/mL
e RS ARTRAL B T, 49 5 ATP B K Na'K'-
ATP [ifF3G F7 55 B0 T M i 35 M R R (P<0.01), 5351
&R 1.64. 1.38 U/mg prot, 7E 150 pg/mL ¥
FEARTEI L T, B ATP AL Sz Na'K'-ATP G St
—2F T REZ 1.13. 1.05 U/mg prot. UdRHASARA %) 5]
LR GES-1 4UdfY ATP B J1, Al GE#E—2E %
SRR BT, SRR R S5 ATP 94K
TRES

A

Na'K*-ATPHHE /1 (U/mg prot)

0 60 90 120 150
FERBOAR FE (ng/mL)
B 5
g
S 4 F
on
E
23t
=
2T
(=9
[_4
< 1T
3

60 90
AP (ng/mL)
K5 ASIRIREABmak B2 R0 GES-1 4Hfid ATP BEE J1 520
Fig.5 Effect of stimulation with different arecoline
concentrations on ATPase activity in GES-1 cells

2.5 FEEMEXT GES-1 #AAf GSH. SOD. LDH KSR

N[ RO GES-1 iy GSH. SOD.
LDH Py L& 6. 78 120 pg/mL ¥ B ks ip el
N, GES-1 4 ifi iy GSH & 5~ 79.6 umol/g prot,
55T B2 AA Pl B 2 PR RRAIR (P<0.05) o 7E 90 ng/
mL R BRI, SOD BIMERE J1I1-4G H 30k
I E RN (P<0.01), FEIKE] T 4.74 U/g prot., TE
120 pg/mL ¥ B2 AARRGHORI BT , LDH ) ¥4k b 2%

T (P<0.01), Ui BHAERBHR 14 31 35+ GES-1 4i i
HATPEE, GES-1 40 P9 i P B AL Bl 52 e 2
THEIR, SR B A5 5

A 200
150

100

GSH (pmol/g prot)

4
(=]
T

0 60 90 120 150
HERBBRV S (ng/mL)

SOD (U/g prot)

60 90 150

HERBBIAE (ng/mL)
C 15
ab a
k) i
= 1.0
)
2
A
5 05
0.0
0 60 90 120 150
TR EE (ug/mL)
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