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Effects of hesperidin on apoptosis of human gastric cancer AGS cells and its
mechanism
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Abstract: Objective To investigate the effect of hesperidin on apoptosis of gastric cancer AGS cells and its related molecular
mechanisms. Methods MTT assay was used for the killing effect of hesperidin on human gastric cancer AGS cells; Annexin
V-FITC/PI double staining and flow cytometry was used to detect the apoptosis induced by hesperidin on AGS cells, the level of
reactive oxygen species, and the addition of NAC Post-apoptosis changes; Western blotting was used to detect the expression of
apoptosis-related proteins and signaling pathway-related proteins. Results MTT assay showed that hesperidin had a good inhibiting
effect on AGS cells. After treated with hesperidin, AGS cells showed apoptosis such as nuclear condensation and cell shrinkage.
Annexin V-FITC/PI double staining and flow cytometry showed that hesperidin can induce mitochondrial dependent apoptosis of AGS
cells and increase the level of intracellular reactive oxygen species. After pretreatment of NAC, hesperidin induced apoptosis
inhibition. The results of Western blotting showed that the expression of p-JNK, p-p38, Bad, cleaved Caspase-3, and cleaved PARP
increased, and the expression of anti-apoptotic proteins p-ERK and Bcl-2 decreased, which indicated that hesperidin activated the

MAPK signaling pathway and mitochondria-dependent apoptosis in AGS cells. Conclusion Hesperidin has a good killing effect on
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human gastric cancer AGS cells, and induces mitochondria-dependent apoptosis in AGS cells by increasing the level of reactive

oxygen species in AGS cells and regulating MAPK signaling pathway.

Key words: hesperidin; human gastric cancer AGS cells; cell apoptosis; MAPK signal pathway; reactive oxygen species
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Fig. 1 Effect of hesperidin on viabilities of AGS, NCI-H23, L-02, and 293T cells (X x5, n =3)
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Fig. 2 Effect of hesperidin on apoptotic of AGS cells (X £s, n =3)
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Fig. 3 Effect of hesperidin on protein expression of MAPK pathway in AGS cells (X *s, n =3)
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Fig. 4 Effect of hesperidin on level of ROS in AGS cells (X %5, n=3)



- 5490 - '3 X

Chinese Traditional and Herbal Drugs %5 50 5522 3§ 20194 11 A

1Bk 22 IR 90 22 3 D R G B T IR e AR RN R R 11
R EE EEA O, iSRRI
A RIS VR T U7 2 —U0 1, ROS J& AP
AU B TE =4, A5 VT 40 RS 5 I8 R R4 P P4
R REEENEN, AAKRAE, M2
FIAM AN ROS /K S HAHKAE T g i) 4, Rt
WA ROS 7K1 AT DU 40 i i Fo s 1 A8 A ik
(iR i R e e e B i = B = ey YL B
T4y, BAZMAEBENE, R SE. FUIR
e R0 i 5 22 s 20 PR B A A R T, (R B O
AU IAE WA . BT R, BEER Y
FALERIR FE AR WI T =, AGS 21 A7 1% 28 B 1 [f
i%, VEBARE XS AGS 4 H A B 14 i i i)
ER, SRR, H AW SR F B )
W25 5-FU Fai. N 1 50ubrs 2 B 2 5l 75
T AGS Mk AT TR A LG,
Annexin V-FITC/PI XG4 A0 220 i A Ao U465 5 1
Xt AGS 4 ToRE ), G R R WIS R Ab
HE AGS g A K 2 2046, A0 ARRRIZEET 4R /N,
2 0 T A5 12 e [ A AR 4 4, IR T TS .
FE 5 S WUBE T R I A B iz A SIS T PR AN W 3
IR TR A8 R AE AR AR A B T MAs, - 4 g
PG BRI SE, TN BCRIRWIN 2 . ik
1l A AR 0 2 0 P 4 SR A T R B e S LA
S [RLBA B2 SR 153 AGS 2R AR T

il ot ) N S Eo % R N N B3 G Sy AN
MR AE, PR AR 125 Bel-2
HZ I, Bad 1 Bel-2 £ [ 2 (8] f1)~F- i 521
¥ Caspase-3 & ML, GG 1 Caspase-3 it
— DIV N PARP B, il PARP & 2 HE
1A T R AR IR AR B A H g T3 AR s
BRI JC-1 RIS OIS Je b 2 )5 (1)
A BEATREIN Bl AL ERES TR P RE K, A AR SR/t
o S ) S 11V DN 95 o AN = ER VA P11 a2 sk 2 A
ARV T Bl S Al AR T R A RIA &,
SR FRUARG B2 AT LA i Bad. cleaved Caspase-3+
cleaved PAPR # 1 /J3&1L, TRl Bel-2 HARIRIE,
DAL ESERERH, R ETLIES AGS UKL
RLAAAMAGE P T2

MAPK & —RE M, EEMAH ERK. INK
A p38 3R, WIEEMRAIER . AT
G2 UL AT RN AT, P38 I INK HIRE
A e % vT LA 1 cleaved Caspase-3 F1 cleaved

PARP {315, 53 B4R AR TS, i ERK
WAL Bel-2 dH R 2 A BRI SR EOS
LR T20%), R W] MAPK 5 58S AE
iR B R AR R SR R R A . N TR
ERE B H 2 Il P DL BE R 53 AGS ik
AT, FIH Western blotting SZ36 %) i AHICE A
FIABNGOHEATRE I, I B AT BL B3R p-INK.
p-p38 HHMFKIE, T p-ERK HEMKIA. Ll L
S5 R, B8 B 1 R DU I I MAPK 5 5% 75
7 AGS g R BT T .

ROS 7K-F B 4256 2 B 40 i i ) PR B A 25 1
T, YA ROS 7KFTHE, dokifk i imiE v
RAEA, FEBMK, SMERR, SEEETE
FOr TR JEAh, ROS IEVETTLIAE A £ %15 518
B, Wi SR T «B (NFxB). [5516 5 kit
WS 3 (STAT3) 1 MAPK %, ki 23 i
FEARAR . i T AR 2R AW 2 R 7200,
AR S0 i i A A T 48 i Y ROS 7K1, KB
Wt 5 R AR BRI [ ) ST 0, AGS 4 A ROS
KW . [N, B EH S NAC A A2 40
JMJG 2B T AR R B AR TR B B AL A
P B H S IR T RE U, X R WA B AT BL
i FIHARHLA ROS KK, %S AGS A4
R T HAE MAPK {5 53l B30 2 15 2
ROS [, HE—DAED T BRI T MAPK
MR EE B TR R IA B ARG, LI 25
RAATLAE H ROS §i§ k7T NAC &% 1 # T MAPK
5T I IR AR T R AR, BRI LA E
fi BB L 4% ROS /KPR AGS 4RI T

AW AL MW TR X AGS QI EA R
GFRIROIERT, JRIEN] 7R s fE e AGS 4
fA ROS JK-F, M MAPK {5 5 IHECRE T
AGS 20 K AL LR AR T, 1O 15 8 A LAt
FEAERIRTT SR AT RSt 1 3 s .

SE R
[1] Song Z, Wu Y, Yang J, et al. Gastric cancer: Descriptive

epidemiology, risk factors, screening, and prevention [J].

Cancer Epid Biomarker Prev, 2014, 23(5): 700-713.

(2] s, AR, e, & o E BT S BUR

(). HEMIRIEIR, 2017, 44(1): 52-58.

[3] Strong V E, Wu A W, Selby L V, et al. Differences in

gastric cancer survival between the U. S. and China [J]. J

Surg Oncol, 2015, 112(1): 31-37.

[4] ZRZEM, AN, By TREGITHE R ().



23

Chinese Traditional and Herbal Drugs

HS0% B 28 201911 B + 5491 -

(10]

R IR, 2015, 42(23): 1118-1123.

Xia R, Sheng X, Xu X, ef al. Hesperidin induces
apoptosis and Go/G1 arrest in human non-small cell lung
cancer A549 cells [J]. Int J Mol Med, 2018, 41(1):
464-472.

Ll N A o5 a7 LRI T v i) U R
JRIE2, 2018, 47(21): 2846-2849.

Wang Y, Yu H, Zhang J, et al. Hesperidin inhibits HeLa
through
endoplasmic reticulum stress pathways and cell cycle
arrest [J]. BMC Cancer, 2015, doi: 10.1186/s12885-015-
1706-y.

fk o fH, BRIOAR, ) B AR R U 2 BLNE MR A AR R
[7]. HEFZ2E, 2016, 14(10): 1097-1100.

Zhao J, Li 'Y, Gao J, et al. Hesperidin inhibits ovarian cancer

cell proliferation apoptosis mediated by

cell viability through endoplasmic reticulum stress signaling
pathways [J]. Oncol Lett, 2017, 14(5): 5569-5574.

Matsuura K, Canfield K, Feng W, et al. Metabolic
regulation of apoptosis in cancer [J]. Int Rev Cell Mol
Biol, 2016, doi: 10.1016/bs.ircmb.2016.06.006.

M, & 8. R T SEAERR T A (7).
ANBER: EAEEE 4, 1998, 21(6): 271-273.

Goldar S, Khaniani M S, Derakhshan S M, et al.
Molecular mechanisms of apoptosis and roles in cancer
development and treatment [J]. Asian Pac J Cancer Prev,
2015, 16(6): 2129-2144.

AN, 3k 2, sk#eT, 55 BRI S AT S A
MO T R R E R MPTP R [J]. BRI,

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2017, 60(10): 1105-1113.

Diwanji N, Bergmann A. An unexpected friend-ROS in
apoptosis-induced compensatory proliferation: Implications
for regeneration and cancer [J]. Semin Cell Dev Biol,
2018, doi: 10.1016/j.semcdb.2017.07.004.

BARH, MFER, OREE, & JC-1 Bkl CcCccp
Xof N B Z R A I RS RS2 [T]. 5 AR 252 B o
%, 2014, 35(5): 324-326.

£, A7, TU7, S5 R BRI 4 e
TCHEEAE (0], ARid e o BT 51K, 2005, 12(3):
168-170.

Zhu H, Gao Y, Zhu S, et al. Klotho improves cardiac
function by suppressing reactive oxygen species (ROS)
by modulating MAPKSs/Nrf2
signaling in doxorubicin-induced cardiotoxicity [J]. Med
Sci Monit, 2017, doi: 10.12659/MSM.907449.

Du X, Shi Z, Peng Z, et al. Acetoacetate induces
hepatocytes apoptosis by the ROS-mediated MAPKs
pathway in ketotic cows [J]. J Cell Physiol, 2017, 232,
doi: 10.1002/jcp.25773.

AR/AR, R B, EALEE, £ p38MAPK 7E EGCG % &
N B MGC803 4l it ik A [J]. iR, 2008,
28(9): 763-766.

Zhu J, Yu W, Liu B, et al
caspase-dependent apoptosis and autophagy through the
ROS/p38 MAPK
osteosarcoma cells in vitro and in vivo [J]. Cell Death
Dis, 2017, 8(10): e3113.

mediated apoptosis

Escin induces

signalling pathway in human



