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Abstract
AIM: To explore the protective effect of kaemp-
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ferol on human normal hepatocyte line HL-7702
cells under the endoplasmic reticulum stress and
the underlying mechanism.

METHODS: In order to develop a hepato-
cyte apoptosis model, endoplasmic reticulum
stress inducer tunicamycin was used to induce
HL-7702 cell apoptosis. After HL-7702 cells
were incubated with different concentra-
tions of kaempferol (0.01, 0.1, 1 pmol/L), cell
morphological changes were observed by mi-
croscopy, cell viability was measured by MTT
assay, lactate dehydrogenase (LDH) activity
in cell supernatants was determined with an
LDH assay kit, apoptosis was measured by
flow cytometry, and the protein expression of
CHOP, a special marker of apoptosis induced
by endoplasmic reticulum stress, was detected
by Western blot.

RESULTS: Compared with the tunicamycin-
induced hepatocyte apoptosis group, low con-
centrations of kaempferol (0.01, 0.1, 1 umol/L)
significantly inhibited endoplasmic reticulum
stress-induced hepatocyte apoptosis. Kaemp-
ferol improved cell morphology, increased liver
cell survival (tunicamycin model group, 80.14%
% 8.00%; 0.01 pumol/L kaempferol group, 96.16%
+10.00%, P < 0.01; 0.1 pmol/L kaempferol,
91.43% £9.10%, P < 0.01; 1 umol/L kaempferol,
87.84% £ 6.90%, P < 0.01), and reduced the
levels of LDH released from HL-7702 cells (tu-
nicamycin model group, 398.5 U £ 30.8 U; 0.01
umol/L kaempferol, 89.9 U £21.4 U, P <0.05; 0.1
umol/L kaempferol, 951 U £ 89 U, P < 0.05; 1
umol/L kaempferol, 120.5 U £ 24.2 U, P < 0.05),
the apoptosis rates (tunicamycin model group,
4.58% %+ 0.90%; 0.01 umol/L kaempferol, 1.18%
1 0.48%, P < 0.05; 0.1 ymol/L kaempferol, 1.97%
+ 0.32%, P < 0.05; 1 umol/L kaempferol, 2.63%
1 0.16%, P < 0.05) and significantly reduced the
expression of CHOP protein.

CONCLUSION: Low concentrations of kaemp-
ferol may inhibit endoplasmic reticulum stress-
induced hepatocyte apoptosis by decreasing the
expression of CHOP. Kaempferol may be a new
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drug to protect against liver injury induced by
liver disease.

© 2014 Baishideng Publishing Group Inc. All rights
reserved.

Key Words: Kaempferol; Endoplasmic reticulum
stress; Apoptosis; Mechanism

Guo YY, Ren F, Zhang XY, Duan ZP, Zhang HH.
Protective effect of kaempferol on endoplasmic
reticulum stress-induced hepatocyte apoptosis and
underlying mechanism. Shijie Huaren Xiaohua Zazhi
2014; 22(35): 5400-5407 URL: http://www.wjgnet.
com/1009-3079/22/5400.asp DOI: http://dx.doi.
org/10.11569/ wcjd.v22.i35.5400

B &y ,
(endoplasmic reticulum stress, ERS)
HL-7702
Hik: ERS (tunicamycin,
™) HL-7702 ,
R HL-7702
: MTT :
(lactate dehydrogenase, LDH)
LDH
ERS CHOP
ZR: T™ ,
(0.01. 0.10. 1.00 pmol/L)
ERS ,
(TM 80.14% +8.00%,

96.16% *
10.00%, P<0.01; 91.43%+9.10%, P<0.01;

87.84% +6.90%, P<0.01), HL-7702
LDH(TM 398.5 U+30.8 U,
899 Ux21.4

U, P<0.05; 95.1 U£8.9 U, P<0.05; 120.5 U
+24.2 U, P<0.05), HL-7702
(T™M 4.58%+10.90%,
1.18% *0.48%, P<0.05;
1.97%+0.32%, P<0.05; 2.63% +0.16%,

P<0.05), ERS
CHOP

i CHOP
Baishideng® WCJD | www.wjgnet.com

ERS HL-7702 ,

© 2014

(endo-
plasmic reticulum stress, ERS)
, ERS

; s CHOP
ERS

2014; 22(35): 5400-5407 URL: http://www.wjgnet.
com/1009-3079/22/5400.asp DOI: http://dx.doi.
org/10.11569/wcjd.v22.i35.5400

0 31
1L 7% 1 (kaempferol) & — PR SR ) B ER 2540 &)
(g E ), FEORIE T ZRHEY LR T
WL, BAETHE., RE. MERESER RS
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Tl 2= By 5 4 J5iE 9 S 3B (endoplasmic reticulum
stress, ERS)75 3 40 M 45147 1)/ Bt e b,
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1 RRT5E

1.1 L 2By (4EE>95%) — I FE T AR(di-
methylsulfoxide, DMSO). TM. [ (8§14 1
F*[ESigmaAw]; MEMEE (thiazolyl blue, MTT)
%) B 2 [E Amrescoa & ; RPMI 164055785, g
7% (fetal bovine serum, FBS)IH H £ [E Hy-
cloneA d]; A MM A B (lactic dehydrogenase,
LD H)¥E 75 & 5200 i X 771 50 08 1 2 ) 3 25k R
ARA WA F; Annexin V-FITC/PIXL 440 A 1=
oW ) 20 R Lk AR R R R A IR
A, ECLAZEROGHIE H £ E Thermo A Al
B-actin. CHOPHUIA K BARMARICHI % P
TP E % E Cell Signaling /sl ; HoAl iR
NI = 43 B 4.

1.2

1.2.1 o IEH 40 ZRHL-770240 i
(RA7 T s R R BE R AL FT), T8 10%
FBS. 100 UmLE &% 100 mg/LEEHE RN
RPMI 164057723 H1(5%C0O,. 37 C. 1AL
FE)EEFRARAR

1.2.2 : IIEMAETDMSO, fit & 5%0.01
mmol/L. 0.10 mmol/L. 1.00 mmol/LEIfi& 7k
J%; TM# FDMSO, i /7% 910 pg/uL.

1.2.3 R EOE
A K HAIHL-770240 1 A1 X 10Y/4L3EF T-96 L
UM RS R, 59724 h., Bl & A L SR E 4
51°40.01 umol/L 0.10 umol/L 1.00 umol/L¥]
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B R AT B2 h 2 hiG FE Rl i, e b
IR R BE 1 25y FE S TMZIR FE R20 pg/mL
35 TR IR, (A B 70 R ZH (DM S O 283K
JEN0.2%) BRI (TMN20 pg/mL)FIZS (%}
HEZH. 12 hJa, 3F BiE, 1 XPBSHRE IR, ¥
HL-770240 0 & T3] B S8 T i, pr
HELIRE 3K, R,
1.2.4 MTT HL-7702
s MTT: X FRMTTEC (B, 2 — Rk
) 200 A7 R A K R v ARG I R D v A
L R L A (1 % BT IR it S e A SR MEM T T
J N 7K ANV 1 1R 4K £ 485 o Y 38 (formazan) 1T
FRIEZH R, T ZE4H M TG T B, DMSORE I i
S M R, P BRI S A X AE490 nmikk
AL 5 H G (A)ME, PT Ta145 e B v 20 A 4
. E—EdREGEEN, MTTS BB ES
M BURIE L. o bR B IR A, 3 255 3R,
FFLIIAMTT(0.5 mg/mL) 200 pL, 4k4L55 574 h,
FEEMTT, £:4LIIADMSO 150 uL, 3R 254R %
10 min, TEFFRX490 nmis K A4b Wl g WG FEAE,
R EEER. AT
YA 75 (%) = (P ERAA M-

F1 %] ZHLA )/ (5 70 o B ZHA M - 25 1 % IR ZHA
18) X 100%
1.2.5 LDH : LDHAZMFL.3h

W2 B P W T R O BRI, A7 AE TR 2 UL Y
20 A P v R, TR A SR 20 i A AR A
DRI, et 00 5 40 . B3R LDH & &, W] DL
Wram A ARG RE RS G b R AT 4R B S 7R S
B B4 B B35, % IR L DH R & v i P kAT
HBAE, BEARICINTEA 408, AR b v il 2 vt S5 am
Jfl 35 LDHTE /7 HpL.
1.2.6 HL-7702
: BHL-770240 3 L6 X 10°/ 4Lz
FiF60 mmEFFRILH, £575224 b5, [F] RIASLE 0
R, =M ANFEREE T 52 h, 2 h/E I ATMZkE
SERRFR12 h, WCEEANAE FIE TR 15 mLEOE
FH0.25% R BEH A 40, % 40 PR gR T [ — 2
e B0, 1000 r/min, 5 min, FEREGE_ 3,
I X PBSHESAMI2IK, IIANS500 uL&5 & S,
R AR E T, SEIMAS pL Annexin
V-FITC J25 pL PL, S, % E 15 min, 40
FASCGEEAT A,

1.2.7 (Western blot) CHOP

b iR oo A PR AT B 7R, JEHT AT, 12 h
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Ja, W3 BIEW, 1 XPBSTR3IK, HI15 mLE O &
Llﬁt%éfﬂﬂﬂ FHEIMAN200 p LA MR (S B E
B 7)), -80 'C 54 C 2 i) [ S URAI3 IR, 784>
ZURM I E 1, FBio-Rad Dcik Mg LI
EE RS B AR, B R B R
HEAT. Western blotf/E4n~: B30 pg HL-7702
i A B EEFESFIH12%SDS-PAGE
HEE LUK (FFUR80 V, M A Marker LUK 2 50
MG HN120 VEE AR D7 E) EEAFEHECE
T L HEIE, 30 V. 4 CRRER). —Hia :
1000F4F)4 CHF A IR ZHu(l - 20005 )
FEiPFE 1 he TBSTIEWE3 X, MEFEMECLIL
RGN AR BIRIR S 5 1 8 R AIm R 0
JEE, T B,

KHSPSS16.04t i 24 ik T
HAmEAL . 45 B Dimean + SDF 7R, 22 2H [0 $dE L
R FH LR R 7 22 50 #r, PR 4L TR 00 LU R e
K5, P<0.05 7% 7 A Guih 5 L.

2 B8

2.1 HL-7702 H5IE®
X HRZH LA, TMAE T4 12 hil g e s
b, GHIRARTE, 2 1AL R TR BN R TR, i
JIR T BRI T /M, WEEPE 2. DUAS R B L 4%
T FRTMAR ERAH A, 1 A3 8 240.01 pmol/L.
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%‘thﬂﬂ?ﬂﬂ(xwl A i B: TM : C:
+1.00 umol/L . TM:

0.10 pmol/L. 1.00 umol/LAN 45 5 % 41
B 22 5 (1E12).
2.2 HL-7702 TMAE
FTHL-7702408812 h, #@iEMT TN & X 77
TR 5 N80.14% £ 8.00%, 5 IF H %t RALAES
K100%HHEL, 22 578 Giit24 5 (P = 0.001). 1L
Z51550.01 pmol/L+TM4L. 0.10 pmol/L+TM4L
A1.00 pmol/L+TMEZH A% #5371 9 96.16% +
10.00%. 91.43%=%9.10%F187.84%+6.90%, 5
TMA T 2 7775 %£80.14% + 8.00%HH b, E. A B
WER, ZRA G E L(P<0.01)(E3).
2.3 HL-7702 LDH

TMAEH THL-770241 012 h)5, e 28 F
TE P LDHIE /1 5473 791 9398.5 U308 U, 5
IEH N R A EE48.3 UL18.9 U, ZRAH 41t
B (P<0.01). hZEF0.01 pmol/L+TMZH. 0.10
pumol/L+TMZLA11.00 pmol/L+TMZLLDHIE /1
A7) 989.9 U£21.4 U L 95.1 U£8.9 U.
120.5 U+24.2 U, STMEER A LLLDHIE /7 8
£7398.5 U£30.8 URA MR ZEN, ZRA 51T
HL(P<0.01)(FE4).
2.4 HL-7702 TMAE
FFHL-770240 /1212 hj, @it i AR I
H, HIRFT 245 518 TMEERIZH4.58% +0.90%.
HIE#AHRZH0.77%+0.04% L5, =76 401t
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B 3 AEIRELREBFIIMLE2 hG77024MRESE
BRINEIN. "P<0.01 vs : 9P<0.01 s T™M

1 ;20 TM ; 3: TM+0.01 umol/L
4: TM+0.10 umol/L ; 5: TM+1.00 pmol/L
T™:

ZROL(P<0.01). 11Z37150.01 pmol/L+TM4.,
0.10 umol/L+TMZLA11.00 pwmol/L+TMZ
T-F 5 N1.18%+0.48%. 0.97%+0.32%-
2.63%+0.16%, 5 TMIERIZH4.58% +0.9%4H Lt
BAHEZEN, 2505158 X @P<0.01)(E]5).
2.5 ERS CHOP

DA M ER SR S M T AR B A
CHOPHIF L. S5 LhB-actinfE AS IR, 45 ik
S, B SEWHE N0.01. 0.10 pmol/LE}, /]
T ERSHIHL-77024H fitd 52 B {2 Jik /> CHOP 1 K 15,
MR E1.00 umol/LXTCHOPHR A IR IEH
H1E AU (E6).

3L

KRR AR R T I EB S TME S
N4 FRHL-7702 8 A2EERS B A Ry EH, 7£
— JE [ R B Y 1 ) A R4 T ER SR AE
AR, L s RiEoR, fETMG 3 FTHL-7702
YRR, M E80.01-0.10 umol/LET,
Ll 2 1 (0 DR A 1 I 2, 2 35 4R s HL-7702
QAR WA LIELDHS &,
A T2 I EANFFR S MERS . T
ORI ERIL. SRIMREE L R T, 1
T BR 4 R AN B I, L 5 ) 40 P 7= 2B 5
. BRI, AR L 5 e T R AEER ST
HL-770240 2 BA CR4E FH 7).

E R STE 5 i 993 19 5 0 ML il vp R 45 35 T8
BAEH. JEAERE RO OE, SR 20 5
SR YL T SUR-AR A%, AR IR 14 6 107 PE e, b 5
PERF IR DL AT . AFAEL# SERSK R %

WCJD | www.wjgnet.com

B 4 ARRELSEFIIMLE770240i812 hEX i
_E5ELDHKSEHISZ0. °P<0.01 vs :9p<0.01 15 TM

L ;2. TM ; 3: TM+0.01 umol/L
; 4. TM+0.10 pmol/L ; 5: TM+1.00 umol/L
. TME , LDH:

V). MK AEERS, WlidEd 1 A ERPS B
WM (type-1 ER transmembrane rrotein kinase,
IRE1). XUEERN AWK 8 G E R
[double-stranded RN A-dependent protein ki-
nase (PKR)-like ER kinase, PERK]F1iH b #% 5%
[ ¥ 6(activating transcription factor 6, ATF6)
=N HE RS 3R G TRk
3 KPS B H M (unfold protein response,
UPR)'". UPRIE I — &R 5138 M I B2 8
oY Ak B A A s B AT S R R AR DY, IR
4L F, PERK. ATF6. IRE1445 4 TF-18
GRP78/BIPZ: &, Ab T Lim HARA; MERSAFEIE
i, HERLR T2 8 L GRP78/BIP M3 Ff 5 fii
P2 EA S, FgaRITEEA, &
AR M e S AN B PR I TR T R B A K, 2y
WA B R AR FRER'S, M IS B A4 40 g 1 B
(12, MERSH LA T S, A1k K
AT

CHOPH SE#AE N —FC/EBPs(CCAAT/
enhancer binding proteins)[FJi & ([ AT & W, C/
EBPs/E — K B A 72 TR 5 45 0 1 e s A7
KI5 A — AN S B0 T e 3 (K g ) A — A
E5DNAS S S R KIb ZIP &5 kI (R J
K, FRIET 2 AL, xf 540 0 7L R
By EBERVE, R T 5 ) 5 R
B B 53 (R S IR 1220 MERSHERELE R, =4
W IE R A 2 P TN FCHOPHIFRIA.
X =25 5B, PERKIME M i B 2, S
PERKA# FL A% B i 46 K F-eukaryotic transla-
tion initiation factor 2a(elF2a) & AEBEER1L, BENR
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;B TM ; C: TM+0.01 umol/

HE#E TP PERK-eIF2A-ATF4/ZCHOPZE (1%
EFTA TR, 28R, CHOPA 2 H 1 S 41
P, TR T 2 5 TR B R R IA
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M & Caspase9FlCaspase3 G, CHOP X 2>
7 FGADD34(LE KA FIDN A5 417 5 5 7734)
ik, GADD34% HelF2o 2% B R 1K ) I 15t i

i#%, 18 5 5 AR 1 C(protein phosphatase 1C,
PPIC)HIAHEAEH, REWIKE R & K, ¥k
0 PR N RS 1 A T T P Jo Y s e, 2
WOk 15 4R (re-active oxygen species, ROS)5|
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