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Abstract

AIM: To assess the effect of Ginkgo biloba extract
(EGDb761) combined with cisplatin or etoposide
on cell proliferation and apoptosis in human
gastric cancer cell line SGC-7901 and to explore
the possible mechanisms involved.

METHODS: SGC-7901 cells were treated with
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EGDb761, cisplatin, etoposide, or EGb761 com-
bined with cisplatin or etoposide. Cell viability
was measured by MTT assay, and apoptosis
was measured by flow cytometry. The colori-
metric method was used to detect the activities
of superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px) and catalase (CAT) and
the content of malondialdehyde (MDA) in cells.
The protein expression of extracellular signal-
regulated kinasel/2 (ERK1/2), p-ERK1/2 and
nuclear transcription factor-kappa B (NF-«B) p65
was determined by Western blot.

RESULTS: Monotherapy with each of EGb761,
cisplatin and etoposide significantly inhibited
the growth of SGC-7901 cells in a dose- and time-
dependent manner. EGb761 significantly en-
hanced the inhibitory effect of cisplatin and eto-
poside on cell growth. Cells treated with EGb761
combined either cisplatin or EGb761 showed a
significantly higher level of apoptosis than those
treated with cisplatin or etoposide alone. Com-
pared to the control group, the activities of SOD,
GSH-Px and CAT were notably elevated (SOD:
16.57 U/mg prot = 3.20 U/ mg prot vs 25.96
U/mg prot = 3.57 U/mg prot; CAT: 2.51 U/mg
prot £ 0.32 U/mg prot vs 3.79 U/mg prot + 0.55
U/mg prot; GSH-Px: 22.18 pmol/ (min®mg) prot
* 4.36 pmol/(min*mg) prot vs 33.49 pmol/(min
*mg) prot + 5.64 pmol/(min*mg) prot; all P <
0.05) and the content of MDA was significantly
decreased (2.46 nmol/mg prot = 0.38 nmol/mg
prot vs 1.42 nmol/mg prot + 0.26 nmol/mg prot,
P < 0.05) in cells treated with EGb761. The ex-
pression of ERK1/2, p-ERK1/2 and NF-xBp65
was significantly induced by cisplatin or etopo-
side, while EGb761 suppressed the expression of
ERK1/2, p-ERK1/2 and NF-xBp65 induced by
cisplatin or etoposide. The expression levels of
ERK1/2, p-ERK1/2 and NF-xBp65 in the control
group, cisplatin group, EGB761+ cisplatin group,
etoposide group and EGB761+ etoposide group
were as follows: ERK1/2: 0.496 + 0.078, 0.831 +
0.091, 0.521 + 0.082, 0.816 + 0.101, 0.489 + 0.072;
p-ERK1/2: 0.289 + 0.032, 0.521 + 0.068, 0.276 +
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0.049, 0.486 + 0.087, 0.298 + 0.053; NF-kBp65: 0.268
+ 0.038, 0.456 + 0.08, 0.276 + 0.052, 0.446 * 0.076,
0.229 £ 0.056).

CONCLUSION: EGb761 enhances cisplatin-
and etoposide-induced apoptosis of SGC-7901
cells possibly by enhancing cellular antioxidant
capacity and suppressing the up-regulation of
ERK, p-ERK and NF-xBp65 protein expression.

© 2013 Baishideng Publishing Group Co., Limited. All
rights reserved.
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BH: 34 A +T 32 B4 (ginkgo biloba extract,
EGb761)%H)Ifl 44 3 2 vt T &K% 549 B & 2 e
SGC-7901#9 38 58 Fn I8 1= 89 3 v B AL

ik EGb761. i 4aAe Xrt T K E AR
ks, et CRIEA B AEGbTOI AR
F 28 JEARS GC-7901, KA v F A% fodk
(methyl thiazolyl tetrazolium, MTT)#k A4
e 0 38 H M, R X gl e AU ] Zm e 4G )
T, L & kA 4m B P iE A AL A AL B
(superoxide dismutase, SOD). A H kL
A AL #(glutathione peroxidase, GSH-Px)#=
it Ak S B (catalase, CAT)#) &M & & —fk
(malondialdehyde, MDA)# 2%, % J% ¥ iE %
A 4m g 905 5 R 7 8B (extracellular signal
regulated kinase, ERK). #}B24L 48 ig 9z 5 R
* B4 (phosphorylation of ERK, p-ERK)#=4%
P F-«B(nuclear factor kappa B, NF-xB)p65%%)
FA.

&3 EGb761. Mi4a. Zrt TR F B
R ol 3 54 3% B dp w48 A, 2 A 1) A AR M
M, AR Fmieeg . EGb761 T
¥ 3% R 48 R et TR 84 g R R K A AR R
R @I AT KF. EGbT614E B 53R
ZHmiFSOD. CATAGSH-Px# & [ 3B
AAEGB76148SODEH: 16.57 U/mg prot+
3.20 U/mg prot vs 25.96 U/mg prot+3.57 U/mg
prot; CAT#y &M 2.51 U/mg prot+0.32 U/mg
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prot vs 3.79 U/mg prot=*0.55 U/mg prot; GSH-
Px#j7& M 22.18 pmol/(min'mg) prot+4.36
pumol/(min'mg) prot vs 33.49 pmol/(min'mg)
prot+5.64 umol/(min'mg) prot; ¥P<0.05], %
HKMDA# 42 (X BAFEGBT614MDA#)
4-%2.46 nmol/mg prot+0.38 nmol/mg prot
vs 1.42 nmol/mg prot+0.26 nmol/mg prot,
P<0.05), BB A8 B 4] bl 4642 2 vt TR,
#FHERK. p-ERKANF-xBp65 89 & ik (*
R, nsaze, EGBT61+IR402L, 2ot T
1 F2EGB761+2 » TR LERK ) &34 0.496
+0.078, 0.831+0.091, 0.521+0.082, 0.816+
0.101, 0.489+0.072; p-ERK#) & ik: 0.289+
0.032, 0.521+0.068, 0.276+0.049, 0.486+
0.087, 0.298+0.053; NF-k Bp65#9 & ik: 0.268
+0.038, 0.456+0.08, 0.276+0.052, 0.446+
0.076, 0.229£0.056).

2518 EGb761 T3 3807 40 KL v &K 3T B 5
b J, 2 7 ) AE R SF 3 e i 8Y B TR T
EGb761 T 4l % 1838 3% 3% 4m LA B AL AL 1, TR
ERK. p-ERKA=NF-kBp65#9 % ik i & 1EAE .

© 2013FMNDBEEBREDERATAE.

SRHER: RAIHREY; BE; J6sH; R 2w 4
A

BIRR: 45 H 32 BU (Ginkgo biloba extract,
EGb761)73% 324 %2 vt Tt B & 4m fie £ K
IpmAE R FF 4% & e B kY 98 KB EGb761 7T AEE
WL R MR AARE A, TIAMMIME SR
% B (extracellular signal regulated kinase). #B&
A¢.4m feL 40 Z 5B 7 3% B4 (phosphorylation of ERK)
F24% B F -kB(nuclear factor kappa B)p65#4 % iA
RIEVER.
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NF-kBf#MAPK
B K LPEY m
o ¥gaa . ik
VA B Y Fr 4m Ie
AL ATHE A
432k, T
HTiHEFH R
JEMAPK/ERK ##
NF-xB1z 5 i %
W) St M E
1 B 5% tm i 0 4L
IF AR

(49

TEE
Jaishideng®

AR A I S B S A TN S Y 1 B
IS MRFE T, AR, EGXT BT fiU%
PERI WL AW T . AR SPUSEGDT61
Xf ML AL I 205 3 11 65 4 B 38 B R )
(5%, (e IR ITE Gb76 16f 3 4h i i 48U 1k i
77 EA S AR R AME 5 T S (extracellular signal-
regulated kinase, ERK). #2441 U oME 5878
P4 (phosphorylation of ERK, p-ERK)A1#Z X+
-kB(nuclear factor kappa B, NF-kB)p653%&iAHI3%
Wi, PRITEGb76 1% 5 i 40 M Ab T ORI 52 i
&N D

1 MRRTSE

1.1 ## EGb7610W H B &7 85 25, N H
P 41 AR S G C-790 10 B IR} 2% Bt it 4 o
AWBT; IR A-IE . DMEM(EHEAD A H Hy-
cloneA il ; VY% M (MTT) I A b R xR
AR A V-6 55U 94 't % (Annexin
V-fluorescein isothiocyanate, Annexin V-FITC)
41 H 98 TR R £ I Roche A Al RPTA
ERK1/2. p-ERKZ 5ilEHii4E HCell Signal-
ing Technology /A wl; #Ht ANF-xBp65% b it
Py BRI A A L 2 TR I [ Santa
Cruza #l; HAYE AL (superoxide dismutase,
SOD). It H Ik S Ak Pl (glutathione peroxi-
dase, GSH-Px)Flid 4 4L &l (catalase, CAT) I3
P J T ¥ (malondialdehyde, MDAl A7) &
V) R R A .

1.2 7%

1.2.1 MTT R #m) 4m fLed 3§ 74 B34 K090
SGC-790141 1, LL5X 10*AS/mLA%ER T-96FLAR,
141200 L, BEALES MR AL, H59712 s, $124
AEBE: 43 A BN [F 9K BEEGD761 . Il
e 2K, EGb761¥KE 480, 160, 320
640711280 pg/mL, AR EE 0.5, 1. 2. 471
8 ng/mL, &t ZHIKEEAS. 10, 20, 407180
pg/mL, K12, 245148 h, FFBEA MNP 25

o 5. 10, 20, 40. 80 pg/mLEM LA
320 pug/mLIFEGb7614b¥E24 h. AbFHJ5 il A20 uL
WPE 45 mg/mLIMTT, 4k 455974 h, 75 L.
FUIMA ZH L WA150 pL, $3%10 min. 7EEEFR
10490 nm K ALK - FLIEOLIE A E), THE
ML, A RAAEAR = N2 fLA(E N A
{1 X 100%.
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X HRZH. EGb76141(320 pg/mL). JHAAZLQ2 peg/
mL). A2 ZR41(10 pg/mL). EGb761+li4141
(320 pg/mL EGb761+2 pug/mLJ4A)RIEGH761+
JEHZR41(320 pg/mL EGb761+10 pg/mL ¢ i
LK), AbFH24 h, WCER % 20 20 B R 4 40 i 25CA 1
X 10°4~/mL, HAPBSYEL 4 i27k. A4 2%
100 L FITC 2 uLAlAnnexin-V 2 pL, %k
WEG15 min, PEAT VA JRACI AT

1.2.3 #ml4a . SOD. CAT. GSH-Px#y ik
AMDA &2 WA M, 440 e &7 T-PBSH1,
FBFS S AL VORI ST, T80, B
L 50 2R B0EAT I 58 F42 B W 15 AT #RA4.
1.2.4 Western blotik#l 28 i P ERK. p-ERK
FoNF-kBp65% & o9 &k WAL M, $LHUE R
1, A7 28 P I IR Rt P P Uk I JBE, Bt M 4oy ade
ATEPA, 94 CHG M E LA, B
FALIBEARIC I 5037 CHEE 1 h, Rk
HRNERM AT T, XA EEL

T8 H- Vil P i U (glyceraldehyde phosphate dehy-
drogenase, GAPDH)} NS, £ AR RIETHE
= HWHEHA(E/GAPDH A1H.

ot AH RHISPSS16.040 T A HE T4k
oA, P SIS B3, Hidls limean+SD
FEFR. B R HTANO VAR %, P<0.05
hEREAG U EEX.

2 BR

2.1 4. 2t TR REGH761%SGC-7901 %8 A
8 3g 78 4R VE R EGb761. A s 2 - 28
F S G C-7901 40 35 HA I HI/E -, FF 2]
T E A ().

2.2 EGb761 2 538 3R 444 2 vt TR F 5540
Bk kAR E R K320 pg/mL EGb7615 R
I R FEE PR L1 8 A T 2 IR A B AN 24 hs,
S 1 A= K S A B A B P 2R R I
B B, A R 2 e B S R
(P<0.01, E2). b w] WL, Mg e 2 m £ eIt
4 N FHEGb76 1 REE— 4] 5 9 40 i 1) A= A<
2.3 EGb761 7 2 %3 3248 R 2 vF TRk 509
B e — S AL LR, EGb76141. 4T
20 RN A I R 2 B S A 4 B E T (P<0.01), 11
EGb76 1A AL FMEGb76 1A M 2R 4
T L W2 m T R H 25 41.(P<0.01, [E13).

2.4 mfeSOD. CAT. GSH-Px# &M EZMDA
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WA #H G 5
A XL MAMAPKAE

DR SOD(U/mg prot)  CAT(U/mg prot)] ~ GSH-Px[umol/(min*mg) profl  MDA(nmol/mg prot)
WiRH 16.57 +3.20 2.51+0.32 22.18 +4.36 2.46+0.38
EGb7614 256.96+357a  3.79+0.55° 33.49 +5.64° 1.42 £0.26°
lses] 17.36+3.13 2.56 +0.37 23.98+3.35 2.27+0.39
RItZHA 16.23+2.79 2.61+0.48 22.87+4.34 2.33+0.45
EGb761+l¥A2E 27.35+4.84°  3.91x059" 34.68 + 6.56™ 1.39 +0.25%
EGb761+RITZHA 26.40+4.27°  3.84+0.62% 35.33+5.90® 1.40 £0.23%

°P<0.05 vs WIBLE; °P<0.05 vs |IfEH4E; °P<0.05 vs BT S EE. EGh761: {RASITIZENY; SOD: S YIIivEs; CAT: IS SRS,

GSH-Px: SHtEHINIEMWYIEE; MDA: IREE.

A 100
80
S
i 60
{
1 o 5 pg/mLITET
% 40 - - 10 ug/mLIFE]
= —4— 20 Hg/le”ﬁj@E{
20 - =% 40 pg/mLIFA
—o— 80 ug/mLITE]
! ! |
0 12 24 48
t/h
C 100
80
S
& 60
{
EHJ o 5 pg/mL EGb761
= 40 —# 10 pug/mL EGb761
= —— 20 pg/mL EGb761
20 - =% 40 pg/mL EGb761
—o— 80 ug/mL EGb761
! ! |
0 12 24 48
t/h

B 100

[0}
o

[e)]
o

— 5 ug/mLEM-CE

RMAE AR (%)

40 1 - 10 pg/mLEMHC
—— 20 pg/mLEMH-CH
20 - = 40 pg/mLEM-C
—e— 80 ],J_g/mLEI:H“CﬁE
! ! |
0 12 24 48
t/h

B 1 JfE. EBHZESEGh7613SGC-7901 3 RAVEZIN. A: IIFigH4: B: B4, C: EGb7614H. EGb761: FRAFHHREE.

A0y TAC XA LR, WA 4L 2 2
HA4SOD. GSH-Px. CATHIHTERIMDA S &
AR TG B, 2R G R L(P>0.05), 1
EGb76141. EGb761+4141. EGb761+/E N
ZR41SOD. GSH-PxHIC AT % P34 B 8 Tt
i, MDA &t ) 3 kb, 22 5 Gk 2
= X(P<0.05). EGb761+4A4H 55 2 F 4R 2H L
i, EGb761+ 2 LA 5 a2 44l b
%, SOD. GSH-PxHMICATH T4 0 & T+
IMMDA & & B E D, 2R AAgi %X
(P<0.05, %1).
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2.5 ERK. p-ERKXA  ANF-kBp65#) £ ik
SGC-7901 4 Jf 1 £77F — & &tk I ER KRN R AL,
ERKHMINF-xBp65 4 [H 41k, MU a2 i Z AR
)5, ERK. p-ERKHINF-kBp657ik it 41
R, TEGb76 1A A sl 2 £, fig
i &l 2 4 ERKON R AL ERK BA AN F-xBp651H]
FiK(P<0.05, K14).

3 e
WE R B m A X, O L W A, A
BH S A W, #F R A EMSGS

5 i@ % FERK
Fap-ERK L &
NF-xBp65#) %
T, R
EGB761 %) 44 f=
vt LR FEF 0
B & fm oL 3G 7H R
BTWAER, SR
WA TR 5T
).
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HiZRAEE A 100 B 100
¥ 3% fm B A AL
#8751, FTAERK.
p-ERK# NF - 80 80
kBp6S# ik, T & S
HAEGbT612F i 60 ¥ 60
MR 4t A vt TR ﬁ ﬁ
HFE & m e
m =
mewsan g % g v
BmEz—, A '
AR T T M 20 F —o TGRS 20 F o BHOR
EGB7613F § /4L & 320 ug/mL EGb761+[F] & 320 ug/mL EGb761+EM- &
JTRR OGRS, A 0 ! ! ! ! | 0 ! | | | |
P OB AT A 0.5 1.0 2.0 4.0 8.0 5 10 20 40 80
RS G B (mg/mL) SR RRIREE (ug/mL)
B 2 EGb761BAEIETE Rl 2 HXSCC-7901EE RIS, A: EGb761+iF14H; B: EGb761+/EM-C 4. EGb761: 4R
AH-HRE).
3 3 3
A 1075, B2 B 107, B2 C 107754 B2
0.1% 0.0% 0.1% 0.3% 0.1% 0.7%
10%F 10°F 10%F
a a a
10" 10+ 101+
10°B B4 10° 10°i1B3 b5y
G 0.0% 1% 73.49 8%
10° 10 10> 10 10! 10° 10° 10° 10 10° 10
ANNEXIN-FITC ANNEXIN-FITC ANNEXIN-FITC
3 3 3
D 107 B2 El0s g F 10775, B2
0.0% 0.0% 0.1% [1.1% 0.0% 0.1%
10%F 10°F 10%F
a a a
10"+ 10+ 10+
10°183 B4 10° 10°
9:6%
10° 10 10> 10 10> 10° 10° 10 10° 10
ANNEXIN-FITC ANNEXIN-FITC ANNEXIN-FITC
G 100 -
d
80 T f
S ]
¥ a0t
il . |
B 1 tT)
20+ E T
N
0
A B C D E F
GaKsi!
B 3 RER{ASNISGC-7901BIREVAET.. A: XHRH; B: EGb7614H; C: Iif4H; D: B #2H; E: EGb761+I5%94H; F:

(49

TEE
Jaishideng®
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I, SRR R A 2 RS T 2 AR 2,
HAH L T AT AN L. DRI, SRRl R
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KRR A7 77 F8 2 H ATRIF TR 45 P AR Ay e
FHEMTAL AT B T4 DL, EGbK T2k
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A TSI, WG EE, BRA (T WA e
ERK1/2 BRI, T SR OISR ey b
FAMREA E R R R e TR, e, %
S L TG RE S S B BRI, T wav b . A
P-ERK1/2 BARIHURAL RS ) T SRR SRR Y, s A At

NF-kBp65

GAPDH

1 2 3 4 5

B -
10 O %HHEA
O Nisi%gH
08 B M-
B EGb761+gaAH
0.6 - W EGb761+ M- w4
m
<
0.4 Ff
0.2F
ERK1 p-ERK1/2 NF-xBp65

4 ERK., p-ERKFINF-xBEBEHIFRIXIBENT. A: Western
blotZ55R; B: £EHAM. 1: XA, 2: WsHA; 3: EHCR
4H; 4: EGb761+Ii%92H; 5: EGb761+EM - f4H. EGb761:
FAHARRUD; NF-«Bp65: K T-—kBp65; ERK1/2: 4l
M SR NS, p—ERK1/2: B AIEsME ST s,
GAPDH: (il H- s S

vab ey ey f A /b I g S I S Tl o RS
S EUARAE S iy 42 WEGbB761, T 44 i i
=24%, Wit % 5 g b 7£0.8-1.52 1],
A BN E=6%, HRAR<S ppm. EGbZ A T-R77
M ALY A R BN S, Parkin-
son'sJ ' LA S a2 TR 36 B S0 0 . I AE
KV 2 JEA S PRI 9T A ILE G bt 22 Bl i g
HAHHIVE R, EGb761 0] LU i 4 1.5 40
Maff S, S O A . N FLIRE
2t Al 2 e IR RN T A R
REMS 15 5 45 i A W1G /G 4 i R P ),
EGb 1] BFARBT 25 25 1O AN R N, AT T4 B
A7 AT AR, EGb76 LA Sl e i
CARIPEA N I, 40 B A A7 2R 8 PR LA T
R FE WA, RYIEGHT61 R 50 B 4 i i1k
I U

WK B EGbT61HEIE R4 H 2L, NG
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45 R WoREGb761HEM] B4 mSOD. GSH-Px
MICATHIE I FIEMDAR & &, B/REGb761
AT A 0 3 B AU R i T i AT U

i M4 (reactive oxygen species, ROS)ZAHL
P I A AR W = A =, IEF SR BT
R RIS BRI A7 AR, A2 1E o i £, R
22 98 20 0 LG 1E 40 T R AR B, Xl S 8
ROSHH B E W, v 1% FDNAH . A H
BEIE I DN AT B DA Ay 72 IR A R0 e RE TR
L RN, ROS I 2Bt ik 4 e (B b &R 4,
— LA 5 VR R A S R RO,
FEERKPHINF-x B NF-kx BMERK £ 4R &
AN 5 5 Sl %, {HK efaloyianniZEPE s
AL IO AR AR M AE N %, ERKAS 5 4
16 5 W0 i e R B 1 N A%, A T A
SR FNF-«kBEF P LR k. BATTLARTHT 70 %
BINF-x BAIM A P KOt 2% 2 5 18 717 40 i (1) 35 5
UL R HEFF A B A . TS S Bl LT R,
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