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Abstract

AIM: To explore the effects of berberine, evodiamine and
indirubin, the major constituents of Chinese medicinal herbs
Coptis, evodia fruit and natural indigo, respectively, on the
proliferation and apoptosis of human gastric cancer cells.

METHODS: Human gastric cancer cell line MGC803 was
derived from low differentiatedmucous adenocarcinoma.
Berberine, evodiamine and indirubin were purchased from
National Institute for the Control of Pharmaceutical and
Biological Products. Cell viability and apoptosis were de-
termined by trypan blue exclusion assay. Cell cycle dis-
tribution and the percentage of apoptosis were determined
by flow cytometry. The apoptosis morphology was ob-
served through methyl green and pyronin staining. Nucleo-
somal DNA fragmentation was assayed by agarose gel
electrophoresis.

RESULTS: The cell viability was decreasing continuously
during 96 h treatment with berberine and evodiamine. At
48 h, the viability was 100% in control group, while the
viability in 4 mg/L and 8 mg/L berberine groups were

72.9+6.2% (t = 4.67, P<0.01) and 17.4+4.8% (t = 15.48,
P<0.001), respectively. The viability in 1 mg/L and 5 mg/L
groups evodiamine were 37.8+5.7% (t = 11.06, P<0.001)
and 10.7+£11.1% (t = 11.35, P<0.001). The inhibition ef-
fects were dose- and time-dependent. MGC-803 cells
showed typical apoptosis morphology when stained by
methyl green and pyronin. High proportion of trypan blue
and phenol red excluding apoptotic cells with integrate
membrane were observed in the suspending dead cells in
berberine and evodimine groups. At 48 h, the apoptosis cell
ratios were 0.3+0.0% in the control group, 65.2+9.5% (t =
11.83, P<0.001) in 8 mg/L berberine group, and 58.9+11.4%
(t=28.90, P<0.001) in 1 mg/L evodiamine group. No such
cells were observed in adriamycin group. Flow cytometry
analysis indicated that the apoptotic cell death induced
by berberine or evodiamine was accompanied with cell
cycle arrest in the GO/G1 or G2 phase, respectively. Both
exhibited a sub-diploid apoptotic peak. The percentages
of apoptosis were 11.8+1.5 % in control group, 18.9+2.7%
(t =3.34, P<0.05) at 48 h, 23.9+3.3 % (t = 5.06, P<0.01)
at 72 hin 4 mg/L berberine group, and 16.6+1.6 % (t = 2.80,
P<0.05) at 72 hin 1 mg/L evodiamine group. Agarose gel
electrophoresis assay showed that the MGC-803 cell DNA
was degraded into large fragments when treated with
berberine, and smear fragments when treated with
evodiamine and adriamycin. At the given concentration,
indirubin had no effect on MGC-803.

CONCLUSION: Berberine and evodiamine induce
apoptotic cell death of MGC-803 gastric cancer cells. The
effects are milder than adriamycin. Indirubin has insignifi-
cant effect on MGC-803 in vitro.
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F, AXRE R AT@ A ATE s o, 7
KL - RETFTHRALEEEIWMNATHE, FAEBER
W, ko DNA 45 .

ZR: 96 h WD B, RRABEBWMIOAEFTRERN
T, H P48 h HERMELH 1000 + 7.9%, 5
B4 meg/L Fo 8 me/L 4455147 72.9 £ 6.2%(t = 4.67,
P<0.01)F= 17.4 + 4.8%(¢ = 15.48, P<0.001), Z¥ %
1 me/L #o 5 mg/L 455 %4 37.8 £ 5.7%(¢t = 11.06,
P<0.001)#= 10.7 £ 11.1%(¢ = 11.35, P<0.001);&203}
L af RRAB LA (n = 3),xb A K eI HIVE LadiE]. Zap
RBARBUE. TG, — RBETRALE G, mRILE A
THAE N BERS F R VU BLE M R e P R AR
BB TR RSB i &0 A = a i,
HP 48 h A F AR A 0.3 + 0.0%, EERS me/L
204 65.2 + 9.5%(¢r = 11.83, P<0.001);% ¥k % 4%
1 mg/L 4834 58.9 + 11.4%(¢ = 8.90, P<0.001),
M A LA R IE S D BB & A X
am A R ) BE R S R R AR B L AR IR
BT m R B oA T GO-Gl. G2 4, ATF
bl st BB LE 1.8 + 2.5 bk, EEAR 4 me/L 2848 h
#18.9 £ 2.7(¢ = 3.34, P<0.05), 72 h 4 23.9 +
3.3(¢ = 5.06, P<0.01), 2% %51 mg/L4 72 h
#16.6 £ 1.6(t = 2.80, P<0.05).F0% 45 Ik & ik &
B, DEEBEDNAZ R KA K, RERBEATE
FHDNAME ZRMEKR FEradumxtmitk,. A
A%, DNA LH5.
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1.1 A4 N B A R R 2 A R R IR e MGC803 4
M, i ERNK PR RPMT 1640 B 3755 iR A
fif. |EEAMK. Hepes WM. HEEL. RIGT.
TR RE S MBI Ry FAEYFRF A Gibeo,
Sigma, Biowest &5/, [/ 5 ; /NEEG. SR,
Aibe £ 4 B A E 24 0 5 AR SR BT B
HREBiorad AF]HGel. Doc HEEIG T4 ;
Amersham 2> 5] [¥) DNA/RNA 114528, Coulter A F IR
SR IR NE

1.2 ok FRHIE IR, ARt Eh %Y
Sy 5x107/L; 58 A B FR AR K597 (100 nl) &
50 mL/L CO;. 37°C¥3724 h )5, 14L& 15 nL /p
Ry 11 4 R B8R40 500 mg/L REE Sy
) R S U R o A B BB ELAR /N T 10 pm (345 B
TP, OB N R OR WA, A e A R SR AL i A
FLAMEA 2, 10, 50 mg/L 3 HIEL; {ERAKH
AR EEA 1, 5, 50 mg/L3NFIEA ; DB 1R
VIR G B 48 K BC R 100 mg/L 819, HIERE,
57 EmBEE 2, 4, 8 ng/L=HEH ;%54
BN AR A 20 mg/L & 2l BHE T IR 4.
B B IR R B B Hepes AT, Hepes &R EH)
415 mmol/L, i pHBEFRRETE 7. 3-7. 4; ZA B34
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pesr, HIRETHAGREGMEERE, HEE
AN BOIR B R R, (R B E 2E. 4h i
JRAGIR U T GG RNA) QR 2L, i B RNA K25
A 72 h USRI > A MR T AR BT
WOIRVE T e AN Qe R 0 0, A0 MO A 2 B e B2 2
0, XL A MU R L, 2 2R R T 40 A 35t IR
SES B Bl 2 B A AN R T T (B D).

B WEETESA48 h, BER - RIETHRE)*400. A: ZENRE
48; B: /NBEIHLA(4 ma/L); C: RESEIELA(5 ma/L); D: PIEER(20 ma/L).

23 b AiE R GRERITERAMN KA, DB
Bl % S 2 B 22 A4 71 B 2H 3 w0 MGC 803 4 )
TEUGER, T£96 h P/NEEGR. SR 2R B A5 4 R0 [H 1 %
FRA A M AAE AT T R, Horp 48 h A2 H
YR ZH M 100. 0 £ 7. 9%; /NEERE 4 mg/L A1 8 mg/L #%5
B T2.9 +6.2%6(¢ = 4.67, KO.01)FN17.4 + 4. 8%
(¢t = 15.48, /0.001) ; ZZEHH, 1 ng/L 5 mg/L
HyHHk37.8+5.7%(¢t = 11.06, P<0.001) H
10.7 4+ 11. 1%(¢ = 11.35, P<0.001).72 h #HufE
TEERSF AN A 100. 0 £ 14. 3%; NEEDE 4 mg/L
8 mg/LAARI A 55.6 +6.9%(¢ = 4.84, /X0.01)F
1.1+0.8%(¢ = 11.96, /0.001); RZEHTE 1 ng/L
5 mg/LAASRIA 9.3+ 2.5%(¢ = 10.82, /X0.001)F
0.04+0.0%(¢ = 12.11, /0.001). ZZ B, 50 mg/L
A, PIEEMPEA A 24 h CICE W46 4 15 41
Jt. R 24 20 3 5 0k IS R ) o R A LR, AR
FWERE TR, THEMEHNE. 4R ERoR
(K 2). BERARNREH 72 h WX RIEER L

xR ERNREEARESSEREED(mean £ SD, 7 =3, %)

M, A 50 mg/L 2441557 96 h X HMArEA A —E
FHIE 22 R A (P0. 05).

~§EF 41 2 mg/L
1007 ~ BEF 21 10 mg/L
g 8ot ~ BEE 2T 50 mg/L
t\j}r 60| = JNBERR 2 mg/L
E 20! —~ /NEETH 4 mg/L
% - = /NEET 8 mg/L
a 0 - R4 1 mg/L

0 20 40 60 80 100 — RZ#7# 5 mg/L
t/h (meantSD,n = 3,%)  — RZE¥rgH 50 mg/L

B2 N\EEE. RIFEBHE. SEELLXN MGC803 WIBEKISIN.

2.4 mib A& WA SHRITEA M, A
XTI SEHE, ] B o % €8 U B 0 I T R e VR A
VHEAR A T, T ERAE TR B TR SR AR A s
il NGRS (e DN R s e NN E ]
WA R It 7 ) ek A R, T8 3R A A b o R
e, T HIEREEIREE R I A G (. /INBEDR A5 2 R TA 1)
0 it P FELAT S 2, B e L B U & iR e (R sE et
B A G, R T BAUREIE, o 48 hT:
FXA K 0.3 £ 0. 0%, /PEEB 4 mg/L A8 mg/L 4
43K 16.9 & 1.6% (¢ = 17.97, /0.001) H165.2 +
9.5%(¢t = 11.83, P<0.001), RZFEWH 1 ng/L M
5 mg/LA4SH A 58.9+ 11.4%(¢ = 8.90, /X0.001)
M37.0+7.6% (¢ = 8.36, /0.001); RAEBHHA
V& LA B SE RN 1R) . 299K P B i3S i, 285
W8 2 A A S At A AR, 95 % ) I P BT AR PR B A 0B
Hkb, 50 mg/L 4148 h 4 JLFC R, IRIE. 4
RRPF TR 54 . /E N AR (R 1.
2.5 DNAFR 4% DNA & i H ik B % 52 B DNARE = 153455 1
ARSI T bR, ANEERE A )G,
Jers 240 1) DNA B304 2 e, W SR B i B LG R e £
A DNA B, (H¥F2RARB K BWRBRBCR T
B, WAWRN B, BAINIEYE M DNA B e R
PRILG, i B DNA 7R 7E % /A Ta) R8s e 7 mi g D)
JE BRI R A2 RN B, (R 25

¢/mglL™ Ber Evo
Ber Evo 24 h 48 h 24 h 48 h
8 50 39.8 + 13.7° 65.2 + 9.5° 17.7 + 5.8° 0
4 5 0 16.9 + 1.6° 53.2 + 5.7° 37.0 + 7.6°
2 1 0 6.2+ 1.5° 21.1 + 4.1° 58.9 + 11.4°
0 0 0 0.3 +0.0

°P<0.01 vsWIB4H, Ber:/)\BEHH, Evo:R2ZEZH.
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R 7R NG R Pk (AE N LIRS S B2 O Nt i
MasE 2, PTREARI DNA T8 TH0R Sl SRR B4
DNAF AR B 2, (ER AR IR A TR IR TR 5E RA4L+%
ZH 40 JfL DNA 55 % HEZH DNA 73 7 R JL B A2 22 530, 45 B DNA
Jo R A (] 3).

fMe 1 2 3 4 5 6 7 8 9 10 11 12 13
WEE 0 20 20 202 2 4 4 2 4 2 2 4
(mg/L)

mpE(h) 24 48 24 72 24 48 24 48 60 60 72 60 72

--,----.-_-1;' ’-b—

@e 14 15 16 17 18 19 20
wE 0 1 10 5 50 50
(mg/L)

pHEI(h) 48 48 48 48 48 48

@3 DNA RMAVIRISHEEIROHT. 1, 14 AR, 2-4 AT, 5-13
JNBETRI4E; 17, 19 BEELT; 16, 18, 20 REEEHAE.

2.6 A X g AU ANBERZH . SR 2R IR H TR
PR B A% A0, DNAEL I B 5 /N BE D4 41 e BH 7
TGO/G1LH, RV A M T G2 1. T E
Fe 5% REZE 11, 8 £ 1. 5 bLE, /MEEDS 4 mg/L#H48 h
J718.9+2.7(¢ = 3.34, 0.05), 72 h}23.9 +
3.3(¢ = 5.06, /X0.01); RZHH 1 ng/L4148 h Ky
13.0+ 1.7(¢ = 0.69, /20.05), 72 h 4 16.6 + 1.6
(t = 2.80, F0.05), RMANHEEHIA 10 000(% 2).

K2 RANMERYENETS D (mean £ SD, n= 3, %)

7348 48 h 72 h
WEZH 118+15
4 ma/L /) VEElR, 18.9 + 2.7° 239 + 3.3°

1 ma/L SR 13.0 £ 1.7 16.6 + 1.6°

°P<0.05, "P<0.01 vs WWIB4LE.

3 e

ARG EE TR, /N BEGR N S 2% B RO B i 4 i
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T (8 330 40 B AL T (R AL FT BERE B 15 500 T A IR L.
Bt B4 O UF IR A PUE 2, (BIRIKZ AT A s A
T, RSN AR AT B AR R A B, K
Xof fie 8 440 e e AU P AR SRR, BT B B R A
X} FEEMGC803 4 ML 5 S T4 AN IR (2, X DNA G 47
PAER. KT /INBER AR A0 15 5 g 40 L ) 10 1) 24 B
PR EA R L RIE™ ©, S BB R BN
R SR T AL S 0 PR T R B AR O
cycelin Bl. CDC2 REsEA " 2 Mitani et al™
F/NBERZE /N SRS 14 dBRED S HIITE 40 B &tk
PR B I AT RMRBOCR. KT R
VSR H AT E R AMRIE RS P, Zhang et al®™
HRIE T2 S Ae 1T BAX Fl bel-2 ik, 15 S0
FkHeLa, L929, A357-S2%5 VT ; tLAE Ja B JE caspase
K215 5 A357-S2 IR TL ; Ogasawara et al* '
TH R R PO AT I/ R 26-L5, LLC, B16-F10 %04
) e A% 5 R TR AT RE AR I 5 AR AT 28I B L
e SRZH S I D0 A 4 FLAE BELIFT MNNG 155 K 1)
KRB WEL, PARTAEER 16 wk U7 L
24 wk JEH 1 E%, X5 Anis et al™" X/
BEAR A IR 18 — 2 DR AE 4 FL 3 25 13 o i TR 4N
VR TN RO /D EERR SR S
55, 55 R A0 B N BERR RO T A A AL
FEREENAMEAR? TRAEER AR 4 MG
P SRR BT B R 2 /BRI R A R
MAEHAMEARAE B 7 FHLRIA AR, Z#EEGH
I [R) R B 55 55 fir b — 2B 5.
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