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Abstract

AIM: To investigate whether oxymatrine (OM) re-
verses the multidrug resistance of hepatocellular
carcinoma cell line HepG2/adriamycin (ADM)
in vitro and to explore the potential mechanisms
involved.

METHODS: MTT assay was used to test the sen-
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sitivity of HepG2 cells, HepG2/ADM cells and
oxymatrine-treated HepG2/ADM cells to che-
motherapeutics and oxymatrine. Flow cytom-
etry was used to detect the apoptosis and the
protein levels of p-glycoprotein (P-gp) in HepG2
cells, HepG2/ ADM cells and oxymatrine-treated
HepG2/ADM cells. Real-time fluorescence
quantitative PCR was used to determine the
expression of multidrug resistance related gene
ATP-binding cassette, sub-family B member 1
(ABCB1) in HepG2/ADM cells and oxymatrine-
treated HepG2/ ADM cells.

RESULTS: Oxymatrine at concentrations lower
than 0.5 mg/mL had no apparent cytotoxic ef-
fects on HepG2/ADM cells. HepG2/ADM
cells showed cross-resistance to ADM, cisplatin
(CDDP), and 5-fluorouracil (5-FU), and the resis-
tance indexes were 27.52, 5.50 and 4.39, respec-
tively. Oxymatrine could partly reverse the resis-
tance of HepG2/ADM cells to ADM, CDDP and
5-FU by 3.68, 2.82 and 2.03 times, respectively.
After addition of oxymatrine for 24, 48 and 72
h, the rates of early apoptosis of HepG2/ ADM
cells were increased gradually compared with the
control group (1.77% £ 0.25% vs 0.50% =+ 0.10%,
2.53% + 0.15% vs 0.63% + 0.06%, 3.83% + 0.42%
vs 0.66% £ 0.06%, P < 0.05 for all). Oxymatrine
down-regulated the expression levels of multi-
drug resistance-related genes ABCB1 and P-gp
compared with the control group (21.50% + 1.08%
v540.83% +0.35%, P < 0.01).

CONCLUSION: Oxymatrine can reverse mul-
tidrug resistance of HepG2/ADM cells in vitro
possibly via mechanisms related to down-regu-
lation of ABCB1 and P-gp and promotion of cell
apoptosis.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
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B
BHY: 48385 £ (oxymatrine, OM)/R s)i# 2%
AT Jdt 25 2m Jekk % 2wt 2 69 VF A B AL

Fik: MTTik A m ot 25 20 le vk Hep G2/ 19 5
% (adriamycin, ADM) % 2§ & 2 R 5 Ak
T TR AT J& W) 2h 4m e 2 Ao 6 T AL A K e e
AR A 5 A xE et 2 2m B6 2m B R 1 B 4 e
& & B P % & (P-glycoprotein, P-gp) & ik 49
o, AT R BPCRZA M F A FAEA
WMER MmO Z BRI G ESEHES
B1(ATP-binding cassette, sub-family B member
1, ABCB1) [ #9 & ik 09 T AL,

R LA EREAH0.S5 mg/mLEtsFHepG2
% HepG2/ADM 24 2m oLk 69 2 ¥ 341 & 3
<10%, % B A& HAE A . HepG2/ADM¢#m itk
sFADM. Jifi44(cisplatin, CDDP). 5-# "%
»Z (5-fluorouracil, 5-FU)3FP4L 7 25 4 R Ik R
) A2 w2k, ot 25 3 B A 4 27.52.
5.50. 4.39. LM APE90.5 mg/mLKE 8
K F A3 1% H HepG2/ADMRT L& 34
1LI7 25 4 e wf 2h bk, 38 HAE 55 A #5368,
2.82. 2.034%. E A EAEAHepG2/ADM %8 i,
24, 48, 72 W5, B-4A%m 0T A tm AR T F 4R
BT b3 BB L34 A PTAR & B OMAE JA B 1]
84 38 K 7 F #3 Am(1.77%+£0.25% vs 0.50%
+0.10%, 2.53%+0.15% vs 0.63%=+0.06%,
3.83%+0.42% vs 0.66%=+0.06%, P<0.05). &
HEAERNA8 hig 5 b3t B4 & Hep G2/
ADM 25 ta lARABCBI % R & 3% Fifl, L1t
FA0.494%; 24 4m R bk dm AL IR R @ P-gp e &
# Fif(21.50%+1.08% vs 40.83%+0.35%,
P<0.01).

Gt A F AR RSP I A AT R At 25 2w
JetkHepG2/ADM® % 2 it 25 b, A A AL
T 465 H AR & b 25 4 0 A 2a AR T &, TR
i} 2548 % R WABCBI A 7% & %3k 7 #hP-gp
oA K.
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2, AR T AU TRk 5 A h) BB 45 A
12 4% G B1(ATP-binding cassette, sub-family B
member 1)k B &Kk, BIKT 2o £ mPHE &
& (P-glycoprotein, P-gp)# & ik 4%, F5P-gp#)
ERIE DA T M, D AT 9 tm e xT AL 9T 25 4 04 1k
Fe AR BT i w25 tm B v -4 8 T AE X

Ir BB B2 ERN. SZ2RTRAFEDEK
HepG2/ADMZZIMEZIEHFR. EFENEUZRE 2014; 22(10):
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i R e PP R g L PR S g 2 —,
TP R0 6 BT A AE B T i AT 2 g b AL IR
Tl i 24 . A EREAT T 475 69 5 14
T, TR 205 b 150%™, R R M I R
L R, L = SRR R A AR AE, Bl
L2 W IR e VA e IR A 5 4 R G B T
FSr ) K 5 A5 27 1 e R ATEVT 22 I R 9 50/
49 LAt (EAT5 AT 2980% (1) 18 3 7E i A H
IO T HG IF Ak, T3 2R T R AL
B b I e BB SR LS TR AE A IR &5
BRI, HP AT R R R R o T
Az, SR E TR 22 24 24 (multidrug resistance,
MDR)RIFAAE, 250 1 I R AT 28R 2l
ANEE. 2 D HAIG R m RORT 22 o B PEAE H AR
FCAE IR MD RIS T it 9 vh i 5 52 31|
M. w2 Z A S0, & AR E L g
M S T SRR A . LR AT
WU 2 51 WA BUHE AR, B I
0 i TG W S RBR . AR 9T LA N T g T 2 4 i
HepG2/f % % (adriamycin, ADM) IR A4,
W 2 ARSI R LT 257, Mg 254
e SIRIIp 2SR R IYS G s a7y IN

1 #RR73E

1.1 A N FHi 2540 i bk HepG2/ADM( ™ i 35
B AR R AR A4l bkHep G2
A Mk (PR BRI ). 5 % (oxyma-
trine, OM)(LL 5 IFE R RIE Z)Mb i A7 B2 )
ADMGARIIT SR 2B BR A F]). MTT(Amresco
INHE]) S-FRIRMERE (5-fluorouracil, 5-FU)(JH 4 ifE
WP BR A A ifI(cisplating CDDP)(1l 4R
B IR BAR A R AT Annexin V-FITCAI i
PR T A X G (R A LR E R IR A7)
WG B (Thermo A A])y %86 FEPCRIR
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PG R AEA B A IR A A BT AP-gphifk
(Abcam s 7).

12 Fik

1.2.1 MTTi%#%OM*tHepG2% HepG2/ADM
2m Rk 0 34 VR R 2 43 ) BRUAE T 0 AR A T
HepG2 K& HepG2/ADM4N ifd, 441 M ALAR 7 v
B S O = 7 I 211 0 o B B i 23 1 )
WPE, LR E NS X 10 /mL. KA F 40 i
BT o6 L4 Mu ki FRAR, 100 pL/AL. OM
A BAPEXT HE AL AN S O R AL OMAL 54N 24
YRR, R BeS MR AL, TR . 37 C.
5%CO, 4 M B5 TR A th EE 7. 140 M BE 5 (1%
774 hJF), NOWEIHEEFREE, S5 40 5 OM
Y10 N TS T I e 1 2 O MBS F7 9 (iR JEE 23 il
0.5, 1.0, 2.0, 4.0, 8.0 mg/mL), 200 uL/4L;
I [ 42 6 AR 2 6] LA I N B 77 #1200
uL/AL. 4R8: T E IR 1R 9744 b, 4334l
41 % IS mg/mL MTT 20 pL/AL, 4450
4 h. WO TR, WU EIE W, I ADMSO, 150
pL/AL, J5E TR G T =S, 37 C. 100 1/
min, %% 10 min. JH L4 H 2R T490 nmi
AR W 52 WO (A)ME, H B LA AT L
5, THHEOMXTHepG2 K& HepG2/ADMAN g #k 43
S 148 i (4462 (inhibition rate, IR). 115
3 IR(%) = [1-(CEI A -2 A A/ (BT
Xt HEALA (H-75 1 4LA ()] X 100%. FFISPSS16.0
BAT L OMIP50% 4 HI K B (50% inhibiting
concentration, ICs,). SZ¥ANF H B3k, XS 40
i A AR < 10% 19 2503 2y =IE 40 i 3 7
WIE.

1.2.2 MTTAm w25 2a fe #kHep G2/ADM#Y %
24wt 25 R OM T F5 Hep G2/ADM 25 #0443
e AR bk S g5 A, SEHCC A R vEAE R
0.5 mg/mL OMAE ] T-HepG2/ADMAN /{948 h, i
#%HepG2/ADM+OMZL 4 . K 5256 40 il 4> Ky
HepG2. HepG2/ADM K HepG2/ADM+OM 34,
REZH 38 VAT I ) LR 28 e AL 43 R
Qb5 B A I R 3L M L, e 4 M A 4K 7 3257
B A s B N e 1 R (OB BN 3 D
5, AR E S X 10%/mL. K% 418 A 1 44 i
R T o6 L ARG TR, 100 pL/AL. fr4
JRIGBE 5 (55584 him), MARE 254 ADM,
CDDP. 5-FU. Z % 24l K H 2 1) L0k i
WE SN RIS, AW RSN E AL, 4k
SR FRA4 WG, 334N e R IS mg/mL
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MTT 20 pL/AfL, gR4E0F E4 h. W G, AR5
IIADMSO, 150 pL/fL, J& & T g4 g
%,37 “C. 100 r/min, #%¥% 10 min. 7£4> A 3 Hkx
A ET490 nmPE KA EAE. FIHISPSS16.04%
P F 3RS Z9MIIIC, 1 255 £l (resistance
index, RI) = i 2541 MIIC /SR AN MIIC, S 30 4
5450 = T 2540 I1C/ OMAE FH J i 24 41 1 Cs,.
MTTiR S fE A A H B 3K

1.2.3 @it 77 K 4a S AU OM & 25 2@ e 2m el
By IHepG2/ADMAI i 50.5 mg/mL
OMZ} HIVEFI24. 48, 72 hifiHepG2/ADM4H i,
{E A ETEDTA BRGS0 A, 61 g 5 40 sk
W, FHPBSHILEEANE2/X(800 r/minE.[»5 min),
P50 R A B BB B, IR 1 X 10°-5 X 10° 4>
M. SH 5 K24, 48, 72 hdl, KA A
PEXT . 24143 BN 500 uLiBinding Buffer/&
FAM, 2 J5 KIS uL Annexin V-FITC. 5
uL Propidium lodidest 73RS, 782 N #E
JRV5-15 min, 1 h P 8 s 3 =X 40 B 0SS 5 21
20 A [) R S50 P 40 B R TR, e s L L T 4
FIT 2. ORI KEX = 488 nm; K5 KEm =
525 nm, J/BD FACSDiva Softwarei#:47 2 3k Hl
AR o #r. SEIRAEAN R H, B3R

1.2.4 6382 FPCREMOMAE A 7 )5 Mt 25
e W A 2h AR XK B Z BE BRI 3 4 AR AR
@ B1(ATP-binding cassette, sub-family B mem-
ber 1, ABCBI1)# & ik AL T 504 K16
HepG2/ADMZH i1 520.5 mg/mLIKJOMAF: 1148 hit)
HepG2/ADM4I Y, {5415 7%, FHPBSHIHEE3
K. H11000 uL TRIzol##HUERNA, 2403
FE I 5 RN AL FE (A y050 = 1.8-2.0)f 58 i, HX1
pgERNA, 1 uL oligo(dT)18 primeri%ZRT-PCRIX
TGV PR E20 pLR VAR RIAT R, %
N R —5EcDNA. # T ki i Real-time PCR
KA ¢ H 3 KABCBI 2 N5 R B2MH %
5. HIWEERNABCBI FiE5149): 5-TCTGGAG-
CACTGAAAGATAAG-3', Fiii51#¥): 5'-ACCTG-
CAAACTCTGAGCATACATA-3'; NZILIKB2M
35149): 5'-AGTATGCCTGCCGTGTGAAC-3',
N5 5-TTCATCCAATCCAAATGCG-
GC-3'. ¥9¢ % 52 EPCRIRF AU W 5 A4 25 pL
SR ZR, 5 52 SPCRAUK: AR5 H 3 A
(PRIEAE L. BT 415 O MBS 564143 5 [ AL
HEATPCRI Y, S5 AR H B3R, d5Jm Bl
Bt fsz Lk S 56 B0 UE PCR YT 18 7= 4.

Wi £#BE

A AR ARE E A
WA —EARE E
S OOL i H A
B % A
o AR T 24/ T &
% (adriamycin,
ADM). ASLA%
H % Bt m e
#MCF-7/ADM.

5 °H S WY 24 4m e
HONE1/DDP#
MDR.

2014-04-08 | Volume 22 | Issue 10 |



1412 ISSN 1009-3079 (print) ISSN 2219-2859 (online) THFHAELZYE 2014F4E88 5225 55105
WA 5 5 2.2 it 2 tm Mk HepG2/ADM % 24 it 25 12 Z OM-F
ABFRARHOMIK N ‘

S 35 45 ANT 55 2 TG w2 2m e, 2 A0 69 AL S5 Hep G241 HuAH LL
)j%l;eg?&?x ;f] B3R $0ERIE (%) %, HepG2/ADMXADM. CDDP. 5-FU 3%i{kjy
AR AL mpp  _mg/ml) HepG2 HepG2Z/ADM gty e Tt AR RIS AT 24 0k, T 2454 5020
AR LA 05 7:38+0.79 6.92£046 %7752, 5.50. 4.39. 0.5 mg/mL OM{ /I HepG2/
HMEELRAREES 1.0 17.75+3.10 13.69+1.77
R 2.0 33.37:+1.88 2020301  ADMANIAS b, 3FLTT 2544 HepG2/ADMI)
4.0 52.00+2.80 30024294  VCs I — 2 REFEMIBRAR, T 24P i 30 5 %5 40
8.0 66.55 + 2.36 6220+3.62 73Ul 3.68. 2.82. 2.03ff(3K2).
2.3 OM it 25 4 it 2m L 08 T 09 % vk LA 4E S
ADM: ISR lic S HepG2/ADMAN HL T, LAYk e 3% 5
L - y TE W SRR, FITC AR AL bR, PU AARKR, FHAE T
1.2.5 A ALK M OMAE R & ot 25 L A MR T4 R BR(Q4, FITC'. PI). 0.5 mg/mL
248 X & @ P-gp#y A A IHepG2. HepG2/ o\ i HepG2/ADMANE24. 48, 72 his, &4
ADM}0.5 mg/mLE"JOMf/FﬁH48 hE/‘JHepG2/ 20 e, 5L 3 20 B T S % [0 S R A 45 A 4
ADM4I i, 4%?%%5@%?{7HepG2\ HepG2/ 5 ELBEO M F I ) [ 28 K- T i s . 4% 41
ADMfiHepG2/ADM+OM 341 FITFT0%MR T yypa i v 549 51 W 1.77% £0.25% 2.53% +
L35 FI VKA PB SYRVE S 4 I3 TK(800 r/min 25 () |50, 3.83%+0.42%, %520 4 15 % B M % B
min), JI_EAVKPBSIEANMRBIARE R X10°5 g Lptee, Sio sl & 4L IAT L, 22 RBI9H St
X 10°A~/mL¥K & . HL90 uL 40 e, IA10 uL 2 (P<0.05, %3, K1),
BT AP-gp Pk, BRWATIRS), 7£4 CHEET 2 4 OMME R G min Mot 2548 % A B
9 H 2030 min. I FIRUKPBSHBERAIMIIX, ABCBIw &5 LLFIPEXT IR 4L/ K vke, A H
PABR R 5 3R (S G IO B AR, Z R FHS00 UL [ e di) 5 5 9 B0 AT, 1] SR 27
UKPB SR F &AL, SLIRLREh A0 I — ELEDE 4T 9 M K R 4 5 O MLSIZ B 41 T 24 A % ik T
JBCTUK L AR h A TR A AN SCHEATRI, ¥ ABCBITIZRIE. ACIRHERE ) = Ct( H FER)-
RPAEX = 488 nm; K IAKEm = 525 nm. LA Ct( S HEP); ACH(SZIFE )= Ct(H K EE K-
R 2 (FP-gp P G0 BE S N AN ML I P-gp P b, H Ct(P IR, 27800 = pIACRstbib-aculithbin] - ye o
BD FACSDiva Software#HA7T ZHERBUNE 70 W B 5 A CHEARN b AKX, 5B EXT A
Hr. SEEAEAN R H, B3 AIELOMSEIG 4L ABCB1 [/ 34 Ay B X6} B 41 11
Brit B AL TR R AISPSSI6. 08BTS4 0.491%, LOMYE I JG TR 25 M 5= 5 RIA BCBI 1 3%
T, B Lmean + SDR IR, BFEABLLECRH 1AW BIK. HIEERABCBI KNS H K B2M
BT REARAS B, 22 AR LBCR FH SR 3y I ith Zlede [ A B0 — g, g2k, B IR B Al
Z 3T (One-way ANOVA). PIR§ LUK FISNK  HUIKEGUE H WL RABCBI J N Z 3 FIB2M PCR
1%, P<0.050 = A Gtk 253 L. 3G =) W T W A& AT, TG ARl A e R R
G IR PR e b, o AR R G A S|
2 BR W RAK(ERA).
2.1 OM*tHepG2& HepG2/ADM @ ik a9 #74I/E 2.5 OMAE JA 57 J& wt 24 2m i 1 it 25 48 3 & & P-gp
A AFEREEFIOM(0.5. 1. 24 4. 8 mg/mL)YER] a4 & ik DL = 40 B AAS I 31 (1) P-g p 2% 6 i J&
HepG2 M HepG2/ADM4NfIFR48 hJim, M HepG2A:  Jiz J3 4H o JIK 22 1 (I P-g p o5 i, M AL AR A 9% ot
HepG2/ADMANHIRE I FLAAIIHEIR LR L 2OM  BE, ShAR AR 40 i H B0 A%, 190 1k %o B e o IF
WIEH0.5 mg/mLIN XtHepG2 JxHepG2/ADMAIL & 9 i 5, P2IX AREEP-gpPHMERIA. &5 WoR
PRI A AN 235 <10%, TR B EEEER, BT Hep G241 fuP-gp 5 &= M 2K T HepG2/ADM
HEFH0.5 mg/mLAE N OMI A s 41 iy 2112 414011, HepG2/ADM+OMAI 4N /(0.5 mg/mL
A, (I SPSS16. 0 AEX ARt T4t OMAE FH48 hin), IR P-gp MR IA RS
38T, OMXTHepG2 S HepG2/ADMA IR HIIC,, HepG2/ADMZIAHEL, 5 — & FL & i B4, 2
4351203.96 mg/mL+0.33 mg/mL. 5.86 mg/mL+ {55 THepG241(21.50% % 1.08% vs 40.83%
0.27 mg/mL, P<0.05. +0.35%, 21.50%+1.08% vs 10.36% %0.60%,
1494
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A B 1 RAMEARLUESEXNHepG2/ Wz RAEE
10’ 10° ADMBIRIBT RN, A: IHEAIAAL Qs AFTRIARHOMIA
0.6%); B: 24 hZ(Q4 1.8%); C: 48 h#(Q4  *HEH AN fie
. ) x 2.7%); D: 72 h4A(Q4 3.5%). ADM: B[ 2. i%{?ﬁ:gfﬁ
10 Bt 10* | : L5 ¥
E le Q2 : <F Ql Qz %‘], 75%%1)%—]’]{;7/??\}]{
a a T AT AR AP
10° 10° b 2 MDR i £ 7] 8
T & Fe o R PR AR
Ees S
102 102 E;
102 10° 10* 102 10°  10°
FITC-A FITC-A
c D
10° 10°
10°* SR 10* ‘f;f‘nf%“l
< Q1 Q2 < Q1 Q2.
10° 10°
10 10% ¢
10° 10° 10° 10? 10° 10°
FITC-A FITC-A
ICso(ng/mL)
y
n4 ADM CDDP 5-FU
HepG2 0.42 +0.06 3.29+0.44 7.94+1.59
HepG2/ADM 11.56 +0.51™ 18.08 +1.19™ 34.83 +2.63™
HepG2/ADM+0OM 3.14+0.25 6.41+0.99 17.17 +2.18

°P<0.01 vs HepG2; P<0.01 vs HepG2/ADM+OM. ADM: fIEE; OM: 2%, CDDP: i

3; 5-FU: 5-8RIFIE; ICsy: 50% INHBRE.
P<0.01, %5, E2).

3 e

iR RS 24 12 H i i R 1 AR A 7 ORI 3=
LR PSR ) N T ES AR S E I B DB W N € &
i 25 RERAF R 25228, AR 2538 1A R, XL
R r N SRR 25 R0 22 2iTE 2. R MDRAZ fi i
R 2 Mt — PR 2 W A 2, (RIS
Xk AL G5 R R R 58 4 AN [ I I 8 254
= AR A S 2Pk I . iR 2 2 24 T
LR R 2%, B Ie s, B 4
oy S E RO R 2 R R R IR, 22
L 2R SR R, MR MDRE W
Pl PR 22 i Y R L sees 2500, I T A 0 s PR
AT R = P 2 . Jbed 4l i O MDD R 3L

(49
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G e MR IR T R d R LA S BT AR TR, AT T
J97 FHMD RIS 1)1 v H R I AR 2+ $i i i
FEACTT AT S PRI — P AR K BT B AT R
IRTES 245 AR A VR 245 20 AN A it 25 28 R DL I
PR ZR T 25 AL, T PG 35 TR o
PR S M0 AN RS /N 1 22 25T 2538 5511, 2
I RIEHMDRI\ IR —, B FHREE N
HMARZ IR 27 2 IR ST FAR. o 2 AAT (I
AR 2P BUMEAE AR A, T LUBE X R 2
2 25 1) 2 FLIEA T AT A 10, DR T A
AP E R h 2 b, JiE R A
MDR IS 51 H A H 2RI FU AT AT 5.
P e 1 R o L PR JH R 22— IR
KR, 2160% L0 LR (5 50 ) 12 1
ORI AR B B e ks, L90% ) & w2
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