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Effect of Au(IIl) complex with oxymatrine and matrine on proliferation of tumor
cells in vitro and its mechanisms
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Abstract: Objective To synthesize metal complexes of Au(Il) with matrine (MT-Au) and oxymatrine (OMT-Au), compare their
inhibitory effect on the proliferation of tumor cells in vitro, and discuss the mechanism and structure-activity relationship. Methods
The metal complexes were synthesized by solvothermal method and characterized by X-ray single crystal diffraction. The in vitro
cytotoxicity of complexes with different doses towards 10 selected tumor cell lines was evaluated by MTT method. The effects of
complex on cell apoptosis and cell cycle were investigated by flow cytometer. Agarose gel electrophoresis was used to study the
effects of complex on topoisomerase I (TOPO I) activity. Results Complex OMT-Au obviously inhibited the proliferation of
MGCS803 tumor cells, blocked cell cycle of MGC803 in G2/M phase, and suppressed TOPO I mediated untwisting of pUC19 DNA
plasmid with a dose-dependence manner. And the inhibited effects of complex OMT-Au were all stronger than MT-Au complex.
Conclusion The antitumor activity of complex OMT-Au is stronger than that of MT-Au, which could be attributed to the variation
in the molecular conformation of ligand.
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Sn. Au. Ge. Ga. Fe %5l EY)), CHIELEA
Ry Ee:, i TimRrs ., £F
Au(lll) 5 PyID) FEHF4R & AL, Audll) BCEY)
04 0 B3P A AR 4 S 2 P e A A R
B Au(Ill) 7EAEBRIAEE T ) Bl 30 J5URT RS 7K A i
DAEIIAE FHHE A5 00), Mok A S M BC AR E Au(TID)
Hl, & Au(Ill) RPTIE &R B A& R B
WS SIRTE HAUCL KA 5 IR S, A
BORHIREE Au(II) L .

AHFFLL MT Al OMT Aficlk, & MT 5
Au(Ill). OMT 5 Au(lll) Kl &% (MT-Au.
OMT-Aw) fifAk, F X §4& 5 AT RAF L E54 .
[F, 372 P W H SR I Ak, KA P
BB ML (MTT) Sl M by, X Hhuisg
MT-Au. OMT-Au X 4471 e 4 14 58 134 il 4 H
HVPPRAIL I THLE]L, NIRRT R ST RIZRE
YIig Au(IIl) BC-& P45 AL S IR AP o
1 R
1.1 AR5

MT R 540 98%, b5 Dksj20171117).OMT
(FES# 98%, b5 Dyhksj20171110) T H kPG
e B AR AR B SR H L5 SR 25k
LRARAT (B3 30mg, 6mL, #itS 171001);
JR R A MTT W H 35 [E Amersco A & ; RPMI 1640
B3R5 DMEM £537 506 H 22 [H Gibeo AF]; 4HHE
TR R AR R 235 H S5 [ BD A F]
AO-EB %Y 7 &0 H R UL AR R
JEAHRAT: pUCI9 ikl DNA (250 ng/ul) T4 H
K% Takara FAEY) TIEARAFR: BrEFMIEHEEH
BUMPUZEEF LY TR A —HIEETHR (DMSO).
A& (AuCly*SH20). oK LRI N E 2
B o> ) A= () 3 M Al
1.2 &5

8 B AR e 27 AR R (KBr & B, £
PerkinElmer A &) ); Bruker Smart CCD i THI R AT
S (1 [E Bruker A 7] ); CO, 55774 (3£ [E Thermo
AF]D; Model-450 B G taill 4 (3E[H Bio-Rad
AFD; IXT1 3B 56 RS IX51 2Ot R (H
A Olympus A7 ); BD Accuri C6 it 4l ffify (3£
Thermo Fisher A 5] ); Gel doc 2000 %5 if% 7
Wr£4t (3£[H Bio-Rad A7)

1.3 A
N LR LRIk CNE1 FI CNE2. 4% 708 40 i

Pk HT29 #1 HCT116. fils itk NIC-H460. "B
AUtk 7860, FLERMEAMPME MCF-7. B4k
MGC803 M AT 40k HepG2. BEL7404 40 (5 v
[ Rk e 4 2
2 Fk
2.1 BLE&Y MT-Au. OMT-Au HIEFR

OMT A1 AuCly*5H,0 S5 E IR &, 20 mL
ToKCBEEAR, 50 CKMHEHE 8 h, JEIT, JEMEEE
R, FOAENTH, 7% 71%. MT Al AuCly*SH,0
YRR ILIES, 20 mL /K ZBEEAR, (£
PikE 8 h, PRk, EMEHEEKR, WOSENTH,
F=# 67%.
22 FEEHI&RMEEHNE

A3 FEBUR A 0.26 mm X 0.20 mm X 0.13 mm
] MT-Au &, 0.35 mm>X0.22 mmX0.11 mm
OMT-Au inff, LA AEP IS AF4E |, K H Bruker Smart
CCD H. b MIRATHA, A SR E s mai
MoKa 52k (1=0.071 07 nm), 7EJEE 293 KT,
ANFERTH A (0) Yo NWCERNTH EURE, S5
FeiE B IEHIE IS . SRS i B A,
AHAREJRE T Z{E Fourier &M ZEH T35 E
PREEIEF R, M ZEAE BT %5 BE R s & ) LT 04
3458 H 1A bR. 2fEE H 2005, &t
ISR H R0, £ In) [RS8 A e — 3
FBIEZSE. a4 835 Bruker Smart,
SHELXS-97 ( Sheldrick , 1990 ) #1 SHELXL-97
(Sheldrick, 1997) PP LT, 45K A RNER IE.
2.3 BELmAELETE

N BIHIEAEME CNEL Al CNE2. £ igdw4uffutk
HT29 F1 HCT116. @ik NIC-H460. B4
Pk 7860 FLERE4H IR MCF-7. B 40k MGC803
KPRk HepG2 BEL7404 )& 37 ‘C. 5% CO»
IREFEFE, F& 10% 8 MELLE . HHR (5%
100 U/mL) ) RPMI 1640 ¥57%# (1 :9) 5 DMEM
R gt (BB RME e K, 0.25% 5
EIBRH AR, BONECE K HAGR R T 5550
2.4 MTT AN 4HpEIEE

¥ MT-Au. OMT-Au ¥ J FH 2R 77 34K IR
5 LERRRE R 5 MR BE B BRAR,  BO6S £5 A K 4 M,
PIAEFL 190 uL (29 1X 104 ANFL) 20T 96 FLIR,
9% 12 h FF ARG IS, 2 BN [FR B IR T
AP RFEARH T 25 % 10 pL, SR 4 4
SIL, A E 24.48.72 h )5, LI 10 uL MTT
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(5mg/mL), #8:55% 4 h, Wk BiEWL BLIIA
DMSO 150 uL, “PiREH &K 5 min. 5N
HAL 3 A, Rinseasisidk 200 pL, Ahngufe, Jf
[ Fid RS, HAfLAE, HEEFRCEL 570 nm
FT 630 nm XA 58 25 BR AR5 IRIRO6 BE (4D 1A
THE YR 2 . SEge LR AL RN, Bliss
TS FEM R EENHIREE (ICs0) .

BSEAN 2 = 1 — B A (E/X A 4 8
2.5 RHREEMEBMBRISTL

HOa B2 K B B MGC803 4, LA 1X 10°
ANmL REEMT 24 fUIR, KR T8& 10%8 L4
&K RPMI 1640 35729+, &:4L 2 mL, #£ 37 C.
5% CO, AR B (R FRA0 h 8597, 4 58 A G B
Je s VARG G PR 4n At B4 (2 ANFLD, B
B EEVE OMT BCARR OMT-Au F-& 402454 1) 40
SRR (R NRER 2 MR, WE
48 h )5, BRWRAEM (KEay, UE 10%H
AR IIE ) RPMI 1640 £57%90) FISEIGH s
FE W FE AL A D 10%:8T A2 24 T3 7 RPMI 1640 1557
WO WA, FH PBS Pkt fLanm 2 Ik, &AL
AIVBERE (AO) FIRALZ4EE (EB) AR AR
JLta3H) 1 ul A1 10%87 A2 25 I35 ) RPMI 1640 577
W1 mL, BGY 15 min, 2% R WS40
TEAS SR F 1%
2.6 7\ 2R (SR 2 AR T Fn 4 A B A

BOGHEAE K30 B MGC803 4L, LA 1X10°
AFLRBERRT T 96 FLA, T3 10%35 A 4 I35 1Y
RPMI 1640 £ 784, 15 37 ‘C. 5% CO tEAE %
MR FRAE PR, AIEEMEES, DRnbEwY
29I dn i T R ZE, ARSIk MT OMT fic
P MT-Au. OMT-Au A9 264 H 40 A 515640
(BFMEGYRNREER 2 ML), %E 48h, [HEE
WAL, PBS JEVEG XS R AN SZEG A A0, R4
BRI FE N 1X 105 /mL, B 1 mL 408830 E] 5 mL
MAE D, Hao, 3 EER: A 100 pL 1 X Binding
Buffering #&, 825, M 5 pL FITC Annexin
V M PL, 25 CEYEHEE 15 min, 55 A0 300 ul
1 X Binding Buffering F|&-MaEH, £ 1h N E
Tt T (SR 3 o A 5 R

HOaH B2 K B B e MGC803 4, LA 1X10°
AS/mL RFERF T 12 FUAR, T8 10%8 44 i
(1) RPMI 1640 35723+, #4412 mL, 7£ 37 C. 5%
CO, WHANBERIIEFRFE T IE TR, dHMNEEfS, DIk

Itk EZanm g st il (&% 3 AE5L,
25 umol/L OMT RL A F1 OMT-Au BL &0 2590 i 40 i
NSEERH (R NRER 3 ANEFD, WE
48 h, JHEEEHALEEVERO BRI SRS A, it
Ot R 2 X100 AN S 5 mL g H, F
ELOHL 1000 r/min B0 4 min, W EVEWR)E, 4G
JorJE SRS AR R B L) A YRR R 250 pL, AR
EEE, 25 CHEE 10 min J5, FII B i RNA F 200
ul, FRGEZEEE, 25 CHEE 10 min, fH/EMN
C i P1200 puL, 4 CHEELHFE 10 min, FIKE L
TFFELE 3 h ARSI . S LR FLIAME, 155541
2 E o S 2 e A AR MR i =X
Wi
2.7 IFBETEREARERIKIQNAINFHEE I (TOPO D

£E 12 pL 1 X RV (10 mmol/L Tris-Cl,
pH 7.9, 100 mmol/L KCl, 5 mmol/L MgCl,, 0.1
mmol/L EDTA, 15 mg/mL BSA) F A 025 pg
pUCI9 DNA. 1U TOPO I K AR 2Zik%, iEH
PEXHIE ASER I OMT. OMT-Au, FFINKHE =
Z%KZ 20 uL, 37 “C/ 30 mine LGN 2 pL
1B (%5 10% SDS #1100 mmol/L EDTA) %1k
SR, 37 CAREEIEE 30 min. W H SN 5 pL6X E
FEZM, 1E 0.8%3I5/IEME 1XTBE M+ Lh 5
V/em HLIK 1 ho B35 A 1 X TBE Ze4lBc il 19 0.5
mg/L EB E IR Jeth 30 min, BEREIR R G ME
LYK S F R IR
2.8 GiitFAIE

IFH SPSS 13.0 #f4b4eit, BHELAx £5 £, ™
PILLECRH ¢ 303 T s It QA SRS A R 10
YR ISR A5 RN R B TR, R 2 R,
3 #R
3.1 OMT-Au 1 MT-Au BC &I &R 1ALEH

OMT 1 MT 4 FHILAN LRI FIER S
[AuCls] I8 745 & S TR B T B AL &9
(Do 2 TFRIZEENQ) EHH JE T 55—k
I O(1) 3L OQ) TEREHE N(2)-HQR)~O(1) B
N(Q2)-HQ2)~02) 1EHHEFI AL 7 it & b M &5 4 .
MT-Au A1 OMT-Au FA%dE £ 1.
3.2 EAHxt 4R A HIFIAE A

OMT-Au 1 MT-Au FCA X 10 e 40 fu s
VEAMHIE FH 5 R 0 2, OMT-Au WK HUR R4
L) ICso fEIMK T MT-Au(P<0.01), {5 7860
FMRJE MCF-7 FIffifE NIC-460 HI45 M. H



© 642 ° ¢ 3% Chinese Traditional and Herbal Drugs % 50 % 25 33§ 201942 A
QOl
f
N1
, =3 J cn
! “7 ‘ Aul ©
N2
) [ 1 ® ¢ U
¢ cB’
‘,‘ Cll 6 )
Cl2:
OMT-Au MT-Au
1 OMT-Au 1 MT-Au EC &4 ALE4 (Diamond 3.0)
Fig. 1 Crystal structure of complex OMT-Au and MT-Au (Diamond 3.0)
#=1 BEVSRERENSEEBESH
Table 1 Crystallographic data and refinements of complex
4 MT-Au OMT-Au
2L a0 Ci15H24AuCliN>O Ci15H23AuClsN202
FEOS 3 B 587.13 602.13
Bmm 0.071 073 0.071 073
B orthorhombic orthorhombic
7[R P2(1) 2(1) 2(1) P2 (1)2(1) 2(1)
alm 0.805 65 (13) 0.800 04 (12)
binm 1.046 84 (17) 1.100 84 (15)
¢/nm 23232 (4) 1.9529 (3)
o) 90 90
BI°) 90 90
() 90 90
s AR V/nm 1.959 3 (5) 1.956 2 (2)
e JR T4 Z 4 4
PR De/(Mgrm™®) 1.990 1.679
WS IE R A U/mm™! 8.058 2334
F PN E T4 H F000) 1132 941
BRI R ST 0.26 mmX0.20 mm X 0.13 mm 0.35 mmX0.22 mmX0.11 mm
HAR IR RIATST AV 0/() 1.75~25.09 2.11~25.73
it tatks -9<h<<, —12<<k<11, 27<I<27 -10<h<10, -12<k<11, -24<1<25
MSTAT AR 9 823/3 476 [R(int) = 0.040 2] 9963/3 962 [R (int) = 0.140 3]
R B/NEIT# 0.409 2. 0.2257 0.609 2. 0.1257
A CYIRTS Full-matrix least-squares on F2 Full-matrix least-squares on F?
HAEEH MREE /283 3 476/0/209 375212218
BT PR BRI A TR 0.991 0.994
A& T [1>2sigma()]  R1=0.028 0, wR2=0.054 7 R1=0.0824, wR2=10.1319
Fra SR & T R1=0.0349, wR2 = 0.056 1 R1=0.0864, wR2=0.123 9

ORI I (EEMEEMED 0791, —0.510e A

1971, -1.610e. A3

OMT-Au Fl MT-Au X 5% MGC803 4H i 3 5 #71l
TEFE .

ANFEWE OMT-Au. MT-Au Bc&91EH B
MGC803 i AN [F] IS 8] J5 , YT A1 2 AR WA 2.
BERC AR B3 n, o B 9 MGC803 4 g H A 4
2B T, BRI AR EIR KT
25 pmol/L B, Bl AFEFHES A HE 0, 20 Bt 5 i 22
HaEIE /N . OMT-Au L & 901F H B #E MGC803 4fifi

48 h Al 72 h MR ZE FER 3.125 umol/L 4HF1 50
umol/L G4 X (P>0.05) #b, HAEKA
BB (P<0.01). MT-Au . &91E
MGCS803 ZHffl 48 h Al 72 h #MHIFEZERR 3.125
umol/L TG4 X (P>0.05) #b, HAEKA
VARSI E L (P<0.001).

PG 12.5 pmol/L ik FCEH. MEAXT 5
MGC803 4Hffufr) 48 h IGFEIMHIZ, 5K WE 3,
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%2 OMT-Au 1 MT-Au 3 A5HEEZRAIEFEHIFIIE AR ICso 1B (X £s,n=4)
Table 2 ICso value of OMT-Au and MT-Au on tumor cell proliferation in vitro (X *s,n=4)
1Cso/(umol-L™!

i (n )

CNE1 CNE2 7860 HT29 HCTI116
MT-Au 197.22+32.10 160.524+20.38 72.54+5.66 67.44+4.72 182.78 +29.02
OMT-Au  116.25+17.55* 123.01+ 457" 77.26+6.02*" 4591+7.33* 36.56+ 3.87*"
JIBEA 128.96+ 5.56 119.23+ 4.77 91.45+5.51 71.66+4.11 42.67+ 4.03

% ICso/(umol-L™1)

. MGC803 MCEF-7 NIC-460 BEL7404 HepG2
MT-Au 11.224+1.05 92.75+9.03 5728+ 7.76 35.041+3.88 235.161+21.04
OMT-Au 7.764+0.95 98.26+7.70** 101.64+11.15* 18.134+1.02** 192.33+15.21*°
JIBEA 27.55+1.83 75.14+3.32 48.69+ 5.27 32.1942.67 39.34+ 1.92

5 MT-Au 4l *P<0.01; S5IFfA4HE: “P<0.01

“P <0.01 vs MT-Au group; 2P < 0.01 vs cisplatin group

1009 OMT-Au ? MT-Au
A
/ 804 A—
804 // //é/!
. A 4 A
2 =
¥ / & o ¢
% A pas
E " gaw] A/, ——n
= 404 /! = —a—24h
—u— 24h
. ° —e—48h
n—m —e— 48N 201 / B 72h
201 —a— T72h
0 10 20 30 40 50 0 10 20 30 40 50
C/(umol-L 1) C/(umol-L™")

2 OMT-Au 1 MT-Au 3 B # MGC803 4RIEFAHNGIE AR B (¥ £s,n=4)
Fig. 2 Time-effect and dose-effect relationship curve of inhibiting MGC803 tumor cell proliferation by complexes

OMT-Au and MT-Au (x £s,n=4)

H#A
40 MGC803
*A

60+

40

TEGE I Z/%

209

MT MT-Au OMT OMT-Au Jii4fi

5 MT 48 "P<0.05; 5 OMT 4 HE: *P<0.05: 5 OMT-Au
HEE: “P<0.05; SRS “P<0.01

*P < 0.05 vs MT group; #P < 0.05 vs OMT group; “P < 0.05 vs
OMT-Au group; “P<0.01 vs cisplatin group

3 Eeth. ECAYIRIREART MGC803 SRAmIEFENHIZELL 4
(xxs,n=4)

Fig. 3 Proliferation inhibition rate of ligand, complex and
cisplatin for MGC803 tumor cell (x £s,n=4)

OMT-Au 1l MT-Au FLE40%F B % MGC803 4R
NN 68.75% 56.73%, I T-E /A& OMT
(44.65%) Al MT (23.61%), BCAARZH 5HIN RS &
VI LB A R 2 R B (P<0.05). HEL&
Y1 OMT-Au XF 595 MGC803 4 i (1 184 G 41 i 5 vy
T MT-Au, & TIEAEEE (51.36%), %%
FEZE (P<0.01).
3.3 OMT-Au #1 OMT % MGC803 HRaH. A HIFZ N

{3 B BB M gL X4 MGC803 4iifil £ 214
TEMGEEAE K, ACERIEMT, MUTSEM; A2 RS
IH K2 MGC803 A 4k4e . Mt Mivs. B
BERMIE, A ER b A R BRI B B (R385 n
TR S8 /b o xof e F 20T Je 4T A58 4k, YD HE
N P93 4 e 84 % BEL 5 o

FOLEMEME (B 4): XHB4IEH MGC803
YRR R ARG S G s, FEIR /N —; P L4
YA AZBUARA AR, AU AR, JET
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6.25 pmol-'L™"  12.50 umol-L™" 25.00 umol-L™!

4 OMT-Au 1 OMT {Ef MGC803 MRS
CRARMIR)

Fig. 4 Cellular morphology of MGC803 in fluorescence
microscope after treatment with OMT-Au and OMT

W HAZMAR : A% AR G s, a4, 4
UAZ R IRAAE 2L, R DL L SRS L 20K o SR B
R AR G s it K/ANFITE IR — . 6.25
umol/L & F& 2H A /b 55 A% 12 F- A 40 o AR 0% 1 e 44
Y 12.50 pmol/L I FE 4 A 1 2 A T W A2 A
25.00 pmol/L ¥KFEH Z AT T- M IAAIA, W WIRFE
2
3.4 EERESIXT MGCS803 {RAEET-FnmpmfE
HARY S0

it A A E AN R BE L AR (MT. OMT)
AIBL &Y (MT-Au. OMT-Aw) 1M B MGC803
Y 48 h JE AR TR . S5 (R 3) IR, 5K

#3 MT. OMT & MT-Au. OMT-Au %} B MGC803 HAAT-AIF M
Table 3 Apoptosis rate of MGC803 after treatment with complex and ligand

FT %% THT22/%
2H 5 C/(umol' Ly ——— — HAFTE/% 2H 5 C/(umol-L1 ST /%
B B HL 81
OMT 0 3.6 4.7 8.3 MT 0 3.1 49 8.0
6.25 7.7 10.6 18.3 6.25 6.9 9.8 16.7
12.50 8.3 26.5 34.8 12.50 7.9 20.6 28.5
25.00 8.7 443 53.0 25.00 7.6 40.2 478
OMT-Au 0 4.9 53 10.2 MT-Au 0 3.7 59 9.6
6.25 8.3 17.1 254 6.25 6.1 13.6 19.7°4
12.50 9.4 477 57.1%° 12.50 8.0 33.4 414
25.00 9.1 72.3 81.4* 25.00 7.3 56.5 63.8"4

SXIRA A "P<0.05; 5 OMT 4Au#k: “P<0.01: 5 MT 4Ak#: “P<0.01
*P < 0.05 vs control group; 2P < 0.01 vs OMT group; “P < 0.01 vs MT group

56 2H 40 B e U0 O - SR BR AL B B v, SRCA)
WERFERBCR. FLIHS TR S0 RA
REETREBEERLEE (P<0.05), EAHSFET:
REHR TN EYH (P<0.01). 4iAH
E 4R WL 4 F1E 5, 25 pmol/L OMT-Au X} 5 J#
MGC803 4 i Ja FARH A/ . OMT B oNEHE, 5
XHRZL LA S HHAm M bbfs) N B, GoyM BRI A LL

BT, MR T GyM . HEDEC & i it
S0 DNA K, 4016 202480,
75 5 4 M I 1 R ) bR 2 B i 5
3.5 EA&YIX TOPO I BYEN

TOPO I{EV#% DNA #i4MEZ M DNA K il #
SEHRLOCHEAE T, R PR 2T R 1) B R
OMT B A 2 OMT-Au Bt & 4% TOPO 1 Ffiiil /& H

%4 OMT-Au #1 OMT ¥t B & MGCS803 AfEIHREM (X £5,n=3)
Table 4 Effect of OMT-Au and OMT on cell cycle of MGC803 (x s, n=23)

20 B B 40 A5 /%
il C/(umol-L1)
Go/G1 S # Go/M #
Xt & — 46.45+4.33 36.05+3.11 16.58+1.70
OMT 25 44.2643.92 31.07+3.03" 24.7342.06"
OMT-Au 25 40.3943.67 21.774+2.15" 37.65+3.09*%

HX AR "P<<0.05; 5 OMT A #P<0.05
“P < 0.05 vs control group; *P < 0.05 vs OMT group
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Fig.5 Cell cycle arrest in MGC803 cells after treatment with OMT and OMT-Au

R NKE 6, 5 OMT EiEAHLEL, OMT-Au Bt 545
B 240 TOPO 143/ iUk pUC19DNA i B2 (1)
fRTERSL, Xf TOPO T Ak & M A0 i A FH 05
HEHERKBCR .

Relaxed DNA

Supercoiled DNA

1-DNA/TOPO 1 2, 3-50. 5 pmol-L™! OMT + DNA/TOPO I
4,5-50~ 5 umol-L™! OMT-Au + DNA/TOPO1 6-DNA

6 A ERE OMT # OMT-Au #F| TOPO 1 M 5H)
pUC19 DNA HIfERE{ER
Fig. 6 Gel electrophoresis comparison of TOPO 1

mediated unwinding of pUC19 DNA plasmid inhibited by

complexes
4 g

A4 I 968 40 RGBT ) 5258 S, Au(TTD) S
T 5 LRV B R TC A 0 % Tt e A i 1) 410 o £ FH
B 58T MT. OMT S5 WHglc A, S50 20 i Jeg 4
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