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WE AT TS A, A-[Ru(bpy),(pyip) 1**, M JCR T, BRI | BRI CD JGisxf Bl &
WIHEAT T RAE. R MTT 35T T 3 Ffr 54 A ek 22 7ol ok 88 2400 6 ke F4) 4% S0 ok g 356 48 LA B Sk TE 6 400 i 1 2
P, 53R, A-[ Ru(bpy), (pyip) 1> * MIBTANI& G 4 B W08 T H A4k, X A375, SW480, MCF-7 Fil A549
R 21 B e B (IS FIRAA. I O REE T AR 2B B pH 25 F, FHETEC A 54 Mg A& A (BSA)
Z AL A AE I L SRR KA. AR Scatchard AR RE T 45 &8 BUMZE A 0L, MIGIT 12 RIS
W T B R EAE R SR, SRR, ETEC AR A I AR SR AL R SR K. A1, 1A
A-1 5201055 (1B A RSE A BUY R 1,16 x 107, 5. 12 x 10* 1 3. 64 x 10*, 2550088390 1, FEMEA S
FAVEF AN, IS YFER N BENS B 10075 3 A7 i 55z L5 G 2R A4 TR .

KR FHEEEY; PUMRENE; FMEHEN

FESES 0614 XERFRIAE A XEHS  0251-0790(2010)03-0435-07

TERA PRSI SR G, SRR 7z, Ebs Bl , §rmEme s
Y@ FAREEME , 255 WSO FZE R AR TCHEE, K Ok el B BT 25 2 —1 % BT A9 5 04N
FAAL, S5 R R FE P Ies 25 ) A R R B g L], 5 B S5 A P AL d A A ) -6
SR A 58 U 25 89 Bl e/, BT, ©AF 3 Fher i & WA Sy b s 25 gt A I s 1 3 i
pRLT-100

MIE R PR I D & ol B R AR, A YERRE A SR E AR, 1 HAE 5 HEA
I R BN IR R AN G 25 6, IR BIZEIR N AEAs RS2 i VE - . 25 A A 25300
WRSC R A ARG R, 384 102 AR it 7 s i B3R 2 AR 7 A 258U E T, 2590 5 R RS fn R
N T B 245 AR AR PR ) 4 A, el R0 o Y e 2 2 i B 2R FE R R I 2. TR, AR SR AT A
Y5 008 AR A Z M AR EAE I, BT 1 AT S TER N iz Ao A s 00, X T B B ETE &4
FITE DL A R . BT, SHErBCA Y-S DNA A EAEF AR IE BRGS0 2" i oo
SRS M M AR LB A BT (R C TR A5 s B 1 R 45 A R Y SR 50

ARCWFFET 3 Bl AR ET I G Y TR s T O S IS SR A A S 1E, i — 2 R AT
SYVENTUE 252 E T kA
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1.1 RXFI5EE
FI RN A b4l = P2 B SR B o8 ( Teis ) WA 1 T MM AR 223l AL 2 350 (0E 14328 ) 5 AR il i A
FEH(BSA) A FiEA T4 F]; 0.05 mol/L Y Tris-HCI 28 /i (LA 0. 9% 9 NaCl KWL, pH =
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7.4), BCEPIIERIRARIE R 4.0 x 10 7 mol/L. GG &, Lh296 nm A& I, & FR Sk
¥R 4.0 nm, KA ARG E S 500 nm/min. 7E 240 ~400 nm X [E] R 2 09 W OGS,
Elementar Vario EL ﬁ%ﬁiﬁﬁﬁ(, Perkin-Elmer Lambda-850 5 Shimadzu UV-3150 %’&I‘-ﬂ%ﬁ'ﬁl&{l,
Perkin-Elmer Ls55 7766151 ; JASCO J-810 [ — 4§ ; Varian 500 MHz #% #3454, FH VG
ZAB-HS JRi% A & HeJf 725 5 B % (FAB-MS) , ES-MS [} LCQ %45 ( Finnigan MAT, USA ) By 55 i 1%
5E .
1.2 BREEREMHNERK
TR ) A 2R AN Scheme 1 ffizs. TR WM SEF AN 1 .
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Scheme 1 Synthesis route of pyip

A-[Ru(bpy):(pyip) [ A-[Ru(bpy):(pyip)|**
Fig.1 Structures of the chiral Ru( II ) complexes [ Ru(bpy),(pyip) ]**

1.2.1 BR(pyip) B4 K ABAEMSMR-S,6- WA A AL S WL SCHk [ 15 ] 7k, #4 0. 315 g SRAEM% -5 ,6-
(1.5 mmol), 0.261 g B¥HEEE (1.5 mmol) , 2.31 g Z % (30 mmol) Fl 20 mL vKZ R IIR-&4 T
WHOIIAEI 2 h, WHIRERE, H 80 mL /KHRE, SRR ZUK bRz bk, BT Kt
DUVE. &, FH/K ., CBRBEOR, ST RV, KR e TJoK QB EEE &, 7738 73% .
1.2.2  Ru(bpy), (pyip) (PF,), « 2H,0 # & & (1) FKEL0.26 g cis-[ Ru(bpy),Cl, ] + 2H,0(0.5
mmol ) F10. 15 g pyip(0. 5 mmol) , IRAJEMA 20 mL Z ", F 120 CEAIRY TR 6 h, fH4(035
W BHZER, 50 mLKFREG, A NH,PF MR RI ™A KL @UIE. fhug, HI/KA kv
VRO G T8 B T R W D i OB R, PR EARAS (200 HD HE43ES. H VIHZR) V(&
BE) = 1:3 09I AW Rk UL, R 2R LR, 1B @ik R R 64%. JTE P LIWAE (%,
CoHy F,N,O,P,Ru iT84E) . C 50.65(50.74), H3.14(3.13), N 9.69(9.66). ESI-MS, m/z; 978.9
(M-PF,), 833.3(M -2PF, - H), 417.3(M -2PF,/2). '"H NMR[ (CD,),S0], 8: 9.19 ~9.17(d,
2H), 8.91 ~8.84(t, 4H), 8.73 ~8.70(d, 1H), 8.56 ~8.53(d, 1H), 8.42 ~8.32(m, 5H), 8.25 ~
8.06(m, 8H),7.96 ~7.92(m, 2H), 7.88 ~7.87(d, 2H) , 7.67 ~7.64(d, 2H) , 7.62 ~7.57(t, 2H) ,
7.37(t, 2H).

1.2.3  A-[Ru(bpy),(pyip) ] (PF), - 2H,0 ¥4 & (A-1) A-[Ru(bpy),(py), ][0, 0'-dibenzoyl-D-
tartrate | - 12H,0 (45 S SCHER[ 18 ] 5k, FREL0.20 g A-[ Ru(bpy), (py), 1CL [ O, 0'-dibenzoyl-D-
tartrate | + 12H,0 F10. 076 g pyip i# T 20 mL & —EERUKAR G AT, ER SR T T 140 C R
8 h, BENZEZERGIIK 60 mL ke, U8, mIUEW P AR NH, PF, W B ™= AR R 2L @ bivE. il
UE, DIEMRIK KM G BEEREOR, T, AR5 D& O T=y), o b s Akss (200 H)
e, HVRER):V(ZIE) =1:3MIREEMMEGEMSL A TR 20 S01E (%),
CyoHy o F,NgO,P,Ru H450H) : € 50.65(50.74), H3.14(3.13), N 9.69(9.66). ESI-MS, m/z; 978.9
(M-PF,), 833.3(M -2PF, —H), 417.3(M -2PF,/2). 'H NMR[ (CD,),S0], &: 9.19 ~9.17(d,
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2H), 8.91 ~8.84(t, 4H), 8.73 ~8.70(d, 1H), 8.56 ~8.53(d, 1H), 8.42 ~8.32(m, 5H), 8.25 ~
8.06(m, 8H),7.96 ~7.92(m, 2H), 7.88 ~7.87(d, 2H) , 7.67 ~7.64(d, 2H) , 7.62 ~7.57(t, 2H) ,
7.37(t, 2H). CD[&/(L - mol™ + em™ )] (DMSO-H,0), A/nm; 469 ( — 6.4), 423(8.16), 291
(-74.6), 273(28.8).
1.2.4  A-[Ru(bpy),(pyip) ] (PF,), - 2H,0 B9 &K (A-1) A-1 FERCRAS A1 AR, 1540
I 166 mg, 7R T0% . TCEAHTSEME (%, C,Hy F, N, O,P,Ru HEE): € 50.67(50.74), H3. 14
(3.13), N 9.68(9.66). ESI-MS, m/z: 978.9(M - PF,), 833.3(M -2PF, —-H), 417.3(M -2PF,/2).
"H NMR[ (CD,),S0], 8:9.19~9.17(d, 2H), 8.91 ~8.84(t, 4H), 8.73 ~8.70(d, 1H), 8.56 ~8.53
(d, 1H), 8.42 ~8.32(m, 5H), 8.25 ~8.06(m, 8H), 7.96 ~7.92(m, 2H), 7.88 ~7.87(d, 2H),
7.67 ~7.64(d, 2H), 7.62 ~7.57(t, 2H), 7.37(t, 2H). CD[&/(L » mol™" - em™") ] (DMSO-H,0) ,
A/nm; 470(6.1), 421( =7.4), 291(70.0), 273( -26.0).
1.3 EEYmMEEGE
1.3.1 @tk LAY NGB EEIEAM(A375) , AN 4008 (HepG2) . A 45 i i i Jifd
(SW480) . AHIFI AL (PC-3) . NFLARIE 40 ( MCF-7 ) FA il B 98 200 1 ( A549) I I ATCC /2~ .
Mg . A-Ru (bpy), (pyip) (PFy), - 2H,0 it 4 A-1, Ru(bpy), (pyip) (PFs), + 2H,0 it 1,
A-Ru(bpy), (pyip) (PF), - 2H,0 it~ A-1 F4A.
1.3.2  MTT 33T 40 B A A SN0 b8 78 e BORPERCAE (B 0 Jogg 4 e, R A IR B2 2R 2 x 107 cell/
mL, JIIA 96 FLEFFEHT, F5FL 100 pL, 7ERSFRAEHEE3E 24 h FR0ERES | FEAM 00 A [V J32 32 bR
100 wL, BAPEXTRE R AR R K, BHMEXT B, InRRLLRIG R 343% 4 A~ EFL, B 37 C, 5%
CO, K53 72 h, BRI IMA MTT(5 mg/mL)20 wl/fL, 5 h J5&.05F R, A —H L DMSO0) 100
pL/fL, ¥%3% 10 min, FHEEFRUAE 570 nm FIE OD 8. FHEAMIAERE 3R, i B H Bom il ik
&F(ICSO)-
1.3.3  mA@EaT  BEORELBE A, F PBS iEYE2 Ik, INA 70% LB, F -20 CHE
B, BO, RS AT ARME PT Y. K Beckman =AM A5G0 % DNA &4, H Multi Cycle 3144
(Phoenix Flow Systems, San Diego, CA) i 40 M 754, F DNA #R B Fos 40l #E Go/GL, S
G2/M £ A3 A el JHT- AU — A% DNA 75 il i 2 s B H sub-G1 WA, AR 101
A4 .
1.4 E&Y5 BSA HEERMELRILEE

BSA MM 1.0 x 10 ~° mol/L, FLAWRIMERE /35101, 2,3,4,5,6,7, 8 wmol/L. #£HL2.5
mL BSA FASL AN, R ERER B UM A — & & W EL A Y T 26, BRI ARG IR
A5 min HIHIE], DL296 nm LI, i05% 300 ~ 500 nm yi B A & G

2 FER5TE

2.1 BEWHER

FER PR, SRR B E R AL S Y R PR, TER A E T Ay B Al A o
VEMR R B RR ROCHE N R, REZLORUESr B R =0, B BBt ). Sl 2 e, v(H
) V(L) =12 3R A AT I8 B AR e R

B A IAE Tris-HCl ZE /AR, 43 BIE 284, 365 F1459 nm HESRFUAR SO, Hod 284 nm 4b
A WA s g 38 1A S MLCT ( Metal-to-ligand charge transfer) TE 459 nm Ab H B0 Y W% Uk 05 gl 48 A R
Ru(dm)-bpy (7™ ) Fl Ru(dm) -pyip(7~ ), 365 nm FIWIIEIHJE M ELAK pyip 9 -7 BT, ERLAHIH
W5 R H, m/z W53 I7E 978.9, 833.3 F1417.3 A& L, AN HYITJE A M - PF,, M -2PF, - H
HIM - 2PF, /2 Y5> T B 7l SHRNAL SRS EEREA—% "H NMR[ (CD,),S07, 6:9.19 ~
9.17(d, 2H), 8.91 ~8.84(t, 4H), 8.73 ~8.70(d, 1H), 8.56 ~8.53(d, 1H), 8.42 ~8.32(m, 5H),
8.25~8.06(m, 8H), 7.96 ~7.92(m, 2H), 7.88 ~7.87(d, 2H), 7.67 ~7.64(d, 2H), 7.62 ~7.57
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(t,2H), 7.37(t, 2H). X 5458 d 0 H 4 AHYIE. A1 F1A-1 5 CD OGEWIEN T EilE T—X T
PSR, BeSE H NMR F1 CD Y6345 W E 2 Fiixl 3.
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Fig.2 'H NMR spectra of A-[ Ru(bpy), (pyip) ]** Fig.3 CD spectra of A-[ Ru(bpy),(pyip) ]**
and A-[ Ru(bpy), (pyip) ]** and A-[ Ru(bpy), (pyip) ]**

2.2 EEAWESMUIEEE

RHI MTT PPN BCE Y A-1, 1 AT A-1 ARSI RE G 2, T50-5 008 g 200 Y 2 o k22
PR, WL ATLUE I, BEAW0 A-1 X i Je 240 M 4o ol 4 FH S o T S A A 1 A A1 e 2
BIRETRCA PR B A — 2 AR, ot A375 B EIE A Ao T 1 T AR

Table 1 Growth inhibition of Ru complexes on various human cancer cells

IC5/ (pumol + L71)

Compound

A375 HepG2 SW480 PC-3 MCF-7 A549

A1 3.2 18.6 8.6 32.4 11.2 10. 1
1 25.6 21.8 20.3 — — 20.9
A1 36.5 33.7 27.4 — — 25.3
cis-Pt 7.3 13.6 16.9 36.2 24.4 22.2

# Cells were treated with various concentrations of tested compounds for 48 h. Cell viability was determined by MTT assay and IC50 values

were calculated as described in the experimental section.

TEVFOY 258 8 24 B N P A, P RO a2 O H 2. DGRl s 1 7 & W0 ik

UL AR SN T, G5 4 BT, AP 4 AT L 150 =
Fit, BMEECA P00k B 2] 40 wmol /L B, X f.;..l
T Hs68 AR e[ A T o ievEAE T dx se 2R £ 100 L e L e
S RETTC A o T e 200 e R 1 3 20 e EA ) 4 £ :% N Rl A
PEHEE. E A %§ §§
2.3 BRSNS MR S AL ) 3 50 ﬁ / % %
R, A R L K S | NN
A S 2 7 S5 30 2 - 20 01 oLEN| HA| gl al| &R
W, S RPH IR B A A R " ocenmatonmotLy
L‘HK%@( R A375 AR ’ WA & 1) A1 Fig.4 Growth inhibitory effects of Ru complexes
HOMORT G AR FERLIE, P S AR A B2 Annex- on He68 human mormal cells

in V/PL YLzt 048, g5 &, FAT-5E A1 Cells were treated with different concentrations of the extract for
F0H) eI 248 i 1 2 P e ML (&1 S). B W) 72 hoand cell viability was determined by MTT assay as described
A-1 AEFH A375 4048 h 5, HILH R AY Sub-G1 g I materials and methods.
T, HGE R W B A3 nm AR K, RECA S SA M- 28 TR BN X R, BAY A1 5]
ET G AS WA 43 B RO B9 A, G2/M F1 GO/ G W40 i 7 43 BOAH R /b, 1A il 4
A-1 55 A375 Al A S HABH .
2.4 EEYMEHMFEBZEARERANR L

K6 JZ27E25 C, pH =7. 4 1 Tris-HCl AR, BURECA Y A-1, 1 F1A-1 BVREE, 05 A9 BSA
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Fig.5 Flow cytometry analysis of A375 cells apoptosis after treatment with complex A-1 for 48 h
(A) Control; (B) ¢(A-1) =5 pmol/L; (C) ¢(A-1) =10 pmol/L.

FOCRGOERE, WA R, BEE AR R BC A 0T 2 2[5 E W 8 BSA N, BSA RYZOLHR FZ #ilE
fiX, R SYS BSA Z kAR THIEAER, KT BSA M5, B BC G )ik B A AN B4 i,
BSA ZEGHRE K FaAAT Frisigz , BIECG95 BSA IS VE it T10fn. 2= i3 1 88 (1 7E 348
nm BT A4 A G e W U Ji T H R IR AR 1 R0, T (0 B8 R B A 1Y) i R R S e 5 L il Ak ) AR B8 A7
K, RENERARER , RUIA M HE ARG R TR, DI (0 2R 5k 5 fal [l g K A i 1
. 3 Bl SEAGURNT BSA SEGHREE IR KRREE R A1 >1 > A-1, XF BSA WIS A TCEE i, b B e &
Prx A 38 H 8 H R R .

800 800 800
(A) 1 umol/L (B) I pmol/L (C) 1 umol/L
600 F 600 |- l 600 F
3 2 8 umol/L z 8 pmol/L
£ 8 umol/L < y/ 7\ =
z z . z
£ 400 RGN \\ £ 400
g g 5
200 200 200 /
0 0 ol
300 350 400 450 300 350 400 450 300 350 400 450
Alnm Alnm Afnm

Fig.6 Flurescence spectra of BSA in the presence of complexes A-1(A), 1(B) and A-1(C)
BSA concentration was 1 pmol/L. Concentrations of complexes 1, A-1 A-1 were 1,2,3,4,5,6,7, 8 pwmol/L.

2.5 HRMBERFEREHHRE
h T b 3 R A RS BSA fEFRGRSS, MR Stern-Volmer 2,
F/F=1+Kr,
[Q]=14+K,[Q]
Hop, Fo R ANIMEC &0 1 BSA IFEEIREE, F NMARL GG AR DO, K AP IGERERY 3
R, 7 WA TEIGUEAE N I TR 754, Ky, Stern-Volmer K H 4. [ QN EY)

FIVREE. DL Fy/F -1 RAETR, BLEYS BSA B 1.0
JE FOR RS A RAE L, RTAS BIECA P06 BSA IR 0.8
K (F7) - - 06
M7 ATRE T, 42 RFEMECR , 25 C L
F A1, 1 AL A 36 R 52 40 510k 0. 9986, 04
0.9979 F10.9987, Hi HARIFKG A1, 1 Al A-1 & 02
K BSA PIFRREHEL K, 700 12.1 x 10*, 6.34 x 0.0
101 5.5 x 10* L/mol. K73-F 1 r,—fh 1 x10~° ’ ’ ,Q];BSA] ° '
s, W¥E K, = K, T, PE—2E3K A1, 1R A-1 X Fig.7 Stern-Volmer curves for the binding of
BSA JEKHY K, 70500 12.1 x 10", 6.34 x 10" Fl complexes 1, A-1, A-1 with BSA

A, =296 nm, A, =348 nm, ¢(BSA) =1 pmol/L.

5.5x10% L - mol ™"« s, —IN N, &BIEKFH
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XA KA1 B R R 13 S 8 B 2 x 10" L - mol ™'+ s 7", WARTCAWIXF BSA 2GR K i 5t
TERTFYHEEHI K, Wik, BoAPd BSA ST TT AN R 55 K .
2.6 BEWAL, 17 A1 5EBSA ERARNSESEHRESS

NG5S F Z R A FAE T — P8R FA A A 45 A SRR 34, K Scatchard J5 2" AT 2R
1REEA RN N EE Gk B 25 6 O s 80 B T AR 1 45 D36 6 TE 4% 348 nm Ab 1 AH X 5 O 5 & m] 48 5 11
lg(Fy—F )/F=lg K+nlg[Q], Lhlg(Fy - F)Xt Ig[ Q2 &, MAEREFMBI n] 5 455 WL &
PR, BEEY) A-1, 1 A1 A-1 5 BSA WSS G HENAS G0 R 8K 2, 4R R, ILAY S BSA 1EH]
WA 1 ADESRLE, G458 B INETE R A1 >1 > A1, SEAYIN BSA 5 EHE K K /N
HH—3%.

Table 2 Binding constant(K,) and number of binding site(r) for A-1, 1, A-1 with BSA

Complex A-1 1 A1
K/(L-mol~t-s71) 1.16 x 103 5.12 x 10* 3.64 x10*
n 0. 988 0.958 0. 941
Ay \/\
3 i e

TEPRAMAI Hr A 9k 22 Fh i 4n i 2L AT 5 2 I /E T, JCHOE: A-1 X A375, SW480, MCF-7
1 AS49 fifad 40 Mk A BRIV FHEL00 T I4R , HLAYE HUBEAMR, SR KRR M E. Boh, Hyuhh
A TEPE Won P R AR 25 5, Hoh A-SEA RS iR 6k R A, TH AR A-SE R A B B A T
A E A BRI, X ATRESE T A-FAIA S DNA AESRIVEE S/ . B4 R
5 DNA 10 A M, (HAA G R E T A DD R 160 5 DNA 455 10 sk B A
B R BOA AN bR 4N s s AL R B A A S IR AT T, A A1 AT A375 4
J A S HARE

A3 8 A 2 AR A A, Trp-213 7R85 AT KZS N, Trp-134 7R A 4> T-AO %
1. TSRS ) 57 B 5 6 2R A O A G, T2 i B M) 5 €0 20 1 S 2 75 DY R R T AR PRI
FIrp AR R IR S0 K R P77 B IR B A 5. IR 3 RSB0 Bs 0 Bl 0. (1) 8 6 )
P EFARBA A, UL R RRIRR ISR A AR (2) P65 A Ak Ui B & 0 B A5
AR RN A TAHEARE, PTRESEad O 2R B 0 b, DI o €0 2 i 3 3ok 7 8 T vk
BRI (3) BT ECA Y P 254, BB 3 2 55 2R - 15 0 R ) ML IR B - HE
B, S A LTS B A BRI A WEHAERTEERY. 5 DNA RIERISSHRTE, 4-miE HEHEA
AN R EER, FTTERL A Y S E A MER T, Arlae e o EE M E. S EAN 7
HERR L Ko /K VE FH T B 2 5 3 22 0 0 FH O 5K, B Ol LA FH 3 3 06 1% 55 DNA A 174 3 2 Iy
gﬁl[lgj.
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Synthesis and in vitro Anticancer Activities of Chiral Ruthenium
Complexes and Interaction of the complex with
Bovine Serum Albumin

LIU Ya-Nan', YANG Fang', MEI Wen-Jie'?, LIU Jie'" , ZHENG Wen-Jie'"
(1. Department of Chemistry, Jinan University, Guangzhou 510632, China;
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Abstract Chiral ruthenium( II ) complexes A-[ Ru(bpy), (pyip) ]>* and A-[ Ru(bpy), (pyip) 1** were
synthesized and characterized in detail by elemental analysis, 'H NMR, electrospray ionization mass spectrom-
etry (ESI-MS) and circular dichroism( CD). The in vitro anticancer activities of the ruthenium( II ) complexes
were screened by MTT assay. The results show that A-[ Ru(bpy), (pyip) ]°* exhibited higher cytotoxic effects
against human cancer cells. The quenching mechanism of the fluorescence of bovine serum albumin( BSA) by
chiral ruthenium( II ) complexes was investigated by fluorescence spectroscopy under simulative physiological
conditions. The binding constant K and the number of binding sites were determined according to Scatchard
equation and the main binding force was discussed via thermodynamic equations. The experimental results
show that the quenching mechanism of chiral ruthenium( Il ) complexes to bovine serum albumin was static
quenching. The binding constants K were 1. 16 x 10°, 5. 12 x 10*, 3. 64 x 10* L » mol " with one binding
site, respectively. The binding force is electrostatic interaction. Chiral ruthenium complexes have nearly no
effect on the serum protein conformation.
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