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DNA Interaction and Antitumor Activity of A Copper(ll) Complex
Containing Sparfloxacin and Triazine Derivatives

Liu, Qiyan Cai, Daihong Qi, Yongyu Le, Xueyi*
(Department of Applied Chemistry, South China Agricultural University, Guangzhou 510642)

Abstract DNA is an important target for antitumor drugs, hence investigation of the interaction between drug molecules
and DNA can help to design targeted DNA antitumor drugs. New ternary copper(Il) complex [Cu(Sf)(PyTA)(H,0)]*ClO4®
3.5H,0 [Sf=sparfloxacin, S5-amino-1-cyclopropyl-7-(cis-3,5-dimethyl-1-piperazinyl)-6,8-difluoro-1,4-dihydro-4-oxoquino-
line-3-carboxylic acid, PyTA=2,4-diamino-6-(2'-pyridyl)-1,3,5-triazine] was synthesized and characterized by elemental
analyses, molar conductivity measurement and various spectroscopic techniques such as infrared, ultraviolet-visible, and
electrospray ionization mass spectra. The interaction of the complex with DNA was investigated using electronic absorption
spectroscopy, KI fluorescence quench, viscosity measurement and molecular docking techniques. It was found that the com-
plex could bind to DNA through an intercalation mode being related with the quinoline ring of ligand Sf, and the correspond-
ing binding constant K, is 1.23 X 10* L/mol. Moreover, the antitumor activity of the complex was evaluated using the MTT
[3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide] method, revealing that the complex displayed favorable
cytotoxic effects [[Cso=(57.0%£1.6)~(77.6 = 1.4) umol/L] toward cancer cells (A549, Bel-7402 and Eca-109) and less toxic
towards normal cells (3T3). Most importantly, the cytotoxic mechanism of the complex towards Eca-109 cells was explored
by single cell gel electrophoresis assay, Hoechst 33342 staining, Annexin V-FITC/PI double dye flow cytometry, measure-
ment of mitochondrial membrane potential change, detection of intracellular cytochrome C and Ca®>* levels, and test of cell
cycle arrest. Single cell gel electrophoresis assay (comet assays) demonstrated that the complex could damage DNA and
cause apoptosis. Double staining analysis showed that the complex could induce apoptosis in Eca-109 cells. Cell cycle arrest
studies revealed the cell growth arrest at S and G2/M phases. The complex also could induce a reduction in the mitochondrial
membrane potential and release of the cytochrome C, and increase the intracellular Ca®" level. The results demonstrated that
the complex could induce apoptosis in Eca-109 cells through DNA-binding mitochondrial dysfunctional pathways, which
was accompanied by the cell growth arrest at S and G2/M phases and damage of DNA.
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Figure 1 Possible molecular structure of the complex
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Figure 2 Electronic absorption spectra of the complex (40 pumol/L)
upon addition of CT-DNA in 5 mmol/L Tris-HCI buffer at room temper-
ature ([DNA]X 10°=0.8, 1.6, 2.4, 3.2, 4.0, 4.8 mol/L)

The arrow shows the absorbance changes upon increasing the DNA con-
centration. Inset: linear plot for the calculation of the intrinsic DNA bind-
ing constant (K)
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Figure 3 Quenching effects of KI to the complex in the presence and

absence of CT DNA at room temperature ([Complex]=2 umol/L; [DNA]
=12 umol/L; [KI]=2, 4, 6, 8, 10, 12 pmol/L)
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Figure 4 Effect of increasing amounts of the complex and EB on the
relative viscosity of CT-DNA at (29£0.1) C ([DNA]=200 pmol/L;
[Complex]/[DNA]=0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30)
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Figure 5 The molecular docked model of the complex with DNA (PDB
ID: 454D)
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Table 1 ICs values of the ligands and complex toward the tested cell
lines (mean value = standard error)

Cytotoxicity (ICs, pmoleL ")

HEY)

Eca-109 Bel-7402 A549 3T3
St 199.5+0.7 >200 >200 >200
PyTA >200 >200 >200 >200
Complex  57.0+1.6 73.31+0.8 77614 149.6+1.2
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Figure 6 Comet assay of EB-stained Eca-109 cells in the control (a) and
treated by 15 and 30 umol/L of the complex (b, ¢) after 24 h incubation
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Figure 7 Change of the morphology of Eca-109 cells after incubation
with 15 and 30 umol/L of the complex (b and c) for 24 h was determined
by Hoechst 33342 staining method
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Figure 8 Apoptosis rates of Eca-109 in the control (a) and treated with
30 pmol/L complex (b) for 24 h at 37 ‘C were detected by Annexin
V-FITC/PI double staining
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Figure 9 The mitochondrial membrane potentials of Eca-109 cells
exposed to ccep (positive control, a) and 6.25 and 12.5 umol/L of the
complex (b and c¢) for 24 h were determined with JC-1 as fluorescence
probe staining method
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Figure 10 Release of cyt-C was examined after Eca-109 cells were
exposed to 30 umol/L complex for 24 h
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Figure 11 Intracellular Ca*'level was assayed after Eca-109 cells were
exposed to 30 pmol/L complex for 24 h
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Figure 13 Quantitative analysis of complex-induced apoptotic cell
death by flow cytometry

Eca-109 cells were treated with 30 pmol/L complex for 24 h
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BCHIBC S P02 pumol/L)AT complex-CT-DNA ¥
i (complex: 2 umol/L; DNA: 12 umol/L). 4 HI#H_Fik
PARA 3 mL FANERE SR, 78 308 nm R KT,
W5E 550~650 nm PTG 266, 25, 700
AR VRAE A St PR 0 KT 3982~ 12 mmol/L), f5H 785
LG I E 5 FE RS, LA A KRR EM LAY S
CT-DNA [1J1E F s
423 HENE

A8 FH 5 PR BE V1 8 WU RS BE. CT-DNA A
GHWEEN 200 umol/L, ZEHiiM AL & iEw, #HHS
CT-DNA WK JEZ I ELAE AN 0, 0.05, 0.10, 0.15, 0.20, 0.25 Al
0.30. B T1EIR/KAEIETE[(29.0£0.1) Cla, W& %l
MEABHME AU E RN, EENE 3 K. AR5, %
HRAT n=(t —to)/to VFERE SOV AR XS R B (10 R
TRILEE I ], £ 9 CT-DNA ¥ & complex-CT-DNA ¥
Wi 2 1)), IF LA (o) (e R IR A 0 i
CT-DNA ¥ [P ARG FE ) % [Complex ]/ [CT-DNAE K,
FAS HEC A% CT-DNA Y5 BORG FE F 5200 i 34
424 HFAFEFEAK

K F Gaussian 09 4K 1F R A (080 1E 25 FE V2 R BEAG
(DFT-D3)X BC AW G5 i AT T ARAk, RN I8 FH IS
WA T (CPCM) BRI T SO, AR Ak S5 1 2 7 )L
] &5 ¥ R0 7 i A P T e B0 T30 DNA
ZE R SCASRUET PDB %04 2 (PDB 1D: 454D), H401 %
HI8 d(5'-G-dTU-TGCAAC-3"), X7 %f Hak 4T 27K
A BT AR A SR R 7, 78 Autodock
42 EAEAT, DADNA BB A G SR S 1 HR O X 3,
¥ RARE 9 0.0375 nm, P K/NA 60X 60X 60, K H
2 1 fi7 T o 1t £% 57 7% (Lamarckian  Genetic  Algorithm,
LGA), IFEHECN 100, BLAEYE5 DNA Z A HIREEIL
Bk A 250 1 B e THE R T VR, A H0E
TEERARE. FH4E R Autodock 1.5.6 AT - ¥T
Fi2 H PyMol #4347 P ARAL AR 22,
4.3 ECEYARIMBhE M
431 etk

SEIG AT ANk AN A (AS49). A R4
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1 F F ®R

(Bel-7402) N £ Je 41 i (Eca-109) A1 /)N B £T 44 41 i
(3T3)34 i Ll K2 S5 B Ot
432 MTT &4 B b-Hxt bm febd 2 HEAE R

KA MTT LR &P AR e, X 50
(I4HH, ER B A 1 X 10° AN/mL G 4R 2 96 FLIR, T
37 CII5% CO 5 FRFH NS TR, FRAN BN BE K 22 80% MY,
FEEFEAEIRI, N 90 pL Bt 5% F2 AN 10 pL
Bt &P TR R FE ¥ B N: 200, 100, 50, 25, 12.5, 6.25 Fll
3.125 umol/L, FF/MKFEB 4 NEEFL). IEAWIEH 48
h 5, BOER LR A BT TR, I\ 90 pL TG & 55 77
F110 uL (1) MTT (5 mg/mL)¥AEW, 48557 4 h, 59745
WG, FE_EIEW, N 100 uL DMSO %k, EfERY
2 ¥R 10 min, BE 5 FBERFRACINER 490 nm ALY
FEAE. #% Eq. 2 FEHMRIMI R, FEoR b 40 ik B

(ICs0).
A0 BN 2R % = (1 — SZI6 4715 OD B/ B 41114
OD 1) X 100% (2

433 FomfRstiR wok LI

HUAE K B I g i LA FLZT 2 X107 AN Bz
T 12 RS TR, AR MO RE K B 80%, IIAAH R
FERC EP855% 24 h J5. W IHER IR, PBS Sl
Ve R MR IR AR Fr, BFLIIN 200 pL FREGH
1k JE BN B I TG I35 RPMI-1640 85775, IE# S
B, B, FE ETEWR, PBS SruE T 2 Ik,
YT B VR B S 2 X 10° AN /mL 4% FH.

FAIE & 65 S B B MR e el T3 i L E N — 2
J6E, K BRI 1% R B e B B I VR
Ja SRV TSR — 2 L, R BB B T UKF AR 10
min. ZRJEHIN 0.5% M s BRARBEBEAR, s aE b a3
Fr, [FRET 4 CEERE 10 min.

I HH ) % 103 088 5 B R, IRV TR PR 4 i 3
R, 4 "CELE 60 min, HUHFH/KIEBE3 X, BT HIK
FE b Yk 20 min (25 V, 300 mA). HL¥K 45 W5 FH o 2%
MBGEYE 3 Wk, R 10 min. ZRJ5H 200 uL ) EB(10
ug/mL)EE Y et 20 min, 5 H 2818 KIE e 15 min
Ja, SCRP AL, SRR s S EdEH ZEN
lite 2012 R AFREAT 73 H7.

4.3.4 Hoechst33342 3 .4 & x40 da f A =

O HCH HAOIRAS BRIP40 e T 12 FLIR,
FEFLZ 2x10° N HM, T 37 C RLE 5% CO, 557746 N
B, MpiiEEKE 80% Jo, ML AR
WEME A, FRESRACKINESWA). iKEY
YEM 24 h 5, BUEREFRIR, A IR, PBS J5UE 2
K, IO 1 mL AR e V(R ) © VK SER)=3
1], T4 CHlE 10 min 5, 7% @WK, PBSIEGE, FAL
PN\ 200 pL i) Hoechst 33342 Je{if, 37 CEJufh.
10 min J5 75 £ Qe 70 PBS 15 ¥k, T %62 ME N
R, SRR
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4.3.5 Annexin V-FITC/PI M % i XA 4 2L 8 =

B4 AAREFLZ) 6 X 10° AN R T 6 FLAR Y, 55
FAENMWE LR, IKE 80% 74 IR E )
BCAY), dkeliEaR 24 h 5, WERIAREFRME, PBS Z2iPil
JEVE, FEAL 200 pL (0 BREEH AL IS BN S & 10 TG 5
RPMI-1640 #5755, WEH 2 MM O, 201000
r/min, 6 min), PBS & ¥k, ®FLAK KM A 195 uL
1 X Annexin V-FITC 4543 5 pL Annexin V-FITC F1 10
uL PI AR, WRITIRZD. 37 CTIEFNEDLIE 15
min, FEERERNEF, EHEN, SRR &
56 %45 Fil BD FACSEalibur #4443 ] CytExpert #44
AT AT
43.6 LALLM A

B ABEFLZ) 2x10° AN R e 12 FLARH, 3%
FME LR, HEE 80%L A, MNPk L5
B.IAMER 24 h G, WIFIHREFRK, PBS iEME, 4L
BN 200 pL JC-1 BB [IC-1(200 X) : JC-1 buffer(5X) :
ddH,0=1 : 40 : 160, V/V], T 37 CT/EF R B F 20
min. eI PBS JEVEE, LRI TS IR A
BARGATRI A, RS E RO
43.7 fmie&E C A

BOW SO B A KOIRZS RAIF g, LAEfLL 2X10°
ANHBAERT T 12 UM 37 CFE IR 4G BE i 5
80% /A1, MIAMINIREMEL S E 24 h, 2554
BEA 300 uL [E 2T 4 CHRlEd®. H, F TBSTiE
Ve 2 Wk, FFLEINN 300 pL B3P, W IEEEAT .
60 min j5, A TBST i5¥% 3 X, 3L 15 min (82 r/min), 5%
—Po(—P0 L RIE PR =1 : 200, V/V) 4 T,
ZJaHIH TBST iETk 3 k(7R L), FiRECIE
ZH1 60 min J5, TBST iF¥E, FFLINA 200 uL (1] DAPI
Y, 37 CHEOLHEE 20 min. Y450 )5, PBS vk,
T IR S R 48 BRI E b, R
JE.
438 JRLA Ca’ REAM

B B0 HLAn e ft T 12 LR, F 37 Cigd it
. NG EEK 2 80% A5 A7, INAH NI B e &40,
L E 24 h JFEUH, PBS JEYE 2 Ik, BEFLINMA 200 pL
f Fluo-3Am %%¥ (Fluo-3Am : PBS=1 : 2000, V/V),
37 C#EEHFHE. 30 min J5, BEFLINA 500 pL ) PBS T
37 CH+E 30 min, 7% PBS J5&FLIIA 200 pL 1
Hoechst 33342 44(10 ug/mL), 37 ‘Ci# 44t 30 min,
PBS &V )5 b PR A I S R Gk SR AT E By
Br, &R
439 BRI

KH 6 FLARHEAT 4 A R AR, AEFLLT 4x10° N4
Hi, B5FRZ 80% oAy, MAMME YN E 24h. ZJ5
U R FR1R, PBS 16 ¥E, BALIIA 200 pL ) JREHHE AL 5
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¥ F R

it

WIS E LML RPMI-1640 5955, WesE 50
(1000 r/min, 6 min), PBS J&¥E/E A 800 uL 75%HI74 8
K, T4 CRlE, 5 hJas05 X9, HY% PBS &k,
FEIAA 200 L ) PT 4431 mg/mL PI, 200 uL; 10 mg/mL
RNaseA, 200 uL; Triton X-100, 10 uL; F PBS ¥ fi# i€
% 10 mL) 444 30 min J&, BIAT BNV, 4 S &kt
6. SEE¥E A BD FACSCalibur B4 3 Flowlo
X AT AT I3 M.
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