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Synthesis, Crystal Structure, DNA Interaction and Antitumor Activity of Nickel(ID
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Abstract: A nickel complex, [Ni(QCMT),]Cl,-2CH;0H - 1.5H,0 (QCMT=quinoline-2-carboxaldehyde-N*-methyl-
thiosemicarbazone), has been synthesized and characterized. The complex crystallized in a tirclinic system with
space group P, a=1.000 2(2) nm, b=1.093 9(2) nm, ¢=1.583 6(3) nm, @=93.99(3)°, B=105.25(3)°, y=108.46(3)°.
Nickel(Il) ion is situated in a distorted octahedral geometry. Interaction of the nickel(Il) complex with calf thymus
DNA was investigated by electronic absorption spectra, circular dichroism (CD) spectra and fluorescence spectra.
The results suggest that nickel(I) complex binds to DNA through a electrostatic binding mode. The in vitro
cytotoxicity have been tested against the human breast adenocarcinoma cell line MCF-7, human ovarian
carcinoma cell line SKOV-3 and cisplatin-resistant cell line A-549/CDDP. The nickel () complex is more
cytotoxic than cisplatin against MCF-7 cell line and shows higher growth inhibitory rates against MCF-7 and
SKOV-3 cell lines than the corresponding thiosemicarbazone ligand alone. CCDC: 974828.
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WE Rk -2-HH i 4- SR R IR I H A R, D
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BE(EB), =5 H BE 2 L FH BE (Tris) W A Sigma , NS
H Sigma-Aldrich 22 ] , BC-A 90 FUBEA T W H] 25 85 1
K TE ) B — 2 Vi BE BV, AE T T =20 CUKAR 2%
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(MTT) W H Sigma 2 ], 4 M 15 5% fr H 0 85 55 5
RPMI 1640 DMEM MEM & fitt 4= L7 FBS W T 3%
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Nicolet 9 AVATR-360 %4 % ; JC % 4 B A% & 1l
Elementra ) Varion EL TIT 45 ; 2¢ 66152 9 [H
Thermo 2~ Al B Aminco Bowman Series 2 #+5 ; 45 4
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h G IS, FR R 2k 20 d, 153
LD SRR, 3R 73.6%, TCER T CoHasNg
NiS,CL,Oss BT AH (%).C 44.01,H 4.94,N 15.80;
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f a2z b)), 2 BlC sk T BC A 0 O RS AR
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H4 [Ni(QCMT),|CL, - 2CH;0H - 1.5H,0 i W 5 CT-
DNA # ¥ (0.1 mmol -L™"), 4351 A r=0.0,0.2,0.4,0.6
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FHEGEFE R 10 nm-min™, FHiCZBE R 0.1 nm,
T 2R A R 3 WS -S4 MH, FBR 22 b s W 1Y)
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143 POiE

I pH A 7.2 145 mmol - L™ Tris-HCl/50 mmol -
L' NaCl Z¢ s W BE il 50 mol - L' [Ni(QCMT),|CL, -
2CH;0H - 1.5H,0 %W , SR J5 43 5P F e B 4 i e & 9
W22 M2 10 wmol - L™ EB A1 0.1 mmol - L™
CT-DNA MRS W D, TERERFMT , 20 510 E
YOMARE GG IPOEEIE (A B K R 530 nm, &
S 600 nm),

1.5 &SN ARSEEME

FL I AN (MCF-7) 55 5% T8 10%(V/V) AR TR
Jib 4 IV B9 DMEM K5 5% B v X BRS040
(SKOV-3) 535 T & 10%(V/V) $4K G G 4 13 1)

RPMI 1640 35 7% 5Erb ;AR /IS 40 B fii s 40 A i 245 A
(A-549/CDDP)}5 7% T & 10%(V/V) K6 b 28 1 i
1) RPMI 1640 35 5% 5 b Jf HAE o0 AL AR o
—EWREE (2 mol - LY WIEAZE AT 3, 4l 7E 37
°C .7 5% CO,.95%% T A 1009 A5 X5 W 5 1 5%
S

DGR by BHAAE T BEC SR T MITT 35 460 0 TS &5 4
[Ni(QCMT),]Cl,-2CH;0H - 1.5H,0 & BCAR QCMT A
[7i) 24 J31) k9 240 BeL bR P A A0 B2 05 PR 10 mm 28K}
B IR LS T2 40 i 2 6 B0 K 0, SRR IR S 4 i | 1)
96 FL 3% 7 M i FL I Hh B2 b 5 A A R 20 7
FEW 100 wL, T 37 CHEFRAE i s 95 il 1 7 oy
T BE B8 RN B A AN [R) e B o B T 5 ) R AR 1Y
R 100w, B~ 40 3R 5 AN IRk B 1 A6 S W 1
FH 48 h J5 BFLIMA 20 wL &% MTT (5 mg-mL™)f
PBS W, B EEAE 3 DML AT . RS
A MTT B PBS 28 0P (20 pl.,5 g- L), R
4 hE, W IR EmALP R R, &5 A DMSO
(HPLC 251)200 wL #% 5 35 7% A i Y B8, A 78 43
fif, BRI 570 nm K19 OD fE, 5256 #i1H]
PR 200 Jf Ak % B0 R 0 [m] B 75016 %5 B2 (OD)YE
I 20 i =2 1) E e 1 O 2% TBC 6 0 0T 200 i 496 5 410
RO R R 1 2 A

I (%)=(0D 4m—=0D am)/(OD 4m—0D s 1)
x100%

x1 BREYHREFZHIE
Table 1 Crystallographic date of the title complex

Empirical formula CasH3sNsNiS,ClL055 Absorption coefficient / mm™ 0.97

Formula weight 709.35 F(000) 738

T/K 293 Crystal size / mm 0.2x0.2x0.2

Crystal system Triclinic 6 range for data collection / (°) 2.21 to 26.00

Space group Pl Limiting indices -10=sh=<12,-B3<k<13,-19<[<19
a/ nm 1.000 2(2) Reflection collected / unique 11532 /6070 (R;,,=0.061 6)
b/ nm 1.093 9(2) Absorption correction Semi-empirical from equivalents
¢/ nm 1.583 6(3) Refinement method Full-matrix least-squares on F?
al (%) 93.99(3) Data / restraints / parameters 6070 /2 /369

B/(°) 105.25(3) Goodness-of-fit on F 0.957

v/ (°) 108.46(3) Final R indices [I>20(])|" R=0.066 5, wR,=0.167 5

V / nm? 1.563(5) R indices (all data ) R=0.104 5, wR»,=0.196 9

D,/ (g-cm™) 1.507 Largest diff. Peak and hole / (e -nm™) 904 and -778

A 2

Ri= SUFI-EW S F); wR = S w(F2=F2Y w(F2?
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R 2 DA T N() NG 2 DR T S(1).5(2)
AL F 2R F T8, QCMT FL AR Wi 31 2 A~ AU 7
N(2) N(6) 5 #5 2 A # b T, ol 3 P 1 b
BN (1)-Ni (1)-S (2) (158.80 (12)°) #1 N (5)-Ni (1)-
S (1)(156.30(11)°) ¥1/hT 1800, Hp# #/\1f & 44
U BEARAE 5 W] B A b b 9 R A N(2)-Ni(1)-N(6)
(169.89(17)°)te i 25 180° , 2= I >+ ity i1y /\ Ti 4 4
B2 A QCMT BefARHS 2 =15 B i I 5 3 A B
TRIWN(Z,E, 2B 50 LA Ni BUE & 4
SR IR BL A 1) NNS F RIS 2 4> QCMT Bk
Ry HIEE AR I, € (12) S TRIECAR A B e
S()JE WS A B 1T C(24) 5 HH R Be A4 L i i I 1
S2)HE BT A B B AR C(23)-N(4)-C(24)(122.7(5)°)

/NF C(11)-N(8)-C(12)(123.7(5)°) . FL A1 i) 2 A~
B NP, i 2 BR TR LA R

Thermal ellipsoids are drawn at 30% probability level; Solvent

molecules and Hydrogen atoms are omitted for clarity

K1 [Ni(QCMT),]Cl,- 2CH,0H - 1.5H,0 945 12514 141
Fig.1  Molecular structure of [Ni(QCMT),]|Cl,-2CH;0H -
1.5H,0

% 2 [Ni(QCMT),ICl,-2CH;0H-1.5H,0 M EZ# K mm)FE f(°)
Table 2 Selected bond lengths (nm) and bond angles (°) for [Ni(QCMT),]CL-2CH;OH-1.5H,O

Ni(1)-S(1) 0.244 87(19) Ni(1)-S(2)

Ni(1)-N(2) 0.203 4(4) Ni(1)-N(5)
S(1)-Ni(1)-8(2) 95.0(2) S(1)-Ni(1)-N(3)
N(6)-Ni(1)-N(2) 169.89(17) N(6)-Ni(1)-N(1)
N(6)-Ni(1)-N(5) 76.64(17) N(2)-Ni(1)-N(5)
N(6)-Ni(1)-S(2) 89.44(12) N(2)-Ni(1)-S(2)
N(5)-Ni(1)-S(2) 95.27(11) N(6)-Ni(1)-S(1)
N(1)-Ni(1)-S(1) 90.84(12) N(5)-Ni(1)-S(1)
C(23)-N(4)-C(24) 122.7(5) C(11)-N(@8)-C(12)

0.239 13(15) Ni(1)-N(1) 0.215 9(4)

0.222 2(5) Ni(1)-N(6) 0.201 7(4)
81.76(18) S(1)-Ni(1)-N(4) 156.20(15)
111.57(16) N(2)-Ni(1)-N(1) 77.37(17)
109.32(17) N(1)-Ni(1)-N(5) 87.25(16)
81.96(13) N(1)-Ni(1)-S(2) 158.80(12)
82.16(13) N(2)-Ni(1)-S(1) 93.25(13)
156.30(12) S(2)-Ni(1)-8(1) 94.98(6)
123.7(5)

~~~~~~ C2 1110 o/

H3AL® s
i H";A i

Clt \q/‘,

¢

H4A

e

Symmetry code: ' x, —1+y, z

K2 [Ni(QCMT),|Cl,-2CH,0H - 1.5H,0 19 %05 25 44 [&]
Fig.2  Crystal packing of [Ni(QCMT),|Cl,-2CH;0H - 1.5H,0 with hydrogen bond in dashed lines
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Table 3 Hydrogen bonding lengths (nm) and bond angles (°) for [Ni(QCMT),]ClL,-2CH;OH-1.5H,0
D-H---A d(D-H) / nm d(H---A) / nm d(D--A) / nm £ D-H--A /(%)
N(3)-H(3A)--Cl(2) 0.086 0.230 0.311 5(5) 157
N(4)-H(4A)---CI(1) 0.086 0.243 0.313 5(5) 140
N(7)-H(7A)---CI(1) 0.086 0.237 0.316 6(5) 155
C(22)-H(22)---C1(2) 0.093 0.268 0.344 4(6) 139
C(10)=H(10)---CI(1) 0.093 0.249 0.334 9(8) 153

Symmetry code: ' x, —=1+y, z

Rk AR e SR T, SR AR OG0 B K 5
RS T8 3
22 BEEYWS DNA HEMERMHAR

AR S R L RO RS Bk R R
FERFSE T B A I [NI(QCMT),|CL, - 2CH;0H - 1.5H,0 5
DNA Z [ A EAEH
22,1 HFRBOLRE

[Ni(QCMT),|ClL,-2CH;OH - 1.5H,0 5 CT-DNA #
AR I BOEEmE 3 fR, BLAITE 305
nm &b (W IS 0 AT U5 g T FLAR QCMT 17— BRAT:
383 nm Fl 431 nm Ab iy W W% S L AR QCMT H
J 380 4 Ja 1) H Ar BRACE | 35K R L 48 A
i 4 T C A5 40 1) P I AT i v e B TE A )
VW CT-DNA ¥ B2 (1) 32 38 T 5 B A 90 B WA 5%
JEWT RS SS (WAL, TE 305 nm &b U R R
27.9% AR W I 0 35 K TE B AR Ak | BRI IZ & B L A
Py J2 3l o MO R 4 A 7 X5 DNA R AR A B AR
A, BHEELT, AU ATRS DNA 454

o
=

Absorbance
o
~

.°
S}

0.0

1 1 1
300 400 500 600
Wavelength / nm

3 [Ni(QCMT),]|Cl,-2CH,0H - 1.5H,0 7EA A CT-DNA
WEE TR A L I OGEE (B AT Sk SRR CT-DNA
TR 2R A B 1 AR A B
Fig.3 Electronic absorption spectra of [Ni(QCMT),]|Cl,+
2CH;0H -1.5H,0 in the absence ( -+ ) and

presence (—) of increasing amounts of CT-DNA

A JE R W A i S R S 1 D £ 25 T —
JEMA R AR ZeRE AW S DNA A F
K, M 3.85x10° Lemol ™ {k T4 31 1y 4 A X7 EB
(45 6 %1 1.0x100 L-mol™ ™, BB | 5 2 B R A
R EB AL BC A5 DNA WA BAE A8
222 B {aif

W AN [6) #& BE I9 [Ni (QCMT),]CL, - 2CH,0H - 1.5H,0
B CT-DNA ¥ b I &2 2 CD JGis 221k
SO 4 Fron WA A 0T W B g
245 nm &b 1) B WSO B AT — i R R AIG , e A
AR A YT LUE DNA A9 XSUIZIE 45 K A5 SO B
L SO HE ;275 nm Ab IE IR0 i) 5 5 AR AL AR T
55, LA AR AL UL A P AR A 51 R
DNA BRFEEHER ML, B A9 F1 DNA A9 AH B4R
A AT RE S AR R

8

S

Ellipticity / mdeg
[==}

|
IS

-8 1 1 1 L
220 240 260 280 300 320
Wavelength / nm

4  CT-DNA FEAN[A) e & P vk B R 1 [ — €5 33% 5]
(1 H 7 2k F R BE A P [INI(QCMT),]CL,- 2CH,0H -
1.5H,0 W& JIE 32 W 48 I iy 728 £k e 34

Fig4 CD spectra of 0.1 mmol-L™" CT-DNA in the

absence (--+) and presence (—) of increasing

amounts of [Ni(QCMT),|Cl,-2CH;0H-1.5H,0
223 PO
HE— 2 i SOOI L R T A5 DNA
Z A AR E AR ] AR TR 555 EB 43 F REf% 5 £
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AW AN, 2GR B W s, EE R 42 M
JBECA Y BHE 75 DNA 9B IR 42 38 2o i b
KA BEA P vk B2 38wl 1 A 1 7 P
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Fluorescence intensity / a.u.
f=J
f=)}

&
)

el
=

1 1 1 1
550 600 650 700 750 800
Wavelength / nm

K15 CT-DNA-EB A & 754 [F] Be 5 9 e B2 R i 96
T &1 (] 7 Sk 2R B A M1 [Ni(QCMT),]Cl, -
2CH;0H - 1.5H,0 ¥ & 32 i 18 R b 11 28 i 341

Fig.5 Fluorescence emission spectra of CT-DNA-EB
system in the absence (--) and presence (—) of
increasing amounts of [Ni(QCMT),|Cl,-2CH;0H -
1.5H,0

[l cisplatin

BT R R | RURE 22 18] B HE SR VR 55 L E
MR DNA KA P15 EB #Ff e,
23 EEYHEIMBREEENE

A SCIE A MTT %02 T BG4 [Ni(QCMT),
Cl,-2CH;OH - 1.5H,0 5 QCMT X AL it g6 24 Jfd
F MCF-7, ADPSEEAMFR SKOV-3 M AR/l
il 982 RS U561 240 i 2R A-549/CDDP (1 14 &1 41 Jifd 8 116
P, I RUBAAVE A BEPEXT R 25 R 6 Fn A 7
fios, IWE 6 ol LLE i, A YNi(QCMT),|CL, -
2CH,0H - 1.5H,0 Xt MCF-7 41 i3 % 9 A= 7= 3 il 2%
Em g, plan, MR 2 wmol - L B %
Ni(IDECL A 20 3061 28 36.7%, T LA F) 410 1 224X
H 14.8%; WEEIN 10 wmol - L™ B Ni(IDECL & 4 119
P12k 48.29% , i LA (40 1 24 29.6% 5 R 3
950 wmol <L~ B Ni (I BC & 4 59 40 6l 2 35 3
98.8% , T T4 FY 41 1) 52Ny 81.6% ., X SKOV-3 4l
L AR BRI BE (2~5 ol - L) B Ni(IDEE &
P A0 R T, YR E 2D 8 KR i
B TE PR BT s T Ni(DFEC S %, X T A549/
CDDP 4}l 5 R 16, 78 B AR BE (2~5 ol - LB It
B A & T Ni(DBC G, fE 8w W FE I — %
NG PE A AR Y

ME 7 ATLLE S, B A YN (QCMT),|CL, -
2CH;OH - 1.5H,0 X 4 i & MCF-7 1 SKOV-3 19 £
KA 22 B B m T ECR QCMT,, 1 76 AH [ k&
B, Ni(DBC &9 5 HACAR QCMT X 41l &= MCF-7
A4 ) 3 28 i T AN R SKOV-3, 78 52 56k Ji 3 [l
W (2~50 pmol - LY, Ni(I) AL & ¥ XJ 40 il & A549/
CDDP F 06 Z 47 5 T FCAK QCMT,

[l [Ni(QCMT),]Cl,-2CH,0H"1.5H,0

Inhibition /%

2, 5 100 20 30 50 2 -

A-549CDDP

20 30 50 2, 3 10 20 30 50

Concentration / (umol-L)
K6 HEAPINI(QCMT),CL - 2CH;0H - 1.5H,0 1441 4 i 25 7% 14 &I (LA FE BH A X BR)
Fig.6  Cytotoxic activity of [Ni(QCMT),]Cl,-2CH;0H - 1.5H,0 with cisplatin as a positive control
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DNA 1 B.AE I Kb b Jag 76 PEF 52 1777

[C] ecmr
100

B (Ni(QCMT),]CL-2CH,0H1.5H,0

Inhibition / %

5

A-549/CDDP

20 30 50

Concentration / (umol L)
K7 A PINI(QCMT),|CLy- 2CH,0H - 1.5H,0 FIEL AR QCMT 44 S 24 it 75 1 1 141
Fig.7  Cytotoxic activities of [Ni(QCMT),|Cl,-2CH;0H - 1.5H,0 and ligand QCMT

3 & it

AR SCHRE 1 — Fof e -2 FY B - V- P 2 45 2 R A
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