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Abstract. – OBJECTIVE: This study aims to 
investigate the CT-DNA (Calf thymus DNA) bind-
ing properties and HeLa cell viabilities of metal 
complexes derived from (E)-2-hydroxy-N’-((thio-
phen-2-yl)methylene)benzohydrazone (H2L1) and 
(E)-N’-((thiophen-2-yl)methylene)isonicotinylhy-
drazone (HL2).

MATERIALS AND METHODS: A series of 
metal complexes derived from (E)-2-hydroxy-
N’-((thiophen-2-yl)methylene)benzohydrazone 
(H2L1) and (E)-N’-((thiophen-2-yl)methylene)ison-
icotinylhydrazonewere (HL2) were synthesized, 
and their structures were characterized through 
FT-IR, ESI-MS, elemental analysis, molar con-
ductivities and X-ray diffraction. DNA binding 
properties between CT-DNA and metal com-
plexes were investigated by UV-Vis spectropho-
tometry and viscosity titration. The toxicologi-
cal properties of compounds on HeLa cell were 
measured in vitro.

RESULTS: Ligand H2L1 or HL2 exhibits a tri-
dentate and anion ligand and uses oxygen an-
ion, nitrogen atom and sulfur atom to coordinate 
with metal ions. When coordinated with metal 
ions, the unit O=C–NH– of each ligand has been 
enolized and deprotonated into –O–C=N–. The 
suggested chemical formulas of metal complex-
es are: [Co(HL1)2], [Ni(HL1)2], [Cu(HL1)2], [Co(L2)2], 
[Cu(L2)2], [Zn(L2)2], [ScL2(NO3)2(H2O)2], [Pr(L2)2(-
NO3)] and [Dy(L2)2(NO3)]. Both ligands and their 
metal complexes can bind strongly to CT-DNA 
through hydrogen bond and intercalation with Kb 
of 104~105 L mol−1 compared to ethidium bromide 
[classical DNA intercalator, Kb(EB–DNA) = 3.068 × 104 
L mol–1]; however, the groove pattern cannot be 
excluded. The coexistence of multiple binding 
modes may be a common form of drug binding 
to DNA. HeLa cell shows lower viabilities in the 

presence of [Ni(HL1)2] and [Cu(HL1)2] (*p < 0.05) 
compared to the other compounds, with the LC50 
of 2.6 μmol L–1 and 2.2 μmol L–1, respectively.

CONCLUSIONS: These compounds, espe-
cially [Ni(HL1)2] and [Cu(HL1)2], will be promis-
ing for anti-tumor drugs, which should be fur-
ther studied.

Key Words:
Metal complex, DNA binding property, DNA bind-

ing mode, Intercalation, Cell viability.

Introduction

The heterocyclic compounds containing sulfur 
are the most promising substances in drug devel-
opment today. Benzothiophene derivatives have 
been used for anti-allergy, analgesia, anti-inflam-
matory, ocular hypotension and osteoporosis re-
lated to postmenopausal women1-5. Isoniazid is 
one of first-line anti-tuberculosis drugs common-
ly used in clinic. However, due to the long course 
of treatment, patients may have drug resistance 
because of the interruption of treatment. After 
isoniazid resistance, the re-sensitization rate of 
88.5% could be achieved after 36 weeks of drug 
withdrawal. The occurrence of drug resistance is 
also related to the gene mutation of Mycobacte-
rium tuberculosis (MTB)6,7. The oxazolidinone 
drug linezolid is mainly used for severe infections 
caused by multidrug-resistant Gram-positive bac-
teria. However, emerging linezolid resistance is 
aggravating difficulties in the treatment of certain 
infectious diseases. OptrA discovered is a gene 
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encoding oxazolidinone resistance, which exists 
in both plasmids and chromosomes, but most-
ly plasmids. The emergence of the novel plas-
mid-borne ABC transporter gene optrA expanded 
the understanding of the mechanism of linezolid 
resistance8. Liu and Zhao9 found that miR-217 
can silence the expression of CUL4B, inhibit the 
activation of Wnt/β-catenin signaling pathway, 
enhance the cisplatin sensitivity and reverse drug 
resistance, inhibit cell invasion and migration, 
and promote cell apoptosis. The enhancement 
of multidrug resistance (MDR) encourages re-
searchers to look for new metal complexes as 
new antibacterial agents10. Lanthanide complexes 
have been studied as inhibitors and cytotoxic 
agents in photodynamic therapy, radiotherapy, 
drug delivery, biosensors, bioimaging, anti-tu-
mor and antithrombotic agents11-13. Additionally, 
hydrazide compounds have been found to have 
high reaction performance and wide application. 
They have many coordination atoms, such as 
oxygen and nitrogen, which can then react and 
coordinate with metal ions to form metal chelates 
with stable and special structures14. Moreover, 
compounds derived from Schiff base have also 
shown good antitumor activities against animal 
tumors15,16. On the other hand, many chemicals 
play an anti-tumor role by combining with DNA, 
and its effectiveness depends on the way of com-
bination and affinity17-19. Many metal chelates are 
used as mediators and chemotherapeutic agents 
for double stranded DNA fragmentation, and as 
probes for DNA structure in solution20-22.

Previously, complexes prepared from (E)-2-
hydroxy-N’-((thiophen-2-yl)methylene)benzohy-
drazone and La3+, Sm3+, Eu3+, Dy3+ ions presented 
better antibacterial and antifungal activities in 
vitro8. Complexes prepared from (E)-2-hydroxy-
N’-((thiophen-2-yl)methylene)benzohydrazone 

and Zn2+, Cu2+, Ni2+, Co2+ ions also presented anti-
microbial activities23. In this research, a series of 
metal complexes derived from (E)-2-hydroxy-N’-
((thiophen-2-yl)methylene)benzohydrazone and 
(E)-N’-((thiophen-2-yl)methylene)isonicotinylhy-
drazone were synthesized, then the CT-DNA 
interacting properties and HeLa cell viabilities 
were studied.

Materials and Methods

Materials
Both of Calf thymus DNA and Ethidium bro-

mide (EB) were purchased from Sigma-Aldrich 
Biotech. Co., Ltd. (Sigma-Aldrich, St. Louis, MO, 
USA), and they were dissolved individually in 
buffer solution of 5 mmol L−1 Tris-HCl containing 
50 mmol L−1 NaCl with pH 7.20. The concentra-
tion of CT-DNA in terms of nucleotide–1 and base 
pair L–1 was determined as literature24, and the 
concentration of EB was also determined as liter-
ature25. 2-Thiophenecarbaldehyde was purchased 
from J&K Scientific Chemical Reagent Compa-
ny. Both ligands and complexes were dissolved 
individually in dimethyl sulfoxide (DMSO) for 
further investigation. 

Methods
Both ligands (E)-2-hydroxy-N’-((thiophen-2-

yl)methylene)benzohydrazone (H2L
1) and (E)-

N’-((thiophen-2-yl)methylene)isonicotinylhydra-
zone (HL2) were synthesized on two steps re-
ferring to the literatures8,23, as shown in Figure 
1, respectively. The metal complexes were pre-
pared through refluxing equimolar amounts of 
Cu(NO3)2·6H2O, Ni(NO3)2·6H2O, Co(NO3)2·6H2O 
and H2L

1 (0.2 mmol, 0.049 g) in a 30 ml of meth-
anol solution, respectively. After refluxing for 30 

A B

Figure 1. The synthetic routes of ligands H2L
1 (A) and HL2 (B).
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minutes, 2-3 drops of triethylamine were added 
to the reaction system. After 8 hours, the mixture 
was centrifugated and washed with methanol, 
and then dried in vacuum for 48 hours, besides 
the precipitate of Sc3+ complex was gained by 
vapor diffusion. The metal complexes derived 
from HL2 and Co(NO3)2·6H2O, Cu(NO3)2·6H2O, 
Zn(NO3)2·6H2O, Sc(NO3)3·6H2O, Pr(NO3)3·6H2O 
and Dy(NO3)3·6H2O were prepared as the same 
procedures for H2L

1, where the amount of HL2 
was taken as 0.2 mmol (0.046 g). 

The FT-IR spectra (Nicolet Nexus 670), ESI-
MS (ESI-Trap/Mass, Bruker Esquire 6000), 
X-ray diffraction (Bruker APEX area-detector 
diffractometer), elemental analyses and molar 
conductance were used to characterize the struc-
tures of the investigated compounds.

The viscosity titration experiment24-26 and UV-
Vis titration spectra (Specord 50, Analytik Jena, 
Jena, Germany) were used to determine the in-
teraction modes and abilities between the inves-
tigated compounds and CT-DNA. The binding 
constant (Kb) was calculated as the following 
equation27,28:

                                 (1)

[DNA] represents molar concentration of CT-
DNA in base pair; εa, εf and εb correspond to the 
observed extinction coefficient, extinction rate of 
free compound, and extinction efficiency when 
the compound is completely combined with CT-
DNA.

UV-Vis spectra were also used to study the 
replacement of EB by present compound in 
DNA-EB system. 112 μl DNA of 1.0 μmol L−1 
(nucleotides) were added into a 2.5 ml of 10.0 
μmol L−1 solution of EB to obtain a DNA-EB 
system (CDNA:CEB = 4.5:1), where DNA and EB 
interacted and reached to saturation29. Then 
to the above system, 25 μl present compound 
solution of 1.0 mmol L−1 were added each time 
till 250 μl. The time interval of each addition 
of investigated compound into CT-DNA sys-
tem was controlled within 5 minutes, both in 
viscosity titration and UV-Vis titration exper-
iments.

The cell compatibility of materials was con-
firmed by using Hela cells. Hela cells were seeded 
in 96-well plate (1×104 cells per well) beforehand. 
After 24 h incubation, cells were washed by PBS. 
Fresh cell culture medium contained different 

concentrations of materials (0, 0.4, 0.6, 0.8, 1, 
2, 4, 6, 8, 10, 20, 40 and 60 μmol L−1). After a 
24-hours incubation, 100 μl fresh culture medium 
containing 10% CCK-8 was added. The absor-
bance that represented the cell viability was mea-
sured by a microplate reader at the wavelength of 
450 nm30. 

Statistical Analysis 
Each experiment of cell viability assay was 

conducted three times in parallel, and the relative 
data were expressed as the mean ± standard error 
of the mean. Additionally, the statistical signifi-
cance difference was shown as *p < 0.05, **p < 
0.01, and ***p < 0.001. The cell viability ratio of 
HeLa vs. concentration of compound was calcu-
lated as the following equation:

	 As
The cell viability ratio = ––––

	 Ab	 (2)

As and Ab represent the absorbance measured 
by a microplate reader at the wavelength of 450 
nm in the presence and in the absence of samples 
investigated, respectively.

LC50 (half lethal concentration) was calculated 
by fitting mathematical formula with scatter plot 
of cell viability ratio of HeLa at 0.50 vs. concen-
tration of compound.

Results

Syntheses of Ligands H2L
1 and HL2 and

Their Metal Complexes 
The basic data of compounds including chem-

ical formula, yield, melting point, color, ESI-MS 
(m/z+), IR (KBr) and Λm (DMSO) were listed as 
below:

H2L
1: C12H10N2O2S. Yield: 64.5%. M.p. = 246°C. 

Pale yellow. ESI-MS (m/z+): 247.1128 [M+H]+ (di-
methyl sulfoxide, DMSO). IR (KBr): 3441, 3223, 
1676, 1593, 1526, 845 cm–1. Λm (DMSO) = 3.7 
cm2 Ohm–1 mol–1.

HL2: C11H9N3O2S. Yield: 52.5%. M.p. = 234°C. 
Pale yellow. ESI-MS (m/z+): 232.1129 [M+H]+ 
(DMSO). IR (KBr): 3207, 1678, 1576, 1510, 849 
cm–1. Λm (DMSO) = 1.7 cm2 Ohm–1 mol–1.

[Co(HL1)2]: Yield: 66.4%. Brown. M.p. ≥ 
300°C. Anal. calcd. for C24H18CoN4O4S2. C 
52.46, H 3.30, Co 10.73, N 10.20, O 11.65, S 
11.67; found: C 52.55, H 3.22, Co 10.80, N 10.36, 
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O 11.71, S 11.56. ESI-MS (m/z+): 549.1126 [M]+ 
(DMSO). IR (KBr): 3447, 1622, 1558, 1508, 756, 
579, 534, 457, 438 cm–1. Λm (DMSO) = 5.7 cm2 
Ohm–1 mol–1.

[Ni(HL1)2]: Yield: 65.2%. Orange. M.p. ≥ 
300°C. Anal. calcd. for C24H18NiN4O4S2. C 52.48, 
H 3.30, N 10.20, Ni 10.69, O 11.65, S 11.67, found: 
C 52.40, H 3.21, N 10.37, Ni 10.76, O 11.51, S 
11.52. ESI-MS (m/z+): 549.0938 [M]+ (DMSO). IR 
(KBr): 3420, 1622, 1582, 1516, 752, 534, 478, 419 
cm–1. Λm (DMSO) = 10.5 cm2 Ohm–1 mol–1.

[Cu(HL1)2]: Yield: 63.4%. Green. M.p. ≥ 300°C. 
Anal. calcd. for C24H18CuN4O4S2. C 52.02, H 
3.27, Cu 11.47, N 10.11, O 11.55, S 11.57; found: 
C 52.13, H 3.15, Cu 11.40, N 10.06, O 11.49, S 
11.70. ESI-MS (m/z+): 554.0100 [M]+ (DMSO). IR 
(KBr): 3447, 1622, 1587, 1508, 785, 536, 474, 420 
cm–1. Λm (DMSO) = 12.0 cm2 Ohm–1 mol–1.

[Co(L2)2]: Yield: 62.8%. Brown. M.p. ≥ 300°C. 
Anal. calcd. for C22H16CoN6O2S2. C 50.87, H 
3.10, Co 11.35, N 16.18, O 6.16, S 12.34; found: C 
50.77, H 3.19, Co 11.28, N 16.27, O 6.05, S 12.21. 
ESI-MS (m/z+): 519.1040 [M]+ (DMSO). IR (KBr): 
1589, 1514, 775, 575, 519, 442, 419 cm–1. Λm 
(DMSO) = 20.0 cm2 Ohm–1 mol–1.

[Cu(L2)2]: Yield: 63.2%. Green. M.p. ≥ 300°C. 
Anal. calcd. for C22H16CuN6O2S2. C 52.42, H 
3.08, Cu 12.13, N 16.04, O 6.11, S 12.23; found: C 
52.33, H 3.17, Cu 12.25, N 16.11, O 6.27, S 12.35. 
ESI-MS (m/z+): 524.1052 [M]+ (DMSO). IR (KBr): 
1568, 1501, 781, 569, 519, 457, 419 cm–1. Λm 
(DMSO) = 13.0 cm2 Ohm–1 mol–1.

[Zn(L2)2]: Yield: 66.4%. Yellow. M.p. ≥ 300°C. 
Anal. calcd. for C22H16ZnN6O2S2. C 50.24, H 
3.07, N 15.98, O 6.08, S 12.19, Zn 12.43; found: C 
50.15, H 3.16, N 15.84, O 6.11, S 12.26, Zn 12.35. 
ESI-MS (m/z+): 396.4267 [M+H]+ (DMSO). IR 

(KBr): 1616, 1568, 1506, 777, 555, 474 cm–1. Λm 
(DMSO) = 15.0 cm2 Ohm–1 mol–1.

[ScL2(NO3)2(H2O)2]: Yield: 48.1%. Yellow. 
M.p. ≥ 300°C. Anal. calcd. for C11H12N5O9SSc. 
C 30.35, H 2.78, N 16.09, O 33.08, S 7.37, Sc 
10.33; found: C 30.48, H 2.87, N 16.13, O 33.21, S 
7.40, Sc 10.20. ESI-MS (m/z+): 437.2804 [M+H]+ 
(DMSO). IR (KBr): 3234, 1589, 1514, 1242, 1045, 
941ρr, 775, 656ρw, 579, 530, 467 cm–1. Λm (DM-
SO) = 6.8 cm2 Ohm–1 mol–1.

[Pr(L2)2(NO3)]: Yield: 59.1%. Yellow. M.p. ≥ 
300°C. Anal. calcd. for C25H16N7O5PrS2. C 45.26, 
H 2.43, N 14.78, O 12.06, S 9.66, Pr 21.24; found: 
C 45.10, H 2.34, N 14.82, O 12.11, S 9.78, Pr 21.30. 
ESI-MS (m/z+): 685.4227 [M+Na]+ (DMSO). IR 
(KBr): 1589, 1516, 1242, 1057, 771, 559, 536, 474, 
446 cm–1. Λm (DMSO) = 6.8 cm2 Ohm–1 mol–1.

[Dy(L2)2(NO3)]: Yield: 57.1%. Pale yellow. M.p. 
≥ 300°C. Anal. calcd. for C25H16DyN7O5S2. C 
38.57, H 2.35, N 14.31, O 11.68, S 9.36, Dy 23.72; 
found: C 38.42, H 2.26, N 14.44, O 11.55, S 9.48, 
Dy 23.60. ESI-MS (m/z+): 685.4200 [M]+ (DMSO). 
IR (KBr): 1583, 1524, 1238, 1055, 773, 608, 473, 
419 cm–1. Λm (DMSO) = 22.6 cm2 Ohm–1 mol–1.

Viscosity Titration Experiment
The effects of viscosity (η/ηo)

1/3 vs. Ccompound/
CDNA (bps) are shown in Figure 2, where the concen-
tration of CT-DNA is 50 µmol L−1 as base pairs. 

UV-Vis Titration Experiment
The UV-Vis overlapped spectra of HL2 and its 

complex [Co(L2)2] with successive addition of CT-
DNA (4.0-40.0 μmol L–1) are shown in Figure 3.

The UV-Vis overlapped spectra of EB+D-
NA+HL2 (a) and EB+DNA+[Co(HL2)2] (b) are 
shown in Figure 4. 

Figure 2. The effects of viscosity (η/ηo)
1/3 vs. Ccompound/CDNA (bps). The concentration of CT-DNA was 50 µmol L−1 as base pairs. 

A, Ligand H2L
1 and its complexes and CT-DNA systems. B, ligand HL2 and its complexes and CT-DNA systems.

A B
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Cell Viability Assay
The cell viability and cell viability ratio (100% 

control) of HeLa cells vs. concentration of ligand 
H2L

1 and its complexes [Ni(HL1)2] and [Cu(HL1)2] 
in vitro are listed in Table I (all the statistical 
significance *p < 0.05; other data are not listed), 
and the plot of cell viability ratios (100% control) 
of HeLa cells vs. concentration of ligands (a) and 
their complexes (b) are shown in Figure 5. 

Discussion

Characteristics of Ligands H2L
1 and 

HL2 and Their Metal Complexes
Both of the ligands H2L

1 and HL2 are pale 
yellow and stable in air, and the melting points 
are 246°C and 234°C, respectively. FT-IR spectra 
(KBr; νmax, cm−1) of H2L

2 show bands of 3,441 
s, 3,223, 1,676, 1,593, 1,526 and 845, belonging 
to ν (OH), ν (NH), ν (C=O), ν (C=N), ν (C=N, 

enolic) and ν (C–S), respectively. On the other 
hand, FT-IR spectra (KBr; νmax, cm−1) of HL2 
show bands of 3,207, 1,678w, 1,576, 1,510 and 
849, belonging to ν (NH), ν (C=O), ν (C=N, pyr-
idine), ν (C=N, enolic) and ν (C–S), respectively. 
The pale-yellow transparent crystal of ligand HL2 
was gained by vapor diffusion for 3 days. X-ray 
structural calculation was carried out through 
the programs SHELXS-97 and SHELXL-9731. 
X-ray crystal structure of HL2 shows its crystal 
system and space group are monoclinic Cc, as 
listed in Table II. The supporting material for 
crystal structure of HL2 has been deposited with 
the CCDC No. 2169641. The comparison of mea-
sured bond length of ligand HL2 with normal 
bond length is listed in Table III. The measured 
bond length of C–N [1.337(4) Å] of unit HO–
C=NH– is shorter than the normal C-N (1.47-1.50 
Å) and squared with C=N (conjugate), and C–O 
[1.218(4) Å] shortens but still maintains the nor-
mal characteristics of (C···)C=O (1.19-1.23 Å)32. 

Figure 3. The UV-Vis overlapped spectra of ligand HL2 (A) and its complex [Co(HL2)2] (B) with successive addition of CT-
DNA (4.0-40.0 μmol L–1), respectively.

A B

Figure 4. The UV-Vis overlapped spectra of EB+DNA+HL2 system (A) and EB+DNA+[Co(HL2)2] system (B), respectively.

A B
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This indicates that the unit O=C–NH– has eno-
lized partly into the unit of HO–C=N–, resulting 
in a larger conjugate system of HL2. 

All of the complexes derived from ligand H2L
1 

are stable, soluble in DMSO, non-electrolytes33 
with molar conductivities of 5.7-12.0 cm2 Ohm–1 
mol–1, and their melting points exceed 300°C. 
Carefully compared with the FI-IR spectra of 
ligand H2L

1, the broad and strong bands of phe-
nolic OH (3,420-3,447 cm−1) for all the present 
complexes indicate they are not involved in co-
ordination. The bands of N–H of 3,223 cm−1 
disappear, and new bands of 1,622 cm−1 and 
1,516-1,508 cm−1 appear, indicating that the unit 

O=C–NH– has enolized and deprotonated into 
the unit of –O–C=N–, and O– and N of –O–C=N– 
involves in coordination. Additionally, the new 
bands of 785-752 cm−1, 579-534 cm−1 and 478-419 
cm−1 show further formations of M–S, M–O and 
M–N bonds, respectively. Combined with mo-
lar conductivities, elemental analysis, FT-IR and 
ESI-MS (m/z+), it suggests that H2L

1 exhibits a tri-
dentate and anion ligand and uses oxygen anion, 
nitrogen atom and sulfur atom to coordinate with 
metal ions of Cu2+, Ni2+ and Co2+. Their suggested 
chemical structures are presented in Figure 6a, 
which is almost consistent with the structures 
reported in the literature23.

Table I. Data of cell viability (100% control) of HeLa cells vs. concentration of ligand H2L
1 and its complexes [Ni(HL1)

2] and 
[Cu(HL1)2].

		                                H2L
1		                          [Ni(HL1)2]		                  [Cu(HL1)2]

			   Cell viability		  Cell viability		  Cell viability
	C (µmol L-1)	 Cell viability	 ratio	 Cell viability	 ratio	 Cell viability	 ratio

  0	 0.7387 ± 0.1114	 1.00	 1.3521 ± 0.0282	 1.00	 1.4819 ± 0.1712	 1.00
  0.4	 –	 –	 1.2597 ± 0.1095	 0.9317	 1.4424 ± 0.1964	 0.9733
  0.6	 –	 –	 1.2204 ± 0.0228	 0.9026	 1.3255 ± 0.0983	 0.8945
  0.8	 –	 –	 1.1530 ± 0.1018	 0.8527	 1.0050 ± 0.2150	 0.6782
  1.0	 –	 –	 0.8548 ± 0.1156	 0.6322	 0.7394 ± 0.0783	 0.4990
  2.0	 –	 –	 0.6056 ± 0.0979	 0.4479	 0.8210 ± 0.2462	 0.5540
  4.0	 0.4393 ± 0.0425	 0.5947	 0.3200 ± 0.0355	 0.2367	 0.5152 ± 0.1037	 0.3477
  6.0	 0.5971 ± 0.0461	 0.8083	 0.2979 ± 0.1151	 0.2203	 0.2493 ± 0.0172	 0.1682
  8.0	 0.7278 ± 0.0954	 0.9852	 0.2840 ± 0.0648	 0.2100	 0.3947 ± 0.1102	 0.2663
10.0	 0.6305 ± 0.0825	 0.8535	 –		  –	
20.0	 0.6699 ± 0.0808	 0.9069	 –		  –	
40.0	 0.6525 ± 0.0278	 0.8833	 –		  –	
60.0	 0.3638 ± 0.0189	 0.4925	 –		  –	
p	 0.012		  0.00004		  0.002	

The standard errors for cell viability ratio that are not listed are as the same as those for cell viability. 

Figure 5. The cell viability ratio (100% control) of HeLa vs. concentration of ligands (A) and their complexes (B).

A B
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Similarly, carefully compared with the FI-IR 
spectra of ligand HL2, the bands of N–H of 3,207 
cm−1 disappear, and new bands of 1,616 cm−1 and 
1,524-1,501 cm−1 appears, indicating the enolized 
and deprotonated –O–C=N– involves in coordi-
nation. Additionally, the new bands of 781-771 
cm−1, 608-519 cm−1 and 474-419 cm−1 also show 

further the formations of S–M, O–M and N–M 
bonds, respectively. Moreover, for complexes of 
rare earth metal ions, new bands of 1,242-1,238 
cm−1 and 1,057-1,045 cm−1 are due to the asym-
metric and symmetric stretches of coordinated 
nitrate group, respectively34,35. Furthemore, for 
Sc3+ complex, the bands of 941 cm−1 and 656 cm−1 
are due to stretches of ρr and ρw of coordinated 
H2O molecules, respectively36,37. Combined with 
the data of molar conductivities, elemental anal-
ysis, FT-IR and ESI-MS (m/z+), it suggests that 
HL2 also exhibits a tridentate and anion ligand 
and uses oxygen anion, nitrogen atom and sulfur 
atom to coordinate with metal ions. The suggest-
ed chemical structures of Co2+, Cu2+ and Zn2+ 
complexes derived from HL2 are presented in 
Figure 6b, the suggested chemical structures of 
Sc3+ complex derived from HL2 are presented in 
Figure 6c, and the suggested chemical structures 
of Pr3+ and Dy3+complexes derived from HL2 are 
presented in Figure 6d.

DNA Binding Properties
In case of lack of crystal structure data, hy-

drodynamic measurement is considered to be the 
most unambiguous and critical standard for bind-
ing modes of DNA and compound in solution, 
because viscosity is related to the length L3 of 
rod-like DNA25,38. With the increasing of the Ccom-

pound/CDNA (bps), the relative viscosities of CT-DNA 
increase persistently, as shown in Figure 2 (the 
effect resulted from solvent was not corrected). 
This indicates that intercalation exists between 
the present compound and CT-DNA helix, in 
which the intercalating agent causes unwinding 
and extension of CT-DNA, and thus improves 
relative viscosity of CT-DNA26,39,40.

As listed in Table IV, UV-Vis spectra of 
ligand H2L

1 presents two bands of 270 nm (ε 
= 0.7757×104 L mol–1 cm–1) and 324 nm (ε = 
1.926×104 L mol–1 cm–1), while UV-Vis spec-
tra of its metal complexes presents two bands 
of 254-262 nm (ε = 1.324-1.780×104 L mol–1 
cm–1) and 356-370 nm (ε = 0.6825-1.379×104 L 

Table II. Crystal structure refinement of ligand HL2.

	 Compound	 HL2

Chemical formula	 C11H9N3OS
Formula weight	 231.27
T (K)	 298(2)
Wavelength (Å)	 0.71073
Radiation	 Mo Kα
Crystal system	 Monoclinic
Space group	 Cc
a (Å)	 10.0143(13)
b (Å)	 13.6167(14)
c (Å)	 8.5459(11)
α (°)	 90.000
β (°)	 111.668(4)
γ (°)	 90.000
V (Å3)	 1083.0(2)
Z	 4
Dc (g cm–3)	 1.418
μ (mm–1)	 0.279
F (000)	 480
Crystal size (mm)	 0.45×0.28×0.24
θmin/max (°)	 2.65–25.02
Index ranges	 –11 ≤ h ≤ 11, –16 ≤ k ≤ 16,
	  –9 ≤ l ≤ 10
Reflections collected/ unique	 2,535/1,435 
	 [R(int) = 0.0393]
Completeness to theta = 25.02	 99.3%
Absorption correction	 Semi-empirical from
	  equivalents
Max. and min. transmission	 0.9361 and 0.8847
Refinement method	 Full-matrix least-squares
	  on F2

Data/restraints / parameters	 1,435/2/146
Goodness-of-fit on F2	 1.071
Final R indices [I > 2σ (I)]	 R1 = 0.0385, wR2 = 0.0797
R indices (all data)	 R1 = 0.0527, wR2 = 0.0842
Absolute structure parameter	 0.06(11)
Extinction coefficient	 0.0020(10)
ρmin/max (e Å–3)	 0.191 and –0.173

Table III. Comparison of the measured bond length of ligand HL2 with the normal one.

	 Measured bond length (Å)		 Normal bond length (Å)32

	 C1–O1	 1.218 (4)	 C–O	 1.30-1.39
		  (C···)C=O	 1.19-1.23
	 C1–N1	 1.337 (4)	 C–N	 1.47-1.50
	 C7–N2	 1.263 (5)	 C = N (conjugate)	 1.34-1.38
	 N1–N2	 1.385 (4)	 N = N	 1.22-1.30
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mol–1 cm–1), which are due to π-π* transition 
and charge transfer of L→Mn+, respectively36,37. 
With successive addition of CT-DNA (4.0-40.0 
μmol L–1), the UV-Vis band of 270 nm of ligand 
H2L

1 show successive hyperchromicities with 
the hyperchromicity rate of 124.9% and 14 nm 
blue shifts, while the band of 322 nm show a 
hyperchromicity first (exceeding the absorption 
value of the H2L

1 itself) and then successive hy-
pochromicities with the hypochromicity rate of 
9.73% and no shift. With successive addition of 
CT-DNA (4.0-40.0 μmol L–1), the UV-Vis band 
of 254 nm of complex [Co(HL1)2] show succes-
sive hyperchromicities with the hyperchromici-
ty rate of 23.93% and 5 nm red shifts, while the 
band of 363 nm show successive hypochromici-
ties with the hypochromicity rate of 46.15% and 
no shift; the UV-Vis band of 254 nm of complex 
[Ni(HL1)2] show successive hyperchromicities 
with the hyperchromicity rate of 59.71% and 
5 nm red shifts, while the band of 356 nm 
show successive hypochromicities with the hy-
pochromicity rate of 27.64% and 8 nm blue 
shifts; the UV-Vis band of 262 nm of complex 
[Cu(HL1)2] show a successive hyperchromicity 
with the hyperchromicity rate of 68.42% and 2 
nm blue shifts, while the band of λmax at 370 nm 
of [Cu(HL1)2] show a hypochromicity first and 

then successive hyperchromicities – exceeding 
the absorption value of the [Cu(HL1)2] itself – 
with the hyperchromicity rate of 68.42% and 
no shift.

As shown in Figure 3, there are two UV-Vis 
bands of 273 nm (ε = 1.048×104 L mol–1 cm–1) and 
324 nm (ε = 2.004×104 L mol–1 cm–1) for HL2, and 
there are two bands of 256-283 nm (ε = 0.6627-
1.114×104 L mol–1 cm–1) and 321-366 nm (ε = 
0.5373-2.004×104 L mol–1 cm–1) for its metal com-
plexes, which are also due to π-π* transition and 
charge transfer of L→Mn+, respectively36,37. With 
successive addition of CT-DNA (4.0-40.0 μmol 
L–1), the UV-Vis band of 273 nm of HL2 show 
successive hyperchromicities with the hyper-
chromicity rate of 75.76% and 9 nm blue shifts, 
while the band of 324 nm show a hyperchromic-
ity first (exceeding the absorption value of the 
HL2 itself), and then successive hypochromici-
ties with the hypochromicity rate of 6.54% and 
no shift. With successive addition of CT-DNA 
(4.0-40.0 μmol L–1), all of the UV-Vis bands of 
256-283 nm of complexes show successive hy-
perchromicities with the hyperchromicity rate of 
77.90-167.4% and 2-25 nm blue shifts; while the 
bands of 366 nm and 349 nm of both complexes 
[Co(HL2)2] and [Cu(HL2)2] show successive hy-
pochromicities, with the hypochromicity rate of 

B

D

A

C

Figure 6. Suggested chemical structures of complexes derived from H2L1 and HL2. A, M = Cu2+, Ni2+ and Co2+; B, M = 
Co2+, Cu2+ and Zn2+; C, Sc3+ complex; D, M = Pr3+ and Dy3+.
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26.63% and 24.75% and no shifts, respectively. 
The bands of 321 nm of [Zn(HL2)2] show suc-
cessive hyperchromicities with the hyperchro-
micity rate of 10.62% and no shift; the band of 
324 nm of [ScL2(NO3)2(H2O)2] show successive 
hypochromicities with the hypochromicity rate 
of 5.09% and no shift; the bands of 322 nm of 
both complexes [Pr(L2)2(NO3)] and [Dy(L2)2(-
NO3)] show a successive hyperchromicities first 
and then successive hypochromicities with the 
hyperchromicity rate of 3.12% and 6.00% and no 
shift, respectively.

Many metal complexes have absorption bands, 
and their interaction modes can be judged ac-
cording to the changes of UV-Vis absorption 
bands before and after their interaction with 
DNA41. For the characteristic absorption bands 
of molecules, such as metal complexes, if the 
molecule has insertion with DNA, the position 
of absorption peak of electron absorption spec-
trum of molecule will shift red, and the intensity 
will decrease42. The reason for this phenomenon 
is that the insertion ligand and DNA base pair 
can produce π electron accumulation, and π* 

Table IV. The UV-vis spectra values, hypochromicity or hyperchromicity and shifts of λmax, Kb for investigated compounds 
in the presence of CT-DNA.

Compound

π–π* conjugated aromatic ring π–π* C=N–N=C and (L→Mn+)

Kb (×104, L 
mol–1) (R2)

λmax
(ε×104 
L mol–1 
cm–1)

Hypochromicity or 
hyperchromicity

(λmax shifts)

λmax
(ε×104 L 

mol–1 cm–1)

Hypochromicity or  
hyperchromicity

(λmax shifts)

H2L
1 270 

(0.7757)
124.9%
(hyperchromicity, 14 
nm blue)

322 (1.926) 9.73% (hypochromicity, no 
shift) (hyperchromicity first 
and then hypochromicity)

17.60±7.57 
(0.7720)

[Co(HL1)2] 254 (1.650) 23.93%
(hyperchromicity, 5 
nm red)

363 (1.379) 46.15% (hypochromicity,  
no shift)

3.277±0.40 
(0.9747)

[Ni(HL1)2] 254 (1.324) 59.71%
(hyperchromicity, 5 
nm red)

356 (1.335) 27.64% (hypochromicity, 8 
nm blue)

51.25±4.03 
(0.8470)

[Cu(HL1)2] 262 (1.780) 68.42%
(hyperchromicity, 2 
nm blue)

370 (0.6825) 68.42% (hyperchromicity, no 
shift) (hypochromicity first 
and then hyperchromicity)

21.31±6.42 
(0.8972)

HL2 273 (1.048) 75.76%
(hyperchromicity, 9 
nm blue)

324 (2.004) 6.54% (hypochromicity, no 
shift) (hyperchromicity, over, 
hypochromicity, no shift)

17.22±5.89 
(0.9549)

[Co(L2)2] 283 (1.114) 77.90%
(hyperchromicity, 25 
nm blue)

366 (1.003) 26.63% (hypochromicity,  
no shift)

7.680±0.40 
(0.9792)

[Cu(L2)2] 256 
(0.6641)

167.4%
(hyperchromicity, 14 
nm blue)

349 (0.5373) 24.75% (hypochromicity,  
no shift)

67.95±4.03 
(0.8668)

[Zn(L2)2] 269 
(0.8854)

104.9%
(hyperchromicity, 17 
nm blue)

321 (1.940) 10.62% (hyperchromicity, 
no shift)

4.231±0.49  
(0.6051)

[ScL2(NO3)2(H2O)2] 263 (1.035) 94.66%
(hyperchromicity, 2 
nm blue)

324 (2.232) 5.09% (hypochromicity, no 
shift)

31.51±4.95 
(0.8017)

[Pr(L2)2(NO3)] 267 
(0.6627)

173.3%
(hyperchromicity, 9 
nm blue)

322 (1.556) 3.12% (hyperchromicity,  
no shift) (hyperchromicity, 
hypochromicity)

35.21±4.03 
(0.7780)

[Dy(L2)2(NO3)] 268 
(0.6749)

154.5%
(hyperchromicity, 7 
nm blue)

322 (1.443) 6.00% (hyperchromicity, no 
shift) (hyperchromicity,  
hypochromicity)

36.55±4.03 
(0.9664)
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empty orbit of acting ligand is coupled with 
π electron orbit of bases, which reduces the 
energy level, resulting in energy reduction of 
π-π* transition and achromatic effect, red shifts. 
Studies41 have shown that the bonding between 
small molecules and DNA often induces many 
biological effects. When heterocyclic complexes 
interact with DNA, planar aromatic ligands are 
partially embedded between adjacent base pairs 
of DNA. This insertion is an important mode 
of binding between drug molecules and DNA, 
and metal inserters are very useful probes for 
this mode of binding41. Some metal insertion 
agents are selected by shape, such as Δ-[Rh(DP-
B)2phi]3+ (phi = phenanthrene-quinone diimide), 
while some rely on hydrogen bond and van der 
Waals force to act on the large groove region of 
DNA, and most complexes derived from rho-
dium with amine ligands belong to this kind. 
A series of derivatives with guanidine groups 
based on Rh(phen)2phi3+ are also a kind of met-
al intercalators with high selectivity and good 
binding because they have both shape selection, 
hydrogen bond and van der Waals force43. If 
complex has electrostatic or grooving inter-
action mode with DNA, its UV-Vis band will 
not have a red shift (or a small and negligible 
red shift), and the hypochromicity effect is not 
obvious42. Zhou et al44 studied the interaction of 
complex Co(bpy)3

3+-6-MP with DNA and found 
that the UV-vis absorption of complex decreases 
but there is no red shift, due to electrostatic in-
teraction. Liu et al45 found after combined with 
DNA in a groove pattern, the UV-Vis absorption 
of [Cu4(dmapox)2(SCN)4(CH3CH2OH)2]n·2nCH-
3CH2OH also reduced without red shift. Senthil 
Kumar and Arunachalam46 studied the interac-
tion between cis-[Co(bpy)2(BPEI)Cl]Cl2·4H2O 
and CT-DNA, and found that, with the addition 
of DNA, UV-Vis absorption of complex showed 
an obvious hyperchromicity effect, and inferred 
that there was a hydrogen bond between them. 
The interaction mode between compound and 
CT-DNA will also change with the change of 
conditions. Zhang et al47 synthesized and char-
acterized [Cu2(DL-ASP)(phen)3]SO4·4H2O, and 
studied the interaction mode. When complex 
begins to interact with DNA, UV-Vis absorption 
decreases significantly and red shifts. How-
ever, in case of gradual increase of DNA con-
centration, UV-Vis absorption of the complex 
begins to increase after the UV-Vis absorption 
is reduced to a certain extent, and the UV-Vis 
absorption enhancement is much greater than 

the original UV-Vis absorption of the complex. 
It shows that, when the DNA concentration is 
low, the complex and DNA are mainly inserted, 
but when the DNA concentration is high, there is 
a hydrogen bond between them, so that UV-Vis 
absorption of complex shows a phenomenon of 
first subtraction and then enhancement.

EB+DNA+compound system (EB as classical 
intercalative agent) has been introduced to fur-
ther elucidate the interaction pattern between 
compounds and DNA. As shown in Figure 4, the 
classical DNA intercalator EB (10.0 μmol L−1) 
shows a UV-Vis band of 285 nm. After DNA 
(45.0 μmol L−1) is added, the EB+DNA system 
shows a UV-Vis band of λmax at 263 nm with 22 
nm blue shifts, which indicates that EB is in a 
more hydrophobic environment after inserting 
base pairs of DNA. Upon successive addition of 
HL2 (4.0-40.0 μmol L–1) to this EB+DNA system, 
the UV-Vis band of 271 nm and band of 322 
nm shows successive hyperchromicities, which is 
slightly different from the UV-Vis bands of HL2 
itself of 273 nm and 324 nm, indicating that EB 
is partly replaced by HL2 from EB-DNA system. 
Similarly, upon successive addition of [Co(HL2)2] 
(4.0-40.0 μmol L–1) to the EB+DNA system, 
the UV-Vis band of 282 nm and band of 356 
nm shows successive hyperchromicities, which 
is also slight different from the UV-Vis bands of 
[Co(HL2)2] itself of 283 nm and 366 nm, indi-
cating that EB is partly replaced by [Co(HL2)2] 
from EB-DNA system, too. Combined with the 
viscosity analysis results, it infers that all the li-
gands and complexes can interact with CT-DNA 
mainly by hydrogen bond and insertion; however, 
the groove pattern may not be excluded. 

The binding constants (Kb = 3.277-67.95 × 104 
L mol–1) of CT-DNA and the investigated com-
pounds calculated are listed in Table IV. In com-
parison with EB interacting with DNA (Kb (EB–DNA) 
= 3.068 × 104 L mol–1) at the same experimental 
conditions29,48, all the ligands and their complexes 
show strongly interacting abilities with DNA. 
However, complexes [Co(HL1)2], [Co(HL2)2] and 
[Zn(HL2)2] show little weaker binding abilities 
than their ligands, while the other complexes 
show stronger binding abilities than their ligands. 
Especially, complex [Cu(HL2)2] show stronger 
binding ability than the others. Generally, the 
rare-earth metal complexes show strongly inter-
acting abilities with DNA. However, the present 
complexes show weaker or equivalent interact-
ing abilities with DNA than complexes derived 
from 8-hydroxyquinoline-2-carboxaldehyde-hy-
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drazone (Kb = 1.422-285.3 × 105 L mol–1)29,30,49-59, 
8-hydroxyquinoline-7-carboxaldehyde-hydrazone 
(Kb = 2.938-26.13 × 105 L mol–1)48,60, 3-carbal-
dehyde-chromone-isonicotinyl-hydrazone, 1-phe-
nyl-3-methyl-4-formyl-2-pyrazolin-5-one (PMF-
P)-isonicotinyl-hydrazone and PMFP-4-amino-
phenazone (Kb = 2.44-7.6 × 105 L mol–1)61-63.

[Ni(HL1)2] or [Cu(HL1)2] Assay

As shown in Table I (*p < 0.05) and Figure 5, 
HeLa cell shows lower viabilities in the presence 
of [Ni(HL1)2] or [Cu(HL1)2] compared to both 
ligands and the other complexes, that is, both of 
[Ni(HL1)2] and [Cu(HL1)2] present higher viabil-
ity inhibitions for HeLa cells. By fitting mathe-
matical formula with scatter plot of cell viability 
ratio vs. molar concentration of compound, the 
relationship between cell viability ratio (y) and 
molar concentration (x) presents an exponential 
function of y = 0.8844e–0.219x (R2 = 0.8734) for 
[Ni(HL1)2] and y = 0.9363e–0.279x (R2 = 0.9253) for 
[Cu(HL1)2], then the values of LC50 (half lethal 
concentration) calculated according to the rela-
tionship are 2.6 μmol L–1 and 2.2 μmol L–1 for 
[Ni(HL1)2] and [Cu(HL1)2], respectively.

Conclusions

A series of metal complexes derived from (E)-
2-hydroxy-N’-((thiophen-2-yl)methylene)benzo-
hydrazone and (E)-N’-((thiophen-2-yl)methylene)
isonicotinylhydrazone were synthesized and the 
structures were characterized. Ligands and their 
metal complexes could interact strongly with 
CT-DNA through the main modes of hydrogen 
bond and intercalation with the binding constants 
at 104-105 L mol−1 compared to EB; however, 
the groove pattern would not be excluded. The 
coexistence of multiple binding modes may be 
a common form of drug binding to DNA. More-
over, [Ni(HL1)2] and [Cu(HL1)2] presented higher 
abilities than the ligand binding to DNA, and 
[Cu(L2)2], [ScL2(NO3)2(H2O)2], [Pr(L2)2(NO3)] and 
[Dy(L2)2(NO3)] showed higher abilities than the 
ligand. Furthermore, HeLa showed lower viabil-
ities in the present of [Ni(HL1)2] and [Cu(HL1)2] 
(*p < 0.05), compared to the ligands and other 
compounds, with the LC50 at the concentration 
of 2.6 μmol L–1 and 2.2 μmol L–1, respectively. 
These compounds would be promising for drugs 
in the clinical treatment of cancer, which should 
be further studied.
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