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Abstract

A new ligand, ethylenediiminobi(6-hydroxychromone-3-carbaldehyde) Schiff-base (L), was prepared by condensation of 6-hydroxy-3-
carbaldehyde chromone (CDC) with ethylenediamine. Its three rare earth complexes have been synthesized and characterized on the basis of
elemental analyses, molar conductivities, mass spectra, 'H NMR, thermogravimetry/differential thermal analysis (TG-DTA), UV-vis spectra,
fluorescence spectra and IR spectra. The general formula of the complexes is [LnL-(NO;3),]-NO;3 [Ln=Sm (1), Eu (2), La (3)]. Complexes 1, 2
and 3, and ligand L. were subjected to biological tests in vitro using HepG2 cancer cell lines. Ligand showed significant cytotoxic activity against
HepG2cancer cell lines. Spectrometric titration, ethidium bromide displacement experiments and viscosity measurements indicate that Sm(III) and
Eu(III) complexes strongly bind with calf thymus DNA, presumably via an intercalation mechanism. The intrinsic binding constants of complexes
1 and 2, and ligand with DNA were 9.28 x 10°, 8.40 x 10° and 4.88 x 10°M~! through fluorescence titration data, respectively.

© 2007 Published by Elsevier B.V.
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1. Introduction

The study on the interaction of small molecules, such as
metal, drugs, organic dyes with DNA is one of interest because
it is important in the design of new and more efficient drugs tar-
geted to DNA [1,2]. A variety of small molecules are bound by
electrostatic interaction with the exterior sugar—phosphate back-

Abbreviations: CT-DNA, calf thymus DNA; L, ethylenediiminobi(6-
hydroxychromone-3-carbaldehyde) Schiff-base; Tris, Tris(hydroxymethyl)-
aminomethane; NMR, nuclear magnetic resonance; EB, ethidium bromide;
CDC, 6-hydroxy-3-carboxaldehydes chromone; UV-vis, ultraviolet and visble;
TG-DTA, thermogravimetry/differential thermal analysis; DMF, N,N-dimethyl
formamide; SDS, CH3(CH;)110SO3Na; SOD, superoxide dismutaes; MTT,
3-(4,5-dimethyl-2-thiazoyl)-2,5-diphenyl-2H-tetrazolium bromide
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bone or by hydrophobic interaction along the minor groove of
DNA or by intercalative interaction between the stacked bases
pairs of native DNA from the major groove [2,3]. Among the
three modes, the most effective mode of the drugs targeted to
DNA is intercalating binding [4]. Thus, the research of interac-
tion of intercalating agent with DNA is vital. However, during
the past decade, the interaction of polypyridyl compounds and
their complexes with DNA has attracted much attention [5-9].
Many clinically successful anticancer drugs were themselves
either naturally occurring molecules or have been developed
from their synthetic analogs. Great interest is currently being
paid to natural products for their interesting anticancer activities.
Flavonoids are a broadly distributed class of naturally occur-
ring pigments present in vascular plants, and are responsible for
most of the colors in nature. These natural products are poten-
tially antibacterial, anticancer, antioxidant, anti-inflammatory,
and antiallergenic agents since they stimulate or inhibit a
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Fig. 1. Preparation route of the ligand.

wide variety of enzyme systems as pharmacological agents
[10-15].

Biological activity and also number of other applications
resulted in strongly increasing interest for lanthanides in the
last decade [16-20]. One of the most studied applications is
usage of the lanthanide/small molecule complexes to address
DNA/RNA by non-covalent binding and/or cleavage [21-24]. In
our research, we have found that the rare earth complexes of fla-
vane benzoyl hydrazone have certain antioxidant and cytotoxic
activity, and can bind to CT-DNA by intercalation [24-26].

As a part of our continuing research DNA binding model
of the flavone benzoyl hydrazone and its complexes, in this
paper, we synthesized a new ligand, ethylenediiminobi(6-
hydroxychromone-3-carbaldehyde) Schiff-base (Fig. 1), and its
rare earth complexes. We described a comparative study of the
interactions of Sm(III) and Eu(II) complexes, and ligand with
CT-DNA using UV-vis, fluorescence and viscosity measure-
ments for the first time. Information obtained from this study will
be helpful to the understanding of the mechanism of interactions
of chromone hydrazones and their complexes with nucleic acids,
and should be useful in the development of potential probes of
DNA structure and conformation and new therapeutic regents
for some diseases.

2. Experimental
2.1. Chemicals

Acetic anhydride, hydroquinone were produced in China.
The rare earth (III) nitrates were derived from their oxide
(99.9%) acquired from Nong Hua (PRC).

2.2. DNA sample

Calf thymus DNA (CT-DNA) was obtained from Sigma
Chemicals Co. (USA) and used as received. A stock solution of
CT-DNA was prepared and stored in 5 mM Tris—HCI buffer at
pH 7.1. The concentration of CT-DNA solutions was determined
spectrophotometrically using the reported molar absorptivity
of &50nm=1.31x 10*M~lcm™! [27] and the results were
expressed in terms of base-pair equivalents per cubic decime-
ter. A solution of CT-DNA (ca. 107> M in base pair, bp) in
Tris—HCI buffer gave a ratio of UV absorbance at 260 and

280 nm, Ase0/A280 > 1.9 [28], indicating that the CT-DNA was
sufficiently free from protein.

2.3. Instrumentation

Carbon, hydrogen, and nitrogen were analyzed on an Ele-
mental Vario EL analyzer. The metal contents of the complex
were determined by titration with EDTA. Infrared spectra
(4000-400 cm ') were determined with KBr disks on a Therrno
Mattson FTIR spectrometer. The UV—vis spectra were recorded
on a Varian Cary 100 Conc spectrophotometer. 'H NMR spectra
were measured on a Varian VR 300-MHz spectrometer, using
TMS as a reference in DMSO-dg. Mass spectra were performed
ona VG ZAB-HS (FAB) instrument and electrospray mass spec-
tra (ESI-MS) were recorded on a LQC system (Finngan MAT,
USA) using CH3OH as mobile phase. The fluorescence spectra
were recorded on a Hitachi RF-4500 spectrofluorophotometer.

2.4. Preparation of ligand (L)

CDC was prepared according to the literature methods
[29]. An ethanol solution containing ethylenediamine (0.06 g,
10 mmol) was added dropwise to another ethanol solution con-
taining CDC (1.90 g, 10 mmol). The mixture was stirred for 2h
at room temperature and a yellow precipitate was formed. The
precipitate was collected by filtration and washed with ethanol.
Recrystallization from 1:1 (v/v) DMF/H;0 gave the ligand (L),
which was dried in a vacuum. Yield: 90%. FAB-MS: m/z=405
[M +H]*. Anal. Calcd. (%) for CooH1N2Og: C, 65.50; H, 1.48;
N, 5.95. Found: C, 65.12; H, 1.32; N, 5.74. 'H NMR (DMSO-ds
300 MHz): § 10.04 (2H, s, OH), 9.15 (2H, s, CH=N), 7.20-6.77
(8H, m, PhH, 2, 5,7, 8-H), 3.47 (4H, s, -CH,CH,-). IR for lig-
and (cm™"): ve=o: 1649, ve=n: 1557, ve—o—c: 1295, von: 3421.
Umax (nm): 200, 223, 258, 325.

2.5. Preparation of complexes

The ligand (1.0mmol, 0.403g) and the Sm(III) nitrate
(1.0mmol, 0.4482 g) were added together in ethanol (10 mL).
The mixtures were stirred at 60 °C for 24 h. A white precipitated,
the Sm(IIT) complex, was separated from the solution by suction
filtration, purified by washing several times with ethanol, and
dried for 24 h in a vacuum. Eu(IIT) and La(III) complexes were



B.-d. Wang et al. / Journal of Photochemistry and Photobiology A: Chemistry 194 (2008) 49-58 51

prepared by the same way. Anal. Calcd. (%) for Sm(III) complex
C2H6N5015 Sm (%): C, 35.46 (35.65); H, 2.36 (2.16); N, 9.78
(9.45); Sm, 20.12 (20.13). A (Scm? mol~1): 101. IR (cm™'):
VC=0- 1643, VC=N- 1525, VCc-0-C- 1281, VOH- 3384, VNO;3 - 1487,
1395, 1325, 1068, 838. Upax (nm): 204, 251, 321. Thermal anal-
yses: Tpecomp. (°C): 342, 545. Residue Calcd. (%) 23.19 (23.55).
ESI-MS [CH30H, m/z]: 739.0 {[SmL-(NO3);]-NO3-H}~,
678.8 {SmL-(NO3);}-NO3-NO3~}*, 617 {SmL-(NO3),}
‘NO3-2NO3~-H}* and 308 {SmL-(N03)2}~NO3—2N03_}2+.
Anal. Caled. (%) for Eu(Ill) complex CyHigN5015 Eu
(%): C, 35.67 (35.58); H, 2.31 (2.16); N, 9.89 (9.43); Eu,
20.14 (20.48). Ay (Scm?mol™): 103. IR (cm™!): ve=o:
1644, ve=n: 1525, ve—o-c: 1282, von: 3383, vm—o: 578,
VNO;: 1483, 1395, 1325, 1065, 838. Umax (nm): 203, 251,
318. Thermal analyses: Tpecomp. (°C): 342, 545. Residue
Calcd. (%) 23.19 (23.55). ESI-MS [CH3OH, m/z]: 739.6
{[EuL-(NO3)7]-NO3-H}~, 678 {EuL-(NO3) }-NO3-NO3;~ }*,
619 {EuL-(NO3);}-NO3-2NO3 " -H}* and 308 {EuL-(NO3)
2}-NO3-2NO;~}?*. Anal. Caled. (%) for La(Ill) complex
C»HgN5015 La (%): C, 36.57 (36.41); H, 2.49 (2.19);
N, 9.06 (9.60); La, 20.14 (20.48). Ayn (Scm?mol~!): 102.
IR (em™'): ve—o: 1644, ve=n: 1525, ve_o—c: 1284, vou:
3383, vm-0: 578, vNo,: 1483, 1395, 1325, 1065, 838. Umax
(nm): 203, 251, 318. Thermal analyses: Tpecomp. (°C): 342,
545. Residue Caled. (%) 20.19 (19.06). 'H NMR (DMSO-
de¢ 300MHz): § 10.11 (2H, s, OH), 8.64 (2H, s, CH=N),
8.468 (2H, s, 2-H) 7.46-6.70 (6H, m, PhH, 5, 7, 8-H),
3.76 (4H, s, -CH,CH,-). ESI-MS [CH3OH, m/z]: 727.6
{[LaL-(NO3),]-NO3-H}~, 666 {LaL-(NO3)2}-NO3-NO3;~ }*,
613 {LaL-(NO3);}-NO3-2NO3~-H}* and 307 {LaL-(NOs3)
2}-NO3-2NO; ™} 7+,

2.6. An absorption titration

Absorption titration experiment was performed with fixed
concentrations of the drugs (10 wM) while gradually increasing
concentration of DNA. While measuring the absorption spectra,
an equal amount of DNA was added to both compound solution
and the reference solution to eliminate the absorbance of DNA
itself.

2.7. Fluorescence spectra

To compare quantitatively the affinity of the compound bound
to DNA, the intrinsic binding constants K}, of the two com-
pounds to DNA were obtained by the luminescence titration
method. Fixed amounts of compound were titrated with increas-
ing amounts of DNA, over a range of DNA concentrations from
0t020.0 wM. An excitation wavelength of 320 nm was used, and
total fluorescence emission intensity was monitored at 449 nm
for complexes and ligand. The concentration of the bound com-

pound was calculated using Eq. (1) [30]:
R I F
b =%t (Fmax — FO)

where C; is the total compound concentration; F' the observed
fluorescence emission intensity at given DNA concentration; F°

the intensity in the absence of DNA, and F™#* is the fluorescence
of the totally bound compound. Binding data were cast into the
form of a Scathchard plot [31] of #/Cy versus r, where r is the
binding ratio, Cp/[DNA]; and Ct is the free ligand concentration.
All experiments were conducted at 20 °C in a buffer containing
5 mM Tris—HCI (pH 7.1) and 50 mM NaCl concentrations.
Further support for complexes 1 and 2, and ligand binding
to DNA by intercalation mode is given through the emission
quenching experiment. EB is a common fluorescent probe for
DNA structure and has been employed in examinations of the
mode and process of metal complex binding to DNA [32]. A
2-mL solution of 10 uM DNA and 0.33 uM EB (at saturating
binding levels [33]) was titrated by 5-30 uM complexes 1 and
2, and ligand (Aex =500 nm, Aem =520.0-650.0 nm).
According to the classical Stern—Volmer equation [34]:
Fo
F
where F is the emission intensity in the absence of quencher,
F the emission intensity in the presence of quencher, K the
quenching constant, and [Q] is the quencher concentration. The
shape of Stern—Volmer plots can be used to characterize the
quenching as being predominantly dynamic or static. Plots of
Fo/F versus [Q] appear to be linear and K depends on temper-
ature.

= KglQ]+ 1

2.8. Viscosity measurements

Viscosity experiments were conducted on an Ubbdlodhe vis-
cometer, immersed in a thermostated water-bath maintained to
25.0°C. Titrations were performed for the complexes 1 and 2
(1-5 wM), and each compound was introduced into DNA solu-
tion (5 wM) present in the viscometer. Data were presented as
(ﬁ/r’]o)” 3 versus the ratio of the concentration of the compound
and DNA, where 7 is the viscosity of DNA in the presence of
compound and ) is the viscosity of DNA alone. Viscosity values
were calculated from the observed flow time of DNA contain-
ing solution corrected from the flow time of buffer alone (7y),
n=t—ty [35,36].

2.9. Cytotoxicity assay

Tumor cell lines used in this work were grown in a RPMI-
1640 medium supplement with 10% (v/v) calf serum, 2 mmol !
glutamine, 100 UmL™! penicillin (U=1 unit of activity), and
100 wgmL~! streptomycin (GIBCO, Grand Island, NY) at
310K under 5% CO;. Cells in 100 p.L culture mediums were
seeded into 96-well plates (Falcon, CA).

For HepG2 cells, the growth inhibition was analyzed by
the SRB (sulforthodamine B) assay [37]. Simply, following
the treatment of the cells with the compound to be tested for
72 h, the cell cultures were then fixed with 10% trichloroacetic
acid and incubated for 60 min at 277 K. The plates were then
washed and dried, following which a SRB solution (0.4%, w/v,
in 1% acetic acid) was added and the culture was incubated
for an additional 15 min. After the plates were washed and
dried, the bound stain was solublized with Tris buffer, and
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the optical densities were read by the plate reader at 515 nm.
The growth inhibitory rate of treated cells was calculated by
((ODcontrol — ODyest)/ODcontrol) x 100%.

3. Results and discussion

The complexes were prepared by direct reaction of ligand
with the appropriate mole ratios of Sm(IIl), Eu(IIl) and
La(IIl) nitrate in ethanol. The yields were good to moderate.
The desired complexes were separated from the solution
by suction filtration, purified by washing several times with
ethanol. The complexes are air stable for extended periods
and soluble in methanol, DMSO, and DMF; slightly solu-
ble in ethanol and water; insoluble in benzene and diethyl
ether. The complexes have been unambiguously character-
ized through mass spectral analysis. The mass spectrum of
complex 1 shows peaks at m/z of 740, 678 and 619 which
can be assigned to the ion pair {[SmL-(NO3);]-NO3-H}~,
{SmL-(NO3); }:NO3-NO3~}* and {SmL-(NO3);}-NO3-2N-
O3 -H}*, respectively. Similarly, the mass spectrum of
complex 2 also shows peak at m/z of 741, 678, 619 and
308 which can be assigned to the ion pair {[EuL-(NOj3);]
‘NO3-H}~, {EuL-(NO3);} -NO3-NO3~}*, {EuL-(NO3)
2}-NO3-2NO3;-H}* and {EuL-(NO3);}-NO3;-2NO;~}**
The molar conductivities of the complexes are around
101-103 S cm? mol~! in DMF, showing that complexes are 1:1
electrolytes [38]. In the 'H NMR, the —OH group and 2-H of the
complex shifts downfield compared to that of the free ligand.
These changes in the chemical shifts are due to the coordination
of the oxygen of carbonyl of the ligand. The elemental analyses,
mass spectrum and molar conductivities show that formulas of
the complexes conform to [LnL-(NO3),]-NO3.

3.1. IR spectra

The v(C=0) vibration of the free ligand is at 1649; for the
complexes these peaks shift to 1643cm™! or so. The Ln(III)
complex spectra showed a new band, compared to the spectrum
of the free ligand, at 578 cm~ . It was assigned to metal-
oxygen stretching vibrations, in agreement with literature data
[23,29,39]. For the ligand, the v(OH) appears at 3421 cm L
this band for the complexes shifts to 3384 cm™! or so. The band
at 1295 cm™! for the free ligand is assigned to the v(C—O—C)
stretch, which shifts to 1282 cm™! for its complexes. The -OH
group and 2-H of the complex shifts downfield compared to that
of the free ligand. All of these observations demonstrate that
the oxygen of carbonyl has formed a coordinative bond with
the rare earth ions. The band at 1557 cm™! for the free ligand
is assigned to the v(C=N) stretch, which shifts to 1525 cm™!
for its complexes. Weak bands at 436cm™! are assigned to
v(M—N). These shifts and the new band further confirm that
the nitrogen of the imino-group bonds to the rare earth ions
[24,29]. The absorption bands of the coordinated nitrates were
observed at about 1487 (v,) and 838 (vs) cm™'. The v3(E))
free nitrates appear at 1395cm™! in the spectra of the com-
plexes. In addition, the separation of the two highest frequency
bands |v4—v;| is approximately 158 cm~!, and accordingly the

Table 1
Fluorescence data of the Eu(IIT) complex at room temperature
State Slit (nm)  Aex (nm) Ay (nm)  *RFI Assignment
Complexes 2
5 7
Solid 1 344 579.4 83.63 SDo — 7F0
590.8 227.9 °Dy— 'Fy
616.2 469.8  Dy— 'F,
Acetone 591.2 162.3 Do — "F
615.6 3055  SDg—F,
Acetonitrilet 5.0 379 615 1256 °Dy—"F
CHCl3 614.2 101.9  5Dy—"F,
DMF 614 71.65 SDg—F,
DMSO 614 67.64 °Do—F,

2 RFl is relative fluorescence intensity.

coordinated NO3~ ion in the complex is a bidentate ligand
[24,29].

3.2. UV spectra

The study of the electronic spectra in the ultraviolet and visi-
ble ranges for the complexes 1 and 2, and the ligand were carried
out in a buffer solution. The electronic spectra of ligand had a
strong band at Apax =200 nm, two medium band at Ap,x =223
and 258 nm and a weak band at Apax =325 nm. In the complexes,
the band at 223 disappeared, and the other three at 200, 223 and
325 nm are shifted to 204, 251 and 318 nm or so. These indicate
that complexes are formed.

3.3. Thermal analyses

The complexes begin to decompose at 342°C or so and
there are three exothermic peaks appear around 342-547 °C. The
corresponding TG curves show a series of weight loss. Under
200 °C, there are no endothermic peak and no weight loss on
corresponding TG curves. It indicates that there are no crystal
or coordinate solvent molecules. While being hated to 800 °C,
the complexes become their corresponding oxides. The residues
are in accordance with calculation.

3.4. Fluorescence studies

The fluorescence characteristics of the europium complex in
solid state and in CHCl3, acetone, acetonitrilet, DMF and DMSO
solutions (concentration: 1.0 x 10~* M) are listed in Table 1. It
can be seen that the Eu(IIT) complex shows strong emission when
excited with 425 nm radiation in the solid state (Fig. 2). Flu-
orescence arises from ligand-to-cation energy transfer, mainly
from the lowest resonance level. The most intensity ratio value n
(°Dg — "F2/°Dg — "Fy) is 2.06, indicating a low symmetry for
the electrostatic field surrounding Eu(III) [40]. It could be seen
from Fig. 3 that in acetone solution the Eu(IIl) complex has
the strongest luminescence, and then in acetonitrilet, CHCl3,
DMF and DMSO. This is due to the coordinating effects of
solvents, namely, solvate effect [40]. Together with the raising
coordination abilities of acetone, acetonitrilet, DMF and DMSO
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Fig. 2. Emission spectrum of the Eu(III) complex in solid state at room temper-
ature.

for the lanthanide ions, the oscillatory motions of the entering
molecules consume more energy which the ligand triplet level
transfer to the emitting level of the lanthanide ion. Thus, the
energy transfer could not be carried out perfectly.

3.5. Electronic absorption titration

Before reacting complexes 1 and 2 with DNA, the interactions
of free Sm and Eu cations with DNA was checked by UV/vis
titration of DNA. It should be stressed that under experimental
conditions (pH 7.1, ¢(Ln**) =1 x 107> M), Sm(III) and Eu(III)
ion itself does not show any measurable interactions with studied
DNA.

Electronic absorption spectroscopy is one of the most pow-
erful experimental techniques for probing metal ion—-DNA
interactions. Binding of the macromolecule leads to changes
in the electronic spectrum of the metal complex. Base bind-
ing is expected to perturb the ligand field transition of the
metal complex. Intercalative mode of binding usually results in
hypochromism and bathochromism due to the strong stacking
interaction between an aromatic chromophore and the base pairs
of DNA. The extent of hypochromism parallels the intercalative
binding strength [41,42]. On the other hand, metal complexes,
which bind non-intercalatively or electrostatically with DNA
may result in hyperchromism or hypochromism.

300
acetone
Z acetonitrile
W
§ 200 1 CH_‘CI
| DMF
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5
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0 T T T
580 600 620 640
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Fig. 3. Emission spectra of the Eu(IIl) complex in different solutions at room
temperature.
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Fig. 4. (a) Electronic spectra of ligand (10 wM) in the presence of increasing
amounts of CT-DNA. [DNA] = 0-10 wM. Arrow shows the absorbance changes
upon increasing DNA concentration. (b) Electronic spectra of Sm(III) complex
(10 M) in the presence of increasing amounts of CT-DNA. [DNA] = 0-55 uM.
Arrow shows the absorbance changes upon increasing DNA concentration. (c)
Electronic spectra of Eu(IIl) complex (10 uM) in the presence of increasing
amounts of CT-DNA. [DNA]=0-55 uM. Arrow shows the absorbance changes
upon increasing DNA concentration.

The absorption spectra of Sm(III) and Eu(Ill) complexes,
and ligand (L) in the absence or presence of CT-DNA are given
in Fig. 4. For the Sm(II) complex, the intensity of the intrali-
gand band at 204 nm decreases with increasing concentration of
DNA. Addition of DNA also leads to changes in the position of
absorption bands. The 204 nm band is red shifted by 17 nm in
the presence of DNA. In the case of complex 2 also, the intensity
of the intraligand band at 203 nm markedly decreases and the
203 nm band is red shifted by 17 nmin the presence of DNA. Free
ligand at 200 nm exhibits hypochromism, and bathochromism
of about 7 nm. For two complexes, the band at 250 nm is hyp-
sochromic shift, and the intensity of the band at 320 nm has
no obvious decrease and maxima shift. These results suggest
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Fig.5. (i) Free ligand (L); (ii) complex 1 and (iii) complex 2. The visible absorp-
tion spectra of (a) 1 x 10SMEB; (b)a+1 x 100*MDNA; (c)b+1x 107°M

of compound in Tris—HCI buffer (5 mM Tris—HCI, 50 mM NaCl, pH 7.1) solu-
tion.

an intimate association of the compounds with CT-DNA. How-
ever, we cannot confirm that two complexes bind to DNA via
intercalation.

In order to test if the compounds bind to DNA via interca-
lation, ethidium bromide (EB) was employed, as EB interacts
with DNA as a typical indicator of intercalation [43]. Fig. 5a
shows that the maximal absorption of EB at 479 nm decreased
and shifted to 515 nm in the presence of DNA, Fig. 7b, which is
characteristic of intercalation. Fig. 5c(i—iii) is the absorption of
a mixture solution of EB, the compounds and DNA.

It was found that the absorption at 515nm increased;
Fig. 5c(i-iii) compared with Fig. 5b(i—iii) for all the compounds
tested (i) L, (ii) 1, (ii1) 2. This could result from two reasons: (1)
EB bound to the compounds strongly, resulting in a decreased
amount of EB intercalated into DNA; (2) there exists compet-

itive intercalation between the compounds and EB with DNA,
thus, releasing some free EB from the DNA-EB system. The for-
mer reason can be precluded since there were no new absorption
peaks.

3.6. Fluorescence spectra studies

The fluorescence Scatchard plot has been confirmed to be
effective for characterizing the binding mode of the metal com-
plexes to DNA [44—46]. The enhancements in the emission
intensity of the complexes 1 and 2, and ligand with increasing
CT-DNA concentrations are shown in Fig. 6. In the absence of
DNA, 1 and 2, and ligand emit weak luminescence in Tris buffer
at ambient temperature, with a maximum appearing at 449 nm.
When DNA is present the intensity of the emission for complexes
1 and 2, and ligand all increase with respect to DNA concen-
tration. This phenomenon is related to the extent to which the
compounds penetrate into the hydrophobic environment inside
the DNA, thereby avoiding the quenching effect of solvent water
molecules. The binding of complexes 1 and 2, and ligand to
CT-DNA leads to a marked increase in the emission intensity,
which also agrees with those observed for other intercalators
[24,26,30]. According to the Scathchard equation, a plot of
r/Cs versus r gave the binding constants 9.28 x 10°, 8.40 x 10°
and 4.88 x 10° M~! from the fluorescence data for complexes
1 and 2, and ligand, respectively. This value is similar to the
one reported for some flavane benzoyl hydrazones like Eu(III)
(K =3.55 x 10M~!) and La(III) (Ky = 1.83 x 10’ M~!) com-
plexes [24,26].

The DNA-binding modes of three compounds were further
monitored by a fluorescent EB displacement assay. It is well
known that EB can intercalate nonspecifically into DNA which
causes it to fluoresce strongly. Competitive binding of other
drugs to DNA and EB will result in displacement of bound EB
and a decrease in the fluorescence intensity. This fluorescence-
based competition technique can provide indirect evidence for
the DNA-binding mode. Fig. 7 shows the emission spectra of
DNA-EB system with increasing amounts of the complexes 1
and 2, and ligand. The emission intensity of the DNA-EB sys-
tem (Aem =582 nm) decreased apparently as the concentration
of the complexes 1 and 2, and ligand increased, and an iso-
bathic point appeared at 536 nm or so for complexes 1 and 2.
The quenching plots illustrate that the quenching of EB bound
to DNA by the compounds is in good agreement with the lin-
ear Stern—Volmer equation. The emission band at 584 nm of
the DNA-EB system decreased in intensity with an increase
in the concentration of the two compounds, which indicated
that the compounds could displace EB from the DNA-EB sys-
tem. The resulting decrease in fluorescence was caused by EB
changing from a hydrophobic environment to an aqueous envi-
ronment [47]. Such a characteristic change is often observed
in intercalative DNA interactions [23,24,26,48]. The quenching
plots illustrate that the quenching of EB bound to DNA by the
complexes is in good agreement with the linear Stern-Volmer
equation. In the plots of Fo/F versus [Q], K is given by the ratio
of the slope to the intercept. The Ky values for the complexes
1 and 2, and ligand are 1.20 x 10°, 1.64 x 10* and 2.26 x 103,
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Fig. 6. (a) The emission enhancement spectra of ligand (10 wM) in the presence of 0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6 and 4.0 uM CT-DNA. Arrow shows
the emission intensities changes upon increasing DNA concentration. Inset (b): Scatchard plot of the fluorescence titration data of ligand, K=4.88 x 10°M~!. (c)
The emission enhancement spectra of Sm(III) complex (10 wM) in the presence of 0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6 and 4.0 uM CT-DNA. Arrow shows
the emission intensities changes upon increasing DNA concentration. Inset (d): Scatchard plot of the fluorescence titration data of ligand, K=9.28 x 10°M~!. (e)
The emission enhancement spectra of Eu(III) complex (10 wM) in the presence of 0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6 and 4.0 uM CT-DNA. Arrow shows the
emission intensities upon increasing DNA concentration. Inset (f): Scatchard plot of the fluorescence titration data of Eu(IIT) complex, K = 8.40 x 106 M~

respectively. The binding constants were also calculated using
following Eq. (1) [49]:

E
Cim = 2(F0 — F)F—g

. Ei — Cgn
Eth = ———
Cpna
N — IEth — T'Eth
M= ——

KghCem
Cm = M; — rmCpNa
[(n — rEm) KEh(CEm/TEH) — 1]
Cm

Ky =

where F'is observed fluorescence emission intensity of DNA-EB
system; F the intensity in the absence of compound; E;
the total EB concentration; Cgy the free EB concentra-
tion; Cy the bound compound concentration, and M; is
the total compound concentration. From above equation, the
binding constants of complexes 1 and 2, and ligand are
8.98 x 10°,8.12 x 10° and 4.58 x 10° M~ 1, respectively. These
values are almost equal to the binding constants determined
by the fluorescence titration experiments, so we can con-
clude that the quenching of DNA-EB system is due to the
displacement of EB upon binding of the complexes or lig-
and.
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Fig. 7. (a) The emission spectra of DNA-EB system (10 and 0.32 uM EB), Xex =500 nm, Aep =520.0-650.0 nm, in the presence of 0, 5, 10, 15, 20, 25 uM
ligand. Arrow shows the emission intensities changes upon increasing ligand concentration. Inset (b): Stern—Volmer plot of the fluorescence titration data of ligand,
Kq=2.26 x 10° M. (c) The emission spectra of DNA-EB system (10 and 0.32 uM EB), dex =500 nm, Aem =520.0-650.0 nm, in the presence of 0, 5, 10, 15, 20,
25 uM Sm(III) complex. Arrow shows the emission intensities changes upon increasing Sm(III) complex concentration. Inset (d): Stern—Volmer plot of the fluorescence
titration data of Sm(III) complex, Kq=1.20 x 10° M~L. (e) The emission spectra of DNA-EB system (10 and 0.32 uM EB), Aex =500 nm, Aem =520.0-650.0 nm,
in the presence of 0, 5, 10, 15, 20, 25 uM Eu(III) complex. Arrow shows the emission intensities changes upon increasing Eu(III) complex concentration. Inset (f):
Stern—Volmer plot of the fluorescence titration data of Eu(III) complex, Kq=1.64 x 104 M1

3.7. Viscosity measurements

Optical photophysical probes provide necessary, but not
sufficient evidence to support the mode of binding of metal com-
plexes with DNA. The viscosity of a DNA solution is sensitive to
the addition of metal complexes which can bind to DNA. While
intercalation leads to increase in viscosity because the DNA base
pairs are pushed apart to accommodate the bound ligand, a par-
tial, non-classical mode of binding could bend or kink the DNA
helix, reduces its effective length and thereby its viscosity. To
further confirm the interaction mode of the Ln(IIl) complexes
with DNA, a comparative viscosity study between the EB and
the two complexes were carried out (Fig. 8). The effects of the
compounds together with EB on the viscosity of DNA are shown
in Fig. 8. It is found that the viscosity of DNA increases steadily
with the increase of the concentration of the compounds, which
is similar to that of a classical intercalator EB [50]. This result

demonstrates that the complexes and EB bind to DNA through
the same way, i.e., the classical intercalation mode, which also
parallels the pronounced hypochromism and spectral red shift
of the complex in the absorption spectrum experiment.
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Fig. 8. Effect of increasing amounts of complexes 1 and 2, and EB on the relative
viscosity of calf thymus DNA at 25.0 °C.
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Table 2
Inhibition effect against HepG2 cell lines

Compounds Average inhibition effect (%)

Ci* C* C3®
Ligand 58.26 + 1.80 67.63 + 2.68 93.25 + 0.48
Complex 3 20.45 + 1.25 21.35 + 1.56 54.54 + 1.09
Complex 1 39.26 + 1.24 46.42 £ 0.86 61.84 + 242
Complex 2 43.66 + 0.86 5495 + 1.24 6598 + 3.2

Date are expressed as mean & S.D. (n=3).
2 C; was concentration: C;(;=1-3)=0.0625, 1.25, 2.5 pM.

100
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1 2 3 4
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Fig. 9. Cytotoxic activity of compounds against HepG2.

3.7.1. Invitro cytotoxicity

The cytotoxicity assays of complexes and ligand L against
HepG2 cancer cell lines were listed in Table 2. As shown in
Table 2, the average inhibitory ratio against HepG2 cancer cell
lines increases with the increase of the concentration in the
range of the tested concentration (see Fig. 9). The Eu(IIl) com-
plex is the most effective in the three complexes against HepG2
cancer cell lines, whereas, the La(IIl) complex has the poorest
inhibitory. It is clear that nature of the rare earth ions affect the
ability that the complex inhibits the cancer cell lines. The ligand
has a higher inhibitory effect than the complexes do. The cyto-
toxic activities are not in accord with the experimental results.
It will be further studied.

4. Conclusion

Taken together, a new ligand, ethylenediiminobi(6-hydrox-
ychromone-3-carbaldehyde) Schiff-base (L), and its Ln(III)
complexes have been prepared and characterized. The DNA-
binding properties of complexes 1 and 2 were investigated
by absorption, fluorescence and viscosity measurements. The
results support the fact that the compounds bind to CT-DNA via
intercalation. All compounds showed certain cytotoxic activity
against HepG?2 cancer cell lines. These findings clearly indicate
that lanthanide-based complexes have many potential practical
applications, like the development of nucleic acid molecular
probes and new therapeutic reagents for diseases.
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