
1. Introduction 
The design and synthesis of novel complexes based 
on nucleic acid structure probes and chemotherapeutic 
agents have attracted much attention in recent decades 
[1-4]. These complexes are known to bind to DNA by a 
series of noncovalent interactions, such as intercalation, 
electrostatic force and groove interaction [5]. Among 
these three modes, intercalation is the most effective 
one. A Schiff base containing an azomethine group 
is usually prepared by the condensation of an active 
carbonyl compound with a primary amine. A large number 
of Schiff bases and their transition metal complexes 
have been synthesized. Their biological activity, such 
as antimicrobial [6], antitumor [7] and DNA affinities 
[8] have also been investigated. The rare earths and 
their complexes as chemical nuclease are supererior 
to transition metals and their complexes because they 
can bind to a nucleic acid more efficiently by a hydrogen 
bond or a hydrolyzed mode and as a result, this research 

has gained prominence [9]. However, research on 
the biological activity of the rare earth complexes with 
Schiff bases are seldom reported [10] and work on their  
DNA-binding properties even less.
In this paper, the synthesis and structural determination 
of two rare earth complexes containing the ligand of 
N-o-vanillinene-lysine (HL) will be discussed. The 
DNA-binding properties of these two complexes were 
investigated by UV-visible spectra, fluorescence spectra 
and viscometric titration. These results are helpful to 
understand the interaction modes between the DNA and 
complexes of aminoacid Schiff base. Further studies may 
also give a theoretical basis for anti-cancer drug screen.

2. Experimental Procedures
2.1 Reagents and Instruments 
All of the chemicals used were analytical or biological 
grade and used without further purification. O-vanillin 
was purchased from the Lucaster Company.  
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L-lysine, tris-(hydroxymethyl)aminomethane (Tris) and 
CT-DNA were obtained from Sinopharm Chemical 
Reagent Co. Ltd. Double distilled water was used to 
prepare the buffer solutions. Tris buffer was prepared 
with 5 mmol L-1 Tris and 50 mmol L-1 NaCl and adjusted 
to a pH of 7.1 with hydrochloric acid.
The elemental analysis of C, H and N was performed with 
a Vario EL III elemental analyzer. The infrared spectra 
were recorded with a KBr pellet using a NEXUS-670 
FT-IR spectrometer. The ultraviolet-visible spectra 
were obtained on a UV-2501PC spectrophotometer. 
1H NMR measurements were run on a Brucker Avanze 
400 MH spectrometer using trimethyl silicane (TMS) as  
the internal reference standard. The thermogravimetric 
analyses were performed on a SADTA 851e thermal 
analyzer. The fluorescence emission spectra 
were recorded using a Perkin-Elermer LS-55 
spectrofluorometer. Molar conductivity and viscosity 
measurements were obtained using a DDS-12 digital 
conducter and an Ubblode viscometer, respectively.

2.2 Synthesis of HL
The Shiff base ligand, HL, was prepared using a method 
similar to the literature [11]. Equivalent moles of o-vanillin 
and L-lysine were refluxed in methanol for approximately 
2 hours. The solution was ratovapourated to 1/4 of  
the original volume and then cooled to ambient 
temperature. The yellow precipitate was filtered off, 
washed with methanol then with ethyl ether and finally 
dried in vacuo over silica gel. Yield: 75%. Anal.Calcd. 
for C14H20O4N2: C, 59.99; H, 7.19; N, 9.99. Found: C, 
59.70; H, 6.91; N, 9.79. IR (KBr pellet, cm-1): 3423(m), 
2932(s), 1641(s), 1606(s), 1403(m), 1226(m). 1HNMR  
(d6-DMSO, δ): 8.50 (s, 1H, -CH=N-), 6.73-6.99  
(m, 3H, Ar-H), 3.75 (s, 3H, -OCH3), 1.05–1.76  
(m, 8H, -CH2CH2CH2CH2-).

2.3 Synthesis of [La(HL)(H2O)2NO3]•NO3•H2O
La(NO3)•6H2O (1 mmol, 0.43 g) in 5 mL of methanol  
was added dropwise to a warm (∼ 60ºC) solution 
of Schiff base (1mmol, 0.28 g) in 20 mL anhydrous 
methanol. During the addition, the pH was adjusted 
to 7 with 0.01 mol L-1 KOH. The mixture refluxed for 5 
hours at 60ºC. A yellow precipitate was formed and was 
collected by filtration, washed with cold methanol and 
then dried in vacuo over silica gel. Yield: 65%. Anal.
Calcd. for C14H25O13N4La: C, 28.20; H, 4.23; N, 9.40. 
Found: C, 28.01; H, 4.20; N, 9.45. IR (KBr pellet, cm-1): 
3422 (m), 2939 (s), 1621 (s), 1617 (s), 1503(s), 1459 (m), 
1384 (s), 1302(m), 1221 (m), 836 (w), 541 (w), 428 (w). 
1H NMR (d6-DMSO,δ): 7.94(s, 1H,-CH=N-), 6.30-6.82 
(m, 3H, Ar-H), 3.68(s, 3H, -OCH3), 1.29-1.82 (m, 8H, 
-CH2CH2CH2CH2-). Λm (s cm2 mol-1) (10-3 M / DMF / 20oC): 70. 

2.4 Synthesis of [Gd(HL)(H2O)2NO3]•NO3•H2O
The procedure followed was similar to that for the La 
complex except Gd(NO3)•6H2O instead of La(NO3)•6H2O 
was added to the warm solution. Yield: 48%.  
Brow-yellow powder. Anal.Calcd. for C14H25O13N4Gd:  
C, 27.36; H, 4.10; N, 9.12. Found: C, 27.63; H, 4.09;  
N, 9.02. IR (KBr pellet, cm-1): 3406 (m), 2939 (s), 1627 (s), 
1627 (s), 1499(s), 1467 (m), 1384 (s), 1301(m), 1221 (m), 
825 (w), 556 (w), 420 (w). Λm (s cm2 mol-1) 
(10-3 M / DMF / 20 oC): 84.

2.5 DNA binding study
All of the experiments involving the interaction of the 
compounds with DNA were performed in Tris buffer. 
Solutions of calf thymus DNA gave UV absorbance 
ratios at 260 and 280 nm above 1.8, indicating that 
the DNA was sufficiently free of the protein [12].  
The DNA concentration per nucleotide was determined 
by absorption spectroscopy using the molar absorption 
coefficient (6600 L mol-1 cm−1) at 260 nm [13].  
The absorption titration experiment was performed by 
fixing the concentrations of the complexes at 50 μmol L-1 
while increasing amount of DNA, over a concentration 
range of 0 to 120 μmol L-1.  The absorbencies were recorded 
after each addition of DNA solution and re-equilibration. 
The fluorescence quenching experiments were 
carried out by adding a solution of Ln(III) complex to  
the samples containing 5 μmol L-1 EB and 37.5 μmol L-1 
DNA at different concentrations (0 to 36 μmol L-1). All of 
the samples were excited at 350 nm and the emission 
was recorded at 530 – 680 nm.
The viscosity experiments were conducted using  
an Ubbdlode viscometer, immersed in a thermostatic 
water-bath maintained at 25°C. Each complex was 
introduced into the DNA solution (0.5 m mol L-1) by  
a microsyringe. The flow time was measured by a digital 
 stopwatch. The average value of the three measurements 
was used to determine the viscosity of the samples.  
The data is represented as (η/η0)1/3 vs. the ratio of  
the concentration of the complexes to DNA, where η is  
the viscosity of DNA in the presence of the complexes and 
η0 is the viscosity of DNA in the absence of complexes.  
The viscosity was calculated from the observed flow 
time of the solution containing the DNA, corrected from 
the flow time of buffer alone (t0), η = (t - t0) / t0 [14].

2.6 Antibacterial assay 
The prepared compounds were screened for their 
antibacterial activity against Gram-positive (Bacillus 
subtilis and Staphylococcus aureus) and Gram-negative 
(Escherichia coli) bacteria by the disc diffusion method 
[15]. A standard inoculum (105 c.f.u mL-1) was introduced 
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onto the surface of a sterile agar plate and distributed 
evenly by a sterile glass spreader. The tested compounds 
were dissolved in dimethylsulfoxide (DMSO) and diluted 
with distilled water to produce various concentrations. 
The sterile Oxford plates previously soaked in a known 
concentration of the test compounds were placed in 
nutrient agar medium. The solvent, DMSO, was kept 
as the control. The cultures were incubated for 24 h 
at 37oC and the growth was monitored visually and 
spectrophotometrically. Each test was performed in 
triplicate in individual experiments. The antibacterial 
data was obtained by subtracting the diameter of  
the inhibition zone of the DMSO from that of  
the complexed solutions.

3. Results and Discussion
3.1 Elemental analysis and molar conductance
The complexes are stable in the air, soluble in water and 
strong polar organic solvents such as DMSO and DMF, 
and slightly soluble in methanol and ethanol. The molar 
conductance values in 1.0 ×  10-3 mol L-1 DMF solutions 
suggest the complexes are 1:1 type of electrolyte [16]. 
Elemental analysis shows that the composition of the 
complexes are in agreement with the formulation of 
[La(HL)(H2O)2NO3]•NO3•H2O [Ln(III) = La(III), Gd(III)].

3.2. IR 
The infrared spectrum of the ligand shows two bands 
at 3130 – 3030 cm-1 and 2760 – 2530 cm-1 assigned 
to the asymmetric and symmetric stretching vibration of 
NH3

+, respectively. This indicates that the condensation 
reaction only occurred between o-vanillin and α-NH2 
of lysine, while ε-NH2 remained unchanged [11].  
The ligand exhibits one sharp band at 1641 cm-1 due 
to an azomethine (C=N) stretching vibration. This band 
moves lower upon the formation of a complex, indicating 
the coordination of the azomethine nitrogen to the central 
metal ions.  The peaks of υ (Ph-OH) located at 1226 cm-1, 
shift down by 5 cm-1 upon complexation, suggesting that 
the phenolic oxygen is involved with this coordination.  
In the complexes, the difference between υas (COO-) 
and υs (COO-) is consistent with a bidentate coordination 
of the carboxylate group [17]. The peaks found at  
836 cm-1 or 825 cm-1 are assigned to the bending vibration 
of the coordinated water [18]. The absorption bands 
around 1500 cm-1, 1300 cm-1 and 1384 cm-1 suggest 
that there are bidentate coordinated and free nitrate in 
the complexes [19]. The new peaks appearing between 
560 - 540 cm−1 and 480 – 420 cm−1 are assigned to  
υ (Ln–N) and υ (Ln–O). This is additional confirmation 
of the involvement of the coordination of nitrogen and 
oxygen to Ln [20].

3.3 1H NMR
When compared with the ligand, the chemical shift 
of the hydrogen on the imine carbon (-C1H=N) to  
a higher magnetic field, indicates that the imine 
nitrogen coordinates to La(III). The chemical shifts of 
the alpha hydrogen (α-H) of the carboxylic group were 
also changed greatly. These shifts demonstrate that  
the carboxylate oxygen has formed a coordinative 
bond with the rare earth ions. Unfortunately, the proton 
signals of phenolic hydroxide hydrogen in the ligand and 
La complex are obscured due to the proton exchange 
between the compounds and water contained in  
the solvent DMSO or poor solubility.

3.4 Thermogravimetric analysis
The rare earth complexes were studied by 
thermogravimetric analysis (TGA) under a dynamic air 
atmosphere in the temperature region of 20 - 800ºC 
with a heating rate of 10ºC min-1. This experiment has 
demostrated that the thermal behaviors of the two 
complexes were quite similar. The TG-DTG curves of 
La(III) complex are shown in Fig. 1. According to the 
curves, the first stage mass loss of 9.29% occurred 
between 50ºC to 220ºC and corresponds to the loss of  
a crystal and the coordination water molecules 
(theoretical value 9.05%). A large mass loss of 46.65% 
was observed in the range of 220ºC to 430ºC. This loss 
is attributed to the degradation of a Schiff base ligand 
(theoretical value 46.93%). The complex continued to 
decompose until the temperature reached 680ºC and 
at this point the mass loss was 16.87% (theoretical 
value 16.75%), which corresponds to the loss of  
a nitrate. Finally, 27.19% of the initial mass of the sample 
remained as a residue of the rare earth oxide La2O3 
(theoretical value 27.27%).
Based upon these results, the suggested structure of 
the complexes is shown in Fig. 2.

Figure 1. TG-DTG curves of [La(HL)(H2O)2]•2NO3•H2O
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Figure 2. The suggested structure of the complexes.

3.5 DNA-binding study
3.5.1 UV-Vis absorption spectra
Electronic absorption spectroscopy is universally 
employed to examine the binding mode of DNA with  
a metal complex [21]. If the binding mode is intercalation, 
the orbital of intercalated ligand can couple with  
the orbital of the base pairs, reducing the π–π* 
transition energy and resulting in bathochromism.  
If the coupling orbital is partially filled by electrons, 
it results in decreasing the transition probabilities 
and resulting in hypochromism [22]. The extent of  
the hypochromism in the metal-to-ligand charge transfer 
(MLCT) band is commonly consistent with the strength 
of intercalative interaction [23]. The  La(III) complex and 
the Gd(III) complex show an intensive absorption band 
at 269 nm and 271 nm, and a characteristic absorption 
band at 396 nm and 398 nm in Tris buffer solution, 
respectively. The latter can be attributed to MLCT band, 
which is used for the absorption spectral titration with 
CT-DNA. The absorption spectra of the two complexes in 
the absence and presence of CT-DNA are given in Fig. 3. 
With the addition of DNA, the absorption intensities of 
MLCT band gradually decreased. A total of 18% (for La) 
and 17% (for Gd) of hypochromicity with 2 nm 
of red shift were obtained, which indicates a weak 
intercalation between the complexes and CT-DNA.
To compare quantitatively the affinities of the two 
complexes bound to DNA, intrinsic binding constants 
were determined according to this equation: [24] 
[DNA]/(εA - εF) = [DNA]/(εB - εF) + 1/[Kb(εB - εF)], where 
[DNA] is the concentration of DNA, εA, εF and εB represent 
the apparent extinction coefficient, the extinction 
coefficient for the free complex and the complex in  
the fully bound form, respectively. In the plot of  
[DNA]/(εA - εF) versus [DNA], Kb is given by the ratio of  
the slope to the intercept. The binding constant, Kb, of  
the La(III) complex and the Gd(III) complex are  
1.33 (±0.15) × 104 L mol-1 and 1.22 (±0.20) × 104 L mol-1, 
respectively. These values are at least one order 
magnitude lower than that for a typical classical 
intercalators [25], indicating that the DNA complex has 
an affinity less than a classical intercalation. 

We suggest that a partial intercalation may be  
the principal interaction between the complexes and  
the DNA. Structurally, the rare earth ions are Lewis hard 
acids, which can easily bind to the phosphate oxygen of 
the DNA backbone and bend the DNA duplex. A Schiff 
base ligand could then overlap the DNA base pairs by 
the insertion of a benzenyl ring between adjacent base 
pairs, which will in turn lead to the hypochromicity of 
complexes absorption. 

Figure 3. Absorption spectra of the La(III) complex (a) and Gd(III) 
complex (b) in Tris buffer in the presence of increasing amounts of CT-DNA. 
Arrows show the absorption changes upon increasing DNA concentration. 
Inserts: Plots of [DNA]/(εA - εF) versus [DNA] with the standard deviations 
of 0.15, 0.20 and the linear correlation coefficients of 0.9961, 0.9905 
for (a) and (b), respectively. In all cases: [Complex] = 50 μmol L-1;  
r([DNA]/[Complex])=0, 0.37, 0.74, 1.11, 1.48, 2.22, respectively. 

3.5.2. Fluorescence quenching spectra
The binding of the complexes to the calf thymus DNA 
has been studied by a fluorescence spectral technique 
using emission intensity of ethidium bromide (EB).  
It has been previously established that EB can 
intercalate nonspecifically into DNA, which results in 
strong fluorescene. The competitive binding of a second 
molecule to EB will result in the displacement of the 
bound EB and a decrease in the fluorescence intensity.
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The fluorescent quenching curves of EB bound to DNA by 
the complexes are given in Fig. 4. The addition of Ln(III) 
complexes to DNA which has been pretreated with 
EB causes an appreciable reduction in the emission 
intensity, indicating that the DNA-bound EB fluorophore 
is partially replaced by the complex. According to  
the classical Stern-Volmer equation: I0/I=1+Ksqr [26], 
where I0 and I represent the fluorescence intensities in the 
absence and presence of the complexes, respectively, 
r is the concentration ratio of the complexes to DNA, 
and Ksq is the linear Stern-Volmer quenching constant. 
The quenching plots illustrate that the quenching of 
EB bound to DNA by the two complexes are in good 
agreement with the linear Stern-Volmer equation.  
The Ksq value for the La(III) complex and the Gd(III) 
complex are 0.75 (±0.03) and 0.63 (±0.02), respectively, 
with the ratio of the slope to the intercept in the plots 
of I0 /I versus r. These results show that the interaction 
between the La(III) complex with DNA is stronger than 
that found with the Gd(III) complex. This is consistent 
with the results of UV-Vis absorption spectra.

Figure 4. Emission spectra of EB-DNA system in the absence and 
presence of La(III) complex (a) and Gd(III) complex (b) λex = 350 nm, 
λem = 530 - 680 nm. Arows show the emission intensity changes upon 
the increasing concentration of the complexes. Insert: Stern–Volmer plots 
of the fluorescence titration data of the complexes with the standard 
deviations of 0.03, 0.02 and the linear correlation coefficients of 0.9965, 
0.9968 for (a) and (b), respectively. In all cases: [DNA] = 37.2 μmol L-1; 
[EB] = 5 μmol L-1; r ([Complex]/[DNA]) = 0, 0.11, 0.22, 0.43, 0.64, 0.75, 
0.86, 0.97, respectively.

Hydrodynamic measurements are sensitive to any length 
increases and are regarded as the least ambiguous and 
the most critical tests of a binding mode in solution in 
the absence of any crystallographic structural data 
or NMR [14]. A classical intercalation mode results in  
the lengthening of the DNA helix, and as base pairs 
are separated to accommodate the binding ligand, this 
results in an increase in the DNA’s viscosity. However,  
a partial and/or nonclassical intercalation of a ligand may 
bend (or kink) the DNA helix, resulting in a decrease of 
its effective length and viscosity [14]. 
The relative viscosity of DNA steadily decreases as 
the amount of the complex increases, shown in Fig. 5.  
The reason may be related to the aromatic ring in Schiff 
base ligand being partially inserted into the DNA base 
pairs and resulting in a bend in the DNA helix, therefore 
decreasing its effective length. Moreover, the decrease 
observed with the La(III) complex is more pronounced 
than that of the Gd(III) complex, indicating that  
the La(III) complex is of higher binding affinity to DNA 
than the Gd(III) complex.

                      
Figure 5. The effect of increasing the amount of La(III) complex (●) 
and Gd(III) complex (■) on the relative viscosities of DNA. For the two 
complexes: [DNA] = 0.5 m mol L-1; r([Complex]/[DNA]) = 0.12, 0.24, 0.36, 
0.48, 0.60, 0.72, respectively.

3.6 Antibacterial activities
The Schiff bases and their rare earth complexes were 
assayed in vitro to assess their ability to inhibit the growth 
of Gram-positive (Bacillus subtilis and Staphylococcus 
aureus) and Gram-negative (Escherichia coli) bacteria. 
The susceptibilities of certain strains of bacteria to  
the Schiff bases and their complexes were evaluated 
by measuring the size of the bacteriostatic diameter. 
The data is summarized in Table 1 and shows that 
both the Schiff base ligand and their complexes in 
different concentrations exhibit a weak to moderate 
activity against the tested bacteria, except for the Gd(III) 
complex that is inactive against Staphylococcus aureus. 
The complexes in general are more active than the free 
Schiff base ligand at the same concentration. Hence, 

3.5.3. Viscosity
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the complexation increases the antibacterial activity 
and this may be due to the cooperation effect between  
the Schiff base and the rare earth ions.

4. Conclusion
Two Schiff base complexes of La(III) and Gd(III) 
were synthesized and their DNA-binding abilities and 
antibacterial activities were evaluated. The results 
revealed that the two complexes partially inserted into 
the DNA base pairs and demonstrated moderate activity 
against the tested bacteria. The La(III) complex has 
higher potent antimicrobial and antitumour competence 
than the Gd(III) complex. This paper will assist in  
the understanding of the binding mode of the rare earth 
amino-acid Schiff base complex with DNA. Further 
research may provide a new structural probe of nucleic 
acid and antineoplastic pharmaceuticals.
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HL 8.0 3.0 10.5 2.5 9.6 4.5

[La(HL)(H2O)2NO3]•NO3•H2O 13.7 10.3 16.0 8.6 14.7 9.5

[Gd(HL)(H2O)2NO3]•NO3•H2O 12.6 7.5 13.7 7.2 — —
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