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Abstract 
In this study  the interaction of the complex with DNA  have been investigated using UV/Vis , and thermal denaturation.The 
results showed  that complex Ni(Pirox)2(DMF)2 can bind to ct-DNA. The binding constants of the complex with ct-DNA have 
also been calculated. The thermodynamic parameters for binding of complex with ct-DNA are also determined using van’t 
Hoff equation. Competitive binding with ethidium bromide (EB) indicate that the complex could not intercalate in the DNA. 
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1. INTRODUCTION

DNA was known as an important cellular target for 
investigation of interaction of drugs with biological 
importance such as carcinogens and other classes of 
them.There are three binding modes of noncovalent 
interactions of small molecules to DNA:intercalative 
binding, groove binding and electrostatic interaction[1]Due 
to sandwich structure of some drugs between the aromatic, 
heterocycles DNA base pairs the intercalation binding mode 
is the strongest kind of binding[2]. Piroxicam (Pirox) (4-
hydroxy-2-methyl-N-2-pridyl-2H-1, 2-benzothiazine-3-
carboxadiamide-1,1-dioxide) belongs to the oxicam group a 
class of enolic acids [3]. Piroxicam (Scheme 1) produces a 
rapid and effective response in the treatment of many 
diseases[4]  
Ni(II) complexes of these NSAIDs have been shown to have 
better anti-cancer effects than the bare drugs. It has been 
shown that the structure of the Ni(II)–  piroxicam complex 
is a bis complex having square geometry and [2].Some of 
organic dyes are probes for nucleic acids, such as ethidium 
bromide (EB), bisimidazole, metal complex and 
photosensitive agent. EB (Scheme2) is a strong mutagen 
widely used in biochemical research for visualizing nucleic 
acids[5]. In this work EB was used to compare the binding 
mode  of NiNASID and EB  with ct- DNA.  
Most of NSAIDs  have negative charge at physiological pH 
It is obvious that this property can affect on interaction with 
DNA backbone and this interaction is weak.. It has been 
shown that the presence of metal ion reduces this property 
and metal complex of NASID  can interact with DNA better 
than NSAID[12,13].When the temperature is increased the 
double stranded DNA dissociates to single strands, 
generating hyperchromism effect. The melting temperature 
(Tm), a valuable parameter to study the metal complex-
DNA interactions, is defined as the temperature where half 
of the total base pairs get unbound[6]. The melting 
temperature of DNA (Tm) in the presence of a binding 
molecule or metal can also be used to distinguish between  
intercalative and external binding modes. Usually, classical 

intercalation gives rise to higher ∆Tm values than either 
groove binding or outside stacking [7].       
In this study, the interaction of Ni(II)NSAID complex with 
ct-DNA was investigated by UV/Vis absorption, as well as 
DNA melting and viscosity measurements. The major 
binding mode of Ni(II)NSAID complex was estimated using 
UV/Vis studies. For confirming the binding mode between 
Ni(II)NSAID and DNA, we used thermal denaturation  and 
the competition of Ni(II)NSAID with EB in their interaction 
with DNA. This work can provide useful information about 
the binding mechanism of Ni(II) NSAID with ct-DNA and 
thus is a helpful tool for anticancer drug design. 

Figure1:Structure of Piroxicam[4]. 

Figure 2.Structure of ethidium bromide(EB)[5] 

2. MATERIALS AND METHODS

2.1. Chemicals and Preparations 
In this work we use of Ni(Pirox)2(DMF)2 and Tris-Hcl 
buffer (pH=7.0). NaCl, EDTA, dimethylformamide(DMF) 
.All reagents were obtained from Merck Chemical Co and 
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were in analytical grades and used as received. This ligand 
Ni(Pirox)2(DMF)2 was prepared in a similar manner in the 
literature [7] in order to use in interaction with ct-DNA. Calf 
thymus DNA (ct-DNA), ethidium bromide (EB) were 
purchased from Sigma Chemical Co. Stock solution of ct-
DNA was prepared by dissolution overnight in 10 mM Tris-
Hcl buffer and was stored below 4 °C in the dark for short 
periods only. The base-pairs concentration of ct-DNA was 
determined by its known absorbance measurements using ε 
1.32104 L. mol-1. cm-1 at the absorption maximum of 260 
nm[8]. Double distilled water was used throughout the 
experiments.  
2.2. Apparatus 
The UV/Vis spectrum was measured using a Perkin Elmer 
Lamba25 UV/Vis spectrophotometer equipped with thermal 
bath. Tris-Hcl buffer solution was used to control the pH of 
the media (pH=7.0) and measurements were performed on a 
Metrahm-82700 pH-meter.   
2.3. Procedures 
2.3.1. Absorption titration 
The absorbance titrations were performed at a fixed 
concentration of Ni(II)NSAID and varying the concentration 
of ct-DNA. The binding constant, Kb of Nickel complex to 
DNA was calculated from Eq (1). 

 
        (1) 
 

 
where [DNA] is the concentration of ct-DNA in base pairs, 
the apparent absorption coefficients εa, εf, and εb correspond 
to Aobsd/[NiNSAID], the absorbance for free nickel complex, 
and the absorbance for nickel complex in the fully bounded 
form, respectively. Kb is the equilibrium binding constant in 
M−1 [9,10]. 
2.3.2. Thermal Melting of DNA 
Melting curves were made using an   UV/Vis double beam 
spectrophotometer Perkin-Elmer   Lambda 25Model 
equipped with a thermal bath. The temperature inside the 
cuvette was measured with a platinum probe and was 
increased over the range 25-86 °C at a heating rate 0.5 
°C/min. Melting curves of both free DNA and 
Ni(II)NSAID– DNA complex in Tris–HCl buffer were 
obtained by measuring the hyperchromicity of DNA 
absorbance at 260 nm as a function of temperature. The 
melting temperature, Tm was obtained from the midpoint of 
the melting curves. 
2.3.3.  EB binding with DNA 
The UV–vis absorption spectra of a fixed concentration of 
EB without and with various concentrations of DNA are 
measured, respectively. The scan range is 200–700 nm; the 
absorption spectra are obtained at room temperature. 
2.3.4. Ni(II) piroxicam  complex binding with DNA 
The UV–vis spectra of Ni(II) piroxicam  complex, DNA–EB 
complex, and the mixture of the Ni(II) piroxicam  complex 
and DNA–EB complex are measured, respectively. 
 

3. RESULTS AND DISCUSSION 
3.1. DNA-binding study with UV spectroscopy 
Complex binding with ct-DNA through intercalation usually 
result in hypochromism and  bathochromism, due to 

intercalative mode involving a strong stacking interaction 
between an aromatic chromophore and the base pairs of 
DNA [11,12]. Electronic absorption spectroscopy is an 
effective method to examine the binding mode of DNA with 
metal complexes [13]. If the binding mode is intercalation, 
the л* orbital of the intercalated ligand can couple with the л 
orbital of the DNA base pairs, thus, decreasing the л→ л * 
transition energy and resulting in the bathochromism. On the 
other hand, the coupling л orbital is partially filled by 
electrons, thus, decreasing the transition probabilities and 
concomitantly resulting in hypochromism [14]. It is a 
general observation that the binding of an intercalative 
molecule to DNA is accompanied by hypochromism and 
significant redshift (bathochromism) in the absorption 
spectra due to strong stacking interaction between the 
aromatic chromophore of the ligand and DNA base pairs 
with the extent of  hypochromism and red-shift commonly 
consistent with the strength of intercalative interaction [13]. 
Thus, in order to provide evidence for the possibility of 
binding of each complex to ct-DNA, spectroscopic titration 
of a solution of the complexes with ct-DNA has been 
performed [15]. The apparent binding constants of 
[Ni(II)NSAID] and ct-DNA were estimated and used for 
calculation of Gibbs free energy change of reaction at 
various   temperatures. The spectral features of studied DNA 
at various [Ni(II)NSAID] concentrations were shown in 
Figure 3.   

 
Figure 3. (A).Diffrential  Absorption spectra of ct‐DNA (13.9 μM) 

in the absence (a) and presence of [Ni(II)NSAID]; 3.89 μM (b), 
7.65 μM (c), 15.29 μM (d), 22.94 μM (e), 30.58 μM (f), 34.33 μM 
(g), 41.98 μM (h), in 10 mM Tris–HCl buffer, pH 7.0 and at 45 oC. 
 
Determination of thermodynamic parameters  3.1.2. 
At range 25-45 ◦C, the binding constant of [Ni(II)NSAID] 
with DNA is determined, respectively. The results are also 
represented in Table 1. It is found that the binding constant 
of [Ni(II)NSAID]  increases with the temperature. This 
suggests that the binding reaction of [Ni(II)NSAID]  with ct-
DNA is endothermic, and the increasing temperature 
benefits [Ni(II)NSAID]  binding with ct-DNA. This point is 
further proved by the value of ∆H, the enthalpy change of 
the binding reactions. The equations as follows are used to 
calculate the thermodynamic parameters. 
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where ∆G, ∆S are the free energy change and the entropy 
change, respectively. Based on the binding constants at 
range 25-45 ◦C, the values of ∆H, ∆G and ∆S calculated are 
listed in Table 1. As we can see that the values of ∆H of 
[Ni(II)NSAID] is greater than 0, which proves that binding 
reaction of [Ni(II)NSAID] with ct-DNA is endothermic. 
Based on the binding constant of [Ni(II)NSAID]   with 
DNA at various temperatures, the binding force of 
[Ni(II)NSAID] with ct-DNA can be determined. Because 
∆H> 0 and ∆S>0, ct-DNA –[Ni(II)NSAID] complex is 
stabilized mainly by hydrophobic interactions [16].   The 
acting forces between small molecule and 
biomacromolecule include hydrogen bonds, van der Waals 
forces, hydrophobic interaction and electrostatic forces. 
According to Ross’ view, the main binding force can be 
judged by enthalpy change (∆H) and entropy change (∆S). 
From the viewpoint of thermodynamics, ∆H > 0 and ∆S > 0 
imply a hydrophobic interaction; ∆H <0 and ∆S < 0 reflect 
the van der Waals force and hydrogen bond; ∆H < 0 and ∆S 
> 0 suggest an electrostatic force. If the temperature was 
changed by very little, the ∆H can be seen as a constant[17].  
The standard enthalpy and entropy change of binding can be 
estimated from the slope and Y‐intercept of the plot of ΔG/T 
versus 1/T, respectively. Such plots for binding of these 
[Ni(II)NSAID] complexes to ct-DNA in Tris–HCl buffer 
were shown in Figure 4. . 

.  
Figure 4. The van’t Hoff plots of ct-DNA ‐Binding of 

[Ni(II)NSAID] 
 

Table1. Thermodynamic parameters for the interaction 
between Ni(II)NSAID with ct-DNA 

3.1.2.Thermal  Melting studies 
The general method of determining the melting temperatures 
(Tm) is UV–vis spectroscopy. With the increasing 
temperature, DNA denatures and the double helixes unfold. 
Intercalation binding can  stabilized double helix structure 
and Tm increase about 5–8 ◦C, but the non-intercalation 
binding has no obvious increase in Tm [18]. It is well known 
that the double-stranded DNA gradually dissociates to single 
strands and generates a hypochromic effect on the 

absorption spectra of DNA bases (λmax = 260 nm), when 
the solution temperature increases. The melting temperature 
Tm, which is defined as the temperature where half of the 
total base pairs is unbound, is determined via the thermal 
denaturation curves of DNA. In general, the melting 
temperature increases when metal complexes bind to DNA 
by intercalation, as intercalation of the complexes into DNA 
base pairs stabilize of base stacking and hence 
raises the DNA melting temperature[19,20]. 
Melting temperatures were measured in Tris-Hcl buffer 
solutions pH 7.0 containing 300 µM DNA. The temperature 
was scanned from 25 to 85ºC. Denaturation curve of ct-
DNA represent at various mol ratios of [Ni(II)NSAID] to 
DNA were investigated and then the melting temperature 
values (Tm) were estimated by Igor software (Table 2). Then 
∆Hm, Tm and other four parameters determined using the 
following equation and Sigma Plot software (Table3).                               

 
∆Gm determined using the following equation. Then 
thermodynamic stability curve of ct-DNAand the different 
molar ratio of  Ni(II)NSAID from the drawing changes 
ΔGm on T produced [21-23].                     

 
 

Table 2. DNA melting temperature changes upon increasing the 
molar ratio of  Ni(II)NSAID to DNA 

0.11 0.055 0.028 0 [Ni(II)NSAID] / 
[ct-DNA]

330.118 330.179 330.301 333.171 Tm (K)

 
 

Table 3. Determination Tm and ∆Hm using equation (4) and Sigma 
Plot software. 

0.11 0.055 0.028 0 [Ni(II)NSAID] / 
[ct-DNA]

330.708 330.702 329.162 330.628 Tm (K) 

451624.5 
322336.5

9 
382689.7

4 
273745.76 ∆H (j/mol) 

            

 
Figure 5. Thermal denaturation graph of ct-DNA and 

Ni(II)NSAID at different mole ratios of  Ni(II)NSAID/[DNA] 

T(K) ln Kb ∆H0
b (Kj/mol) ∆G0

b (Kj/mol) ∆S0
b(j/mol. K) 

293 9.5670 126.0818±11.8 -23.317±25.8 510.31±2.61 

298 10.5678 126.0818±11.8 -26.196±25.8 510.31±2.61 

303 11.4513 126.0818±11.8 -28.862±25.8 510.31±2.61 

308 11.4690 126.0818±11.8 -30.661±25.8 510.31±2.61 

313 12.9992 126.0818±11.8 -23.317±25.8 510.31±2.61 

(4) 

(5)  
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Figure. 6. The effect of DNA on the absorption spectrum (a) of 

EB. DNA concentrations are 0, 33.92, 67.86 and 101.76 μmol L−1 
for absorption spectra (a–d), respectively. EB concentration is 

31.92 μmol L−1. 
 

 
 
Figure 7. The absorption spectra of Ni(II)NSAID in the absence of 
DNA (a) and in the presence of DNA (b–e). DNA concentrations 
are 21.92, 32.14, 42.29 and 52.44 μmol L−1 for spectra (b–e), 
respectively. Ni(II)NSAID  is 12.76 μmol L−1. 
 
3.1.3.  Competitive studies with EB 
The nature of the interaction of EB with nucleic acids was 
studied by many research reports [23–26]. It is generally 
recognized that the strong mode of binding of EB to DNA 
results in the intercalation of the planar phenanthridinium 
ring between adjacent base pairs on the double helix. 
A competitive ethidium bromide (EB) binding study has 
been undertaken with UV–vis and fluorescence experiments 
[27] in order to investigate if the complexes could displace 
EB from its EB-DNA complex. 
The UV–vis spectra of EB and DNA–EB complex are 
presented in Fig. 6. Spectrum (a) in Fig. 6 is the absorption 
spectrum of 31.92 μmol L−1 EB, and the maximum 
absorption peaks are at 284 and 480 nm. Adding various 
concentrations of DNA into this EB solution, spectrum (a) 
changed to spectra (b–d). Obviously, the maximum 
absorption wavelength shifts from 480 to 498 nm when the 
concentration of DNA is 101.76 μmol L−1 and both the 
absorbance at 284 and 480 nm decrease progressively with 
the increasing concentration of DNA. It is well known that 
bathochromic shift and hypochromism effects are observed 
in the absorption spectra of small molecules if they 
intercalate with DNA [28]. The experiment results show that 
EB intercalates into the DNA bases. Hypochromic effect is 
suggested to be due to a strong interaction between the 

electronic states of the intercalating chromophore and that of 
the DNA bases and the strength of this electronic interaction 
is expected to decrease as the cube of the distance of 
separation between the chromophore and DNA bases [28]. 
The obvious hypochromic effect in this experiment shows 
that EB gets near to DNA bases. 
The result of UV/Vis spectrum analysis about the interaction 
of DNA with Ni(II)NSAID is shown in Figure 7. Compared 
with Figure 6, bathochromic shift and hypochromic effect in 
the absorption are not observed in the absorption spectra of 
Ni(II)NSAID in Figure 7. From the UV–vis analysis, the 
conclusion that the binding mode of Ni(II)NSAID with 
DNA is not the classical intercalation binding can be drawn. 
 

4. CONCLUSIONS 
1.  Ni(II)NSAID  does not show concentration and 

temperature dependent aggregation over an extended 
concentration range between 0 to 1.47×10-5 M and 
temperature range between 25-65°C in 5mM phosphate 
buffer, pH 7.0.  

2.  Addition of NaCl shows hypochroism along with a 
short blue shift and no new band appears even in high 
concentration of salt. This result means that 
Ni(II)NSAID  does not form well defined aggregates 
even in high concentration of salt. 

3.  The binding of Ni(II)NSAID  complex to ct-DNA, 
while the wavelength of maximum absorption ,λmax 
does not show considerable changes the amount of 
absorption increases.  It seems that the driving  force  is 
entropy and this interaction is an hydrophobic intraction 
upon the positive entropy and enthalpy.This result 
represents the outside-binding and hydrophobic 
interaction mode. 

4.  The ct-DNA-binding process is endothermic for 
Ni(II)NSAID  and has the large positive entropy value. 
These can be represented the predominate role 
hydrophobe interactions and outside binding mode.  

5.  The increasing of melting temperature (Tm) of ct-DNA 
upon addition of Ni(II)NSAID  represents the stable 
interaction between ct-DNA and Ni(II)NSAID . That is 
also consistent with outside binding mode. Competitive 
binding with a standard intercalator like ethidium 
bromide (EB) indicate that the binding mode of 
Ni(II)NSAID with DNA is not the classical 
intercalation binding. Very small changes of Tm value 
confirmed outside binding mode. As observed, the 
curves all  have the same structure and a peak that 
represents the most stable. The result show that the  
driving force  is entropy and denaturation process was 
endothermic. 

 
ABBREVIATIONS 

NSAID   non-steroidal anti-inflammatory drug  
Pirox   Piroxicam  
ct-DNACalf thymus deoxyribonucleic acid  
EB  ethidium bromide  
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