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INTRODUCTION 

In the last decades, much attention was paid to 

the binding of small molecules with DNA, as a 

result of obtained advantages of these 

molecules as potential drugs. Since the concept 

of intercalation into DNA was first formulated 

by Lerman in 1961 [1]. It has become widely 

recognized that many compounds of 

pharmacological interest, including anticancer 

drugs and antibiotics correlate their biological 

and therapeutic activities with the ability of 

intercalative interaction with DNA [2]. This non 

covalent binding has an important function in 

life phenomena at the molecular level, deciding 

the interaction specificity of drug with DNA. 

Anthracycline drugs, the most widely used 

anticancer agents [3, 4], get limited in their use 

due to high cost and cardiotoxic properties [5, 

6]. Although the exact mechanism by which 

anthracyclines exert their anticancer activity is 

still uncertain [7], dominant amongst various 
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mechanisms appear to involve impairment of 

topoisomerase-IIα activity [8, 9], that is 

consistent with observed DNA intercalation and 

nuclear localization of the drug [10–12]. 

Biochemical studies show that the drugs inhibit 

both DNA-directed DNA synthesis [13] and 

DNA-directed RNA synthesis [14], presumably 

by their ability to interact with the DNA 

template primer [15, 16]. Owing to aforesaid 

reasons, research on the interaction of 

anthracyclines and their analogues with DNA is 

being actively pursued [16].Chemotherapeutic 

efficiency as well as cardio toxicity of 

anthracycline drugs is associated with electron 

transfer processes, which shows a very good 

correlation with the redox behavior of the 

molecules [17–20]. Owing to one electron 

reduction, the quinone moiety in these drugs is 

converted to semi quinone playing a major role 

in determining chemotherapeutic efficiency and 

toxicity in cellular systems [21, 22]. Analogues 

of anthracyclines, the hydroxy-9, 10-

anthraquinones and their complexes, were 

reported to be suitable radio sensitizers [23–

25], a phenomenon, also linked to electron 

transfer processes. In order to develop cost 

effective and also efficient substitutes of 

anthracycline drugs, different analogues are 

being tried clinically [4, 26].The aim of our study 

was to calculate the binding constant of 

anticancer drug of letrozole shown in scheme 1 

and 2 with ds-DNA 

 

MATERIALS AND METHODS 

Preparation of drug & buffer solution 

The drug Letrozole has been purchased from 

the local pharmaceuticals and was used for 

the study. The structure of Letrozole and the 

ball stick model is shown in the scheme 1 and 

2. The standard solution of 0.1M Letrozole 

was prepared by dissolving Letrozole in 

double distilled water and then it was stored 

in a refrigerator. All reagents were of 

analytical grade and used without further 

purification. Phosphate buffer was prepared 

using deionized water. 

 

 
Scheme 1: Structure of letrozole 

 
 

 
Scheme 2: Ball-and-stick model of the 

Letrozole molecule  
Phosphate buffer was prepared using 

equimolar mixture of 0.1M potassium 

dihydrogen orthophosphate and 0.1M 

dipotassium hydrogen phosphate. By varying 

the concentration of the two components this 

buffer was prepared for pH varying from 5-8. 

 

Preparation of calf thymus double stranded 

DNA (ct-ds-DNA) 

The ct-ds-DNA was purchased from Biotech 

solutions, Bangalore, India and used for the 

study.  10l of ds-DNA was taken from the 

stock solutions and made upto 10ml in a 

standard flask and was used for the study.  

The concentration of ct-DNA was measured by 

using its known extinction co-efficient at 

260nm (6600 m-1cm-1).  The absorbance at 

260nm for ds-DNA was measured to check its 

purity [27-29]. 

 

Kinetics and electrochemical behavior of 

letrozole 

For voltammetric measurements, the test 

solution was placed in a voltammetric cell of 

volume 13ml and deoxygenated by bubbling 

nitrogen for 10 min. During measurements, a 
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stream of nitrogen was passed over the 

solution. All experiments were carried out at 

room temperature. Cyclic voltammetric 

behaviour of 0.1M Letrozole was studied by 

varying the buffers, pH, scan rate and 

concentration. Bare glassy carbon electrode 

(GCE) was used as the working electrode for 

this study [30].  

 

Effect of buffers and pH 

Phosphate buffer have been chosen for this 

study. The pH was also varied using the 

phosphate buffer and best signal was noticed at 

pH 7.1. Letrozole was electroactive only in 

phosphate buffer at pH 7.1, therefore this 

buffer was chosen for further study [31]. 

 

Effect of concentration 

In order to study the limit of detection (LOD) 

and limit of quantification (LOQ) the study on 

the effect of concentration was carried out [32]. 

Linear regression analysis of the data gave the 

following equation [33, 34]; 

ip (µA)= 0.0626 C(M)+ 0.8905 ,( R2 = 0.9128) 

The sensitivity of the method was evaluated by 

determining the limit of detection (LOD) and 

limit of quantification (LOQ),LOD =3xSD/b; 

LOQ=10xSD/b [32].In order to study the 

interaction of Letrozole with ds-DNA, 1ml of 

8.1818x10-6M   solution of DNA was added with 

1.5ml of 0.1M Letrozole in 5ml of phosphate 

buffer at pH 7.1. 

 

RESULTS AND DISCUSSION  

Influence of buffer 

The cyclic voltammogram of Letrozole on a bare 

GCE in phosphate buffer (pH 7.1) is shown in 

figure1. It is clear that the electrochemistry of 

Letrozole on the bare GCE shows an oxidation 

peak at Epa= 0.3754V and it is due to the 

oxidation of Letrozole. The number of electron 

transferred (n) and α transfer coefficient were 

calculated as 1 and 0.6271. 

 
Fig1: Cyclic voltammogram of 0.1M Letrozole 

in Phosphate buffer at pH 7.1 

Influence of scan rate 

The scan rate is probably the most important 

experimental parameter for evaluating the 

effects due to adsorbed reactant and/or due to 

reaction at the electrode via diffusion. Figure 2 

shows that the peak currents for the oxidation 

of Letrozole increases with increasing the scan 

rate from 25 mVs-1 to 500 mVs-1 [36, 37]. 

Figure3 represents the plot of the irreversible 

oxidation [38] currents (ip) verses scan rate (ν) 

yield straight line in the range from 25 to 500 

mVs-1 and the corresponding regression 

equation is,  

ipa (µA)=0.045ν (mV), R2 = 0.875 

Furthermore, it was observed that the oxidation 

peak current of Letrozole (ip) varies linearly with 

ν ½ (R2=0.905) rather than ν (R2=0.875).This 

result indicated that the electrode process was 

controlled by diffusion process [39]. The 

following formula has been used to calculate 

the surface concentration of the drug, 

ip = n2F2AГν/4RT 

According to the data obtained in cyclic 

voltammetry experiments, using the above 

formula the value of Г was calculated as 

3.8034x10-7 mol-1cm-2. 
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Fig. 2: Cyclic voltammogram of 0.1M Letrozole 

        

 
Fig  3: Plot of ip Vs υ for 0.1M Letrozole at 

different Scan rates 

The diffusive nature of the drug at the 

electrode surface was again confirmed from the 

slope value of the plot of logarithm of peak 

current (log ip) vs logarithm of scan rate (log ν).  

The plot of logarithm of peak current (log ip) 

versus logarithm of scan rate (log ν) gave a 

slope of 0.6003 (figure 4), which is close to the 

theoretical value of 0.5. That is expressed for an 

ideal reaction for the diffusion controlled 

electrode process [40]. The equation obtained 

is, 

log i pa(µA)  =  0.600 log ν (mVs-1) - 0.332 , R2 = 

0.991 

 
Fig 4: Plot of log ip  Vs log υ  for 0.01M 

Letrozole 

The diffusion coefficient of the drug was 

determined by using the reduced form of 

Randles-Sevcik equation (Potential Sweep 

Techniques), ip =2.69x105 n3/2 A D0
1/2 ν1/2C0. 

Where ip, the peak current density is in Acm-2, D 

is in cm2S-1, v is in VS-1 and Co is in mol cm-1 [41]. 

From the slope (1.284) value of the plot (figure 

5) of ip versus ν½, the D0value was calculated 

and is (2.6894x10-6 cm2 s-1), the cyclic 

voltammetric experiments showed that both 

peak potential (Epa) and peak current (ipa) of 

Letrozole was in relation to the scan rate (ν). 

The relationship between Epa and log ν½, over 

the range 25mV to 500mV was discussed as 

follows. For an irreversible anodic reaction, the 

following equation may be used to calculate the 

rate constant for the heterogeneous electron 

transfer process [42], 

E pa =E0+RT/[(1-α)nF]{0.780+ln(D1/2/k0)+ln[(1-

α)nFν /(RT)]1/2} 

α is the transfer coefficient, n is the number of 

electrons transferred per mole before the rate 

determining step, According to the above 

equation, the curve of Epa Vs log v½ shown in 

figure 6 should be linear and the k0, the 

heterogeneous rate constant was calculated 

from the intercept and is 1.2320x10-2cms-1 

The calculated values of LOD and LOQ are 

4.4406x10-8M and 14.802x10-8M respectively. 

The very low values of LOD and LOQ show the 

high sensitivity of the proposed method for the 

determination of Letrozole 

 
Fig 5: Plot of ip log υ½ 

 
Fig 6: Plot of Epa log υ½ 
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Kinetics of the interaction of letrozole with ds-

DNA 

The voltammetric behavior of the Letrozole and 

Letrozole DNA complex has been depicted in 

table 1. The decrease in peak current of 

Letrozole upon addition of ds-DNA into the 

Letrozole solution is maximum at pH 7.1. Under 

these conditions, the dramatic changes of cyclic 

voltammetric behavior of Letrozole in the 

presence of ds-DNA were occurred. Figure 7 

shows the cyclic voltammetric behavior of 

Letrozole while increasing concentration of ds-

DNA from 1.0909 x10-6M   to 3.5573 x10-6M 

Table 1: Voltammetric behaviour of Letrozole 
and Letrozole -DNA Complex 

Scan 
rate ν  
(V s-

1) 

Letrozole Letrozole DNA 
Complex 

E pa 
(V) 

i pa 
(µA) 

E pa 
(V) 

i pa 
(µA) 

0.025 0.3104 3.357 0.3068 3.456 
0.050 0.3091 4.943 0.2664 4.012 
0.100 0.3291 7.398 0.3209 5.502 
0.150 0.4029 8.457 0.3370 6.966 
0.200 0.3734 10.53 0.3470 8.283 
0.250 0.3289 13.14 0.3581 9.527 
0.300 0.3734 14.05 0.3601 10.32 
0.400 0.3415 17.64 0.3195 13.83 
0.500 0.3619 20.61 0.2193 18.00 

 

 
Fig 7: Cyclic voltammogram of 0.1M Letrozole 
in the presence of increasing concentration of 

ds-DNA 

When ds-DNA is added to the solution of 

Letrozole, the peak current height decreases 

and shifts of peak potentials from 0.3664V to 

0.2571V was noticed. At 3.5573 x10-6M 

concentration of ds-DNA maximum shift in peak 

potential to the negative potential side was 

noticed. This shows the binding was maximum 

at this concentration. The anodic peak current 

decreasedto -1.614 x10-5 A in the presence of 

ds-DNA. According to these observations, it 

seems that the decrease of peak current of 

Letrozole after an addition of excess of ds-DNA 

is caused by the intercalation of Letrozole to 

the bulky, slowly diffusing ds-DNA which results 

in considerable decrease in the surface 

concentration and apparent diffusion 

coefficient. According to the data obtained 

from the plot (figure 8) of ip(µA) Vs ν (mV) the 

surface concentration (Г) of the reactant was 

calculated and the value is 3.1188 x10-7mol-1 

cm-2. The plot (figure 9)  of logarithm of peak 

current (log ip) versus logarithm of scan rate 

(log ν) gave a slope of 0.5405.The linear 

regression equation obtained by plotting log 

ip(µA) Vs log ν (mV) is, 

log i pa(µA)  =  0.5405 log ν (mVs-1) - 0.2933 , 

R2 = 0.9511 

The decrease in the slope of the linear ip versus 

ν½ plot (R2 =0.9052), where the slope values are 

1.284 and 0.664 mV-1/2s-1/2   in the absence and 

presence of ds-DNA respectively and was 

shown in figure 10. The diffusion coefficient (D0) 

of DNA bound Letrozole was found to be          

2.2717x10-6cm-2s-1 which was lower than the 

diffusion coefficient of free Letrozole           

(2.6894 x10-6cm-2s-1). In order to study the rate 

constant for the heterogeneous electron 

transfer process, the plot (figure 11) of Epa Vs 

log ν ½ was used. The linear regression equation 

obtained was [40, 43]: 

Epa (V) = 0.2385 log ν ½ +  0.0722  (R2 =0.9578) 

 

 
Fig 8: Plot of ip Vs υ 
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Fig 9: Plot of log ip Vs log υ 

 

 
Fig 10 : Plot of ip Vs υ½ 

The  k0 obtained from the intercept value of the 

plot of Epa (V) Vs log ν1/2 was 1.1038  x 10-2cms1 

and this was found to be lower than the k0 of 

free Letrozole (1.2320 x10-2cms-1). The changes 

in current upon addition of ds-DNA can be  

 
Figure 11 : Plot  of Epa Vs  log υ½ 

explained in terms of diffusion of an equilibrium 

mixture of free and bound Letrozole to the 

electrode and which can be used to quantify 

the binding of Letrozole to ds-DNA. In this 

context current titrations were performed by 

keeping the concentration of Letrozole constant 

while varying the concentration of ds-DNA 

using cyclic voltammetry at pH 7.1. The current 

titration was described by the following 

equation [44, 45], 

log(1/[DNA]) = log K+ log(I H-G/IG- I H-G) 

Where, K is the apparent binding constant, IG 

and I H-G are the peak current of free guest (G) 

and the complex(H-G) respectively. Under the 

assumptions of irreversible, diffusion controlled 

electron transfer process and a 1:1 association 

complex between the drug and ds-DNA (in 

nucleotide phosphate) becomes linear with the 

intercept of log K  

The straight line obtained by plotting (figure 12) 

log (1/[DNA]) Vs log (I H-G/IG- I H-G) is , 

log(1/[DNA])=  0.709  log(I H-G/IG- I H-G)+ 5.039, 

(R2 =0.988 ) 

 

 
 

Figure 12 : Plot of log (1/[DNA]) Vs log (IH-G/IG-
IH-G) 

 

 

The binding constant of this complex was 

evaluated according to the above equation and 

the result obtained is 1.0939x105M-1. The value 

of K demonstrated that Letrozole binds to ds-

DNA with high association constant. The change 

in Gibbs free energy value (ΔG) for the binding 

of Letrozole with DNA were calculated from the 

equation, ΔG = -RTlnK, From the K value 

obtained, the calculated  ΔG value for the 

formation of Letrozole DNA complex is -28.75 KJ 

mol-1. The negative value of ΔG shows that the 

binding of Letrozole with DNA is a spontaneous 

process. 

 

CONCLUSION 

Letrozole an anticancer drug was determined 

using cyclic voltammetric method in this study. 

The binding of Letrozole with calf thymus ds-

DNA was studied and compared with the 
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binding ability.Cyclic voltammetric studies 

provide a very low LOD and LOQ values for the 

determination of Letrozole and show the high 

sensitivity of the technique. The kinetics of the 

electrode surface reaction were also studied by 

calculating the parameters Γ, D and k0. 
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