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A new europium-acridine-9-carboxylate (Eu(III)-(9-ACA)2(NO3)) was synthesized and characterized. 

The interaction of calf thymus DNA (ct-DNA) with Eu(III)-(9-ACA)2(NO3) has been investigated 

using UV-visible and fluorescence spectroscopic and electrochemical techniques including cyclic 

voltammetry and differential pulse voltammetry (DPV) on the GCE. UV-absorption spectroscopic 

techniques were employed to investigate the interaction between the Eu(III)-(9-ACA)2(NO3) and ct-

DNA. Based on electrochemical and spectroscopic data, the mode of binding of Eu(III)-(9-

ACA)2(NO3)  to DNA through intercalation interaction was concluded. The stoichiometric coefficient 

(n) and apparent binding constant (β) were calculated to be 1.4 and 9.1 x 10
4
 M

−1
, respectively. The 

antibtumor activity of the complex against MDA-MB-231 (mammary cancer) and PC-3 (prostate 

carcinoma) cell lines was evaluated and the results showed promising activities.  

 

 

Keywords: Europium-(9-acridine carboxylate)2; DNA interaction; voltammetry; Absorption and 

fluorescence spectra; Anti-tumor activities.  

 

 

 

1. INTRODUCTION 

Extensive efforts have been employed to kill the cancer cells with minimal side effects, because 

of cancer still causes to death and approximately more than half of cancer patients die from cancer 

diseases [1]. Therefore, the search for novel and selective anticancer drugs has attracted a great deal of 

interest in modern cancer research. The most important cell cycle target of many anticancer drugs is 

DNA binding with small molecule for the development of new anticancer drugs [2-5].  
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Rare earth complexes manifest antitumor activity. Moreover, recent different studies found that 

rare earth ions and their complexes strongly react with nucleic acids to inhibit the cancer cell divisions 

and act as chemical nucleases [6-7]. Therefore, tremendous interests have been drawn in recent years 

to study the anticancer activity of rare earth complexes [8-11].   

Anticancer drugs interact with DNA via different binding modes such as intercalate, static, and 

grooves. A variety of techniques have been employed to investigate theses binding modes. Among 

these techniques, the electrochemical investigations have been gained the most interest due to their 

selectivity, accuracy, a good evidence for the interaction mechanism and sharing similar principle of 

oxidation mechanism in the body and on the electrode [12]. Electrochemical approach can also be used 

for the quantification of these drugs [13-14]. 

Acridine derivatives are widely utilized as anticancer, antibacterial, antiprotozoal, and 

antimalarial drugs, [15-19]. Recently, 9-acridine derivatives strongly intercalated and had high binding 

affinities to nucleic acid [19-21]. These findings directly identify acridine derivatives as anticancer 

agents. The attempt to combine the 9-acridine moiety with lanthanide ions may be useful to possess 

high tumor cell growth inhibition activities. 

In this work, the interaction of Eu(III)-(9-ACA)2(NO3), a potent anti-tumor drug, with double 

stranded calf thymus DNA (ds-DNA) was investigated by electrochemical methods included  cyclic 

(CV) and differential pulse voltammetry (DPV) on a glassy carbon electrode (GCE). Absorption 

spectroscopy was carried to investigate the binding mechanism. The diffusion coefficients for oxidized 

species were calculated in the absence and presence of ds-DNA. Furthermore, the antitumor activities 

of the Eu(III)-complex against two cell lines were also examined and the results showed promising 

activities. 

 

 

 

2. EXPERIMENTAL 

2.1. Materials and Reagents 

N

O
O

O

N

O

Eu

N

O

OO

 
 

Figure 1. Suggested structure of the Eu(III) (9-ACA)2(NO3)complex 
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9-acridine carboxylic acid (9-ACA), Calf thymus deoxyribonucleic acid (ct-DNA), and 

Europium(III)nitrate (Eu(NO3)3.6H2O) were purchased from Sigma. Eu(III)(9-ACA)2(NO3)complex 

was synthesized and characterized as reported in the literature [22, 23 ].The structure of Eu(III)-(9-

ACA)2(NO3) complex (Fig. 1) was confirmed from analytical analysis, FTIR, and thermal analysis. All 

other reagents and solvents were analytical grade reagents. Double deionized water was used for all 

experiments. The stock solution of ct-DNA was prepared and stored in refrigerator at 4°C until used. 

The purity and concentration of DNA solution, expressed in M of nucleotide phosphate (NP), was 

determined by spectrophotometrical measurements [24, 25].   

 

2.2. Apparatus 

Voltammetry measurements were carried out using a 270 Electrochemistry System (EG&G, 

USA) in which a three-electrode system was used.  A platinum wire was used as a counter electrode, a 

saturated calomel electrode (SCE) was used as a reference electrode and a glassy carbon electrode was 

used as a working electrode, electrode. Absorption, fluorescence and pH measurements were 

performed on a Perkin-Elmer lambda 20 UV-Vis spectrophotometer, Jasco-6300 spectrofluorometer, 

and (pH-220 L) pH-meter, respectively.  

 

2.3. Antibacterial activity 

In vitro antibacterial activities of Acridine-9-carboxylic acid and its Eu(III)-(9-ACA)2(NO3) 

complex were investigated by using the Minimum inhibitory concentration (MIC) method [26,27] 

against Pseudomonas aeruginosa and Staphylococcus aureus as pathogenic strains. 

 

2.4. Antitumor activity 

The cytotoxicity activities of Eu(III)-(9-ACA)2(NO3) complex and 9-ACA free ligand were 

screened in vitro against two human tumor cell lines including MDA-MB-231 (breast cancer) and PC-

3 (prostate cancer) which were obtained from the National Cancer Institute (NCI, Cairo, Egypt). 

Tumor cells were cultured and cytotoxicity activities were evaluated by using MTT method assay as 

previously reported [28].  

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electrochemical behavior of Eu(III) – (9-ACA)2(NO3) complex 

The electrochemical behavior of Eu(III)-(9-ACA)2(NO3) binary system was investigated at the 

GCE using cyclic voltammetry technique, recorded in the 0.1 M acetate buffer solution (pH 4.8) at the 

scan rate of 150 mVs
-1

 within the electrode potential range of −0.30 to -0.90 V (Fig. 2). Under the 
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selected conditions, the cyclic voltammetry of Eu(III)-(9-ACA)2(NO3) in acetate buffer solution (pH= 

5) exhibited only one cathodic current peak at potential of -775 mV, indicating that the reduction 

process of  Eu(III)-(9-ACA)2(NO3) complex at GCE is an irreversible process.  The cyclic 

voltammogram of the free ligand (9-acridine carboxylic acid) is conducted on the surface of glassy 

carbon electrode in the buffer solution (pH=5) at 25
 o

C. The free ligand doesn’t exhibit reduction or 

oxidation peak within the studied potential range -0.30 to -0.90 V which corresponds to the 

electrochemical active range of Eu(III) metal ion under experimental condition. 

 

-400 -500 -600 -700 -800 -900

-5

0

5

10

15

20

25

30

35

40

I 
  
  
/ 

A

E      / mV  (vs SCE)

(a)

(b)

 
Figure 2. Cyclic voltammogram of Eu(III)(9-ACA)2(NO3) complex (a) and 9-ACA (b) in 0.1 M 

acetate buffer (pH 5) at 150 mVs
-1

 scan rate.  
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Figure 3. (A) Cyclic voltammogram of 2.0 × 10
−5

 M Eu(III) (9-ACA)2(NO3)complex in different pH 

values at 150 mVs
-1

 scan rate. (B) Effect of pH values on the peak potential (Epc) and current 

(Ipc) for the reduction of Eu(III) (9-ACA)2(NO3) complex  at GCE in 0.1M acetate buffer. 
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The effect of pH values on the cathodic peak currents and potentials of Eu(III)-(9-ACA)2(NO3)  

at GCE was investigated as shown in Fig. 3. The results show that the cathodic peak potentials and 

currents are dependent on the pH values. The cathodic potential is shifted linearly to negative with 

increasing pH values up to pH =6. At pH more than 6, the currents started to decrease. Therefore, pH 

from 4 to 6 can be considered as the optimized pH for further electrochemical investigation of Eu(III)-

(9-ACA)2(NO3) at GCE .  

 

3.2. Electrochemical behavior of Eu(III)(9-ACA)2(NO3) with ds-DNA 

The interaction between Eu(III)(9-ACA)2(NO3)complex and ct-DNA was investigated using 

CV and DP voltammetry techniques. The cyclic voltammogram representing the interaction of 

synthetic Eu(III)(9-ACA)2(NO3) complex with a sires of ds-DNA concentrations in acetate buffer (pH 

4.8)  at 25 
o
C is depicted in Fig. 4. The electrochemical process of Eu(III)(9-ACA)2(NO3) complex 

with DNA at GCE is also irreversible. The reduction peak potential of Eu(III)(9-ACA)2(NO3) complex 

in the presence of ds-DNA shifts to more positive value from -775 mV to -746 mV which indicates the 

increase of DNA binding probability to Eu(III)(9-ACA)2(NO3) complex. Upon increasing the 

concentration of DNA to the complex, the cathodic peak current is decreased confirming the binding 

of the complex to DNA. Also, the decreasing of IPc can be attributed to the slow diffusion of the metal 

complexes bound to the slowly diffusing DNA. Thus, the binding of the Eu(III)(9-ACA)2(NO3) to 

nucleic acids may be related to the intercalation interaction with DNA as reported  in the literatures 

[29-32].  
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Figure 4. Cyclic voltammograms of 2.0×10

−5
 M Eu(III)(9-ACA)2(NO3) complex   + ds-DNA in 0.1 M 

acetate buffer solution (pH 5) in the presence of (a) 0, (b) 1.5, (c) 3.0, (d) 4.4, e) 5.9, and  (f) 

7.3 (×10
−6

 M) ds-DNA. Scan rate: 150 mVs
−1

. 
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Confirmation of the formation of DNA- Eu(III)(9-ACA)2(NO3) complex in solution has been 

investigated using DPV on a GCE. As the sensitivity of DPV was better than that of CV. DPV curves 

of Eu(III)(9-ACA)2(NO3) complex in the absence and presence of DNA are shown in Fig. 5. The peak 

current of Eu(III)(9-ACA)2(NO3) complex appears at the potential of −0.623 V. The peak potential 

(Ep) shifted positively (Ep=−0.600 V) and the peak current is decreased with the addition of ds-DNA. 

This finding strongly supports the interaction between ds-DNA and Eu(III)(9-ACA)2(NO3) and 

suggested that a new complex was formed between Eu(III)(9-ACA)2(NO3)  and DNA [29,32-34]. 
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Figure 5. Differential pulse voltammetry of Eu(III) (9-ACA)2(NO3) complex in the absence (a) and 

presence of ds-DNA in 0.1M acetate buffer at pH 5. 

 

The electrochemical processes of Eu(III)(9-ACA)2(NO3) complex and DNA can be represented  

by a square Scheme according to the literature [35, 36] as shown bellow 
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The change in potential is related to binding constant and can be used to determine the 

equilibrium constants for the interaction of Eu(II) complex to ct-DNA as follows [35, 36]: 

 

)/(ln/'0'0

IIIIIfb KKnFRTEE                                                                         (1) 
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where 
'0

bE
 and 

'0

fE
  are formal potentials of the Eu(III)/Eu(II)-complex in the bound and free 

form, respectively. The ratio of the binding constants (KII/KIII) of Eu(III)/Eu(II)
 
complexes for DNA 

binding is found to be less than unity (for limiting shift of -23 mV, KII/KIII is 1.3 x 10
-4

), indicating that 

binding of Eu(II)-complex (reduced form) to DNA is small compared to that of Eu(III)-complex 

(oxidized form). 

 

3.3. Determination of the binding constant and stoichiometric coefficient between Eu(III)  

(9-ACA)2(NO3) and ds-DNA 

Assuming that Eu(III)(9-ACA)2(NO3) complex  reacts with ct-DNA producing  only a single 

complex of DNA-( Eu(III)(9-ACA)2(NO3))n [37, 88], a reaction equation is as follows: 

 

nn )complexIII)(Eu(DNADNAcomplexEu(III)                                  (2) 

 

The apparent binding constant, β, is given by 

 

][DNA]complex)-Eu(III)[

]complex)-Eu(III)(DNA[
n

nn 
                                                                    (3) 

 

where [Eu(III)-complex] and [DNA] are the free concentration of Eu(III)(9-ACA)2(NO3) and 

ct-DNA at equilibrium, respectively. [DNA-(Eu(III)-complex)n] and n are the concentration of the 

formed complex and the stoichiometric coefficient, respectively. The fraction of DNA bound in the 

complex is given by  

 

0max ][DNA
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f







          (4) 

 

where [DNA]o is the total concentration of ct-DNA and [DNA-(Eu(III)-complex)n]max is the 

maximum concentration of DNA-(Eu(III)-complex)n. The total concentration of the ct-DNA is 

 

[DNA]o=[DNA]+ [DNA-(Eu(III) -complex)n]                                                         (5) 

 

Insertion of Eqs 4 and 5 into Eq.3 leads to 
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Then, the following logarithmic equation can be deduced from the above equation: 

 

)/]complex)-Eu(III)[(log)/(log
1

log n1
MnMn

f

f












                                 (7) 

 

It is assumed that the changes in the current is due to the presence a concentration of DNA over 

different concentrations of the Eu(III)(9-ACA)2(NO3) complex.  Thus, the decreasing value of the peak 

current is proportional to the concentration of DNA-(Eu(III)(9-ACA)2(NO3))n complex: 

  

]complex)-III)(Eu(DNA[I nk                                                                        (8) 

 

)II(I 0  is the change in cathodic peak current of Eu(III)(9-ACA)2(NO3) upon each addition 

of ct-DNA. I
0 

and I  are cathodic peak current of Eu(III)(9-ACA)2(NO3) in the absence and presence of 

ct-NA, respectively. maxI is the same parameter when the compound is totally bound to ct-DNA.  

 

ok ][DNAImax                                                                                                    (9) 

 

Therefore, ( maxI/I  ) denotes the fraction of Eu(III)(9-ACA)2(NO3) bound to DNA. 

 

maxI/I f                                                                                                       (10)  

                                                               

Insertion of Eq. (10) into Eq. (7), the following equation can be yielded: 

 

)/]complex)-Eu(III)[(log)/(log
)II(
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                             (11) 

 

The Eqs  8 and 9 are deduced to Eq. 3 and then, the following equation can be deduced: 
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The equations 11 and 15 can be applied to evaluate the binding constant and molar ratio [30, 

39-44].  The voltammetric titration was employed to determine the binding constant (K) and 

stoichiometric coefficient (n). According to Eq. 11, the relationship curve of log ( I)-I/(I max  ) and 
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log [Eu(III)-complex / M] should be a straight line with the suitable n, if there is only one complex 

formed. Fig. 6 depicts a plot of log ( I)-I/(I max  ) as a function of log [Eu(III)-complex / M] for 

DNA-Eu(III) (9-ACA)(NO3) system. From the intercept and slope values the binding constant at room 

temperature was determined to be 9.1 x 10
4
 ± 300 M

−1
 in 0.1M acetate buffer with 1.4 stoichiometric 

coefficient. This value is in accordance with the previous study for the intercalation and groove 

binding of small molecule into the DNA molecules [23,34,45,46]. 
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Figure 6. Dependence of log ( I)-I/(I max  ) on log [Eu(III)-complex / M] 

 

3.4. Effect of scan rates  

The effects of scan rate (v) on the reduction peak currents and reduction peak potentials were 

investigated to assess the interaction of Eu(III)(9-ACA)2(NO3)  with ct-DNA. The diffusion 

coefficients for oxidized and reduced species and can be calculated from the following equation [47] 

 

2/1

0

2/1

0

2/3

2/1
3

4463.0 CDAn
TR

F
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                                                                          (16) 

 

where, ,/,/,/,,/ 3

0

122

0


cmmoleCscmDcmAnAI  and

1/ Vs  refer to the peak current, 

number of electrons involved in the reduction, area of the electrode, diffusion coefficient, 

concentration of electroactive species, and scan rate, respectively. One can get the value of 

0.4463(F
3
/RT)

1/2
as 2.69×10

5 
A s (molV

1/2
)
−1

. Cyclic voltammograms of Eu(III)(9-ACA)2(NO3) 

complex in acetate buffer in the absence and presence of DNA have been recorded at different scan 

rates. The dependence of the cathodic peak potential on the square root of scan rate (/ Vs
-1

)
1/2

 is 

depicted in Fig.7A. The relationship between the reduction peak current and the square root of the scan 
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rate is linear, following equations below: Ipc= -4.32μA+ {102 [/(V/s)]
1/2

}μA for Eu(III)(9-

ACA)2(NO3) complex and Ipc=-3.07μA + {88.9 [/(V/s)]
1/2

}μA for DNA-Eu(III)(9-ACA)2(NO3) 

system, suggesting that the redox processes of both free and bound Eu(III)(9-ACA)2(NO3) are under 

diffusion control. From the slope of the relationship between the current and the square root of the scan 

rate, the diffusion coefficient can be determined. This procedure gives diffusion coefficients of 1.5 

x10
-9

 and 1.1 x10
-9

 cm
2
s

-1
 for the oxidized form of free and bound Eu(III)(9-ACA)2(NO3), 

respectively.  This indicates that the redox processes of both free and bound Eu(III)(9-ACA)2(NO3) are 

under diffusion control. The slope of the plot is lower in the presence of DNA, indicated lowering the 

diffusion coefficient of the DNA-Eu(III)(9-ACA)2(NO3) complex in the bulk of the solution. The 

relationship of the peak potentials with scan rate was further constructed (Fig.7B), which obeys the 

following equations: EPc= –0.843V–(0.046 ln(/Vs
-1

)) V and EPc= –0.850V–(0.042 ln(/Vs
-1

))V for 

Eu(III)(9-ACA)2(NO3) and DNA-Eu(III)-(9-ACA)2(NO3) system, respectively. 
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Figure 7. (A) Dependence of cathodic peak current (Ipc/A) on the square root of scan rate (/Vs
-1

)
1/2

). 

(B) Correlation between cathodic peak potential (Epc/ V) and ln(
-1

Eu(III) (9-

ACA)2(NO3) complex  and DNA-Eu(III)(9-ACA)2(NO3) complex in 0.1 M acetate buffer at 

25.0 
o
C. 

 

3.5. UV–vis absorption spectra 

The metal complexes can interact with nucleic acids through intercalative, groove or 

electrostatic binding. The red shift and hypochromic effect were observed in the absorption spectra of 

the small molecules when the small molecule was intercalated into the space between two DNA base 

pairs, [48,49]. The absorption spectra of the interaction of Eu(III)(9-ACA)2(NO3)complex with ct-

DNA are given in Fig. 8A. The absorption spectrum of Eu(III) (9-ACA)2(NO3)complex has an  

absorption peak at about 361 nm which is assigned to -* transition. On addition of ct-DNA, the 

absorption spectrum of Eu(III)-complex demonstrated clear hypochromicity at the maximum 

absorbance with somewhat red shift from 361 to 365 nm. This finding suggested the formation of some 
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type of binding probably intercalation binding mode [55, 55]. Absorption titration measurements can 

be employed to determine the binding constant between Eu(III) (9-ACA)2(NO3)complex and ct-DNA 

applying the following relationship [23] 
















 00 ][

11

complex][Eu(III)

11

DNAKA 
                                                        (17) 

 

where Δε the difference between the molar absorption coefficients of Eu-complex and Eu-complex-

DNA. ΔA is the difference between the absorbance of Eu-complex in the presence and in the absence 

of DNA. [Eu-complex]0 and [DNA]0 are the initial concentration of Eu-complex and DNA, 

respectively. The plot of 1/A versus 1/ [DNA]0 was linear (Fig. 8B). The binding constant was found 

to be 6.7 x 10
4
 M

-1
. This value is comparable to that obtained from the voltammetric titration. 

 

300 350 400 450 500

0

1

2

A
b

s
o

rb
a

n
c

e

Wavelength (nm)

0

5 x 10
-5
M DNA

(A)

 

0.0 5.0x10
4

1.0x10
5

1.5x10
5

2.0x10
5

2.5x10
5

3.0x10
5

3.5x10
5

4.0x10
5

1

2

3

4

5

6

1
 /
 

A

1 / [DNA]

(B)

 
 

Figure 8. (A) Absorption spectra of Eu(III) (9-ACA)2(NO3) complex in the absence and presence of 

ds-DNA in 0.1M acetate buffer at pH 5. (B) Double reciprocal plot (Benesi-Hildebrand plot)  

 

3.7. Fluorescence spectra 
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Figure 9. Fluorescence spectra of Eu(III) (9-ACA)2(NO3)complex in the absence (a) and presence of 

ds-DNA in 0.1M acetate buffer at pH 5. Excitation wavelength was 290 nm. 
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The fluorescence measurements for the interaction of Eu(III)(9-ACA)2(NO3) with DNA in 

0.1M acetate buffer( pH=5) was monitored as described in Fig.9. Fluorescence spectrum of Eu(III)(9-

ACA)2(NO3) complex exhibits  the characteristic emission bands for Eu
3+

 ions [50] at 615 nm 

(
5
D0→

7
F2) which is obviously higher than the other emission bands at 645 nm (

5
D0→

7
F3), and 690 nm 

(
5
D0→

7
F4). Addition of DNA to Eu(III)-complex leads to increase the emission bands of Eu(III) in the 

complex through the energy transfer. The fluorescence enhancement provided a strong interaction 

between Eu(III)(9-ACA)2(NO3)  and DNA through intercalation binding mode [23,52].  

 

3.8. Effect of Eu(III)-complex on the microorganism 

In the light of interesting antimicrobial activities of the coordination complex, the ligand and its 

corresponding Eu(III)-complex were evaluated their antibacterial activity against Pseudomonas 

aeruginosa and Staphylococcus aureus by MIC assay. In case of Pseudomonas aeruginosa, the 

complex (MIC =1600 μM) is more potent than the ligand (MIC=2100 μM). For Staphylococcus 

aureus, the complex (MIC = 2000μM) is more potent active than ligand (MIC=2300 μM). The 

antimicrobial activity of the Eu(III)(9-ACA)2(NO3) complex against the Pseudomonas aeruginosa and 

Staphylococcus aureus is much higher than ligand only (Acridine-9-carboxylic acid).The antibacterial 

mechanism was hypothesized that the Eu(III)(9-ACA)2(NO3) complex has an effect on cell. 

 

3.9. Antitumor activity 

The antiproliferative of the ligand 9-ACA and Eu(III)(9-ACA)2(NO3) complex activities 

against MDA-MB-231 (mammary cancer) and PC-3 (human prostate carcinoma cell line) cancer cell 

lines were evaluated by the standard MTT assay with carboplatin as the positive control. The 

calculated IC50 values are listed in Table 1.  Eu(III)(9-ACA)2(NO3) complex displayed a higher 

cytotoxic activity than the parent ligand. 

 

Table 1. In vitro anticancer screening of the synthesized Eu(III)(9-ACA)2(NO3) complex and 9-ACA 

against MDA-MB-231 (mammary cancer) and PC-3 (human prostate carcinoma ) cell line. 

 

Compound 
MDA-MB-231  

IC50 μM 

PC-3  

IC50 μM 

9-Acridine carboxylic acid 29.62 ± 0.3 μM 40.7 ± 0.2 μM 

Eu(III)(9-ACA)2(NO3)   21.29 ±0.28 μM 26.0 ± 0.88 μM 

Carboplatin 14 ± 0.28 μM 19 ± 0.88 μM 

 

 

 

4. CONCLUSION 

In this work, the reduction peak potential of the Eu(III)(9-ACA)2(NO3) complex is  influenced 

by the pH values.  DNA binding with Eu(III)(9-ACA)2(NO3)  complex was demonstrated by 
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electrochemical, fluorescence, and absorption techniques. The results obtained indicate that there is a 

strong interaction between Eu(III)(9-ACA)2(NO3) complex and ct-DNA. The binding of Eu(III)-

complex to ct-DNA is related to the intercalation interaction with DNA backbone. The DNA-

Eu(III)(9-ACA)2(NO3) complex interaction  has an effect on the cell division of bacteria and tumor 

cells. This interaction can inhibit the replication process and prevent tumor and bacteria cells from 

dividing and producing more cells thence induce the programmed cell death (apoptosis) of tumor cell. 

This result suggests that a further clinical application of this synthetic compound have a strong 

potential as anti-tumor compounds. 
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