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Abstract 

Cu(II) complex of 2-hydroxy-5-methoxyacetophenone-N(4)-ethyl thiosemicarbazone 

(Cu(HMAET)Cl) was synthesized and characterized by spectroscopic methods such as FT-IR, 1H-

NMR and UV-Vis. The Cu(II) complex’s DNA-binding capacity was studied with the UV-Vis 

absorption titration and ethidium bromide (EB) displacement experiment using E. coli DNA. The 

results demonstrated that the Cu(II) complex could intercalate in the DNA's base pairs. The binding 

constant was found as 2.8×107 M−1. Also, the interaction study of the Cu(II) complex with bovine 

serum albumin (BSA) was investigated using the UV-Vis absorption and fluorescence spectroscopy 

techniques. It was concluded that the Cu(II) complex interacts strongly with BSA. 
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1. Introduction

Studies on the interaction of DNA and small molecules, 

which are of great importance in human life, are 

important for developing new pharmaceutical molecules 

[1-3]. DNA is an important intracellular target for 

anticancer drugs as it regulates most biochemical 

processes occurring in cellular systems [4-6]. Therefore, 

a drug should be designed to bind specifically to DNA. 

Generally, complexes interact with DNA by 

intercalating between base pairs or binding to the 

grooves of the DNA. These non-covalent binding 

modes' weak interactions are reversible and less toxic to 

healthy cells [7]. Therefore, it is very important to 

prepare such metal complexes.  

Researchers know that Cu(II) complexes, which have a 

wide range of biological activity, show anti-

inflammatory, antiviral, and antitumor properties 

[3,8,9]. It has been observed that the presence of copper 

ions in the complexes increases the effectiveness of the 

drug and organic therapeutic agents [10]. Besides, 

Cu(II) complexes can lead to oxidative cleavage of 

DNA by means of chemical oxidants [11]. In the last ten 

years, many Cu(II) complexes with strong DNA binding  

and cutting ability have been synthesized. Most of them 

show excellent anticancer and apoptosis regulating 

effects [12,13]. Cu(II) complexes are also promising in 

preparing less toxic anticancer drugs [14-16]. Recently, 

many researchers have been working on the interaction 

between Cu(II) complexes and serum albumin, such as 

Human serum albumin (HSA)/bovine serum albumin 

(BSA), because proteins, like DNA, are also targets of 

anticancer drugs [7,17]. HSA and BSA are the most 

abundant carrier proteins in animal plasma [18]. BSA is 

often chosen as a model protein because of its structural 

similarity with HSA, has the advantages of low cost, 

high stability, good water solubility, wide availability, 

and easy binding with different compounds [17,19]. 

Therefore, in this study, the thiosemicarbazone-derived 

Cu(II) complex was synthesized and investigated the 

binding interaction with DNA and BSA using UV-Vis 

absorption and fluorescence spectroscopy techniques. 

2. Materials and Methods

2.1. Chemicals and Apparatus

4-Ethyl-3-thiosemicarbazide, 2-hydroxy-5-

methoxyacetophenone, bovine serum albumin (BSA),
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ethidium bromide (EB), copper(II) chloride dihydrate 

(CuCl2.2H2O) and sodium chloride (NaCl) were 

purchased from Sigma Aldrich. Ethyl alcohol (EtOH) 

and N,N-dimethylformamide (DMF) were obtained 

from Merck. 

Perkin-Elmer 2400 CHN elemental analyzer was used 

for elemental analysis (C, H, and N) of the sample. A 

Bruker AC 400 (400 MHz) NMR spectrometer was 

used to record the 1H-NMR spectrum. Perkin-Elmer 

Spectrum 100 with Universal ATR Polarization 

Accessory (Shelton, USA) was used for the FT-IR 

spectrum. Absorbance spectra were monitored by 

Shimadzu UV-1800 double beam spectrophotometer. 

Fluorescence spectra were obtained using a PTI 

Quantamaster 400 Fluorometer spectrophotometer.   

2.2. Synthesis of HMAET and Cu(HMAET)Cl 

HMAET and Cu(HMAET)Cl was synthesized from the 

previous study by following the related procedure: 

HMAET; equimolar solutions of 2-hydroxy-5-

methoxyacetophenone and 4-ethyl-3-thiosemicarbazide 

were dissolved in 30 mL of absolute EtOH and 2-3 

drops of conc. H2SO4 was added. The mixture was 

stirred for 2 h at room temperature. The resulting solid 

was filtered and recrystallized twice with an 

EtOH/water mixture. Cu(HMAET)Cl; 1.5 mmol of the 

HMAET was dissolved in EtOH (30 mL) with gentle 

heating. An equimolar amount of CuCl2.2H2O was 

dissolved in the minimum quantity of the same solvent 

and added dropwise to the HMAET solution. The 

mixture was refluxed for approximately 2 h, and then 

slowly evaporated at 35°C until sufficient solid formed. 

The resulting solid was filtered and washed with 

anhydrous ether [20,21].  

Scheme 1. Synthesis of Cu(HMAET)Cl. 

The synthesis procedure of the ligand and complex is 

given in the Scheme 1. Dark green crystals, yield 67.5 

%; mp: 153-154 °C. Anal. calc. (C12H15ClCuN3O2S); C, 

39.56; H, 4.15; N, 11.53; S, 8.80 %. Found: C, 39.59; H, 

4.17; N, 11.56; S, 8.91 %. 1H-NMR (400 MHz, DMSO-

d6): δ (ppm): 8.74 (s. 1H, -NH), 6.82 (s, 1H, HAr), 6.98 

(d, 2H, HAr), 3.81 (s, 3H, -OCH3), 3.78 (m, 2H, -CH2), 

2.38 (s, 3H, -CH3), 1.31 (t, 3H, -CH3). FT-IR (cm−1) ʋ: 

3442, 3261, 1626, 1568, 1523, 1260, 1217, 1036, 823, 

778, 526, 443, 315, 284, 179. 

2.3. DNA binding study 

The E. coli DNA binding experiments of 

Cu(HMAET)Cl were investigated using a UV–Vis 

spectrometer. Absorbance measurements were obtained 

with different concentrations of E. coli DNA (0.1−1.4 

µM) in distilled water with Tris-HCl buffer (5 mM 

Tris/50 mM NaCl, pH 7.2) by adding to the 

Cu(HMAET)Cl (50 µM in DMF). 

2.4. Displacement experiment with EB 

Displacement experiments of EB were studied by 

fluorescence spectroscopy. Interaction has been 

recorded by the gradual addition of different 

concentrations of Cu(HMAET)Cl to Tris-HCl buffer (5 

mM Tris/50 mM NaCl, pH 7.2) solution of EB-DNA 

(10 µM). The measurements were recorded after 

waiting half an hour. 

2.5. Interaction with BSA 

Fluorescence spectra measurements were recorded in 

phosphate‐buffered saline (PBS) at pH 7.5 to study the 

interaction of Cu(HMAET)Cl with BSA. The emission 

spectra were initially monitored using 2 mL of BSA 

solution (1 µM), following the incremental additions 

(0–2.5 µM) of Cu(HMAET)Cl. In addition, the 

absorbance measurement of BSA solution (10 µM in 

PBS) was investigated in the presence and the absence 

of Cu(HMAET)Cl (4 µM in DMF). 

2.6. Statistical analysis 

For statistical analysis, experiments were run in 

triplicate. Plots were prepared according to the average. 

3. Results and Discussion

3.1. Characterizations of Cu(HMAET)Cl

The FT-IR spectrum of Cu(HMAET)Cl (Figure 1) 

showed a band at 3261 cm–1, which is attributed to the 

ʋ(N-H) band [22]. It was seen that ʋ(C=N) and ʋ(N–N) 

bands peaked at 1523 cm–1 and 1036 cm–1, respectively 

[23,24]. Vibrations of ʋ(C–S) which became from 

ʋ(C=S) bond after coordination occurred at 823 cm–1 

[25]. The bands observed at 179, 315, 443 and 526 cm–1 

are ʋ(Cu–Cl), ʋ(Cu–S), ʋ(Cu–N) and ʋ(Cu–O) bonds, 

respectively, indicating the formation of the Cu(II) 

complex. 

The 1H-NMR spectrum of Cu(HMAET)Cl was 

monitored in DMSO‑d6 solvent (Figure 2). The signals 

at 1.31 ppm correspond to the methylene protons of the 

ethyl group, whilst the –CH2 protons of the ethyl group 

appeared as a multiplet at 3.78 ppm [26,27]. The singlet 

assigned to –CH3 of the azomethine group occurred at
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Figure 1. FT-IR spectrum of Cu(HMAET)Cl. 

2.38 ppm [28]. A singlet corresponding to the –OCH3 

group was observed at 3.81 ppm [29]. The aromatic 

protons showed signals at 6.82 and 6.98 ppm. The 

thiocarbonyl attached –NH proton was observed at 8.74 

ppm. 

Figure 2. 1H-NMR spectrum of Cu(HMAET)Cl. 

The electronic spectrum was monitored in DMF in the 

235-465 nm region at room temperature (Figure 3).

Cu(HMAET)Cl showed intraligand transitions at 310

and 265 nm attributed to n/π* and π/π* transitions,

respectively [39]. The band at 370 nm corresponding to

the ligand to metal charge transfer transitions [31] can

be the evidence of the combination of S→Cu, N→Cu,

O→Cu, and the ligand to metal charge transfer

transition (LMCT) [32].

Figure 3. UV-Vis spectrum of Cu(HMAET)Cl. 

3.2. DNA binding experiments 

3.2.1. UV absorption spectra of DNA 

Interaction studies of DNA and metal complexes are 

important for understanding the mechanism of 

interaction and designing effective chemotherapeutic 

agents and new anticancer drugs [33-35]. UV-Visible 

absorption titration experiment was performed to 

examine the Cu(II) complex and E. coli DNA binding 

interaction. Figure 4A shows the absorption spectra of 

the Cu(II) complex in the presence and absence of E. 

coli DNA. Absorption titration was carried out by 

adding different concentrations of E. coli DNA (0.1−1.4 

µM; 5 mM Tris-HCl/50 mM NaCl, pH:7.2) to the Cu(II) 

complex (50 µM). After increasing the amount of E. 

coli DNA to the Cu(II) complex, the spectrum showed a 

hypochromism of about 5 %, 15 %, and 9 % with a blue 

shift of 6, 3, and 22 nm at 282, 324, and 408 nm. 

According to the results obtained, the binding to E. coli 

DNA was confirmed from the Cu(II) complex's 

absorption changes. The amount of binding interaction 

between E. coli DNA and the Cu(II) complex was 

described using the binding constant Kb, which is 

calculated from Eq. (1) [36,37]. 

[DNA]

(𝜀𝑎−𝜀𝑓)
=

[DNA]

(𝜀𝑏−𝜀𝑓)
+

1

𝐾𝑏(𝜀𝑏−𝜀𝑓)
 (1) 

Where [DNA] is the concentration of E. coli DNA, εf, 

εa, and εb correspond to the extinction coefficient for the 

free complex, Aobsd/[complex], and the extinction 

coefficient for the complex in the fully bound form, 

respectively. Kb was found by calculating the ratio of 

slope/intercept in the linear plot of [DNA]/(εa−εf) vs. 

[DNA] (Figure 4B). The binding constant (Kb) value for 

the interaction of the Cu(II) complex with E. coli DNA 

was found as 2.8×107 M−1. The Kb value of the Cu(II) 

complex confirms that it binds to the DNA helix via the 

intercalative mode [11,34,36]. 
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Figure 4. (A) Absorption spectrum of Cu(HMAET)Cl 

(50 M) at various concentrations of E. coli DNA: a) 

0.0 M; b) 0.1 M; c) 0.25 M; d) 0.4 M; e) 0.6 M; 

f) 0.8 M; g) 1.2 M; h) 1.4 M. (B) The plot of [DNA]

vs. [DNA]/(εa−εf) for the titration of Cu(HMAET)Cl

with E. coli DNA.

3.2.2. Ethidium Bromide (EB) Displacement 

Known as an intercalator, EB can intercalate into 

double-stranded DNA. Free EB and DNA have very 

weak fluorescence. When EB intercalates the double-

stranded DNA, the fluorescence intensity of the 

compound becomes extremely strong. However, by 

intercalating some compounds to DNA, the DNA 

binding sites of EB are decreased, causing the 

fluorescence of the EB-DNA system to be quenched 

[10,11,38]. EB displacement assay for the Cu(II) 

complex was performed by fluorescence method. The 

study was carried out by titration of the Cu(II) complex 

varying between 2.5 and 11.5 μM into 10 μM DNA and 

10 μM EB solution. After adding each aliquot, the 

emission spectra of the DNA-EB complex, which was 

applied as an excitation wavelength of 540 nm, were 

recorded between 550 nm and 760 nm. The 

fluorescence spectra of the DNA-EB in the presence and 

absence of the Cu(II) complex (Figure 5A) show that 

the fluorescence intensity of DNA-EB is quenched 

significantly in each addition with increasing amounts 

of the Cu(II) complex. This result indicated that the 

Cu(II) complex was able to replace EB in the DNA 

helix. Thus the Cu(II) complex can bind to DNA via 

intercalative binding mode. The Stern−Volmer (S-V) 

constant was used for the quenching efficiency of the 

Cu(II) complex [39], 

𝐹0 𝐹 = 1 + 𝐾𝑆𝑉⁄ [𝑄]  (2) 

where F/F0, KSV, [Q] are the fluorescence intensities in 

the presence/absence of the Cu(II) complex, the linear 

S-V quenching constant, and concentration of the Cu(II)

complex, respectively. The KSV value is calculated from

the ratio of slope/intercept in the linear plot of [Q] vs.

F0/F and is found to be 2.8×106 M−1 (Figure 5B).

Figure 5. (A) Fluorescent quenching with increasing 

Cu(HMAET)Cl to DNA/EB Conditions: [EB]=10 μM, 

[DNA]=10 μM, [Cu(II) complex]=2.5−11.5 μM. (B) S-

V plot of fluorescence titrations of Cu(HMAET)Cl with 

E. coli DNA.
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3.3. BSA binding experiments   

3.3.1. Fluorescence Quenching of BSA 

One of the most effective techniques used to study 

interactions between compounds and BSA is 

fluorescence spectroscopy.  

Figure 6. (A) Fluorescence quenching of BSA (1 µM; 

λex=280; λem=341 nm) in presence/absence of various 

concentrations of Cu(HMAET)Cl (0–2.5 µM); (B) S-V 

plot of Cu(HMAET)Cl with BSA; (C) Scatchard plot of 

Cu(HMAET)Cl with BSA. 

Fluorescence of the BSA is due to the fluorophore 

groups in its structure, such as tryptophan, tyrosine, and 

phenylalanine. When any compound interacts with 

BSA, fluorescence intensity quenches [18,36].  

The variations in the BSA fluorescence intensity were 

noted over the range of 285-460 nm (λex = 280 nm) with 

the incremental addition of the Cu(II) complex (0–2.5 

µM) to a fixed concentration of BSA (1 µM) prepared 

in PBS buffer solution (pH = 7.5). The quenching of 

BSA fluorescence (Figure 6A) with the addition of the 

Cu(II) complex was observed at λ = 341 nm with a 

percentage of 86.39 %, along with a hypsochromic shift 

of 6 nm. The main reason for this was that the protein's 

active sites are embedded in a hydrophobic environment 

[40,41].  

These results showed that the Cu(II) complex had a 

definite interaction with the BSA protein. The S-V 

equation has been used to interpret the possible 

quenching mechanism. 

𝐹0

𝐹
= 1 + 𝐾𝑞𝜏0[𝑄] = 1 + 𝐾𝑆𝑉[𝑄]     (3) 

Where F/F0, Kq, [Q] and τ0 the fluorescence intensities 

in the presence/absence of the complex, the bimolecular 

quenching rate constant, the concentration of the 

complex, and the average lifetime (10−8 s) of protein 

without complex, respectively. KSV is the S-V 

quenching constant and is equal to Kqτ0. The value of 

KSV was obtained as slope of the linear plot of F0/F vs. 

[complex] and was found to be 3×106 M−1. The Kq was 

found to be 3×1014 M−1 s−1 (Figure 6B). 

If any molecule binds to BSA's active site, the Scatchard 

equation is used to calculate the equilibrium binding 

constant and the number of binding sites [42]. 

log[(𝐹0 −𝐹)/𝐹] = 𝑙𝑜𝑔 𝐾𝑏 + 𝑛𝑙𝑜𝑔[𝑄]  (4) 

Where F/F0, Kb, and n are the fluorescence intensity in 

the presence/absence of the complex, the binding 

constant of the complex with BSA, and the number of 

binding sites. The Kb and n were calculated from the 

intercept and slope in the linear plot of log[(F0-F)/F] vs. 

log[Q], respectively and was found to be 7.18×106 M−1 

and n = 1.14 (Figure  6C). A binding site value close to 

1 indicates that there is only one binding site between 

the Cu(II) complex and BSA. The obtained Kq and Kb 

values prove that there is a strong interaction between 

the Cu(II) complex and BSA. 

3.3.2. UV absorption spectra of BSA 

Comparing the characteristic absorption spectra of pure 

BSA and BSA-complex solutions determines whether 

the complexes bind to BSA statically or dynamically. 

Static quenching causes a change in the absorption 
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Table 1. Binding constants for DNA/protein with compounds. 

DNA BSA/HSA 

Complex Kb (M-1) KSV (M-1) Kb (M-1) KSV (M-1) Ref. 

Cu(phen)(H2O)L2 

Cu(dmphen)L2 

1.4 x 104 

6.4 x 104 
- - - 1 

[Cu(L1)(phen)][Cu(L1)(phen)]∙5H2O 

[Cu(L2)(1,10-phen)](ClO4) 
- 

2.20 x 104 

2.27 x 104 
- - 8 

[Cu(phen)(gln)(H2O)]NO3·H2O 

[Cu(dmphen)(gln)(H2O)]ClO4 

3.62 x 103 

7.33 x 103 

4.40 x 103 

4.26 x 104 
- 

- 

1.17 x 104 
9 

qCuBBPc 2.97 x 105 1.003 x 105 - - 11 

H3L-Cu - - 4.42 x 104 1.19 x 104 18 

CuL 2.15 x 106 - - - 43 

[Cu(H2L1)(imH)(H2O)].3H2O 

[Cu(H2L3)(imH)2].H2O 

1.76 x 103 

0.85 x 103 

11.73 x 103 

5.42 x 103 
- 

10.48 x 103 

29.64 x 103 
44 

C51H42Cu2N4O6 4 x 105 - - - 45 

Cu2(µ2-Br)2(ɳ1-S-9-Hanttsc)2(Ph3P)2 10.36 x 104 1.02 x104 14.09 x 106 15.6 x 105 46 

Cu(HMAET)Cl 2.8 x 107 2.8 x 106 7.18 x 106 3 x 106 
This 

work 

spectrum of the fluorophore group with the formation of 

a new complex-BSA, while no change in the dynamic 

quenching absorption spectrum is observed. The. 

absorption spectrum of the BSA solution and the Cu(II) 

complex-BSA was given in Figure 7. The increase in 

the absorption intensity without any shifting with the 

addition of the Cu(II) complex (4 μM) on BSA (10 μM) 

indicates static quenching [34,41,42]. 

Figure 7. Absorption spectrum of BSA (10 μM) and 

BSA with Cu(HMAET)Cl (4 μM). 

4. Conclusion

This paper is containing the synthesis of the the Cu(II) 

complex of thiosemicarbazone prepared by the 

combination of 2-hydroxy-5-methoxyacetophenone and  

4-ethyl-3-thiosemicarbazide. The Cu(II) complex was

characterized by elemental analysis, UV-Vis, FT-IR,

and 1H-NMR spectroscopies. When the spectral changes

in the absorption spectra of the Cu(II) complex with

increasing E. coli DNA addition were examined,

hypochromism and small shifts to blue were observed in

the Cu(II) complex. The binding constant of the Cu(II)

complex with E. coli DNA was calculated as 2.8×107

M−1. The Cu(II) complex exhibits hypochromism and

small shifts in blue

wavelength and has a binding constant less than 106, the

Kb value, proving that the Cu(II) complex interacts by

intercalating binding to DNA. In the study of

displacement with EB performed using fluorescence

spectroscopy, which is another important spectroscopic

technique that examines the interaction of the Cu(II)

complex with DNA, significant reductions in EB-DNA

emission intensity were observed with increasing the

Cu(II) complex concentration. This result confirms that

the Cu(II) complex binds to DNA via the intercalation

mechanism. In BSA binding studies, the Kb value of

emission spectroscopy shows considerable interaction

between BSA and the Cu(II) complex, while the

absorption study has shown that this interaction is by a

static quenching mechanism. When the binding

interactions of the previously studied copper complexes

with both DNA and BSA were evaluated, it was found

that the Cu(HMAET)Cl complex had a good binding

effect with DNA/BSA (Table 1). It is thought that these

results obtained with the Cu(II) complex will be useful

in understanding the mechanism of biomolecules and
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complexes and in the development of new potential 

anticancer agents. 
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