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The interaction of two gold(III) complexes [Au(phen)Cl2](Cl) (1) and [Au(pdon)Cl2](Cl) (2) with calf 

thymus-DNA (CT-DNA) has been investigated by absorption and fluorescence emission. Both complexes 1 
and 2 show medium interaction ability with CT-DNA with the intrinsic binding constants Kb of 4.98×105 and 
1.98×105 M–1 at room temperature, respectively, which is the same as earlier reports for typical classical 
intercalators. Moreover, complex 1 demonstrates a better antitumor effect on the tested cancer cells. 
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Взаимодействие двух комплексов золота(III) [Au(phen)Cl2](Cl) (1) и [Au(pdon)Cl2](Cl) (2)) с ДНК 
тимуса теленка исследовано с помощью поглощения и флуоресцентного излучения. Комплексы 1 и 2 
взаимодействуют с ТМ-ДНК при комнатной температуре с константами связывания Kb

 = 4.98×105 
и 1.98×105 М–1. Комплекс 1 демонстрирует лучший противоопухолевый эффект на тестируемые 
раковые клетки. 

Ключевые слова: потенциальные противораковые агенты, связывание ДНК, комплексы метал-
лов, флуоресцентная спектроскопия. 

 
Introduction. Cancer is one of the most severe diseases, triggered by excessive cell proliferation in the 

body [1]. Large numbers of chemotherapy drugs have been developed to treat cancer [2–4], and among 
them, platinum-based complexes, being the most basic ones, are extensively used due to their considerable 
advantages [5, 6] such as low cost, broad spectrum, high efficiency, and so on. Although platinum com-
pounds exert a certain influence on the treatment of lung, cervical, and head and neck cancer, their major 
defects are severe renal toxicity [7–10] and drug resistance [11–13]. The development of cisplatin has also 
led scientists to develop other metal complexes [14, 15]. Gold complexes have become a hot topic for re-
searchers because of their ability to block cell growth and fight HIV [16–18]. 

Trivalent gold complexes are of great interest to researchers because their structure is similar to cispla-
tin [19, 20]. Lum reported a series of trivalent gold complexes highly active against cisplatin-resistant cell 
lines [21]. Marzano et al. [22] made a significant contribution to the animal experiments and clinical studies 
of carbamate-based Au(III) complexes with better anti-cancer effects. However, some gold complexes are un-
stable under physiological conditions and exhibit serious side effects in clinical trials [23, 24]. Additionally, al-
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though many studies have illustrated that gold complexes have a significant anti-tumor effect, the exact mecha-
nism of cytotoxicity is still uncertain [25–27]. So it is necessary to develop more Au(III) complexes [28, 29].  

With the aim to overcome the strong side effects and cross-resistance defects of cisplatin and to explore 
more stable, less toxic gold complexes, in this paper, two novel Au(III) complexes [Au(phen)Cl2](Cl) (1) 
and [Au(pdon)Cl2](Cl) (2) (phen = 1,10-phenanthroline; pdon = 1,10-phenanthroline-5,6-dione) were pre-
pared from the reaction of phen or pdon with KAuCl4·2H2O, respectively, according to the previously re-
ported procedure [30, 31]. 

 

 
 

The interaction of 1 and 2 with DNA was studied by fluorescence and UV-vis spectroscopy. By the re-
sults of cytotoxicity, complex 1 exhibited a strong inhibition on HepG-2 cells. 

Experimental. All chemical solvents were dehydrated and distilled by standard methods before use. 
Ethidium bromide (EB) and calf thymus DNA (CT-DNA) were purchased from Sigma. 

IR spectra were recorded on a Nicolet 380 spectrometer as KBr pellets in the range 4000–400 cm–1 with 
OMNIC software. Electrospray ionization mass spectrometry (ESI-MS) was analyzed using a Triple TOFTM 
5600+ system with an ions spray source in the positive-ion mode. Uv-Vis spectra were measured by a 
Hewlett Packard HP-8453 spectrophotometer. Fluorescence spectral were obtained by RF-5301 fluorescence 
spectrophotometer at the approved temperature. 

Synthesis of [Au(phen)(Cl)2]Cl (1). The precursor was prepared according to the procedure [30, 31] with 
some modification. KAuCl4·2H2O (414.2 mg, 1.0 mmol) was dissolved in water (10 mL), 1,10-phenan-
throline (375.3 mg, 2.0 mmol) in methanol (10 mL) was added, and the reaction mixture was stirred for 
about 6 h. The crude product of Au(III) metal complex 1 was obtained and thrice washed by distilled water 
and methanol. Elemental analysis for [Au(phen)(Cl)2]Cl: calculated, %: C 29.81, H 1.67, N 5.79; found,  
%: C 29.78, H 1.81, N 5.78. Electrospray ionization mass spectrometry (ESI-MS): m/z 479.00 [1-Cl + 
CH3OH]+ 479.1649. 

Synthesis of [Au(pdon)Cl2]Cl (2). A similar method was used to prepare complex 2. One mmol 
(210.1 mg) of 1,10-phenanthroline-5,6-dione was dissolved in CH3OH (10 mL) to make pdon completely 
dissolve, and then KAuCl4·2H2O (414.3 mg, 1.0 mmol) in 10 mL water was added dropwise to the resulting 
solution and left stirring at room temperature for 8 h. The crude product of Au(III) metal complex 2 was ob-
tained and washed with distilled water and methanol three times. Elemental analysis for [Au(pdon)(Cl)2]Cl: 
calculated, %: C 30.15, H 1.27, N 5.86; found, %: C 30.41, H 2.13, N 5.84. Electrospray ionization mass 
spectrometry (ESI-MS): m/z 476.95 [2-Cl]+ 476.8321.  

DNA and BSA binding experiments. UV and fluorescence emission spectra relative to the binding of the 
complex to calf thymus (CT-DNA) were proceed in a 5 mM Tris-HCl–50 mM NaCl buffer (pH 7.20). Each 
nucleotide of DNA concentration was determined by absorption spectrometry using the molar absorption 
coefficient (ε = 6600 M–1  cm–1 at 260 nm) [32]. The stock solutions were stored at 4C and used over no 
more than 4 days. Absorption titrations, were proceed by fixing the complex concentration (10 μM) constant 
and changing the CT-DNA concentration (0–17.5 μM). The fluorescence emission spectra were obtained 
using a quartz cuvette with a 1 cm optical path length, and the excitation and emission slits were 5 and 5 nm, 
respectively. For this experiment, DNA was pretreated by EB in a [DNA]/[EB] ratio of 20 for 5 min at room 
temperature. The competitive binding experiments were carried out in the buffer by keeping [DNA]/[EB] 
and varying amounts of 1 or 2. The fluorescence spectrum adopted 510 nm as the excitation wavelength and 
the emission range was set at 530~700 nm. After adding 1 or 2 to each measurement, let the mixture for 5 min. 

Results and discussion. DNA-binding mode and affinity. Absorption spectral titration is a useful way to 
investigate the binding of intercalation between metal complexes and DNA [30]. From Fig. 1a, upon incre-
mental additions of CT-DNA to complex 1 in a 5 mM Tris-HCl/50 mM NaCl buffer (pH 7.2), the peak at 
276 nm increased gradually. Significant changes in the Uv-Vis spectrum indicate the major binding patterns 
between complex 1 and DNA, such as insertions, and suggest superimposing interactions between aromatic 
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ligands and DNA base pairs [33, 34]. The intrinsic binding constant Kb for the interaction of complex 1 and 
CT-DNA was calculated using the equations [35]: 
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where εa: the absorption intensity after given DNA concentration, εf: the absorption intensity of free 1 or 2, 
εb: the absorption intensity of 1 or 2 when fully bound to DNA (it was assumed that the absorption intensity 
would not changed by further addition of DNA), Kb: the binding constant, Ct: [DNA]total, s:the binding site. 
Both Kb and s are calculated from the best fit line. 

Intrinsic binding constants Kb of complexes of 1 and 2 were obtained as 4.98×105 and 1.98×105 M–1 

from Eq. (1) and (2), respectively (Fig. 1b), which indicated a medium binding strength of the two complex-
es with CT-DNA. The Kb values of complexes 1 and 2 with CT-DNA are similar to the early reports for  
typical classical intercalative, such as ethylene blue with CT-DNA (3.3×105 M–1), proflavin with Escherichia 
coli DNA (4.1×105 M–1), phenosafranine with CT-DNA (3.81×105 M–1), and the complex 
C20H16Cl2N2Pt·H2O with CT-DNA (8.2×105 M–1) [30, 36–38]. 

 

 
Fig. 1. (a) Absorption spectra of 1 (10 μM) in the absence and presence of increasing amounts of CT-DNA 
(2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5 μM) in 5 mM Tris-HCl/50 mM NaCl buffer (pH 7.2). The arrow shows 
the absorbance changes at increasing the DNA concentration. Inset: Plot of (εa – εf)/(εb – εf) versus [DNA] 
for the titration of DNA to 1. (b) Plot of (εa – εf)/(εb – εf) versus [DNA] for the titration of DNA to 1 and 2. 

 
Effect of the 1 and 2 on the fluorescence spectra of CT-DNA. The fluorescence spectrum is another con-

venient method widely used to analyze and verify the formation of interaction between metal complexes and 
CT-DNA. No emission band was observed about complexes 1 and 2 either with or without CT-DNA at am-
bient temperature. Due to EB strong intercalation between the adjacent DNA base pairs, the fluorescence of 
DNA-EB could be quenched by the other molecule [39]. Therefore, the relative binding propensity of com-
plexes 1 and 2 to CT-DNA was investigated with EB bound to the CT-DNA solution in a 5 mM Tris-
HCl/50 mM NaCl buffer (pH 7.20), as shown in Fig. 2a. The results revealed that the addition of complexes 
1 to the DNA bound with EB could release EB molecules, and consequently the emission intensity at 
580 nm (510 nm excitation) decreased gradually [40]. Thus, the results further confirmed that the interaction 
between DNA and complex 1 was intercalation. 

Let the classical Stern–Volmer formula F0/F = 1 + KSV[Q] be used. Here F0 and F are fluorescence in-
tensity in the absence and presence of DNA, respectively; KSV is the Stern–Volmer binding constant; [Q] is 
the concentration of the 1 or 2. As shown in Fig. 2b, the obtained apparent binding constant (Kapp) are 
7.82×105 and 3.35×105 M–1, respectively, which is accord with the values of Kb values obtained by UV spec-
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troscopy. The calculated Kb is less than 107 M–1 [41, 42], indicating that the binding effect between complex 
1 or 2 and DNA is medium. The binding constant is the same as our early reported results [30]. 

 

 
Fig. 2. (a) Emission spectra of EB-CT-DNA in the absence (black line) and in the presence (other lines)  

of 1 with increasing amounts (2.5, 5.0, 7.5, 10.0, 12.5, 15, 17.5, 20.0, 22.5, 25.0, 27.5, and 30.0 μM).  
Inset: plot of F0 /F versus [1] showing linearity. (b) plot of F0 /F versus [1] and [2]. 

 
MTT assay. The cytotoxic effects of complex 1 on the viability of a HepG2 cancer cell line were exam-

ined by MTT assay. HepG2 cells were treated with complex 1 and incubated for 48 h with the increasing 
concentration. As showed in Fig. 3, complex 1 demonstrated a better antitumor effect on the tested cancer cells.  

 
 
 

 

 
Fig. 3. Cell viability of HepG2 cells treated with complex 1 at 0, 0.1, 0.25, 0.5, 1.0, 10,  

100, 200, and 400 μM for 48 h (*** P<0.0001). 
 

Conclusion. Two novel coordination complexes ([Au(phen)Cl2]Cl (1) and [Au(pdon)Cl2]Cl (2)) were 
prepared and characterized by IR, EAs, and ESI-MS. Complexes 1 and 2 binding to DNA were studied by 
Uv-Vis absorption and fluorescence spectroscopy. The results revealed that complexes 1 and 2 could interact 
with CT-DNA through the intercalation mode and showed a medium binding strength, with Kb = 4.98×105 
and 1.98×105 M–1 for complexes 1 and 2, respectively. Moreover, the in vitro cytotoxic activities showed that 
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1 is active against HepG2. These results indicate that interactions between the complexes and DNA actually 
take place. 
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