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Abstract: 2-Acetylpyridine acetylhydrazone (H2AcMe), 2-benzoylpyridine acetylhydrazone 

(H2BzMe) and complexes [Cu(H2AcMe)Cl2] (1) and [Cu(H2BzMe)Cl2] (2) were assayed 

for their cytotoxicity against wild type p53 U87 and mutant p53 T98 glioma cells, and 

against MRC-5 fibroblast cells. Compounds 1 and 2 proved to be more active than the 

corresponding hydrazones against U87, but not against T98 cells. Compound 1 induced 

higher levels of ROS than H2AcMe in both glioma cell lines. H2AcMe and 1 induced 

lower levels of ROS in MRC5 than in U87 cells. Compound 2 induced lower levels of 

ROS in MRC5 than in T98 cells. The cytotoxic effect of 1 in U87 cells could be related to 

its ability to provoke the release of ROS, suggesting that the cytotoxicity of 1 might be 

somehow p53 dependent. 
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1. Introduction 

[cis(Diaminedichloro)platinum(II)], “cisplatin” is one of the most active anticancer drugs, but its 

use is limited by undesirable side-effects and the appearance of cellular resistance. The mode of action of 

cisplatin involves covalent DNA binding, hence the search for more effective target-specific  

non-covalently DNA binding anticancer drug candidates is of great interest [1]. Considerable effort has 

been devoted to the development of copper-based anticancer agents that can bind to and cleave DNA 

under physiological conditions [1].  

Copper is a component of numerous enzymes and participates in scavenging free radicals, as in the 

case of copper-zinc superoxide dismutases [2]. Inside cells, free copper ions can go from one redox 

state to another under physiological conditions. This redox cycling is responsible for both the catalytic 

and the toxic potential of copper. Cu(II) directly interacts with several biological molecules and promotes 

their oxidation in a redox reaction in which Cu(I) is formed. In turn, Cu(I) reacts with molecular 

oxygen to form the superoxide anion O2, which dismutates to H2O2 and O2, ultimately producing 

hydroxyl radicals and other reactive oxygen species (ROS). ROS generation can cause oxidative DNA 

damage, is responsible for the clastogenic potential of copper [3,4] and can result in cell death [5].  

The tumor suppressor protein p53 is a transcription factor which regulates cell cycle progression, 

cell survival, and DNA repair in cells exposed to genotoxic stress. Exposure to DNA damage induces 

p53 to accumulate in the nucleus, to bind to specific DNA sequences, and to activate several genes 

including effectors of the cell cycle. In many cell types, activation of p53 results in transient cell cycle 

arrest. In other cells, accumulation of p53 triggers apoptosis. Both processes suppress the proliferation 

of cells that have undergone DNA damage and contribute to prevent the propagation of cells with 

potentially oncogenic mutations. It has been shown that the intracellular levels and the redox activity 

of copper are critical for p53 protein conformation and DNA-binding activity suggesting that copper 

ions may participate in the physiological control of p53 function [3]. 

Hydrazones and their metal complexes constitute an important class of compounds with a wide 

range of pharmacological applications as antiviral, antimicrobial, anti-inflammatory [6] and cytotoxic 

agents [7]. The bioactivities of copper complexes with a variety of hydrazones have been investigated. 

These complexes proved to present cytotoxic [8] and antimicrobial [9] activities. It has been shown 

that a number of copper(II) complexes with hydrazones bind significantly to and are able to cleave 

DNA [10–12]. 

We previously prepared a family of copper(II) complexes with 2-acetylpyridine- and  

2-bezoylpyridine-derived hydrazones [9]. In the present work [dichloro(2-acetylpyridineacetyl-

hydrazone)copper(II)], [Cu(H2AcMe)Cl2] (1) and [dichloro(2-benzoylpyridineacetylhydrazone)copper(II)], 

[Cu(H2BzMe)Cl2] (2) were studied for their cytotoxic activities against U87 (p53 wild-type 

glioblastoma multiforme) and T98 (p53 mutant glioblastoma multiforme) tumor cells. The interactions 
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of complexes 1 and 2 with DNA and bovinum serum albumin (BSA) were investigated as well as the 

role of ROS generation in the mechanism of their cytotoxic effect. 

2. Results and Discussion 

2-Acetylpyridine acetylhydrazone (H2AcMe), 2-benzoylpyridine acetylhydrazone (H2BzMe) and 

complexes 1 and 2 were prepared as previously reported by some of us [13] and by other authors [14,15]. 

The synthetic routes for the ligands and their Cu(II) complexes are outlined in Scheme 1. 

Scheme 1. Schematic representation of the syntheses of the hydrazones (A), and their 

copper(II) complexes 1 and 2 (B).  

 

2.1. Cytotoxic Activity against Malignant U-87 and T-98 Glioma Cells and against MRC5 Cells  

The in vitro cytotoxic effects of H2AcMe, H2BzMe and complexes 1 and 2 against wild type p53 

U87 and mutant p53 T98 glioblastoma cells and against MRC-5 fibroblasts cells were tested using 

cisplatin as a positive control. To determine the IC50 (concentration that inhibits 50% of cell survival) 

values the cytotoxic effects were quantified using the 3-(4,5-dimethyl-2-thioazolyl)-2,5-diphenyl 

tetrazolium bromide (MTT) colorimetric assay [16]. All tested compounds were cytotoxic against both 

glioma cell lines in a dose-dependent way. The IC50 values (see Table 1) were found in the micromolar 

range. Despite their cytotoxic activity, all compounds were less toxic to fibroblasts cells than cisplatin. 

CuCl2 evoked only mild cytotoxicity in all cell lineages with IC50 higher than 100 µM. 

Table 1. Cytotoxic effect of 2-acetylpyridine acetylhydrazone (H2AcMe), 2-benzoylpyridine 

acetylhydrazone (H2BzMe) and their copper(II) complexes 1 and 2. 

Compounds 
IC50 [µM] 

U87 T98 MRC5 
H2AcMe 67.6 ± 4.08 13.80 ± 4.89 19.80 ± 4.15 

[Cu(H2AcMe)Cl2] (1) 3.02 ± 0.85 5.08 ± 0.41 22.50 ± 3.13 
H2BzMe 52.30 ± 10.03 19.70 ± 1.06 62.30 ± 7.76 

[Cu(H2BzMe)Cl2] (2) 5.95 ± 0.74  29.40 ± 7.06 49.40 ± 8.83 
CuCl2 >100 >100  >100 

Cisplatin 1.76 ± 0.22 5.31 ± 1.94 5.05 ± 0.71 
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H2AcMe and H2BzMe were significantly more potent against p53 mutant T98 cells (IC50 = 13.80 

and 19.80 µM, respectively) than against p53 wild-type U87 cells (IC50 = 67.60 and 52.30 µM, 

respectively) (p < 0.05). Complexes 1 and 2 proved to be more active than the corresponding 

hydrazones against U87 cells (p < 0.001 and p < 0.01, respectively). Although complex 1 seemed to be 

more active than its ligand H2AcMe against T98 cells, this effect was not statistically significant  

(p > 0.05). Coordination to Cu(II) did not result in activity improvement against T98 cells in both 

complexes (see Table 1). 

The hydrazones presented low selectivity index (SI = IC50MRC5/IC50tumor cell) in U87 cells. Only 

H2BzMe presented a good selectivity index in T98 cells (p < 0.05). In contrast, both complexes 

presented good selectivity indexes against the two glioma cell lineages (p < 0.05). For complex (1)  

SI = 7.45 (U87); SI = 4.42 (T98); for complex (2) SI = 8.30 (U87); SI = 1.68 (T98) and for cisplatin  

SI = 2.87 (U87); SI = 0.95 (T98). 

2.2. Analysis of Morphological Changes  

Morphological alterations in the cells are shown in Figure 1. It can be observed that the treatment 

with test compounds induced morphological alterations such as retraction of cytoplasmatic expansions, 

detachment, formation of round shaped cells, cell shrinkage and membrane blebs formation.  

Figure 1. Morphological changes induced by 2-acetylpyridine acetylhydrazone (H2AcMe), 

2-benzoylpyridine acetylhydrazone (H2BzMe) and their copper(II) complexes 1 and 2. 

Photomicrographs of human glioblastoma cells: U-87 (p53 wild type), T-98 (expressing 

p53 mutant) and human fetal lung fibroblast cells, MRC5. Changes such as cell rounding, 

cell shrinkage and blebs formation suggest the induction of programmed cell death 

(magnification ×400). 

 

All of these morphological changes are associated to cell death. 
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2.3. Analysis of Chromosomal DNA Alterations 

A number of anticancer drugs exert their effects by inducing apoptosis [17]. Cytotoxic compounds 

that disrupt DNA and chromosomal integrity leading to apoptotic death evoke DNA condensation and 

fragmentation that can be visualized as very small focal bright points when stained by DAPI [18]. 

Analysis of chromosomal alterations were made using 4',6-diamidine-2'-phenindole dihydrocloride 

(DAPI) [19] (Figure 2). Unlike the untreated control cells both U87 and T98 glioma cells treated with 

the test compounds showed chromatin condensation and apoptotic bodies. The non-malignant 

fibroblast cells presented no significant chromosomal damage. 

Figure 2. Nuclear changes induced by treatment with 2-acetylpyridine acetylhydrazone 

(H2AcMe), 2-benzoylpyridine acetylhydrazone (H2BzMe) and their copper(II) complexes 

1 and 2. Cells were treated with 1 × 10−5 mol/L of the compounds or diluent (control) and 

stained with DAPI. Treated cells show nuclear condensation and apoptotic bodies 

visualized as small focal bright points (magnification ×400). 

 

2.4. Measurement of Reactive Oxygen Species (ROS) Generation 

To examine the effects of H2AcMe, H2BzMe and their complexes 1 and 2 on the generation of free 

radicals (reactive oxygen species, ROS), we used the 2',7'-dichlorodihydrofluorescein diacetate 

(DCFH-DA) assay [20]. As shown in Figures 3 and 4, treatment of the glioma cells with all 

compounds for 24 h resulted in marked increase of the intracellular ROS levels.  
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Figure 3. Generation of reactive oxygen species (ROS) in cells treated with 2-acetylpyridine 

acetylhydrazone (H2AcMe), 2-benzoylpyridine acetylhydrazone (H2BzMe) and their 

copper(II) complexes (1) and (2). Cells were treated for 24 h with 1 × 10−5 mol/L of 

compounds and stained with DCF-DA. Treated cells show increased fluorescence intensity 

(magnification ×400). 

 

Figure 4. ROS production (measured as relative fluorescence increase) in cells treated with 

2-acetylpyridine acetylhydrazone (H2AcMe), 2-benzoylpyridine acetylhydrazone (H2BzMe) 

and their copper(II) complexes 1 and 2 at 1 × 10−5 M. 
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H2AcMe and its complex 1 induced higher levels of ROS in U87 cells (p < 0.05) than in T98 cells. 

H2BzMe and 2 proved to be equally effective in both cell lineages (p > 0.05). Upon coordination of 

H2AcMe to Cu(II) higher levels of ROS were observed for complex 1 in U87 cells (p < 0.05). H2BzMe 

and 2 showed a similar effect on ROS generation in both malignant cell lineages (p > 0.05). 

Interestingly, H2AcMe and its complex 1 induced lower levels of ROS in MRC5 cells (p < 0.05) 

than in U87 glioma cells. H2BzMe induced the same increasing in ROS levels in MRC5 and in both 

malignant cells (p > 0.05). Complex 2 exhibited similar effects on U87 and T98 glioma cells (p > 0.05). 

However, 2 induced lower levels of ROS in MRC5 than in T98 glioma cells (p < 0.05).  

Several studies have implicated mitochondria-derived ROS in cell death induced by p53 [21,22]. It 

has also been revealed that ROS act as both an upstream signal that triggers p53 activation and a 

downstream factor that mediates apoptosis [23]. Sawada and colleagues have proposed two separate 

signaling cascades, ROS-mediated-p53-dependent and ROS-mediated-p53-independent pathways, 

both of which contribute to apoptosis of human glioma cells [24]. Taking together the foregoing results 

show that the cytotoxicity induced by the compounds under study is mediated by ROS. 

In agreement with the important role of ROS in cell death induced by p53 and corroborating MTT 

data, complex 1 proved to be more potent against wild-type p53 U87 cells and more effective in 

promoting ROS generation in this cell lineage (p < 0.05). The p53 tumor suppressor is a pivotal 

regulating component that senses various intrinsic and extrinsic stresses and initiates apoptotic cell 

death [25]. Although the detailed mechanisms underlying the effects of the hydrazones and their 

copper complexes on the down-regulating p53 levels warrant further research, the present results 

suggest that complex 1 might induce p53-dependent apoptotic pathways mediated by ROS. 

2.5. DNA Binding Studies 

Complexes can bind to DNA via both covalent and/or non-covalent (intercalation, electrostatic or 

groove binding) interactions. In covalent binding the labile ligand of the complexes is replaced by a 

nitrogen atom from a DNA base such as guanine N7. Non-covalent DNA interactions include 

intercalative, electrostatic and groove (surface) binding. Intercalation involves the partial insertion of 

aromatic heterocyclic rings of the ligands between the DNA base pairs [26]. The spectroscopic 

techniques of electronic absorption and fluorescence are two of the most useful for DNA-binding 

studies of small molecules [27].  

2.5.1. Absorption Spectroscopy Studies of DNA Binding 

The electronic absorption spectra of free complexes 1 and 2 in Tris-HCl buffer consist of two well 

resolved bands in the range from 250 to 400 nm. The absorption that appears at 273 nm in 1 and  

279 nm in 2 is characteristic of π→π* transitions of aromatic rings. The band that was found at 341 nm 

in 1 and 353 nm in 2 is attributed to n→π* transitions from the ligands overlapped with ligand-to-metal 

charge transfer (LMCT) transitions [28]. 

The absorption spectra of 1 and 2 in the absence and in the presence of CT-DNA (at constant 

concentration of the complex) are shown in Figure 5. 

With the increasing of CT-DNA concentration, a small shift was observed for the absorptions at 

342 and 353 nm in the spectra of 1 and 2, respectively, with a strong decrease in intensity. In addition, 
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the bands at 273 nm for 1 and 279 nm for 2 underwent a considerable red shift. This behavior is in 

accordance with an intercalative binding mode, since hypochromism occurs due to π-stacking 

interactions between aromatic heterocyclic groups and the DNA base pairs, as in the case of classic 

intercalators (e.g., ethidium bromide) [29]. In addition, the isosbestic point observed at 312 nm (1) and 

316 nm (2) indicated the presence of two species in solution, providing evidence of complex-DNA 

interaction. These results are similar to those previously reported for various metallointercalators [30–32].  

Figure 5. (A) Electronic absorption spectra of complexes (1) (7.25 µM) and (2) (6.78 µM) 

in Tris-HCl buffer (pH = 7.20) in the absence and in the presence of increasing  

amounts of CT-DNA (ten different complex: DNA molar ratios ranging from 1:1 to 1:10). 

Arrows show the changes in absorbance with increasing DNA concentration. (B) Plot of 

[DNA]/[εa − εf] vs. [DNA]. 

 

In order to quantitatively compare the binding strength of the complexes, the intrinsic binding 

constants (Kb) of 1 and 2 with CT-DNA were obtained using Equation (1) [28]: 

[DNA]/[εa − εf] = [DNA]/[εb − εf] + 1/Kb[εb − εf] (1)

where [DNA] is the concentration of DNA base pairs, εa is the extinction coefficient of the complex at 

a given DNA concentration, εf is the extinction coefficient of the complex in free solution and εb is the 

extinction coefficient of the complex when fully bound to DNA. A plot of [DNA]/[εa − εf] vs. [DNA] 

gives 1/[εb − εf] as slope and 1/Kb[εb − εf] as the intercept. Kb is calculated as the ratio between slope 

and intercept. 

The determined Kb values were (8.08 ± 0.33) × 105 M−1 (compound 1) and (1.42 ± 0.70) × 105 M−1 

(compound 2), indicating that the order of binding affinity was 2 < 1. The Kb values of the complexes 

are in the same order of magnitude of that of ethidium bromide (EB), [Kb = (1.23 ± 0.07) × 105 M−1] [33]. 
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2.5.2. Competitive Binding between EB and Complexes 1 and 2 for CT-DNA 

Steady-state competitive binding experiments using complexes 1 and 2 were undertaken to get 

further proof for the binding of the complexes to DNA. The technique is based on the decrease of EB 

fluorescence resulting from the competitive displacement of EB from a DNA groove by a compound 

that competes for the same site.  

As can be seen in Figure 6, with the increase of complex concentration hypochromism in the 

emission band at 602 nm (up to 24% for 1 and 20% for 2) occurs accompanied by a small red shift of 

the fluorescence band. These effects indicate that the EB molecules are displaced from their DNA 

binding sites by the complexes under investigation. 

Figure 6. (A) Emission spectra of EB-CT-DNA (10 µM Tris-HCl buffer, pH 7.20, T = 25 °C), 

in the presence of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 µM of complexes 1 and 2. 

Arrow indicates the changes in the emission intensity with increasing complex 

concentration. (Inset: Plot of F0/F vs. [complex]). (B) Plot of log[F0 − F/F] vs. log[Q]. 

 

The quenching data were analyzed by the Stern-Volmer equation: 

F0/F = Ksv[Q] + 1 (2)

where F0 is the emission intensity in the absence of quencher, F is the emission intensity in the 

presence of quencher, Ksv is the quenching constant, and [Q] is the quencher concentration. The Ksv 

value is obtained as a slope from the plot of F0/F vs. [Q] [34]. 

The apparent binding constants (Kapp) were calculated from Equation (3) [35]:  

KEB [EB] = Kapp [complex] (3)
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where KEB is 1.0 × 107 M−1, [EB] = 10 µM, and [complex] is the complex concentration when the 

fluorescence intensity of EB is 50%. This value is obtained from the plot F0/F vs. [complex] when 

F0/F = 2.  

The binding constants (K) were calculated by the Scatchard Equation (4) (see Figure 6):  

log[(F0 − F)/F] = logK + nlog[Q] (4)

where F0 and F are the fluorescence intensities of EB in the absence and presence of compound; [Q] is 

the compound concentration; K is the binding constant of compound with EB and n is the number  

of binding sites. K is the antilog of the intercept and n is the slope obtained from the plot of  

log[(F0 − F)/F] vs. [Q]. Table 2 shows the obtained values of Ksv, Kapp and K.  

Table 2. The Stern-Volmer quenching constant (Ksv), apparent binding constant (Kapp), 

binding constant (K) and number of binding sites (n) for the competitive binding between 

EB bound to CT-DNA and complexes (1) and (2). 

Complexes Ksv [M−1] Kapp [M−1] K [M−1] n 
[Cu(H2AcMe)Cl2] (1) (2.35 ± 0.03) × 103 2.34 × 105 (0.35 ± 0.01) × 104 1.04 ± 0.01
[Cu(H2BzMe)Cl2] (2) (2.05 ± 0.03) × 103 2.07 × 105 (0.38 ± 0.01) × 103 0.81 ± 0.02

The foregoing results suggest that complexes 1 and 2 are capable of binding DNA in an  

intercalative way. 

2.6. Studies of Interactions with Supercoiled Plasmid DNA 

As shown in Figure 7, for complexes 1 and 2 and CuCl2 at 100 µM no alteration in the 

electrophoretic mobility of pUC 19 plasmid DNA was observed in relation to free DNA, whereas 

strong modification occurs for cisplatin. These results indicate that the complexes under study present 

a mechanism of interaction with DNA which is different from that of cisplatin. Cisplatin is capable of 

binding covalently to DNA forming intra-strand crosslinks which cause a decrease in the 

electrophoretic mobility of all DNA forms. The absence of modifications in the presence of 1 and 2 

suggests that both compounds do not form stable adducts with DNA, and hence, they probably do not 

bind directly to DNA, but rather act as intercalators between the DNA base pairs. 

Figure 7. Agarose gel electrophoresis of pUC 19 plasmid DNA treated with selected 

compounds at 100 μM in Tris-HCl buffer (pH 7.20) incubated at 37 °C for 24 h. 
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2.7. Protein Binding Studies 

Fluorescence Quenching of BSA by Complexes 1 and 2 

Anticancer activity may be strongly affected by drug–protein interactions in the bloodstream. 

Serum albumin, the most abundant and important protein in the plasma, is the major transport protein. 

Albumin is capable of binding many endogenous and exogenous drugs reversibly. In addition, it may 

aid in the selective delivery of drugs to the tumor region and facilitate drug access into the cell [36].  

Bovine serum album (BSA) is the most extensively studied serum albumin due to its structural 

homology with human serum albumin (HSA). BSA shows intrinsic fluorescence due to the tryptophan, 

tyrosine, and phenylalanine residues. Hence, quenching of BSA fluorescence was used to investigate 

the interaction between BSA and complexes 1 and 2. 

Fluorescence quenching refers to any process that reduces the fluorescence intensity of the 

fluorophore due to a variety of processes such as excited-state reactions, molecular rearrangement, 

energy transfer, ground-state complex formation and collisional quenching [37].  

Figure 8 shows the effect of increasing the concentration of 1 and 2 on the fluorescence emission of 

BSA. Addition of the test compounds to BSA resulted in the quenching of fluorescence emission 

intensity (~35% in 1 and ~40% in 2) together with a hypsochromic shift of 5–6 nm due to the 

formation of a complex between the test compounds and BSA. 

Figure 8. (A) Fluorescence emission spectra (excitation at 280 nm) for the  

1-BSA and 2-BSA systems (phosphate buffer, pH 7.20, T = 25 °C); 1.0 µM of BSA in the 

presence of 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0 µM of compounds 1 and 2. 

Inset: plot of F0/F vs. [Q]. (B) Plot of log [(F0 − F)/F] vs. log [Q] (λ = 345 nm). 
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Based on fluorescence data for λ = 345 nm at 25 °C, the Stern-Volmer quenching constant (Ksv) and 

the bimolecular quenching rate constant (kq) were obtained using the classical Stern-Volmer equation 

(Equation (3)). The value of kq was calculated by the Ksv/τ0 ratio, where τ0 is the average lifetime of the 

fluorophore in the absence of quencher (τ0 =10 ns for BSA) [38]. 

The Ksv values for 1-BSA and 2-BSA systems were (0.55 ± 0.01) × 105 and (0.68 ± 0.01) × 105 M−1, 

respectively. The calculated values of kq for the BSA-complex systems are in the order of 1012 M−1s−1 

which are higher than 2.0 × 1010 M−1s−1, the maximum scatter collision quenching constant of 

quenchers with BSA [38]. This indicates that the fluorescence quenching was not originated by 

dynamic collision, but it must be caused by a specific interaction between BSA and the complexes, 

suggesting a static quenching mechanism. Comparable results were obtained from studies of copper(II) 

complexes with thiosemicarbazones [12]. 

From the Scatchard equation (Equation (4)) the values of the binding constant (K) and number of 

binding sites (n) were calculated (see Figure 8). The K and n values for the 1-BSA and 2-BSA systems 

were: (1.11 ± 0.04) × 105 M−1; 1.06 ± 0.01 and (1.37 ± 0.05) × 105 M−1; 1.06 ± 0.01, respectively. 

From these values it is possible to suggest that complexes 1 and 2 interact with BSA. 

Figure 9. Synchronous spectra of BSA (1.0 µM, phosphate buffer, pH = 7.20) in the 

absence and in the presence of 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0 µM of 1 

and 2 at λ = 15 nm and λ = 60 nm, respectively. Arrows indicate that the emission intensity 

decreases with increasing concentrations of compounds. 

 

Synchronous fluorescence spectroscopy is a very useful method to study the changes in the 

microenvironment of tyrosine and tryptophan amino acid residues in BSA [39]. The spectra were 

measured after and before the addition of test compounds. The synchronous fluorescence of BSA is 

characteristic of tyrosine residues when the difference between excitation and emission wavelength Δλ 

value is 15 nm and characteristic of tryptophan residues if Δλ value is 60 nm [40,41]. Figure 9 shows 

the effect of increasing the concentration of compounds on the synchronous spectra of BSA at  
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Δλ = 15 nm and Δλ = 60 nm. In both cases, a decrease in emission intensity of BSA with increasing 

complex concentration was observed. In the spectra at Δλ = 15 nm, addition of compounds to the BSA 

solution resulted in a small decrease of fluorescence intensity (~16% for 1 and ~18% for 2). In the 

spectra at Δλ = 60 nm, an important decrease of the BSA fluorescence intensity (~41% for 1 and ~44% 

for 2) accompanied by a small blue shift of 1nm occurs. These results indicate that the interaction of 

compounds with BSA affect mainly the conformations of tryptophan residues.  

In general, addition of the complexes affects the microenvironment of both tyrosine and tryptophan 

residues during the binding process and synchronous measurements confirmed the effective binding of 

the two complexes with BSA. Similar behavior was observed for the interaction between the BSA and 

copper(II) complexes with other hydrazones [28,42]. 

In conclusion, our results suggested that complexes 1 and 2 bind to BSA and that this interaction 

affects the conformations of tyrosine and tryptophan residues, the interaction with tryptophan residues 

being probably stronger. 

3. Experimental Section 

3.1. General Information 

All chemicals were purchased from Sigma-Aldrich Brasil (São Paulo, Brazil) and used without 

further purification. Electronic spectra were acquired with a Shimadzu double beam UV-Vis 

spectrophotometer UV-2401PC (P/N 206-82201) using 1 cm quartz cells. Measurements of 

fluorescence were performed on a Varian Cary Eclipse spectrofluorimeter (FL1006m016)-Varian 

system (Agilent Technologies, Santa Clara, CA, USA) using a 1 cm quartz cell.  

3.2. Studies of Interactions with DNA  

The interaction of complexes 1 and 2 with deoxyribonucleic acid from calf thymus (CT-DNA) was 

studied in Tris-HCl buffer (NaCl 50 mM, Tris-HCl 5 mM, pH = 7.20). Stock solution of CT-DNA in 

Tris-HCl buffer was prepared upon shaking in an orbital shaker at 120 rpm at 37 °C for 24 h. Then, the 

solution was filtered with a Millipore filter (0.45 µm), and its concentration was calculated using the 

absorption intensity at 260 nm and the molar absorption coefficient (ε) value at this wavelength  

(6600 M−1·cm−1) [43]. The stock solutions of the complexes were freshly prepared by first dissolving 

complexes in DMF and then diluting with Tris-HCl buffer (pH = 7.20). The amount of DMF was kept 

less than 5% (by volume) for each set of experiments and it presented no effect on any of the 

experimental results. Absorption titration experiments were performed by increasing the concentration 

of CT-DNA via successive additions of its stock solution on a fixed concentration of complex. Upon 

additions in each cuvette (sample and blank) of a same aliquot of CT-DNA (double beam mode), the 

samples were shaken and left in equilibrium for 2 min, before recording each spectrum.  

The affinity of the complexes for DNA was evaluated by a fluorescence technique using ethidium 

bromide (EB) bound to CT-DNA (EB-CT-DNA) solution in Tris-HCl buffer (pH = 7.20). EB is a 

planar cationic dye which is widely used as a sensitive fluorescence probe for native DNA. EB emits 

intense fluorescent light in the presence of DNA due to its strong intercalation between the adjacent 

DNA base-pairs [44]. The changes in the fluorescence intensity at 602 nm (excitation at 545 nm) of 



Molecules 2014, 19 17215 

 

 

EB-CT-DNA were measured with respect to the concentration of the copper(II) complexes. In fact, 

when it is removed, EB is non-emissive in Tris-HCl buffer solution (pH = 7.20), due to fluorescence 

quenching of the free EB by solvent molecules. A competitive binding of the complexes to CT-DNA 

resulted in displacement of the bound EB, thereby decreasing its emission intensity. 

3.3. Studies of Interactions with Supercoiled Plasmid DNA 

Studies of interactions between the compounds under study and supercoiled plasmid DNA by agarose 

gel electrophoresis were carried out. Thus, 136 ng of purified plasmid DNA-pUC 19 from Escherichia coli 

(Sigma-Aldrich Brasil, São Paulo, Brazil)  were incubated with compounds 1, 2 and cisplatin at 100 µM 

in Tris-HCl buffer (NaCl 50 mM, Tris-HCl 5 mM, pH = 7.20). The mixture was incubated at 37 °C for 

24 h. Thereafter, the reactions were quenched by adding 5 µL of the loading buffer solution (50 mM 

Tris, pH 7.20, 0.01% bromophenol blue, 50% glycerol, and 250 mM EDTA). The samples were 

analyzed by 1% agarose gel electrophoresis in 0.5 × TBE buffer for 1 h 40 min at 75 mV. The gel was 

stained after electrophoresis in 0.5× TBE buffer with 2.5 µg·mL−1 ethidium bromide for 15 min and 

visualized by UV light. 

3.4. Albumin Binding Studies  

The interaction of complexes 1 and 2 with bovine serum albumin (BSA) was studied in phosphate 

buffer (8.3 mM, pH = 7.20). Stock solution of BSA (0.5 mM) was prepared in phosphate buffer and 

stored in the dark in the refrigerator for further use. The stock solutions of complexes were freshly 

prepared by first dissolving the compounds in DMF and then making the dilutions with phosphate 

buffer (pH = 7.20). The amount of DMF was kept less than 5% (by volume) for each set of experiment 

and had no effect on any experimental results. 

The binding of the copper(II) complexes to BSA was studied using fluorescence spectra. The 

emission spectra were recorded in the 295–600 nm range with excitation at 280 nm. The excitation and 

emission slit widths and scan rates were constantly maintained for all the experiments. BSA solution 

(1.0 µM) was titrated by successive additions of a stock solution of the complexes (50 mM) using a 

micropipette. All experiments were performed at 298 K. The synchronous fluorescence spectra of BSA 

varying the concentration of 1 and 2 were recorded at ∆λ (difference between excitation and emission 

wavelength) = 15 nm and ∆λ = 60 nm. 

If it is assumed that the binding of compounds with BSA occurs at equilibrium, the equilibrium 

binding constant can be analyzed according to the Scatchard equation [28]. 

3.5. Cell Lines and Culture Conditions  

U87 (p53 wild-type glioblastoma multiforme) and T98 (p53 mutant glioblastoma multiforme) 

malignant human tumor cells and MRC5 (Human Fetal Lung Fibroblast) cells were obtained from the 

American Type Culture Collection (ATCC, Manassas, VA, USA). Cell lines were grown as monolayer 

in Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco, Rockville, MD, USA), supplemented with 

10% fetal bovine serum (Cultilab, Campinas, São Paulo, Brazil) and antibiotics (50 U/mL penicillin/50 µM 

streptomycin), in a humidified atmosphere air/CO2 (95%/5%) at 37 °C. Cells 80% confluents were 



Molecules 2014, 19 17216 

 

 

used in all experiments. For all experiments, cells were seeded in 96-well plates, at a density of  

1000 cells/well. After 24 h incubation cells were treated. 

3.6. Cytotoxic Activity  

To determine the IC50 values the cytotoxic effects were quantified using the 3-(4,5-dimethyl-2-

thioazolyl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay [16]. Briefly, cells were treated 

with increasing concentrations (10−12, 10−11, 10−10, 10−9, 10−8, 10−7, 10−6, 10−5, 10−4 mol·L−1) of either 

cisplatin (positive control) or test compounds (H2AcMe, H2BzMe, 1 and 2). The compounds were 

previously dissolved in dimethyl sulfoxide (DMSO) and the final concentrations were adjusted in 

DMEM in such manner that the final DMSO concentration was lower than 0.5%. Following 48 h 

treatment, MTT reagent was added to each well. Following another 4 h of incubation at 37 °C, DMSO 

was added to each well to dissolve formazan precipitate and absorbance was measured at 570 nm. 

Tests using DMSO (0.5% in DMEM) as negative control were carried out in parallel. All tests were 

performed in quadruplicates with full agreement between the results. Statistical analysis was carried 

out by the unpaired, one-tailed Student’s t testing using a p value of 0.05. A value of p < 0.05 was 

considered significant. 

3.7. Morphological Analysis  

Cells were plated in 96-well plates and treated with test compounds (1 × 10−5 mol·L−1). 

Morphological changes were analyzed 48 h after the treatment by contrast-phase microscopy (Nikon 

Eclipse TS100, Tokyo, Japan). 

3.8. Analysis of Chromosomal Alterations 

DAPI (4',6-diamidine-2'-phenindole dihydrocloride) is a fluorescent dye able to bind specifically to 

double strands of chromosomal DNA [19]. For analysis of chromosomal DNA changes, tumor cells 

were treated with test compounds at 1 × 10−5 mol·L−1 for 48 h. Then, cells were washed with 

phosphate buffer (PBS) and fixed in methanol (70%) for 20 min. Cells were incubated for 30 min with 

0.4 μg/mL of DAPI (Sigma). DNA alterations were observed by fluorescence microscopy at  

385–410 nm (Nikon, Tokyo, Japan)  

3.9. Measurement of Reactive Oxygen Species (ROS) Generation 

ROS accumulation was detected using dichlorodihydrofluorescein diacetate (DCFH-DA, Sigma). 

DCFH-DA is a non-fluorescent compound, that when it is taken up by passive diffusion into the cells, 

is hydrolyzed by esterases to yield non-permeable DCFH. In the presence of ROS, DCFH is oxidized to 

the fluorescent DCF. Tumor cells were treated with the compounds for 24 h and were then incubated 

with DCFH-DA (1 × 10−5 mol·L−1) for 30 min at 37 °C. Following incubation, the cells were washed 

twice with PBS. Thereafter, the cells were observed under the fluorescent microscope Zeiss Axionplan 

coupled with a digital camera at excitation and emission wavelengths of 488 and 525 nm, respectively [20]. 

Data were analyzed using ImageJ (ImageJ, National Institute of Health, Bethesda, MD, USA) and 

expressed as percentages of DCFDA fluorescence of the corresponding control [45]. 
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3.10. Statistical Analysis 

The data were expressed as mean + standard deviation (SD) of three independent experiments.  

One-tailed unpaired Student’s t-test was used for significance testing, using a p value of 0.05. A value 

of p < 0.05 was considered significant. When appropriate, the statistical significance for multiple 

comparisons was determined using One Way ANOVA followed by Bonferroni’s test. A value of  

p < 0.05 was considered significant. Prisma Graph Pad for Windows version 5.01 (GraphPad Software 

Inc., La Jolla, CA, USA) software was used for the statistical analysis. 

4. Conclusions 

Coordination of the hydrazones to Cu(II) resulted in improved cytotoxic activity against U87 cells 

in both complexes 1 and 2. The selectivity indexes of both complexes were higher than that of the 

hydrazone ligands in the two malignant cell lineages. 

Preliminary investigation on the mode of action of the studied compounds indicated that both 

complexes 1 and 2 bind to DNA by an intercalative way. All compounds were able to induce high 

levels of ROS in the glioma cell lines. Interestingly, H2AcMe and 1 induced lower levels of ROS in 

MRC5 cells than in U87 glioma cells. Since the cytotoxic effect of complex 1 in wild type p53 U87 

cells could be related to its ability to provoke the release of ROS, the cytotoxic effect of 1 on U87 cells 

might be somehow p53 dependent. No correlation was observed between the cytotoxic effects of the 

remaining compounds and their ability to provoke the release of ROS. Further studies are needed to 

clarify the mechanisms of the cytotoxic effects of the compounds under study. 

Acknowledgments 

This work was supported by PNPD-CAPES, CNPq, INCT-MM and INCT-INOFAR (Proc. CNPq 

988573.364/2008-6) from Brazil.  

Author Contributions  

H.B designed chemical experiments and analyzed chemical and biological assays. A.A.R.D and 

J.G.D.S performed syntheses and studies on the interactions of compounds with DNA and BSA. P.R.C 

performed biological assays and analyzed data; R.G.S designed biological assays and analyzed 

biological data. 

Conflicts of Interest 

The authors declare no conflict of interest.  

References 

1. Rajendiran, V.; Karthik, R.; Palaniandavar, M.; Stoeckli-Evans, H.; Periasamy, V.S.;  

Akbarsha, M.A.B.; Srinag, S.; Krishnamurthy, H. Mixed-ligand copper(II)-phenolate complexes: 

Effect of coligand on enhanced DNA and protein binding, DNA cleavage, and anticancer activity. 

Inorg. Chem. 2007, 46, 8208–8221.  



Molecules 2014, 19 17218 

 

 

2. O’Halloran, T.V. Transition metals in control of gene expression. Science 1993, 261, 715–725.  

3. Verhaegh, G.W.; Richard, M.J.; Hainaut, P. Regulation of p53 by metal ions and by antioxidants: 

Dithiocarbamate down-regulates p53 DNA-binding activity by increasing the intracellular level of 

copper. Mol. Cell. Biol. 1997, 17, 5699–5706. 

4. Yamamoto, K.; Kawanishi, S. Site-specific DNA damage induced by hydrazine in the presence of 

manganese and copper ions. J. Biol. Chem. 1991, 266, 1509–1515. 

5. Matias, A.C.; dos Santos, N.V.; Chelegão, R.; Nomura, C.S.; Fiorito, P.A.; Cerchiaro, G.J. 

Cu(GlyGlyHis) effects on MCF7 cells: Copper uptake, reactive oxygen species generation and 

membrane topography changes. Inorg. Biochem. 2012, 116, 172–179.  

6. Narang, R.; Narasimhan, B.; Sharma, S. A review on biological activities and chemical synthesis 

of hydrazide derivatives. Curr. Med. Chem. 2012, 19, 569–612. 

7. Despaigne, A.A.R; Parrilha, G.L.; Izidoro, J.B.; da Costa, P.R.; dos Santos, R.G.; Piro, O.E.; 

Castellano, E.E.; Rocha, W.R.; Beraldo, H. 2-Acetylpyridine- and 2-benzoylpyridine-derived 

hydrazones and their gallium(III) complexes are highly cytotoxic to glioma cells. Eur. J. Med. Chem. 

2012, 50, 163–172.  

8. Sathyadevi, P.; Krishnamoorthy, P.; Bhuvanesh, N.S.; Kalaiselvi, P.; Vijaya, P.V.; Dharmaraj, N. 

Organometallic ruthenium(II) complexes: Synthesis, structure and influence of substitution at 

azomethine carbon towards DNA/BSA binding, radical scavenging and cytotoxicity. Eur. J.  

Med. Chem. 2012, 55, 420–431.  

9. Recio Despaigne, A.A.; da Costa, F.B.; Piro, O.E.; Castellano, E.E.; Louro, S.R.W.; Beraldo, H. 

Complexation of 2-acetylpyridine- and 2-benzoylpyridine-derived hydrazones to copper(II) as an 

effective strategy for antimicrobial activity improvement. Polyhedron 2012, 38, 285–290. 

10. Gokce, C.; Gup, R. Synthesis and characterisation of Cu(II), Ni(II), and Zn(II) complexes of 

furfural derived from aroylhydrazones bearing aliphatic groups and their interactions with DNA. 

Chem. Pap. 2013, 67, 1293–1303.  

11. Pathan, A.H.; Gudasi, K.B. 1,3-Dioxolane-based ligands as a novel class of α1-adrenoceptor 

antagonists. Med. Chem. Res. 2013, 22, 1504–1511.  

12. Da Silva, J.G.; Recio Despaigne, A.A.; Louro, S.R.W.; Bandeira, C.C.; Souza-Fagundes, E.M.; 

Beraldo, H. Cytotoxic activity, albumin and DNA binding of new copper(II) complexes with 

chalcone-derived thiosemicarbazones. Eur. J. Med. Chem. 2013, 65, 415–426.  

13. Recio Despaigne, A.A.; Da Silva, J.G.; do Carmo, A.C.M.; Piro, O.E.; Castellano, E.E.; Beraldo, H. 

Structural studies on zinc(II) complexes with 2-benzoylpyridine-derived hydrazones.  

Inorg. Chim. Acta 2009, 362, 2117–2122.  

14. Choudhary, S.; Morrow, J. Dynamic acylhydrazone metal ion complex libraries: A mixed-ligand 

approach to increased selectivity in extraction. Angew. Chem. Int. Ed. 2002, 41, 4096–4098.  

15. Datta, A.; Das, K.; Yan-Ming, J.; Jui-Hsien, H.; Lee, H.M. Dichlorido{N'-[(pyridin-2-yl)methyl-

idene-κN]acetohydrazide-κ2 N',O}copper(II). Acta Crystallogr. Sect. E Struct. Rep. Online 2011, 

67, doi:10.1107/S1600536810053195.  

16. Freshney, R.I. Culture of Animal Cells: A Manual of Basic Technique, 6th ed.; Wiley-Blackwell: 

New York, NY, USA, 2010. 

17. Kaufmann, S.H.; Earnshaw, W.C. Induction of apoptosis by cancer chemotherapy. Exp. Cell Res. 

2000, 256, 42–49. 



Molecules 2014, 19 17219 

 

 

18. Gabriel, L.M.; Sanchez, E.F.; Silva, S.G.; Santos, R.G. Tumor cytotoxicity of leucurolysin-B,  

a P-III snake venom metalloproteinase from Bothrops leucurus. J. Venom. Anim. Toxins Incl. 

Trop. Dis. 2012, 18, 24–33. 

19. Kubota, Y.; Kubota, K.; Tani, S. DNA binding properties of DAPI (4',6-diamidino-2-phenylindole) 

analogs having an imidazoline ring or a tetrahydropyrimidinering: Groove-binding and 

intercalation. Nucleic Acids Symp. Ser. 2000, 44, 53–54. 

20. Feng, X.; Xia, Q.; Yuan, L.; Yang, X.; Wang, K. Impaired mitochondrial function and oxidative 

stress in rat cortical neurons: Implications for gadolinium-induced neurotoxicity. Neurotoxicology 

2010, 31, 391–398.  

21. Li, P.F.; Dietz, R.; von Harsdorf, R. p53 Regulates mitochondrial membrane potential through 

reactive oxygen species and induces cytochrome c-independent apoptosis blocked by Bcl-2. 

EMBO J. 1999, 18, 6027–6036.  

22. Lee, J.M. Inhibition of p53-dependent apoptosis by the KIT tyrosine kinase: Regulation of 

mitochondrial permeability transition and reactive oxygen species generation. Oncogene 1998, 17, 

1653–1662. 

23. Liu, B.; Chen, Y.; St Clair, D.K. ROS and p53: Versatile partnership. Free Radic. Biol. Med. 

2008, 44, 1529–1535. 

24. Sawada, M.; Kiyono, T.; Nakashima, S.; Shinoda, J.; Naganawa, T.; Hara, S.; Iwama, T.; Sakai, N. 

Molecular mechanisms of TNF-α-induced ceramide formation in human glioma cells: P53-Mediated 

oxidant stress-dependent and -independent pathways. Cell Death Differ. 2004, 11, 997–1008. 

25. Haupt, S.; Berger, M.; Goldberg, Z.; Haupt, Y. Apoptosis—the p53 network. J. Cell Sci. 2003, 

116, 4077–4085. 

26. Kumar, R.S.; Sasikala, K.; Arunachalam, S. DNA interaction of some polymer-copper(II) 

complexes containing 2,2'-bipyridyl ligand and their antimicrobial activities. J. Inorg. Biochem. 

2008, 102, 234–241.  

27. Barton, J.K.; Danishefsky, A.T.; Goldberg, J.M. Tris(phenanthroline)ruthenium(II) stereoselectivity 

in binding to DNA. J. Am. Chem. Soc. 1984, 106, 2172–2176.  

28. Krishnamoorthy, P.; Sathyadevi, P.; Cowley, A.H.; Butorac, R.R.; Dharmaraj, N. Evaluation of 

DNA binding, DNA cleavage, protein binding and in vitro cytotoxic activities of bivalent 

transition metal hydrazone complexes. Eur. J. Med. Chem. 2011, 46, 3376–3387. 

29. Garbett, N.C.; Hammond, N.B.; Graves, D.E. Influence of the amino substituents in the 

interaction of ethidium bromide with DNA. Biophys. J. 2004, 87, 3974–3981. 

30. Raja, D.S.; Bhuvanesh, N.S.P.; Natarajan, K. DNA binding, protein interaction, radical scavenging 

and cytotoxic activity of 2-oxo-1,2-dihydroquinoline-3-carbaldehyde(2'-hydroxybenzoyl)hydrazone 

and its Cu(II) complexes: A structure activity relationship study. Inorg. Chim. Acta 2012, 385, 81–93.  

31. Pyle, A.M.; Rehmann, J.P.; Meshoyrer, R.; Kumar, C.V.; Turro, N.J.; Barton, J.K. Mixed-ligand 

complexes of ruthenium(II): Factors governing binding to DNA. J. Am. Chem. Soc. 1989, 111, 

3051–3058. 

32. Sathyadevi, P.; Krishnamoorthy, P.; Butorac, R.R.; Cowley, A.H.; Dharmaraj, N. Synthesis of 

novel heterobimetallic copper(I) hydrazone Schiff base complexes: A comparative study on the 

effect of heterocyclic hydrazides towards interaction with DNA/protein, free radical scavenging 

and cytotoxicity. Metallomics 2012, 4, 498–511.  



Molecules 2014, 19 17220 

 

 

33. Dimiza, F.; Perdih, F.; Tangoulis, V.; Turel, I.; Kessissoglou, D.P.; Psomas, G. Interaction of 

copper(II) with the non-steroidal anti-inflammatory drugs naproxen and diclofenac: Synthesis, 

structure, DNA- and albumin-binding. J. Inorg. Biochem. 2011, 105, 476–489.  

34. Lakowicz, J.R. Principles of Fluorescence Spectroscopy, 2nd ed.; Kluwer Academic Press/Plenum 

Publishers: New York, NY, USA, 1999.  

35. Kumar, P.; Baidya, B.; Chaturvedi, S.K.; Khan, R.H.; Manna, D.; Mondal, B. DNA binding and 

nuclease activity of copper(II) complexes of tridentate ligands. Inorg. Chim. Acta 2011, 376, 264–270. 

36. Bi, S.; Sun, Y.; Qiao, C.; Zhang, H.; Liu, C. Binding of several anti-tumor drugs to bovine serum 

albumin: Fluorescence study. J. Lumin. 2009, 129, 541–547. 

37. Bhattacharyya, M.; Chaudhuri, U.; Poddar, R.K. Evidence for cooperative binding of 

chlorpromazine with hemoglobin: Equilibrium dialysis, fluorescence quenching and oxygen 

release study. Biochem. Biophys. Res. Commun. 1990, 167, 1146–1153. 

38. Shahabadi, N.; Mohammadpour, M. Study on the interaction of sodium morin-5-sulfonate with 

bovine serum albumin by spectroscopic techniques. Spectrochim. Acta Part A 2012, 86, 191–195. 

39. Chen, G.Z.; Huang, X.Z.; Zheng, Z.Z.; Xu, J.G.; Wang, Z.B. Methods of Fluorescence Analysis, 

2nd ed.; Science Press: Beijing, China, 1990. 

40. Miller, J.N. Recent advances in molecular luminescence analysis. Proc. Anal. Div. Chem. Soc. 

1979, 16, 203–208.  

41. Tang, J.H.; Luan, F.; Chen, X.G. Binding analysis of glycyrrhetinic acid to human serum 

albumin: Fluorescence spectroscopy, FTIR, and molecular modeling. Bioorg. Med. Chem. 2006, 14, 

3210–3217.  

42. Raja, D.S.; Bhuvanesh, N.S.; Natarajan, K. Structure-activity relationship study of copper(II) 

complexes with 2-oxo-1,2-dihydroquinoline-3-carbaldehyde (4'-methylbenzoyl) hydrazone: 

Synthesis, structures, DNA and protein interaction studies, antioxidative and cytotoxic activity.  

J. Biol. Inorg. Chem. 2012, 17, 223–237. 

43. Reichmann, M.E.; Rice, S.A.; Thomas, C.A.; Doty, P. A further examination of the molecular 

weight and size of desoxypentose nucleic acid. J. Am. Chem. Soc. 1954, 76, 3047–3053. 

44. Meyer-Almes, F.J.; Porschke, D. Mechanism of intercalation into the DNA double helix by 

ethidium. Biochemistry 1993, 32, 4246–4253. 

45. ImageJ. Available online: http://imagej.nih.gov/ij/download/ (accessed on 17 October 2014). 

Sample Availability: Samples of the complexes 1 and 2 are available from the authors.  

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Geneva
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black-Se
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light-Li
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-Conth
    /HelveticaExt-Normal
    /HelveticaExtObl-Heavy
    /HelveticaExtObl-Light
    /HelveticaExtObl-Normal
    /HelveticaInserat-Roman-SemiB
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light-Light-Italic
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /HelveticaNarrowBoldLefty
    /Helvetica-Narrow-BoldOblique
    /HelveticaNarrowLefty
    /Helvetica-Narrow-Oblique
    /HelveticaObl-Heavy
    /Helvetica-Oblique
    /HelveticaObl-Thin
    /Helvetica-Roman-SemiB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


