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Abstract―A new series of transition metal complexes have been synthesized with [(2,3-dimethylphenyl)-
amino]benzoic acid (Mefenamic acid) in 1 : 1/1 : 2 M : L ratio. The complexes have been characterized by 
elemental analysis, FT-IR and UV–Vis spectroscopy. Antifungal, antibacterial, antitumor, antioxidant (DPPH, 
H2O2 induced DNA damage) activity of the complexes and DNA interaction with the complexes were studied. 
The results revealed that the ligand and most of synthesized compounds did not demonstrate significant 
antibacterial activity unlike [Ni(Mef)(H2O)Cl] that exhibited pronounced activity against F. Solani. Antitumor 
activity of the products was higher than that of the free ligand.  
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1 The text was submitted by the authors in English.   

INTRODUCTION 

According to numerous investigations binding of a 
drug to a metal enhances its activity [1, 2]. Cationic 
metal centers actively bind to negatively charged 
biomolecules including proteins and nucleic acids. 
Metal complexes demonstrate high pharmaceutical 
potential [3, 4].  

[2-(2,3-Dimethylphenyl)amino]benzoic acid (mefenamic 
acid) is anthranilic acid derivative that demonstrates 
non-steroidal anti-inflammatory, antipyretic, and 
analgesic activity [5, 6]. It inhibits proliferation and 
triggers apoptotic cell death of several human cancer 
cell lines [7–9], acts as a neuro-protection in 
Alzheimer disease [10] and demonstrates many other 
biological sites of action [11, 12].  

Pharmacological importance of mefenamic acid 
initiated our study of synthesis and biological activity 
of its metal complexes (Fig. 1).  

EXPERIMENTAL 

Chemicals and instrumentation. Most chemicals 
used were of analytical grade purchased from Merck. 
Mefenamic acid was provided by Ferozsons Ltd. 
(Lahore). The solvents were purified according to the 
conventional methods [13]. Melting points were 
measured in open capillary tubes by Mitamura Rikero 
Kogyo (Japan). IR spectra were recorded as KBr discs 
in the range of 4000–400 cm–1 on a Perkin-Elmer 
Spectrum-1000 FT-IR Spectrophotometer. CHN 
analysis was carried out with a Perkin-Elmer 2400 
Series II instrument. Electronic spectra were recorded 
on a Lambda 2S Perkin Elmer spectrophotometer. Con-
ductance was measured by Metrohm 712 conductometer. 

Synthesis of potassium salt of mefenamic acid. 
10 mL of KOH (1 mmol) solution were added 
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Fig. 1. 2-[(2,3-dimethylphenyl)amino]benzoic acid (Mefenamic 
acid). 
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dropwise upon stirring to the solution of mefenamic 
acid (1 mmol) in ethanol (100 mL). The mixture was 
stirred for 1 h at room temperature. The solvent was 
removed in a rotary evaporator under reduced pressure. 
The solid product was recrystallized in chloroform : n-
hexane (1 : 1). 

Synthesis of transition metal complexes I–VIII. 
Potassium salt of mefenamic acid (1 mmol/2 mmol) 
was dissolved in ethanol (100 mL) at room 
temperature. The transition metal chloride (1 mmol) 
dissolved in ethanol (50 mL) was added drop wise to 
the above solution upon constant stirring. The reaction 
mixture was refluxed for 6 h with continuous stirring. 
KCl was filtered off and the solvent was evaporated in 
rotary evaporator under reduced pressure. The solid 
residue was recrystallized in chloroform : n-hexane 
mixture (4 : 1). 

Antifungal assay. Antifungal activity of free ligand 
and metal complexes was studied against fungal strains 
(Mucor species, Aspergillus flavus, Aspergillus 
fumigatus and Fusarium solani) by using agar tube 
dilution method [15]. Screw caped test tubes 
containing Sabouraud dextrose agar (SDA) medium         
(4 mL) were autoclaved at 121ºC for 15 min. Test 
tubes were allowed to cool down to 50ºC and non 
solidified SDA was loaded with 66.6 μL of the test 
compound from the stock solution (12 mg/mL in 
DMSO) to make final concentration 200 μL/mL. Test 
tubes content was then allowed to solidify in slanting 
position at room temperature. Each test tube containing 
solidified media and test compound were then 
inoculated with 4 mm diameter piece of inoculum from 
a seven days old culture. The media supplemented 
with DMSO and Terbinafine (200 μL/mL) were used 
as negative and positive controls, respectively. Test 
tubes were incubated at 28ºC for seven days and 
fungal growth was determined by measuring linear 
growth (mm). Growth inhibition was calculated with 
reference to the negative control. 

Antitumor assay. To detect antitumor activity of the 
test compounds, potato disc antitumor assay was 
performed [15]. The 48 h old culture of AT-10 strain 
of Agrobacterium tumefaciens was used. Inoculums of 
five concentrations (0.01, 0.1, 10, 100, 1000 ppm) of 
each test sample containing bacterial culture were 
prepared. Red skinned potatoes were surface sterilized 
in 0.1% mercuric chloride solution and then under 
complete aseptic conditions. Potato discs (0.5 cm 
thickness) were obtained from these potatoes by using 
sterile metallic cork borer. The potato discs were 
placed in petri plates each containing 25 mL of 1.5% 
autoclaved agar solution. The inoculum (50 μL) was 
poured on each disc. The plates were sealed with 
parafilm and incubated at 28ºC for 21 days. Number of 
tumors was counted after staining with the lugol 
solution (10% KI and 5% I2) with the help of 
dissecting microscope. 

Antioxidant assay. Antioxidant and prooxidant 
effects of the synthesized compounds were studied in 
vitro by using DNA protection assay [16].  

DPPH assay. Radical scavenging activity of 
compounds (conc. 100, 50, and 25 ppm) against stable 
free radical DPPH was determined spectrophoto-
metrically [16]. Assay was carried out in triplicate. 
Reaction mixture was prepared by adding 100 μL of 
each test compound solution, 0.1 mM DPPH in ethanol 

nR-COOK + MClx  mH2O.

M(RCOOO)nClx  mH2O + KCl,.EtOH, Reflux 6 h

n = 1, 2; x = 2, 3;  m = 2, 4, 6;  M = Cr(III), Fe(III), Ni(II), 
Cu(II). 

Biological activity. All products were tested for 
antibacterial, antifungal antioxidants, and potato disc 
tumor activity. 

Antibacterial assay. The free ligand and metal 
complexes were tested for antibacterial activity against 
bacterial strains: gram positive Staphylococcus aureus 
(ATCC 6538), Bacillus subtilis (ATCC 6633) and 
Micrococcus luteus (ATCC 10240); and gram negative 
Escherichia coli (ATCC 15224) and Enterobacter 
aerogenes (ATCC 13048) by using agar well diffusion 
method [14]. Broth culture (0.75 mL) containing 
approximately 106 colony forming units (CFU/mL) of 
test strain was added to nutrient agar medium (75 mL) 
at 45ºC, mixed well, and poured into a 14 cm sterile 
petri plates. The medium was allowed to solidify and 8 
mm wells were dug with a sterile metallic borer. One 
hundred µL of the test sample (1 mg/mL in DMSO) 
was poured in respective wells. In each plate DMSO 
served as negative control and standard antibacterial 
drugs Roxithromycin (1 mg/mL) and Cefexime (1 mg/mL) 
served as a positive control. Triplicate plates of each 
bacterial strain were prepared. The plates were 
incubated at 37ºC for 24 h. Antibacterial activity was 
determined by measuring the diameter of zones with 
complete inhibition (mm). Growth inhibition was 
calculated with reference to positive control.  
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solution and 0.9 mL of 0.1 mM Tris-HCl in capped 
vials. DMSO was used as the negative control. Reac-
tion mixture was incubated in darkness for 30 min at 
room temperature. Upon incubation absorbance of each 
reaction mixture was measured spectrophotometri-
cally at 517 nm. Scavenging (%) of DPPH free radicals 
for each concentration of each compound was calculated. 

H2O2 induced DNA damage assay. To determine 
the antioxidant/pro-oxidant potential of test com-
pounds DNA protection assay was performed [17]. 
The reaction was conducted in eppendorf tubes at total 
volume of 15 μL containing 0.5 μg of pBR 322 DNA 
in 3 μL of 50 mM phosphate buffer (pH 7.4), 3 μL of  
2 mM FeSO4, and 5 μL of tested samples at various 
concentrations (10, 100, 1000 ppm). Then, 4 μL of 
30% H2O2 were added. Similarly DNA samples of the 
reference containing the same content except the 
compounds were prepared. All reaction mixtures were 
incubated at 37ºC for 1 h. The mixtures were subjected 
to 1% agarose gel electrophoresis. DNA bands (super-
coiled, linear and open circular) were stained with 
ethidium bromide. Gels were documented (Gel Doc, 
BioRad) and intensity of the bands was determined. 
DNA protection was calculated based on the DNA 
band corresponding to that of native in the presence 
and absence of different concentrations (10, 100,             
1000 ppm) of test compounds. Evaluations of anti-
oxidant or prooxidant effects on DNA were based on 
percent of increase or loss of supercoiled monomer com-
pared to the control value. To avoid the effects of photo-
excitation of samples, experiments were done in darkness. 

DNA interaction studies. The DNA solution was 
made in distilled water which gave a ratio of UV 
absorbances at 260 and 280 nm of 1.72, indicating that 
the DNA was sufficiently free of proteins [18]. The 
DNA concentration was determined at 260 nm by 
using the formula: DNA conc. (μg/mL) = Absorbance 
at 260 nm × dil. Factor × 50 μg/mL × ratio. Standard 
ratio (1.8) 

DNA solution of each compound was prepared in 
DMF of 1 × 10–3 concentration. Solvent mixture was 
prepared in the ratio water : DMF in which both the 
compound and DNA soluble.  

Phosphate buffer (0.1 M) was prepared by adding 
14.19 g of Na2HPO4 and 15.6 g of NaH2PO4 in 1 L of 
solvent mixture (BSM of pH 7.4). The assay was done 
on Agilent chemstation UV–Vis spectrophotometer. 
BSM was used as a blank and 50 µL of compound 
were added to 2950 µL of BSM. Change in absorbance 
upon addition of DNA was measured and spectra were 
recorded until we got the maximum interaction. 

RESULTS AND DISCUSSION 

The complexes were solids soluble in common 
organic solvents. Molar conductance of compounds 
was measured in 0.001M ethanol solution, µS cm–1: 
14.7 (Ligand), 40.1 (1), 27.6 (2), 29.9 (3), 25.9 (4), 
18.2 (5), 55.3 (6), 25.9 (7), and 5.4 (8). Physical data 
are presented in Table 1. 

FT-IR spectroscopy. The NH band of mefenamic 
acid at 3340 cm–1 did not exhibit significant shift upon 

Table 1. Physical data of transition metal complexes of mefenamic acid 

Comp. 
no. Formula MW mp, ºC Yield, 

% 

Elemental analysis data 

C H N 

found, 
% 

calculated, 
% 

found, 
% 

calculated, 
% 

found, 
% 

calculated, 
% 

HL Mefenamic acid 241.2 230–231 – – – – – – – 

I [Cr(Mef(H2O)2Cl2] 399.2 210–212 76 13.02 13.06 4.54 4.58 3.51 3.47 

II [Cr(Mef)2(H2O)Cl] 586.0 215–216 68   9.16 9.12 4.93 4.89 4.93 4.97 

III [Fe(Mef)(H2O)3Cl]Cl 421.1 205–206 78 13.26 13.21 4.79 4.74 3.33 3.37 

IV [Fe(Mef)2(H2O)Cl] 589.9 175–176 71   9.47 9.51 5.13 5.17 4.75 4.71 

V [Ni(Mef)(H2O)Cl] 352.4 216–218 69 16.65 16.61 4.58 4.53 3.97 3.93 

VI [Ni(Mef)2] 539.2 90–91 82 10.88 10.84 5.20 5.24 5.19 5.23 

VII [Cu(Mef)(H2O)2]Cl 375.3 204–206 77 16.93 16.97 4.83 4.88 3.73 3.77 

VIII [Cu(Mef)2] 544.1 154–155 67 11.68 11.72 5.19 5.15 5.15 5.10 
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complexation indicating no participation of the group 
in the process (Table 2).  

IR data of the complexes demonstrated the 
separation value (Δν) between νas(COO) and νs(COO) 
to be < 200 cm–1 in the spectra of ligands suggesting 
bidentate bonding for the transition metals 
carboxylates [19, 20]. The new band in the range of 
486–449 cm–1 in the spectra of products was assigned 
to (M–O) bond formation.  

UV–Vis spectra. UV–Vis absorption pattern of the 
synthesized compounds was recorded in the region 
200–800 nm (Table 3). Some bands in the spectra of 
complexes I–VIII were typical for interligand and 
charge transfer or n→π* transitions and had decreased 
intensities. Sharp bands observed in the range 240–             
270 nm could be assigned to charge transfer L→M or 
n→π* transition [21]. 

Antimicrobial activity. The ligand and compounds 
I–VIII did not demonstrate any activity against all five 
bacterial strains tested [22–24]. Only compound V 
demonstrated significant antifungal activity against          
sF. solani [25–27] (Table 4). 

Antitumor assay. All products exhibited 
significant level of tumor inhibition as compared to the 

reference drug (Vincristine) and the ligand (Table 5) 
[28–30].  

Antioxidant assay. In the assay majority of the 
products exhibited antioxidant concentration dependent 
activity (Table 6). Most of the products enhanced the 

Table 2. IR data (cm–1) for the transition metals complexes 
of mefenamic acid 

Comp. 
no. ν(N–H) ν(C=O) 

ν(COO) 
Δν ν(M–O) 

νas(COO) νs(COO) 

HL 3340 1730 1673 1422 251 – 

I 3344 1730 1612 1421 191 486 

II 3343 1756 1603 1490 113 470 

III 3332 1759 1609 1486 123 468 

IV 3334 1729 1610 1448 162 462 

V 3345 1722 1576 1451 125 449 

VI 3339 1734 1608 1413 195 468 

VII 3350 1710 1566 1436 130 496 

VIII 3343 1723 1617 1452 165 497 

Table 3. UV–Vis data of transition metal complexes of 
mefenamic acid 

Comp. 
no. λ, cm–1 (nm) Electronic  

transition Geometry 

I 17452 (573) 
21673 (461) 
34030 (294) 

4A2g → 4T2g 
4A2g → 4T1g (F) 
4A2g → 4T1g (P) 

Octahedral 

II 16125 (620) 
21009 (476) 
36122 (277) 

4A2g → 4T2g 
4A2g → 4T1g (F) 
4A2g → 4T1g (P) 

Octahedral 

III 16579 (603) 
22124 (452) 

6A1g→5T1g 
6A1g →4T2g (G) 

Octahedral 

IV 16560 (604) 
21746 (460) 

6A1g→5T1g 
6A1g →4T2g (G) 

Octahedral 

V 19987 (500) 
25125 (398) 

3A2g→3T1g (F) 
3A2g→3T1g (P) 

Square planner 

VI 19550 (512) 
24991 (400) 

3A2g→3T1g (F) 
3A2g→3T1g (P) 

Square planner 

VII 23678 (422) 2Eg → 2B1g Square planner [21] 

VIII 24598 (406) 2Eg → 2B1g Square planner 

Table 4. Antifungal activity of transition metals complexes 
of mefenamic acid  

Comp. 
no. 

Percentage growth inhibition 

A. fumigatus A. flavus F. solani Mucor sp. 

I 38.06452 59.85401 66.66667 14.28571 

II 41.29032 27.0073 60.95238 13.60544 

III 50.32258 42.33577 74.28571 23.80952 

IV 32.25806 30.65693 57.14286 16.32653 

V 37.41935 39.41606 71.42857 22.44898 

VI 44.51613 37.22628 55.2381 27.89116 

VII 43.22581 41.60584 33.33333 4.081633 

VIII 38.06452 35.76642 57.14286 25.85034 
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Table 5. Antitumor activity of transition metal complexes of 
mefenamic acid 

Comp. 
no. 

Percentage age tumor inhibition  
at concentrations, ppm 

1000  100  10  0.1  0.01  

I 100 100.00 100.00 75.98 68.99 BDR 

II 100   76.54   62.12 51.51 30.30 0.281 

III 100 100.00   63.56 58.13   5.42 BDR 

IV 100   90.15   89.39 70.45 60.60 BDR 

V 100 100.00   96.89 77.51 56.58 BDR 

VI 100   66.47   56.60 40.03 33.33 0.661 

VII 100   49.11   48.71 44.37 44.37 0.935 

VIII 100   72.78   65.28 57.39 49.50 0.024 

IC50, 
µg/mL 

Table 6. DPPH free radical scavenging activity of transition 
metals complexes of mefenamic acid 

Comp. 
no. 

Percentage scavenging, ppm IC50, 
µg/mL Remarks 

100  50  25  

I –36.2347 –11.1518 –5.72943 BDR Pro-oxidant 

II –35.6227 –16.2084 –3.41025 BDR Pro-oxidant 

III –10.8427 1.195779 6.837513 BDR Pro-oxidant 

IV –11.6815 1.230694 5.395298 BDR Pro-oxidant 

V 6.68587 1.413886 –1.42537 BDR Pro-oxidant 

VI –31.9296 21.98066 39.45954 BDR Pro-oxidant 

VII 8.833381 11.17964 13.8137 >100 Antioxidant 

VIII 62.71571 48.33388 40.24352 48.691 Antioxidant 

Fig. 2. Absorption spectra of mefenamic acid at different concentrations of DNA. 
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Fig. 3. Absorption spectra of (1) compound IV at different concentrations of DNA, M × 10–5:  (2) 1.64; (3) 3.23; (4) 4.76; and                
(5) 6.25. 

DNA damage [31] at concentration 1000 ppm              
(Table 7). The compounds II–IV and VI protected 
plasmid DNA at all concentrations.  

Interaction with DNA. Absorbance of the complex 
IV was DNA concentration dependent (Figs. 2, 3). The 
hypochromic effect was due to the interaction between 

electronic states of chromophores with DNA bases and 
indicated close proximity of the complex molecules to 
DNA bases.  

Binding constant, K, was calculated on the basis of 
variations in the absorbance spectra of complexes upon 
binding to DNA according to the equation reported 



Table 7. DNA protection of transition metals complexes of 
mefenamic acida 

Comp. no. Concentration Protection Damage 

I 1000 – +++ 

100 ++ – 

10 ++ – 

II 1000 ++ – 

100 ++ – 

10 + – 

III 1000 ++ – 

100 ++ – 

10 ++ – 

IV 1000 ++ – 

100 ++ – 

10 ++ – 

V 1000 – +++ 

100 ++ – 

10 ++ – 

VI 1000 ++ – 

100 ++ – 

10 ++ - 

VII 1000 – +++ 

100 ++ – 

10 ++ – 

VIII 1000 – +++ 

100 – ++ 

10 ++ – 
a  (+) Weaklyeffective; (++) moderately effective; (+++) strongly 
 effective.                                                                                                                

Table 8. Association constants and Gibbs free energies of 
transition metals complexes of mefenamic acid  

Comp. no. (K/M)–1 –∆G, kJ/mol 

HL   58.24 × 103 27.18 

III –57.75 × 103 – 

IV   39.15 × 103 26.20 

VII   13.51 × 103 23.56 

VIII   48.48 × 103 26.73 

Fig. 4. Plot of A0/(A – A0) vs. 1/[DNA] for determination of 
binding constant of complex IV–DNA adduct. 

1/[DNA], μM–1 

A 0
/(A
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 A
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earlier [32] (Table 8). The plot of A0/(A – A0) vs.         
1/[DNA] was contracted using the data. The intercept 
to slope ratio yielded the binding constant (Fig. 4). The 
accumulated data indicated high affinity of the 
products with DNA.  

CONCLUSIONS 

FT-IR data indicated that mefenamic acid acted as 
the bidentate ligand. The products did not exhibit 
antibacterial activity against tested bacterial strains 
probably due to their low lipophilicity. Only [Ni(Mef)·
(H2O)Cl] (V) demonstrated significant antifungal 
activity against F. solani. All complexes were 
remarkably antitumor active against AT10. The 
compounds II–IV and VI protected the plasmid DNA 
at all concentrations. The hypochromic effect in UV–
Vis spectra of products indicated the interaction among 
electronic sites of chromophores with DNA bases. 

ACKNOWLEDGMENTS 

QAU is acknowledged for financial support as 
URF.  



SYNTHESIS, CHARACTERIZATION, AND BIOLOGICAL ACTIVITY 

RUSSIAN  JOURNAL  OF  GENERAL  CHEMISTRY   Vol.  85   No.  7   2015 

1751 

REFERENCES 

 1.  Kovala-Demertzi, D., J. Organomet. Chem., 2006,      
 vol. 691, p. 1767. 
 2.  Lippard, S.J. and Berg, J.M., Principles of Bioinorganic 
 Chemistry, University Science Books: Mill Valley, CA, 
 1999.  
 3.  Scozzafava, A. and Supuran, C.T., J. Med. Chem., 2000, 
 vol. 43, p. 3677. 
 4.  Rice, S.A., Givskov, M., Steinberg, P., and Kjelleberg, S.J., 
 Mol. Microbiol. Biotechnol., 1999, vol. 3, p. 23. 
 5.  Bojarowicz, H., Kokot, Z., and Surdykowski, A., J. Pharm. 
 Biomed. Anal., 1996, vol. 15, p. 339. 
 6.  Winder, C.V., Wax, J., Scotti, L., Scherre, R.A., Jones, E.M., 
 and Short, F.W., J. Pharmacol. Exp. Ther., 1962,       
 vol. 38, p. 405. 
 7.  Fang, L., Numajiri, S., Kobayashi, D., Ueda, H., 
 Nakayama, K., Miyamae, H., and Morimoto, Y., 
 Pharm. Res., 2004, vol. 20, p. 1302. 
 8.  Pan, M.R., Chang, H.C., and Hung, W.C., Cell. Signal., 
 2008, vol. 20, p. 1134. 
 9.  Woo, D.H., Han, I.S., and Jung, G., Life Sci., 2004,      
 vol. 75, p. 2439. 
10. Weiss, H., Amberger, A., Widschwendter, M., Mar-
 greiter, R., Ofner, D., and Dietl, P., Int. J. Cancer., 
 2001, vol. 92, p. 877. 
11.  Joo, Y., Kim, H.S., Woo, R.S., Park, C.H., Shin, K.Y., 
 Lee, J.P., Chang, K.A., Kim, S., and Suh, Y.H., Mol. 
 Pharm., 2006, vol. 69, p. 76. 
12.  Asanuma, M., Nishibayashi-Asanuma, S., Miyazaki, I., 
 Kohno, M., and Ogawa, N., J Neurochem., 2001,         
 vol. 76, p. 1895. 
13.  Armarego, W.L.F. and Chai, C.L.L., Purification of 
 Laboratory Chemicals, London: Butterworth-Heinemann, 
 2003, 5th ed. 
14.  Bojarowicz, H., Kokot, Z., and Surdykowski, A., J. Pharm. 
 Biomed. Anal., 1996, vol. 15, p. 339. 
15.  Rehman, A., Choudhary, M.I., and Thomsen, W.J., 

 Bioassay Techniques for Drug Development, 
 Amsterdam: Harward Academic Publishers, 2001. 
16.  Galsky, A.G., Wilsey, J.P., and Powell, R.G., Plant 
 Physiology., 1980, vol. 65, p. 184. 
17.  Gyamfi, M.A., Yonamine, M., and Aniya, Y., Gen. 
 Pharmacol., 1999, vol. 32, p. 661. 
18.  Marmur, J., J. Mol. Biol., 1961, vol. 3, p. 208. 
19.  Maeda, Y. and Okawara, R., J. Organomet. Chem., 
 1967, vol. 10, p. 247. 
20.  Shahid, K., Shahzadi, S., Ali, S., and Mazhar, M., Bull. 
 Korean Chem. Soc., 2006, vol. 27, p. 44.  
21.  Lever, A.B.P., Inorganic Electronic Spectroscopy, Am-
 sterdam: Elsevier, 1968. 
22.  Tian, B. and Hua, Y., Food Chem., 2005, vol. 91,               
 p. 413. 
23.  Al-Bari, M.A.A., Khan, A., Rahman, B.M., Kudrat-E-
 Zahan, M., Mossadik, M.A., and Islam, M.A., Res. J. 
 Agri. Bio. Sci., 2007, vol. 3, p. 599. 
24.  Chitrapriya, N., Mahalingam, V., Channels, L.C., 
 Zeller, M., Fronczek, F.R., and Natarajan, K., Inorg. 
 Chimica Acta., 2008, vol. 361, p. 2841. 
25.  Kannan, S, Sivagamasundari, M, Ramesh, R, and Liu, Y., 
 J. Organomet. Chem., 2008, vol. 3, p. 2251. 
26.  Refat, M.S., El-Korashy, S.A., and Ahmed, A.S., J. Mol. 
 Struct., 2008, vol. 881, p. 28. 
27.  Bagihalli, G.B., Avaji, P.G., Patil, S.A., and Badami, P.S., 
 Eur. J. Med. Chem., 2008, vol. 438, p. 157. 
28.  Singh, B.K., Jetley, U.K., Sharma, R.K., and Garg, B.S., 
 Spectrochim. Acta., 2007, vol. 68, p. 63. 
29.  Giraldi, T., Sava, G., Bertoli, G., Mestroni, G., and 
 Zassinovich, G., Cancer Res., 1977, vol. 37, p. 2662. 
30.  Karki, S.S., Thota, S., Darj, S.Y., Balzarini, J., and 
 Clercq, E.D., Bioorg. Med. Chem., 2007, vol. 15,               
 p. 6632. 
31.  Poyraz, M., Sari, M., Demirci, F., Kosar, M., and 
 Demirayak, S., Polyhedron, 2008, vol. 27, p. 2091. 
32.  Ibrahim, M.S., Shehatta, I.S., and Al-Nayeli, A.A.,         
 J. Pharm. Biomed. Anal., 2002, vol. 28, p. 217. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /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 [14400.000 14400.000]
>> setpagedevice


