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ABSTRACT 
 

Schiff base ligands derived from the reaction of 5-nitrosalicylaldehyde and 5-bromo- 
salicylaldehyde with o-phenylenediamine, and their   Ni(II) and UO2(II) complexes (in the bulk and Nano 
scales) were prepared and characterized by elemental analyses, IR spectra, magnetic measurement, and 
electronic absorption data. Chemical shifts of the different types of protons in the NMR spectra of the 
prepared Schiff bases and their metal complexes were also reported. The ligands and their metal complexes 
were tested for DNA cleavage, antibacterial and antitumor activity against common pathogenic organisms 
and against human colon cell line HCT116.  
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Introduction 
 

During the past decade, life-threatening infectious diseases caused by gram positive and gram 
negative pathogenic bacteria have increased to an alarming level around the world.  This increase coupled 
with emergence of bacteria resistant to commonly used antibiotics has resulted in the need to evolve new 
classes of antibacterial agents to combat infections.  Understanding the chemistry of molecular biology has 
created a significant class of compounds that are now employed as antibacterial agents (Fessenden and 
Fessenden, 1989 and Dueke-Eze et al., 2011). A class of compounds that has shown great promise in this 
area is the Schiff bases. A Schiff base is the nitrogen analogue of aldehyde in which the C=O group is 
replaced by a C=N group (Dueke-Eze et al., 2011). 

The transition and inner transition metal complexes having oxygen and nitrogen donor Schiff bases 
possess unusual configuration, structural liability, and are sensitive to the molecular environment (Ali et 
al., 2012). 

Thus synthesis and characterization of nano-structures with different particle sizes and morphologies 
are very important both from the viewpoint of basic science as well as for technological applications 
(Morsali et al., 2009 and Lotf et al., 2011). Nanoparticles have attracted great interest in recent years 
because of their unique chemical and physical properties, which are different from those of either the bulk 
materials or single atoms. Nano-materials have potential applications in optoelectronics, catalysis, and 
ceramics and so on (Mu et al., 2010). 

Due to the outbreak of the infectious diseases caused by different pathogenic bacteria, the scientists 
are searching for new antibacterial agents. In the present scenario, nanoscale materials have emerged up as 
novel antimicrobial agents owing to their high surface area to volume ratio and the unique chemical and 
physical properties (Rai et al., 2009 and Jalal et al., 2010). In recent years, the use of inorganic 
antimicrobial agents has been attracted interest for the control of microbes. The key advantages of 
inorganic antimicrobial agents are improved safety and stability, as compared with organic antimicrobial 
agents (Jalal et al., 2010 and Sawai, 2003). 

The importance of the present work stems from preparation of Nano Schiff base complexes, its 
characterization and its hopeful applications in different industrial and life sides applications. 

In this paper, the effect of change in substituent on the biological properties of Schiff base derived 
from o-phenylenediamine and substituted salicyaldehydes were reported. 
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Experimental 
 
Materials and Reagents 

All chemicals used in this study were of analytical reagent grade and of highest purity available. 
Organic solvents used included absolute ethyl alcohol and dimethylformamide (DMF). These solvents 
were spectroscopic pure from British Drug House (BDH). Distilled water collected from all glass 
equipment was used in all studies in aqueous solutions. The other materials such as, 5-nitrosalicylaldehde, 
5-bromosalicylaldehyde (Sigma), o-phenele- ndiamine (Aldrich), Ni(NO3)2.6H2O and UO2(NO3)2.6H2O 
(Merck) were also used. 

  
Instrumentation 

 Microanalytical determinations (C, H, N and O) were carried out in the Microanalytical center, Cairo 
University. The IR spectra were recorded on a Perkin–Elmer 437 IR spectrophotometer (400 – 4000cm-1) 
(KBr technique). 1H NMR spectra (DMSO-d6) were measured a Pruker FT-400MHZ spectrophotometer, 
using TMS as internal standard. The electronic spectra were measured using a Shimadzu PC 3101 
spectrophotometer. The UV–vis spectra were recorded on a Perkin-Elmer Lambda 3B UV–vis 
spectrophotometer. Mass spectra were recorded with the aid of a Shimadzu-Ge-Ms-QP 100 EX mass 
spectrometer (Japan) using a direct insertion probe (DIP) at temperature range 50–800 ◦C. An ultrasonic 
generator (Hielscher ultrasound technology) was used for the ultrasonic irradiation. The ultrasonic 
generator automatically adjusts the power level. X-ray diffraction were recorded at room temperature 
(~25oC) on Emprean X-ray diffractometer equipped. The patterns were run with Cu target (CuKα 
radiation) and the tube operated at 45 KV and 30 mA. The nano-sized complexes were characterized with 
a scanning electron microscope (SEM) (Philips XL 30) with gold coating. The Antimicrobial activity was 
performed using DMSO as solvent at Fermentation Biotechnology and Applied Microbiology (FERM-
BAM) Center. The test was done using diffusion agar technique (Kitzberger et al., 2007). Potential 
cytotoxicity of the compounds was tested on HCT116 cell line using the method of (Skehan and Storeng, 
1990), at Cairo University, National Cancer Institute, Cancer Biology Department, Pharmacology Unit.   

                                                                                                                         
Synthesis of H2L1 and H2L2 ligands  

To a hot stirred solution of o-phenylenediamine (1.08 g, 10 mmol.) in absolute ethanol (50 ml) was 
added a solution of 5-nitrosalicylaldehyde (3.34 g, 20 mmol.)  and 5-bromo- salicylaldehyde (4.02g, 20 
mmol.) in absolute ethanol (50 ml). This mixture was heated under reflux for 3 hr in water bath and 
cooling the reaction mixture, then, the products formed were collected by filtration. The crude products 
were re-crystallized from ethanol.  Yield (87.4%, 90.2%); M .P; 240 and 200 0C; respectively. 

 
Synthesis of the metal  complexes  

 A solution of the metal salts Ni(NO3)2.6H2O and UO2(NO3)2.6H2O  (10 mmol.) in hot absolute 
ethanol (20 ml) were added to a solution of H2L1 and H2L2 ligands (10 mmol.)  in hot absolute ethanol (40 
ml). The solutions were stirred and refluxed for 2 hr in water bath. The precipitates formed were collected 
by filtration, washed with cold absolute ethanol and allowed to dry in a desiccator over anhydrous CaCl2. 

 
Synthesis of the Ni+2 complexes nanoparticles by sonochemistry method  

10 ml of a 0.1 M solution of Ni(NO3)2.6H2O in EtOH were positioned in a high-density ultrasonic 
probe, operating at 24 kHz with a maximum power output of 400 W. Into this solution 10 ml of a 0.1 M 
solution of the ligands were added drop wise. The obtained precipitates were allowed to evaporate at room 
temperature to obtain nickel complexes nanoparticle in dark orange and dark brown powder form.  

 
DNA Cleavage Experiment  

 
The extent to which the newly synthesized ligands and their metal complexes could function as 

DNA cleavage agents was examined using E. coli DNA as a target. The electrophoresis method was 
employed to study the efficiency of cleavage by the synthesized compounds. Nutrient broth media was 
used (Peptone 10 g, NaCl 10 g and yeast extract 5 g L−1) for culturing E. coli. The electrophoresis of the 
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test compounds was done according to the literature method (Sambrook et al., 1989). The freshly prepared 
E. coli culture (1.5 mL) is centrifuged, and the pellets obtained, which was then dissolved in 0.5 mL of 
lysis buffer (50 mM EDTA, 100mM tris pH 8.0, 50 mM lysozyme). To this, 0.5 mL of saturated phenol 
was added and incubated at 55∘C for 10 min. Soon after the incubation the solution was centrifuged at 
10,000 rpm for 10 min, and to the supernatant liquid, equal volume of chloroform: isoamyl alcohol (24 : 1) 
and 1/20th volume of 3M sodium acetate (pH 4.8) were added. Again the solution is centrifuged at 10,000 
rpm for 10 min and the supernatant layer collected is then mixed with 3 volumes of chilled absolute 
alcohol, and the DNA precipitates. The precipitated DNA was separated by centrifugation, and the pellet 
was dried and dissolved in Tris buffer (10 mM tris pH 8.0) and stored in cold condition. Agarose (250 mg) 
was dissolved in hot tris-acetate-EDTA (TAE) buffer (25 mL) (4.84 g Tris base, pH-8.0, 0.5 M EDTA 
L−1), and heated to boil for few minutes. When the gel attains approximately 55∘C, it was then poured into 
the gas cassette fitted with comb. Slowly the gel was allowed to solidify by cooling to room temperature 
and then carefully the comb was removed. The solidified gel was placed in the electrophoresis chamber 
containing TAE buffer. Test compounds (1mgmL−1) were prepared in DMSO. The test compounds (25 µg) 
were added to the isolated DNA of E. coli, and they were incubated for 2h at 37∘C. Soon after the 
incubation period the DNA sample (20 µL) mixed with bromophenol blue dye in equimolar ratio along 
with standard DNA marker containing TAE buffer was loaded carefully into the wells, and the constant 
50V of electricity was supplied for about 30 min. Later, the gel was removed, and it was stained with 
ethidium bromide solution (10 µgmL−1) for 15-20 min, then the bands were observed and photographed 
under UV-illuminator. 

 
Results and Discussion 

Elemental analyses 

In the present investigation, the analytical data of the prepared ligands and their metal complexes 
suggest the structures as given in Fig.1. The free ligands and their metal complexes were subjected to 
elemental analyses (C, H, N and O). The results of elemental analyses with molecular formulae and the 
melting points were presented in Table 1. The results obtained were in good agreement with those 
calculated for the suggested formulae. The melting points were sharp, indicating the purity of the prepared 
ligands and their metal complexes. The results of the elemental analyses of the isolated complexes are in 
good agreement with those required by the proposed formula of complexes according to the following 
general equations: 

 

 
 

 
Fig. 1: Schematic route for preparation of H2L1 and H2L2 ligands 

MNO3 +(H2L1 or H2L2 ) + nH2O (M)(H2L1 or H2L2 )xNO3nH2O zNO3

Where, M = Ni(II) (n= 0, x = 2, z = 0
Where, M = UO2(II) (n= 0, x = 0, z = 2

NN

HOOH RR

O

OHR H2N

H2N

2

Where at H2L1 : R = NO2

While at H2L2 : R = Br

- 2H2O
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 1H NMR spectra  
 

The 1H NMR spectra of the H2L1 and H2L2 free ligands (Fig.2) (Table 2) showed a singlet peaks at 
9.126, 9.335 ppm and at 11.561, 11.247 ppm  assigned to azomethine and phenolic protons, respectively, 
in addition to multiplet signals at 6.882-8.194 , 6.465-8.175 ppm attributed to the aromatic protons 
(Tolulope et al., 2014 ; Gomathi and Selvameena, 2013). The comparison of the 1H NMR data of the free 
ligands and their UO2 (II)metal complexes (2, 5) clarifies the mode of coordination between the ligands 
and their metal ions. upon complexation, it was found that the spectra of metal complexes display a 
significant shift of the signals due to azomethine and phenolic protons indicating in turn the involvement 
of both phenolic as well as azomethine groups in coordination to the metal ions without their deprotonation 
suggesting that the ligands act as neutral tetradentate ligands, O2N2 coordination sphere. 

 
Table 1: Elemental analysis and some physical measurements of H2L1 and H2L2 free ligands and their metal complexes (1-

6). 

Compd. No. Emprical formula 
M.P. 
(oc) 

Color 
(Yield %) 

(%) found (Calcd.)                                                     Λm* 
C H N M  

H2L1 
C20H14N4O6 

240 
Dark yellow 

(87.40) 
58.89 

(59.11) 
3.40 

(3.48) 
13.41 

(13.79) 
–  

(1) [(Ni)(H2L1)(NO3)2]                
C20H14N6O12Ni      

>350 
Orange 
(77.47) 

40.17 
(40.77) 

2.11 
(2.40) 

13.89 
(14.27) 

9.58 
(9.69) 

1.62 

(2)[(UO2)(H2L1)](NO3)2                           
C20H14N6O14U 

>350 
Brown 
(65.47) 

27.04 
(27.97) 

1.25 
(1.65) 

9.47 
(9.78) 

- 
- 

193.70 

(3) [(Ni)(H2L1)(NO3)2] 
nanoparticle                
C20H14N6O12Ni      

>350 
Dark orange  

(80.21) 
40.55 

(40.77) 
2.32 

(2.40) 
14.11 

(14.27) 
9.62 

(9.69) 
1.12 

H2L2  
C20H14Br2N2O2 

200 
Dark yellow 

(90.20) 
36.89 

(50.64) 
2.93 

(2.98) 
12.01 
(5.91) 

- 
- 

- 

(4)[(Ni)(H2L2)(NO3)2]                             
C20H14Br2N4O8Ni 

>350 
Faint brown 

(73.55) 
36.38 

(36.56) 
1.92 

(2.15) 
8.40 

(8.53) 
8.69 

(8.93) 
21.80 

(5)[(UO2)(H2L2)](NO3)2                           
C20H14Br2N4O10U 

>350 
Dark yellow 

(65.79) 
33.59 

(33.90) 
1.95 

(2.00) 
7.86 

(7.91) 
- 
- 

198.50 

(6)[(Ni)(H2L2)(NO3)2]  
nanoparticle                            
C20H14Br2N4O8Ni 

>350 
Dark brown 

(81.35) 
36.40 

(36.56) 
2.00 

(2.15) 
8.45 

(8.53) 
8.79 

(8.93) 
11.20 

 
Table 2: 1H NMR data for H2L1, H2L2 free ligands and their diamagnetic  complexes 
Compd. No . δph δCH=N δOH 
H2L1 6.882-8.194 9.126 11.561 
(2) 6.891-7.940 8.479 10.308 
H2L2 6.465-8.175 9.335 11.247 
(5) 6.451-7.684 8.652 10.610 

 

Fig. 2: 1H NMR data for (a) Schiff base ligand H2L1 and (b) its UO2(II) diamagnetic  complex. 
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IR spectra and mode of bonding  
 

In order to ascertain the mode of bonding of the ligands to the metal ions, the IR spectra of the free 
ligands were compared with those of their metal complexes, Table (3).  

The IR spectra of the free ligand shave abroad absorption bands at3445, 3456 cm-1 which were 
attributed to OH of the phenolic groups, respectively (Aliyu and Bello 2010 ; EL-Hashash et al., 2014). 
The IR spectra display also strong and medium bands at 1292 and 1290 cm-1 respectively due to υC-O 

(phenolic group) (Manish and  Saxena, 2012). Additionally, a strong band at 1617, 1620 cm-1 were 
observed in the spectra attributed to υC=N of azomethine group (Mahendra et al., 2013).  A careful 
comparison of the IR spectra of the metal complexes with those of the free ligands reveals that : the band 
at 3445, 3456 cm-1 is found to be shifted to lower frequency region at 3422- 3406 cm-1 in the  metal 
complexes suggesting the involvement of OH groups of the Phenolic groups in complex formation without 
their deprotonation.  The strong bands at 1617,1620 and 1292, 1290 cm-1 due to υC=N and υC-O ( azomethine 
and phenolic groups) are shifted to lower wave number (1609-1536 cm-1) and (1288-1242 cm-1) , 
respectively in all metal complexes indicating the coordination of azomethine nitrogen and phenolic 
oxygen to the metal ions . The nitrato complexes, (1, 3, 4, 6) show three bands at 1477-1400 cm-1, 1384-
1370 cm-1 and 1170-1026 cm-1  corresponding to unidentate coordination mode of nitrate group, while, the 
complexes (2, 5) have a characteristic strong absorption band at 1380, 1375 cm-1 and medium band at 766, 
764 cm-1  assigned to ionic nitrate. All these results are consistent with the conductance data.  Also, the IR 
spectra of uranyl complexes, (2, 5) display strong bands in the region 922, 918 cm-1 characteristic to 
antisymmetric  υO=U=O modes (Zheng et al., 2003 and Badwaik and Aswar, 2007). Conclusive evidence of 
the bonding is also shown by observing new bands in the IR spectra of metal complexes in low frequency 
region at 560-505 cm-1 and 522-449 cm-1 may be due to υM-O and υM-N , respectively that are not observed 
in the spectrum of the free ligands (Khandelwal et al., 2013 and Riyadh et al., 2013).  

 
Mass Spectra 
 

The mass spectra of the free ligands show the parent peaks at m/e = 406.38(40.76%) and 
474.36(48.78%) that agree with the molecular formulae C20H14N4O6 and C20H14Br2N2O2, respectively.  
Also, the spectra shows numerous peaks corresponding to various fragments, their intensity gives an idea 
on the stability of the fragments. Schemes (1, 2), show the proposed paths of the decomposition steps for 
the ligands. 

 
Table 3: Infra-red spectral data of the H2L1 and H2L2 free ligands and their metal complexes  (1-6). 

Compd.No.  (phenolic)H -Oʋ CH=N ʋ
(azomethine) 

(phenolic)O -Cʋ  O-Mʋ N-Mʋ Additional bands 

1L2H 3445 1617 1292 - - - 
(1)  3417 1609 1288 560 522 1444, 1384, 

)31026(coord.NO 
(2) 3420 1593 1285 555 520 922(O=U=O) and 

) 31375, 764 (ionic NO 
(3) 3416 1536 1265 505 440 1400, 1370,1028 

)3(coord.NO 
2L2H 3456 1620 1290 - - - 

(4) 3422 1603 1242 550 515  1404,1373,1166 
)3(coord.NO 

(5) 3415 1565 1250 553 420 918(O=U=O) and 
)31380, 766 (ionic NO 

(6) 3406 1540 1264 530 449 1417,1372,1170 
)3(coord.NO 

 
Molar Conductivity Measurements 
 

The conductivity Λm value of the complexes (1−6) can be calculated by using the relation Λm = K/C, 
where C is the molar concentration of the metal complex solutions and K is the specific conductance. The 
complexes were dissolved in (10-3M) DMF and the molar conductivities of their solutions at 25±2oC were 
measured Table (1). It is concluded from the results that, all complexes except two are found to have molar 
conductance values of 1.12-21.80 ohm-1mol-1cm2 indicating that these complexes are non-electrolytic and  
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Scheme 1: Mass fragmentation pattern for H2L1 free ligand 
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Scheme 2: Mass fragmentation pattern for H2L2 free ligand 

 monomeric in nature. Also the values indicate the bonding of the nitrate ions to metal cations (Mohamed 
et al., 2010 and Khandelwal et al., 2013). The exceptions were UO2(II) complexes, (2, 5), their  values 
(193.70, 198.50) suggesting the ionic nature of the bonding of the nitrate group to the cationic complex in 
1:2 electrolytes (Shakir et al., 2006 and El-Boraey et al., 2011). 
 
Electronic spectra and magnetic moment data  
 

Electronic spectra of the ligands and their metal complexes were displayed in DMF  
(10-3M) at room temperature at wavelength range from 200 – 800 nm. The assignments of the significant 
electronic spectral absorption bands of the ligands, their metal complexes and the magnetic moments of the 
complexes are given in Table (4). Two absorption peaks were observed in the spectra of the free ligands at 
263, 265 and 336, 339 nm due to п-п* and n-п* transitions, respectively due to benzene and the 
azomethine (CH=N) function (Mohebbi and Bakhshi, 2008 and Riyadh et al., 2013). In the spectra of 
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metal complexes, the absorption bands due to п-п* and n-п* transition were found to be shifted to lower or 
higher frequency due to the coordination of the ligands with the metal ions, also, UO2(II) complexes are 
diamagnetic in nature with no d-d transition. According to correlation of all obtained data, the octahedral 
structure may be suggested. The magnetic moment values are listed in Table (4). 

 
Table 4:  Magnetic moment and electronic spectral data of H2L1 and H2L2 ligands and   their  metal complexes  

Compd. No. μeff (B.M.) 
Absorption bands (nm) 

п-п* n-п* d-d transition 
H2L1 - 263 336 - 
(1) 3.10 267 318 575,685 
(2) Diamagnetic 279 320 - 
(3) 2.84 272 337 550,675 

H2L2 - 265 339 - 
(4) 3.16 276 323 580 , 690 
(5) Diamagnetic 277 316 - 
(6) 2.77 263 289 590 , 670 

 
 Powder X-ray diffraction studies 
 

One of the important methods of using X-rays in analytical work is the diffraction of  
X-rays from the planes of a crystal (diffraction analysis). This method depends upon the wave character of 
X-rays and the regular spacing of planes in a crystal. The diffraction methods are the most widely used for 
qualitative identification of crystalline phases through X-ray diffraction which depends on the crystal 
properties of solids we can identify the crystal structure of various solid compounds and identify the actual 
compounds from its structure. We can also determine arrangement of molecules in crystal (Podorov et al., 
2006). X-ray diffractometry is an important technique for structure determination because; it is non-
destructive, non-contrast, fast and sensitive one. Obtained XRD data show that XRD pattern of bulk 
compounds are different in comparison with the XRD pattern of complexes prepared by the sonochemical 
methode. The obtained data indicates that the compounds obtained by sono chemical processes are more 
crystalline in nature than that of bulked complexes which have an amorphous phase. The size of the 
particles is in agreement with that observed by scanning electron microscopy (Fig.3 (a, b). 

 

 
 

 
Fig. 3: X-ray powder diffract gram of (a) [(Ni)(H2L1)(NO3)2] nanoparticle,   (b) [(Ni)(H2L1)(NO3)2] 
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Scanning electron microscope (SEM) 
 
The morphology and size of nano particles were studied by SEM (Fig. 4). It seems that the particles are 
semispherical in the SEM image with some agglomerations of the particles. The SEM images further revealed 
the stabilization of Ni(II) (3, 6) nanoparticles due to interaction with the Schiff base ligands H2L1and H2L2 this 
stabilization facilitate penetration of tumor cell membrane and cause the destruction of tumor cell (Mandegani et 
al., 2015) . 
 

 
 

 
 

 
Fig4. SEM images of nanoparticles as produced by ultrasound 
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Correlation of all results obtained for the complexes under study gives us information regarding the 
suggested structure of the complexes to be as in Fig. 5.  
 

 
Fig. 5: Suggested structure of metal complexes (1-6) 

Antimicrobial activity 
  

The main aim of the production and synthesis of any antimicrobial compound is to inhibit the 
causual microbe without any side effects on the patients. 

In the antimicrobial screening of the synthesized compounds H2L1 and H2L2 free ligands with their 
metal complexes (1-6) of the ordinary and nano size we used more than one test organism to increase the 
chance of detecting the antibiotic potential of the tested materials. The sensitivity of a microorganism to 
antibiotics and other antimicrobial agents was determined by the assay plates (Kitzberger et al., 2007), 
which were incubated at 28oC for 2 days (for Fungi) and at 37oC for 1 day (for bacteria).  
50-54. 

The parent free ligands and their metal complexes (100 μg/l in DMSO as a solvent) were screened 
against bacterial species namely, Staphylococcus aureus, Micrococcus sp and Staphylococcus epidemidis 
as a Gram–positive bacteria, Escherichia coli, Pseudomonas aeruginosa, Acinetobacter species, Proteus 
mirabilis, and Klebsiella pneumoniae as a Gram–negative bacteria. Also, the antifungal activity against 
Candida species were carried. The Chloramphenicol antibiotic was used as standard antibacterial control 
and Cefotaxime was used as standard antifungal control using agar nutrient as medium. A solvent control 
using DMSO were done for the set of assays. Upon comparison of the inhibitory effects of the parent free 
ligands, it was seen that the parent free ligand H2L1 showed a remarkable antimicrobial activity towards all 
tested species (Gram–positive, Gram–negative bacteria and fungi), while H2L2 free ligand showed no 
activity against Escherichia coli and Candida species, and show moderate to high activity against other 
Gram–positive and Gram–negative species. But on complexation, it was found that, the metal complexes 
(1-6) showed inhibitory effect on growth of different tested strains to a greater extent and the results 
depicted in Table 5, Figs. 6-11 so, all complexes showed a remarkable activity against all bacterial and 
fungal strains. Among the prepared complexes (1-6), the nano size Ni(II) complex (3) and showed a very 
high activity towards Gram-positive and Gram-negative bacteria that greater than the ligand itself  the 
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other metal complexes of that ligand except in case of Acinetobacter species and Proteus mirabilis   which 
has activity lower than the ligand. Also complex (6) nano particle showed a very high activity towards 
Gram-positive, Gram-negative bacteria and fungi that greater than the ligand itself and all the other metal 
complexes of that ligand this is probably because of diminishing of the size of particle in complexes (3, 6) 
in comparison with the other metal complexes. 
 
Table 5: Antimicrobial activity of H2L1 and H2L2 free ligands and their metal complexes (1−6)*. 

Compound No. 

Gram-positive bacteria Gram-negative bacteria Fungi 
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H2L1 15 17 12 22 18 11 10 10 14 

(1) [(Ni)(H2L1)(NO3)2]                16 18 15 24 19 20 15 15 20 

(2)[(UO2)(H2L1)](NO3)2                          15 14 13 21 17 17 12 13 18 

(3) [(Ni)(H2L1)(NO3)2] 
nanoparticle               

18 20 16 25 18 11 9 11 11 

H2L2 6 5 8 0 5 5 3 5 0 

(4)[(Ni)(H2L2)(NO3)2]                            10 12 15 12 15 13 13 14 19 

(5)[(UO2)(H2L2)](NO3)2                          16 18 14 16 18 17 14 13 11 

(6)[(Ni)(H2L2)(NO3)2]  
nanoparticle                           

19 21 22 26 25 23 20 21 24 

R.S. ** 30 39 0 25 0 0 0 0 0 
*The test done using the diffusion agar technique. Inhibition values 1-5 mm beyond control = (less active). Inhibition values 
6-10 mm beyond control =  (moderate active). Inhibition values 11-15 mm beyond control = (highly active). Inhibition values 
over 15 mm beyond  control = (very highly active). Not active = 0. 
**The antibiotic Chloramphenicol was used as standard antibacterial control and Cefotaxime was used as standard 
antifungal control. 
 

Generally, it seems that, the antimicrobial activity of these newly synthesized compounds was 
rendered to their abilities to combine with the lipophilic layer in order to enhance the membrane 
permeability of Gram–negative bacteria. Since, the lipid membrane surrounding the cell farours the 
passage of only lipid soluble materials, thus the lipophilicity is an important factor that controls the 
antimicrobial activity. So, the increase in lipophilicity enhances the penetration of parent free ligands and 
their metal complexes into the lipid membranes and thus restricts further growth of the organism (Wang et 
al., 2005; Sollman, 2006 and Abou-Melha, 2008). This could be explained by the charge transfer 
interaction between the studied molecules and the lipopolysaccharide molecules which led to the loss of 
permeability barrier activity of the membrane. Also the presence of sulphonic hydroxyl group in the 
structure of the newly synthesized compounds enhance the antimicrobial effect on the tested structures 
(Hayvali and  Yardimci,2008 ; Zhang et al., 2008).  
 
Potential cytotoxicity measurement 
 

In vitro anticancer activity evaluation of the synthesized compounds was carried out against human 
cancer cell lines (HCT116) (Skehan et al., 1990) (also, called colorectal cancer or bowel cancer), which is 
the third most common form of cancer. Also, the relationship between drug concentrations and cell 
viability was plotted to calculate IC50 (μg)(the value which corresponds to the concentration required for 
50% inhibition cell viability) and the data were presented in Table 6. 

In the anticancer screening test in case of H2L1 and H2L2 free ligands, it was found that, the Ni(II) 
complex, (5) was highly effective (65%) against colon carcinoma cell line (HCT116) compared with that 
of free ligands and other all complexes. The order of the effectiveness of all the tested complexes was 
recorded as:  
H2L1 (63%) >(2)(58%) >(6)(52%) > H2L2(51%) > [(1) =(5) ( 46%)] > (3)( 44%). 
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Fig. 6: Antimicrobial activity of H2L1 free ligand and its metal complexes with their R.S. 

 
Fig. 7: Antimicrobial activity of H2L1 free ligand and its metal complexes with their R.S. 

 
Fig. 8: Antimicrobial activity of H2L2 free ligand and its metal complexes with their R.S 
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Fig. 9: Antimicrobial activity of H2L2 free ligand and its metal complexes with their R.S. 

  
(a) (b) 
Fig. 10: Photograph showing antibacterial screening of:                
(a) H2L1 free ligand and its metal complexes against Micrococcus sp.                                                                                                  
(b)  H2L1 free ligand and its metal complexes against Escherichia coli.   

 

  
(c) (d) 
Fig. 11:  Photograph showing antibacterial screening of:                
(c) H2L2 free ligand and its metal complexes against Escherichia coli 
(d) H2L2 free ligand and its metal complexes against Staphylococcus epidemidis   
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Table 6:  Antitumor activity of the free ligands and their metal complexes (1− 6) 

HCT116 

Sample Inhibition % 

H2L1 63 
(1) [(Ni)(H2L1)(NO3)2]                  46 

(2)[(UO2)(H2L1)](NO3)2                           58 

(3) [(Ni)(H2L1)(NO3)2] nanoparticle                44 

H2L2 51 

(4)[(Ni)(H2L2)(NO3)2]                             65 

(5)[(UO2)(H2L2)](NO3)2                           46 

(6)[(Ni)(H2L2)(NO3)2]  nanoparticle                            52 

 
Also, this study was extended to investigate the IC50 values for the more inhibitory activity of the 

tested compounds against colon carcinoma cell line HCT116. It was found from the data (Tables 7, 8) that, 
the IC50 value for Ni(II) complex, (5) was 19.5 μg/ml which indicate its high activity in vitro system on the 
investigated colon tumor cell line (HCT116) and also its high cytotoxic effect at a very low concentration. 
While, H2L1 free ligand shows IC50 value was 21.5 μg/ml, this indicates that the parent free ligand H2L1 

can affect tumor tissue at low concentrations. So, it was found that, as the concentration of the compounds 
increase, the viability cells are decreased.  
 
Table 7: Drug cytotoxicity (IC50)for H2L1 free ligand 

Conc.[μg/ml] Cell viability HCT116 

0.0 1.000000 
5.0 0.780900 

12.5 0.574583 
25.0 0.465250 
50.0 0.540623 

 
Table 8: Drug cytotoxicity (IC50) Ni(II) complex, (5) 

Conc.[μg/ml] 
Cell viability 

HCT116 

0.0 1.000000 
5.0 0.847825 

12.5 0.690146 
25.0 0.360091 
50.0 0.407910 

 
DNA Cleavage Activity.  
 

The parent free ligands and their Ni(II) complexes in bulk and nano size are studied for their DNA 
cleavage activity by the agarose gel electrophoresis method against DNA of E. coli. The electrophoresis 
analysis clearly revealed that the Schiff base ligands and their Ni(II) complexes have acted on DNA as 
there was a difference in molecular weight between the control and the treated DNA samples. The 
difference was observed in the bands of lanes of complexes compared with the control DNA of E. coli 
(Fig.15) which is due to the relaxation of circular DNA into linear form. This shows that the control DNA 
alone does not show any apparent cleavage, whereas the Schiff base and its complexes in bulk and nano 
size do show. The lane Ni nano complex (3) shows complete cleavage of DNA of E. coli, whereas the 
other complexes have shown partial cleavage. The result indicates the important role of coordination of 
nitrogen and oxygen to the metal in these isolated DNA cleavage reactions. As the compound was 
observed to cleave the DNA, it can be concluded that the compounds inhibit the growth of the pathogenic 
organism by cleaving the DNA of E. coli. 
 



Curr. Sci. Int., 4(4): 684-700, 2015 
ISSN: 2077-4435 

698 

 
Fig. 12: Antitumor activity of the free ligands and their metal complexes (1− 6) 

 
Fig. 13: Drug cytotoxicity (IC50) for H2L1 free ligand 

 
Fig. 14: Drug cytotoxicity (IC50) Ni(II) complex, (3) 
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Fig. 15: DNA cleavage of E. coli genome. M: standard molecular Weight marker; C: control. Lane H2L1 (1), 

(3), H2L2, (4) and (6) treated DNA of E. coli genome with respective compounds. 
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	The conductivity Λm value of the complexes (1−6) can be calculated by using the relation Λm = K/C, where C is the molar concentration of the metal complex solutions and K is the specific conductance. The complexes were dissolved in (10-3M) DMF and the molar conductivities of their solutions at 25±2oC were measured Table (1). It is concluded from the results that, all complexes except two are found to have molar conductance values of 1.12-21.80 ohm-1mol-1cm2 indicating that these complexes are non-electrolytic and 
	 monomeric in nature. Also the values indicate the bonding of the nitrate ions to metal cations (Mohamed et al., 2010 and Khandelwal et al., 2013). The exceptions were UO2(II) complexes, (2, 5), their  values (193.70, 198.50) suggesting the ionic nature of the bonding of the nitrate group to the cationic complex in 1:2 electrolytes (Shakir et al., 2006 and El-Boraey et al., 2011).
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