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 Three new nano sized Cu(II), Co(II) and Ni(II) complexes of imine ligand derived from the condensation of
2-amino-3-hydroxypyridine and 3-methoxysalicylaldehyde have been prepared and investigated using various
chemical techniques such as NMR, elemental analysis, molar conductance, IR, electronic spectra, TGA and
magnetic moment measurements. The obtained chemical analysis data showed that the synthesis of 1:1
(metal:ligand) ratio and octahedral geometry was proposed on the basis of magnetic moment and spectral
data studies except the Cu(II) complex which is tetrahedral geometry. Nano-sized particles of the investigated
complexes were prepared by sonochemistry method. Furthermore, metal oxides nanoparticles were gained by
calcination of the prepared corresponding complexes at 500 °C and their structures were characterized by pow-
der x-ray and transmittance electronmicroscopy.Moreover, the free ligand, its complexes and theirmetal oxides
have been checked in vitro against a number of bacteria and fungi in order to assess their antimicrobial activities.
In addition to that, DNA binding of the prepared complexeswas tested bymany routes such as electronic spectra,
viscosity and gel electrophoresis. The results showed that the investigated complexes could bind to DNA via an
intercalative mode. The cytotoxicity of the Schiff base complexes on human colon carcinoma cells, (HCT-116
cell line) and Breast carcinoma cells, (MCF-7 cell line) showed potent cytotoxicity effect against growth of
carcinoma cells compared to the clinically used Vinblastine standard.
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1. Introduction

Transition metal compounds with Schiff base have been among the
most widely investigated coordination compounds of the past few
years, since they are discovered to be widely applicable in many scopes
such as biochemical, analytical and antimicrobial fields [1–3]. Recently
in the treatment of cancer with a chemotherapeutic field DNA is the
target molecule. Cisplatin and its derivatives are widely utilized as anti-
cancer drugs but they create several side effects such as anemia, diarrhea,
alopecia, petechiae, emetogenesis, fatigue nephrotoxicity, ototoxicity, and
neurotoxicity. As a conclusion, bioinorganic chemists are focusing their
attention on the design and preparation of novel metal complexes from
bioactive ligands [4]. Transition metal oxides are compounds composed
of oxygen atoms bound to transition metals. Inorganic materials such
asmetal and metal oxides have attracted more attention over the past
el-Rahman),
decade due to their potency to withstand harsh process conditions and
are generally regarded as safe materials to human beings and animals
[5]. Imine derivatives can be exerted to get conductive polymers. Schiff
bases as an electrical conductor has a variety range of uses: as catalysts
in photo electrochemical operations, electrode materials and micro-
electronic device, organic batteries or electrochromic display machine
(graphical output devices) [6]. Schiff bases are identified as promising
antibacterial agents. For example, N-(salicylidene)-2-hydroxyaniline is
active against Mycobacterium tuberculosis [7]. Schiff bases of PHP [N-
(1-phenyl-2-hydroxy-2-phenylethylidine)-2′-hydroxy phenyl imine]
and HHP (N-(2-hydroxybenzylidine)-2′-hydroxy phenyl imine), PDH
[N-(1-phenyl-2-hydroxy-2-phenylethylidine) - 2′,4′-dinitrophenyl
hydrazine]decrease the average tumor weight (decreasing in tumor
growth raises with increasing dose) and reduce the growth of cancer
cells in mice EAC cells [8]. Metal oxides play a very important role in
many areas of chemistry, physics and other matters of science. The inor-
ganic NPs such as silver, gold, copper, CuO, TiO2 and ZnO have profound
antibacterial potencies. ZnO NPs are of particular interest because they
can be prepared easily inexpensive and secure matter for human beings
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and animals. They are extensively used in the formulation of healthcare
products [9]. In the emerging approach of nanotechnology, a goal is to
make nanostructures or nanoarrays with special properties for those
of bulk or single particle types [10]. The present aim of the work is to
synthesize a Schiff base derived from 2-amino-3-hydroxypyridine and
3-methoxysalicylaldehyde and its nano-sized Cu(II), Co(II) and Ni(II)
complexes, characterize them and investigate their antimicrobial and
anticancer activities. Moreover, we checked the binding of the prepared
complexes with DNA. Furthermore, we use the prepared nano-sized
complexes as precursors for prepared their correspondingmetal oxides
then characterizing them and testing for their antimicrobial activity.

2. Experimental

All the initial matters of chemicals utilized in this investigation such as
3-methoxysalicylaldehyde, 2-amino-3-hydroxypyridine,the metal salts
(Cu(CH3COO)2·H2O,Co(NO3)2·6H2O and Ni(NO3)2·6H2O), Calf thymus
DNA(CT-DNA), bromophenol blue dye, ethidium bromide and
Tris[hydroxymethyl]-aminomethane(Tris) were obtained from (Sigma-
Aldrich Chemie (Germany)). Spectroscopic grade ethanol,
dimethylformamide (DMF) and HCl products were used.

2.1. Preparation of the Titled Schiff Base Ligand

The Schiff base ligand was gained by the condensation of
3-methoxysalicylaldehyde (0.152 g, 1 mmol) and2-amino-3-
hydroxypyridine (0.110 g, 1 mmol) (1:1 M ratio), dissolved in
10 ml ethanol. The reaction mixture was refluxed for 1 h. The orange
solid precipitate of Schiff base obtainedwasfiltered,rinsedwith distilled
water, dried, recrystallized from ethanol and finally kept in a desiccator
(yield: 88%) as shown in Scheme 1.

2.2. Preparation of Cu(II), Co(II) and Ni(II) Complexes with Nano-
compositions Sonochemically

Ten ml of a 0.1 M ethanol solution of the different metal salts
[(Cu(CH3COO)2·H2O, 0.199 g),(Co(NO3)2·6H2O, 0.291 g) and
(Ni(NO3)2·6H2O, 0.291 g)] was positioned in a large-density ultrasonic
Scheme 1. synthesis of Schiff base ligand (ahpv), where ahp= 2-amino-3-hydroxypyridine
and v = 3-methoxysalicylaldehyde.
probe, operating at 24 kHzwith amaximum force output of 400W. Into
this solution, 10 ml of 0.1 M solution of the ahpv ligand (0.260 g) was
added drop wise. The obtained precipitate was filtered off, rinsed with
ethanol and then dried in air (yield: 75–84%) as shown in (Scheme 2).

2.3. Preparation of Nano-sized Metal Oxides from their Corresponding
Complexes

Nano-sized metal oxides were prepared by calcination of (0.05 g) of
the different complexes in air at 500°Cwith a heating rate 10 °C min−1.
The resulting metal oxide is washed with ethanol and dried in desicca-
tor. The structures of the nano-sized compounds were characterized by
transition electron microscopy and powder x-ray.

2.4. Physical Measurements

Meltingpoint for Schiff base ligand anddecomposition temperatures
for its prepared complexes were carried out on a melting point device,
Gallenkamp, UK. IR spectra of the prepared compounds in KBr pellets
in the range of 4000–400 cm−1 were recorded onShimadzu FTIR
model 8101 spectrophotometer. Molar conductivity measurements
were carried out utilizing JENWAY conductivity meter model 4320 at
298 K utilizing DMF as solvent. UV–visible spectra in DMF were regis-
tered using 10mmmatched quartz cells through PG spectrophotometer
model T+80.1HNMR and 13CNMR spectra were registered on BRUKER
model 400 MHz using TMS as an internal standard (δ ppm) and DMSO-
d6 as the solvent. The presented Schiff base ligand and its complexes
were repressed to (C, H and N) elemental analyses which were made
at main lab of Cairo University by Elemental analyzer Perkin-Elmer
(model240c). The magnetic measurements were performed on Gouy's
balance and the diamagnetic corrections were executed by Pascal's con-
stants. Thermo gravimetric test was made under nitrogen with a heating
rate 10 °C min−1 on Shimaduz Corporation 60H analyzer. The values of
absorbance of 5 × 10−3 M of each complex were measured at various
pH levels. The pH levels were checked by using a series of Britton univer-
sal buffers [11]. pH measurements were made using HANNA 211 pH
meter at 298 K.TEM imageswere recorded utilizing transmission electron
microscope (TEM-2100), Faculty of Science, AlexUniversity. Anultrasonic
Scheme 2. The suggested structures of ahpvNi, ahpvCo complexes.
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generator (Dr. Hielscher UP400 S ultrasonic processor) prepared with an
“H22”sonotrode with diameter 22 mm, working at 24 kHz with a maxi-
mum force output of 400 W, was utilized for the ultrasonic irradiation.
X-ray powder diffraction (XRD) gauges were performed using a Philips
diffractometer made by X'pert with mono chromatized CuKα radiation.
Particle size distribution of the prepared imine complexes and their
corresponding metal oxides was determined using image J Lanucher,
broken-symmetry software, version (1.4.3.6.7).

2.5. Antibacterial and Antifungal Activity Tests

The in vitro biological activity of the presented Schiff base ligand, its
complexes and their nano-sized metal oxides were examined against
different types of bacteria (Micrococcus luteus, Serratiam arcescence
and Escherichia coli) by disc diffusion method using nutrient agar as
the environment and Ofloxacin as control [12]. The antifungal actions
of the compounds were also tested by the well diffusion route against
different types of fungi (Aspergillus flavus, Getrichm candidum and
Fusarium oxysporum) on potato dextrose agar as environment and
Fluconazol as control. The complexes have been dissolved in DMSO
and the solutions of concentrations 10 and 20 (mg/ml) were prepared
separately. In a typical route, a well was made on the agar medium
inoculated with micro-organism [1,3,13]. The well was full of the test
solution utilizing a micropipette and the plate was incubated 24 h at
37 °C for the bacteria or 72 h at 30 °C for the fungi. After incubation,
the diameter of the obvious zone of inhibition around the sample was
taken as a gauge of the inhibitory power of the sample against the par-
ticular test organism. The first tube without turbidity was evaluated as
theMIC. In case ofmetal oxides, thismethod followed had the following
route: First of all, Petri plates were made by (20 ml) of sterile Muller
Hinton Agar for bacteria and (20 ml) of potato Dextrose Agar in case
of yeast [14]. The 24 h prepared test cultures of inoculums were
swabbed on the top of the sclerotic media and left to dry for 10 min.
Previously prepared metal oxides nanoparticles impregnated nipping
at the concentrations of 10 and 20 (mg/ml) for bacteria and fungi
were placed aseptically on sensitivity plates with suitablecontrols. The
loaded discs were put on the surface of the medium and left for
30 min at room temperature for compound spreading. Ofloxacin was
used as positive control for bacteria and Fluconazol was used as positive
control for fungi. After that all the plateswere incubated for 24 h at 37 °C
for bacteria and 28 °C to 35 °C for fungi, respectively. The sensitivity
was registered by measuring the clear zone of growth inhibition of agar
surface around the discs in ml.

2.6. DNA Binding Study

All the tests involving the interaction of the complexes with DNA
were rolled in Tris–HCl buffer (60 mM, pH 7.1). CT-DNA was purified
by centrifugal dialysis before utilization. A solution of calf thymus DNA
in the buffer offered a ratio of UV absorption at 260 and 280 nm of
about N1.85, indicating that the DNA was sufficiently free from
protein contamination [1–3,15]. The concentration of DNA was
evaluated by monitoring the UV absorbance at 260 nm utilizing
ε260 = 6600 mol−1 cm2. The stock solution was saved at 4 °C and
used within only one day.
Table 1
The analytical and physical data of the prepared ligand and its metal complexes.

Compound Color (M · p) and Dec. °C M · wt Elemental analysis

C

ahpv Orange 250 260 60.00 (60.15)
ahpvCu Light green N300 341.5 45.68 (45.53)
ahpvCo Brick red 290 372.9 41.83 (41.70)
ahpvNi Brown N300 372.7 41.85 (41.77)
2.6.1. Electronic Spectra of Interaction with DNA
All the tests involving the interaction of the complexes with DNA

were carried out in Tris–HCl buffer (60 mM, pH= 7.1). Spectrophoto-
metric titration experience was performed by keeping the complex
concentration constant while altering the nucleic acid concentration in
the interaction environment. The absorption due to free CT-DNA was
removed by accession an equimolar CT-DNA to pure buffer solution in
the reference compartment and the forming spectra were considered
to result from the complexes and the DNA–metal complex assemblages
[16]. From the absorption data, the intrinsic binding invariable (Kb) was
determined by plotting [DNA]/(εa − εf) vs. [DNA] according to the
following equation:

DNA½ �
εa−ε fð Þ ¼

DNA½ �
εb−ε fð Þ þ

1
Kb εb−ε fð Þ� � ð1Þ

where, [DNA] is the concentration of DNA in base pairs, εa, εf and εb are
the apparent, free and fully bound complex extinction coefficients,
respectively. In particular, εf was evaluated from the calibration curve
of the isolatedmetal complex; verifying the Beer's law. εa was evaluated
as the ratio between the determined absorbance and theM(II) complex
concentration, Aobs/[complex]. The data were suitable for the above
equation with a slope equal to 1/(εb − εf) and y-intercept equal to 1/
[Kb(εb − εf)] and Kb was obtained from the ratio of slope to intercept.
The standard Gibb'sfree energy for DNA binding was estimated from
the following relation [1–3,17]:

ΔG≠
b ¼ −RT lnKb ð2Þ

2.6.2. Viscosity Experiments
Viscosity measurements were carried out using an Oswald micro

viscometer, maintained at constant temperature at 25 °C. The fluidity
times were registered for various concentrations of the complex (5-
50 μM), maintaining the concentration of DNA constant (260 μM).
Mixing of the solution was achieved by bubbling the nitrogen gas
through the viscometer. The mean value of the three measures was
used to determine the viscosity of the samples. The buffer fluidity
time in seconds was listed as t°. The relative viscosities for DNA in the
presence (η) and absence (η°) of the complex were evaluated utilizing
the relation η = (t − t°)/t°. Where, t is the observed fluidity time in
seconds and the amounts of the relative viscosity (η/η°) were plotted
against 1/R (R = [DNA]/[Complex]) [18].

2.6.3. Agarosegel Electrophoresis
The DNA binding products were tested by agarose gel electrophoresis

method [19]. The stock solution of complexes was prepared by dissolving
20 mg of the compounds in 20 ml of DMF. The sample (25 μg/ml) was
added to the isolated DNA of Calf-thymus (CT-DNA) and incubated for
1 h at 37±1 °C and then 30 μl of DNA sample (mixedwith bromophenol
blue dye at a 1:1 ratio)was loadedwith attention into the electrophoresis
chamber wells along with astandard DNA marker in TBE buffer
(50 mMTris base, pH 7.2; 1 mM EDTA/1 L) and then loaded onto
the agarose gel, then a constant electricity (60 V) was applied for
about 45 min. Finally, the gel was removed and stained with 20 μg/ml
found (calculated) Conductance Λm (Ω−1 cm2 mol−1) μeff B.M.

H N

4.61 (4.71) 10.76 (10.64) 3.67 –
4.09 (4.22) 8.19 (8.05) 6.75 2.07
4.82 (4.89) 7.50 (7.65) 6.69 4.83
4.82 (4.73) 7.51 (7.65) 4.76 3.69
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of ethidium bromide for 10–20 min. The bands obtained was observed
under UV light using a transilluminator followed by photography with
DMC-LZ5 Lumix Digital Camera to determine the extent of DNA binding
as compared with standard DNA marker [1,2].

2.7. Anticancer Activity

The anticancer activity was made at the National Cancer Institute,
Cancer Biology Department, Pharmacology Department, Cairo University.
The absorbance or optical density (O.D.) of each well was measured
spectrophotometrically at 564 (nm) with an “ELIZA” micro plate reader
(Meter tech. Σ 960, “USA”). Evaluation of the cytotoxic activity of the
ligand and its complexes was carried out against Colon carcinoma cells,
(HCT-116 cell line) andBreast carcinoma cells, (MCF-7 cell line). The eval-
uationprocesswas carried out in vitro using the Sulfo-Rhodamine-B-stain
(SRB) [20]. Cells were placed in 96-multiwell plate (104 cells/well) for
24 h before processing with the complexes to allow attachment of cell
to the wall of the plate. Various concentrations of the compounds under
test in DMSO (0, 1, 2.5, 5 and 10 μM) were added to the cell monolayer.
Monolayer cells were incubated with the complexes for 48 h at 37 °C
and in atmosphere of 5% CO2. After 48 h, cells were fixed, rinsed, and
stained with Sulfo-Rhodamine-B-stain. Excess stain was washed with
acetic acid and attached stain was treated with Tris EDTA buffer. Color
intensity was measured in an ELISA reader. IC50 was evaluated and
potencywas calculatedwith regard to percentage of change of (vistabline
standard) [21]. The inhibitory concentration percent (IC %)was estimated
[22] according to the equation: Inhibition concentration.

ICð Þ% ¼ Control O:D:−Ligand O:D:ð Þ � 100=Control O:D: ð3Þ

3. Results and Discussion

3.1. Physicochemical Properties

All the preparedcomplexes are tinted, solid, steady at room temper-
ature and non-hygroscopic in nature. The analytical and physicochemi-
cal data of ligand and its complexes are listed in (Table 1). The metal
complexes exhibit 1:1 (metal-ligand) stoichiometry.

3.2. 1H NMR and13C-NMR Spectra

The 1H NMR spectra of the ahpv ligand shows the signals at 6.85–
8.00 (m) δ for aromatic protons and 9.44 (s) δ for azomethine proton.
The peak at 10.28 (s) δ attributed to\\OH group, disappeared upon
addition of D2O·The peak at 3.34 (s) δ attributed to\\OCH3 group.
The 13CNMR are displaying the signals corresponding to various
non-equivalent carbon atoms at various values of δ as follows: at δ
Fig. 1. Continuous variation plots for the prepared complexes in aqueous-alcoholic
mixtures at [M] = [L] = 1 × 10−3 M and 298 K.
169 ppm (CH = N) due to azomethine and at δ 122–156 ppm (11CH-
Ar) due to aromatic carbon atoms. Also at δ 56 ppm(OCH3) due to carbon
atom of methoxy group [23,24].

3.3. Infrared Spectra

The characteristic IR frequencies of the ahpv ligand and its
complexes along with their assignments are shown in (Table S1).
Bands due to\\OH and\\CH_N are distinguishable and offer proof
regarding the structure of the ligand and its bonding with metal. A
band at 1613 cm−1 in the ligand is due to\\C_N stretching vibration.
On complexation, this band is displaced to a lower frequency. The
negative shift of this band is an obvious indication of the participation
of the azomethine nitrogen atoms in complex formation [25–27]. This
is supported by the appearance of band at 527–535 cm−1 correspond-
ing to the stretching vibration of M\\N bond. Bands at 732–736 cm−1

correspond toM\\O stretching vibrations. Band at 3447 cm−1 observed
in the ligand spectrum is due to stretching vibrations of free\\OH. In
the complexes, the registered IR spectra of all the prepared complexes
show broad band at 3450–3510 cm−1 which have been assigned to
υ(OH) stretching vibration of hydrated water molecules, in accordance
with the findings of the elemental analysis listed in (Table 1). A band at
968–976 cm−1 (OH rocking) suggests the presence of coordinated
water in all three complexes. In the low frequency region, the band ob-
served for Schiff base ligand showed an absorption band at 1307 cm−1

which can result from the stretching vibration of the phenolic (C\\O)
group. The shifting of that band to lower wave number values upon
complexation shows that the oxygen atoms of the phenolic groups are
coordinated to the metal ion M(II). The bands observed in the regions
3011–3100 cm−1 can be assigned to υ(C\\H) aromatic stretching
vibrations [28].

3.4. Electronic Spectra

The molecular electronic absorption spectra are often very important
in the evaluation of results furnished by other methods of structural
check. The electronic spectral measurements were used for assigning
the stereo chemistries of metal ions in the complexes depending on the
sites and number of d–d transition peaks [29]. The electronic absorption
spectra of ligands and their complexes were registered at thewavelength
range 800–200 nm and at 298 K. The ligand exhibits absorption bands in
UV–Vis region around 355 nm which is assigned to n → π* transition
originating from the imine function of the Schiff base ligand [30]. The
absorption bands of complexes at λmax = 391-414 nm is assigned
to charge transferwith in Schiff base ligands. Furthermore, A long
and a broad band lying in the region 430–455 nm (ɛmax = 1240–
850 mol−1 cm2). This band could be mainly attributed to the d → d
transition in the structure of the prepared complexes (Fig. S1) [31].

3.5. Magnetic Moment Measurements

The paramagnetic complexes will be attracted while the diamagnetic
complexes will be repelled in a magnetic field. For paramagnetic mate-
rials, the flux is greater within the substance than it would be in vacuum.
Therefore, paramagnetic materials will possess positive susceptibilities.
Thus, themagnetic susceptibilitymeasurements offer information consid-
ering the geometric structure of the compounds. Magnetic susceptibility
Table 2
The formation constant (Kf), stability constant (pK) and Gibbs free energy (ΔG≠) values of
the synthesized complexes in aqueous-ethanol at 298 K.

Complex Type of complex Kf pK ΔG≠ kJ mol−1

ahpvCu 1:1 7.15 × 108 8.85 −50.48
ahpvCo 1:1 1.10 × 1010 10.04 −57.25
ahpvNi 1:1 9.60 × 109 9.98 −56.91



Fig. 2. Dissociation curves of the prepared complexes in aqueous alcohol mixtures at
[M] = [L] = 1 × 10−3 M and298 K.
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measurements indicated that theprepared complexes haveparamagnetic
representative and octahedral geometry except Cu(II) complexwhich has
tetrahedral geometry [32].

3.6. Thermal Analysis

The thermograms of Cu(II), Co(II) and Ni(II) complexes confirm the
presence one molecule of coordinated water in case of Cu(II) and three
coordinatedwatermolecules in case of Co(II) andNi(II) complexes [33].
The thermal behavior of themetal complexes showed that the hydrated
complexes lose water molecules of hydration in the first step; then lose
coordinated water molecules with decomposition of the ligand mole-
cules in the subsequent steps as shown in (Table S2)·The ahpvCu,
ahpvCo and ahpvNi complexes have weight losses of 5.11, 4.85 and
4.78% respectively, which are due to removal of water molecules of
hydration. The weight losses of 27.48 and 48.11% corresponding to the
elimination of the remaining thermally degradable part of the complex
at temperature range 155.3–501.0 °C with respect to ahpvCu complex.
Theweight losses of 22.82, 24.03 and 32.39% corresponding to the elim-
ination of the remaining thermally degradable part of the complex at
temperature range 153.5–522.8 °C with respect to ahpvCo complex.
Theweight losses of 22.91, 31.51 and 24.83% corresponding to the elim-
ination of the remaining thermally degradable part of the complex at
temperature range 166.1–479.9 °C with respect to ahpvNi complex.
The final product explained from a horizontal curve has been obtained
suggesting formation of metal product [34,35].

3.7. Kinetic Aspects

The thermodynamic parameters of the degradation processes of the
complexes were calculated using the Coasts-Redfern equation [36],

log
log W∞−Wð ÞÞ

T2

� �
¼ log

AR
ϕE� 1−

2RT
E�

� �� �
−

E�
2:303RT

ð4Þ

where W∞ is the mass loss at the completion of the decomposition
reaction. W is the mass perishing up to temperature T, R is the gas
constant and ϕ is the heating rate. Since 1-2RT/E * ≈ 1, the plot of
the left side of equation against 1/T would give a straight line. E* was
then estimated to form the slope and the Arrhenius constant, A, was
gained from the intercept. The other kinetic parameters; the entropy of
activation (S⁎), enthalpy of activation (H⁎) and the free energy variance
of activation (G⁎) were calculated using the following equations:

S� ¼ 2:303R log
Ah
kT

ð5Þ
H� ¼ E�−RT ð6Þ

G� ¼ H�−TS� ð7Þ

where (k) and (h) are Boltzmann's and Plank's invariables, respectively.
The kinetic parameters are shown in Table S3. It is shown that G* values
increase due to increasing temperature. The positive values of H* explain
that degradation processes are endothermic. In most thermal steps, S*
values are negative suggesting a decomposition via abnormal pathway
at those steps and the degradation processes are unfavorable. The nega-
tive activation entropy value explains that the activated complexes
were more ordered than the reactant and that the reactions were slow.
The more ordered nature was attributed to the polarization of bonds in
the activated state, which might occur through charge transfer electronic
transitions. Finally, positive valueswere found forH* andG* respectively,
representing endothermic character for all thermal steps [37].

3.8. Spectrophotometric Determination of the Stoichiometry of the Prepared
Complexes

Stoichiometry of the prepared complexes is determined using the two
methods involving the use of spectrophotometry, namely, continuous-
variations method and mole-ratio method. Based on the methods used
and the experimental results, the stoichiometry of the prepared com-
plexes is 1:1. The curves of the continuous variation method (cf. Fig. 1)
displayedmaximum absorbance at mole fraction Xligand = 0.5–0.6 show-
ing the complexation ofmetal ions to ligand inmolar ratio 1:1. Moreover,
the data resulted from utilizing themolar ratio method support the same
metal ion to ligand ratio of the prepared complexes (Fig. S2) [38].

3.9. Determination of the Apparent Formation Constants of the Synthesized
Complexes

The formation constants (Kf) of the studied Schiff base complexes
formed in solution were obtained from the spectrophotometric mea-
sures by utilizing the continuous variation method (Table 2) according
to the followingequation [39]:

K f ¼
A
.

Am

4C2 1−A=Am
� 	3 ð8Þ

where, Am is the absorption at the maximum synthesis of the complex,
A is the arbitrary picked absorbance values on either side of the absor-
bance mountain col (pass) and C is the elementary concentration of the
metal. As mentioned in (Table 2), the obtained Kf values show the high
stability of the tested complexes. The values of Kffor the checked com-
plexes increase in the following order: ahpvCo N ahpvNi N ahpvCu.
Moreover, the values of the stability constant (pK) and Gibbs free energy
(ΔG≠) of the presentedcomplexes are calculated. The negative values of
Gibbs free energy mean that the reaction is spontaneous andf avored.
ThepH-profile (absorbance vs. pH) explained in (cf. Fig. 2) showed typical
dissociation curves and a high stability pH extent (4–9) of the tested
complexes. This shows that the formation of the complex greatly stabi-
lizes the Schiff base ligands. Consequently, the suitable pH range for the
different applications of the tested complexes is from pH = 4 to pH =
9. Based on the finding of elemental analyses, molar conductance,
magnetic measures, infrared and electronic spectra, the suggested
composition of the complexes was identified.

3.10. Particle Size Distribution of the Prepared coMplexes and their
Corresponding Metal Oxides

The Co(II), Cu(II) and Ni(II) oxides nanoparticles were synthesized
at 500 °C using Schiff base complexes as precursors and their properties



Fig. 3. (a): TEM image of the prepared ahpvCu complex (b): Calculated histogram for particle size distribution of ahpvCu complex (c): TEM image of the prepared ahpvCo complex (d):
Calculated histogram for particle size distribution ahpvCo complex (e): TEM image of the prepared ahpvNi complex (f): Calculated histogram for particle size distribution of ahpvNi
complex.
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studied with the aid of a transition electron microscope (TEM) and
X-ray diffraction. Based on TEM images and the calculated histogram
(cf. Fig. 3 (a–f) and cf. Fig.4(a–f)), it is clear that the prepared complexes
have particle size of 34 nm, 46 nmand 65 nm for Co(II), Cu(II) andNi(II)
complexes respectively. It is observed that the complexes have a particle
size of 25 nm, 42 nm and 16 nm for nano-sized Co3O4, CuO and NiO
oxides, respectively. These results showed that the prepared compounds
have a high surface area and this can lead tomany important catalytic and
potential properties [40]. (cf. Fig. 5) demonstrates the XRD patterns of the
synthesized CuO, Co3O4 and NiO nanoparticles. The X-ray diffraction data



Fig. 4. (a): TEM image of the prepared CuO (b): Calculated histogram for particle size distribution of CuO (c): TEM image of the prepared Co3O4 (d): Calculated histogram for particle size
distribution of Co3O4 (e): TEM image of the prepared NiO (f): Calculated histogram for particle size distribution of NiO.
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were enrolled by using Cu Kα radiation (1.5406 Å). The intensity data
wasgathered over a 2θ range of 5–80°. The average grain size of the
samples was estimated with the help of the Scherrer equation, utilizing
the diffraction intensity peak. X-ray diffraction studies confirmed
that the synthesized materials were CuO, Co3O4 and NiO, that all
the diffraction peaks agreed with the reported standard data; no
characteristic peaks were notified other than oxide, MO. The mean
grain size (D) of the particles was estimated from the XRD line
broadening measurement using the Scherrer Equation [41]:

D ¼ 0:89λ

β cosθ ð10Þ

where λ is the wavelength (Cu Kα), β is the full breadth at the half-
maximum (FWHM) of the CuO, Co3O4 and NiO line and θ is the



Fig. 5. XRD patterns of CuO, Co3O4 and NiO nanoparticles.

Fig. 7. Zone of inhibition against Aspergillus flavus (fungi) by the prepared complexes and
their metal oxides.
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diffraction angle. A determined line broadening of the diffraction
peaks is an explanation that the synthesized materials are in the
nanometer range. The reaction temperature greatly affects the particle
morphology of as-prepared CuO, Co3O4 and NiO powders. The finding
of nanoparticle size measurement of samples by XRD and TEM indicate
that the size of the CuO, Co3O4 and NiO nanoparticles was about
16–46 nm.

3.11. Antimicrobial Activity

Five bacterial targets have been utilized in the expansion of anti-
microbial drugs: cell wall synthesis, protein synthesis, ribonucleic
acid synthesis, deoxyribonucleic acid (DNA) induction, andmediator
metabolism. Because resistance to drugs that interact with these
targets is widespread, novel antimicrobials and an understanding
of their mechanisms of action are vital. The data is listed in
(Table S4 and S5) and Figs. 6 and 7. According to the data it can be
seen that the ligand showweak biological activity, while all the com-
plexes showed strong activity against bacteria and fungi [1,3,24,42].
This means that the activity of the newly prepared Schiff base against
various microorganisms is enhanced with chelation with different
biological active metals. The antibacterial screening results offered
a marked improvement in activity on coordination with the metal
Fig. 6. Zone of inhibition against Serratia Marcescence (bacteria) by the prepared
complexes and their metal oxides.
ions against one or more investigating bacterial strains. This im-
provement in the activity can be rationalized to the basis of chelating
which is serious in identifying the mechanism of transamination and
resamination reaction in biological system. This process of chelating
increases the lipophilic nature of the central metal atom, which in
turn favors its penetrating force through the lipoid coat of the mem-
brane. The minimum inhibitory concentration (MIC) was estimated
by serial dilution route and reported in (Table S6)·The activities of
the prepared complexes were confirmed by calculating the activity
index Table 3 according to the following relation [1,3,24,43]:

Activity index Að Þ ¼ inhibition zone of complex mmð Þ
inhibition zone of standard drug mmð Þ

� 100: ð9Þ

It is shown that antimicrobial activity of metal oxides is greater than
that of theirSchiff base complexes. This could be simply explained as
smallerparticles normally have a larger surface to volume ratio which
offers a more efficient meanfor antibacterial activities [1,3,24,44] as
reported in Table S4 and S5.

3.12. DNA Binding Activity

3.12.1. Electronic Spectra of Interaction with DNA
In general, the hyperchromism and hypochromism were regarded

as spectral mien for DNA double-helix structural variation when DNA
reacted with other molecules. The hyperchromism arises from the
cleavage of the DNA duplex secondary composition; the hypochromism
originates from the stabilization of the DNA duplex by either the inter-
calation binding pattern or the electrostatic effect of small molecules
[45]. All the compounds show decrease in absorbance which indicates
that there is connection with CT DNA via an intercalative mode which
is shown in Fig. S3. Binding constant values is more comparable with
typical known intercalators (EB-DNA, 0.33 × 105 L mol−1). The spectral
parameters for the DNA reaction with the presented complexes are
shown in (Table 4). It can be concluded from the high percent of
hyperchromicity that there is great strength binding of the prepared
complexes with DNA. The investigated complexes could connect
with DNA via an intercalative mode with the succession: ahpvCu N

ahpvCo N ahpvNi. The results revealed that the difference of the
metal might lead to obvious difference of DNA binding abilities of
the complexes.



Table 3
Results of activity index of the prepared Schiff base ligand and its complexes against different strains of bacteria and fungi.

Compounds Activity index %

Serratia Marcescence Escherichia coli Microccus Luteus Fusarium oxysporum Getrichm candidum Aspergillus flavus

ahpv 35.48 37.50 36.5 37.5 38.4 35.4
ahpvCu 58.06 50.00 65.85 50.0 74.3 70.9
ahpvCo 61.29 62.50 70.73 62.5 74.3 77.4
ahpvNi 67.74 58.33 68.29 58.3 76.9 67.7

Table 4
Spectral parameters for DNA interaction with the synthesized complexes.

Complex λmax

Free
(nm)

λmax

Bound
(nm)

Δn
(nm)

Chromism
(%)a

Type of chromism Binding
Constant
Kb × 105 mol−1 dm3

ΔG≠

KJ mol−1

[Cu(ahpv)H2O]·H2O 438 465 27 66.1 Hypo 2.50 ± 0.02 30.77
391 355 36 21.6 Hypo

[Co(ahpv)(H2O)3]·H2O 455 453 2 42.3 Hypo 0. 71 ± 0.02 27.62
242 241 1 13.9 Hypo

[Ni(ahpv)(H2O)3]·H2O 430 424 6 39.5 Hypo 0. 20 ± 0.02 24.12
278 269 9 22.9 Hypo

a Chromism (%) = [(Abs free − Abs bound)/Abs free].
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3.12.2. Hydrodynamic Measurements
Optical photo physical studies are not enough to explain a binding

between DNA and the complex. To further explain the interaction
between the complex and CT DNA, viscosity measurements were carried
out for all complexes. Hydrodynamic measurements that are sensitive to
length change (i.e. viscosity and sedimentation) are regarded as themost
obvious and the most critical tests of a binding model in solution in the
absence of crystallographicstructural data [46]. A classical intercalation
model demands that the DNA helix must lengthen as base pairs are
separated to assimilate the binding complexes, leading to the increase
of DNA viscosity, as for the behaviors of the known DNA intercalators
[47]. In contrast, a partial and/or non-classical intercalation of the com-
plex could bend the DNA helix, decreasing its viscosity concomitantly.
In addition, some complexes such as [Ru(bpy)3]2+, which bind with
DNA by an electrostatic bindingpattern, have no influence onDNA viscos-
ity [48]. The effects of all the investigated complexes on the viscosity of CT
DNA are shown in (Fig. 8). The viscosity measurements indicate that all
the complexes can intercalate among adjacent DNA base pairs, causing
an extension in the DNA helix and thus raising the viscosity of DNA
with a raising concentration of the complexes. We find that the metal
complexes can bind to CTDNA via an intercalative mode.
Fig. 8. The effect of increasing the amount of the synthesized complexes on the relative
viscosities of DNA at [DNA] = 260 μM,[complex] = 5–50 μM and 298 K.
3.12.3. Gel Electrophoresis
Themetal (II) complexes were subjected to their DNA binding activ-

ity by gel electrophoresismethod. TheNi(II) (lane 4), Co(II) (lane 3) and
Cu(II) (lane 2) complexes show partial DNA binding as presented in
(Fig. 9). A difference in the bands of complexes (lanes 2–4) was
observed as compared to that of control Calf-thymus DNA. The binding
efficiency of the complexes compared with that of the control is due to
their excellent DNA-binding ability [49]. Hence it was demonstrated
that the control DNAalone does not showany apparent binding, where-
as its complexes show promising activity, alongwith this it explains the
fundamental role of metal ions in these isolated DNA binding reactions.
However, the nature of the reactive intermediates involved in the DNA
binding by the complexes is not clear. Thus from the above, it was
shown that as the complexes were observed to cleave the DNA, there-
fore decreases the growth of the pathogenic organism by breakage the
genome [1,3,24,50]. The experimental results indicated that the investi-
gated complexes could connect with DNA via intercalative mode and
showed a various DNA binding potency according to the sequence:
ahpvCu N ahpvCo N ahpvNi.
3.13. Anticancer Activity

The cytotoxic activity of Schiff base complexes (2), (3) and (4) was
evaluated against colon carcinoma cells, (HCT-116 cell line) and Breast
carcinoma cells, (MCF-7 cell line) within 0–10 μM concentration range.
The IC50 valueswere evaluated for each compound and results are offered
in (Fig. 10) and (Table S7). As shown, most complexes displayed sig-
nificantly cytotoxic activities (which are greater than that of ligand)
compared to vinblastine standard drug. It seems that changing the
complexation sites and the nature of the metal ion has impact on
the biological manner. Cytotoxicity potency of the complexes may
be due to the central metal atom which was presented by Tweedy's
chelation theory [1,3,24,51]. Cytotoxicity results indicated that all
tested complexes (IC50 = 3.30–7.40 μg/μl) demonstrated potent cyto-
toxicity against HCT-116 cancer cells and (IC50 = 3.26–11.33 μg/μl)
demonstrated potent cytotoxicity against MCF-7 cancer cells. Cobalt
complex (3) showed the highest cytotoxicity effect with IC50 value of
3.30 μg/μl, followed by complex (4) with IC50 value 3.42 μg/μl and
then complex (2) with IC50 value 7.40 μg/μl in case of HCT-116 cancer
cells. Copper complex (2) showed the highest cytotoxicity effect with
IC50 value of 3.26 μg/μl, followed by complex (3) with IC50 value
4.88 μM and then complex (4) with IC50 value 11.33 μM in case of
MCF-7 cancer cells It was observed also that all complexes are more
potent than the free ligand. This indicated improving of the antitumor



Fig. 9. DNA binding study calf-thymus (CT)-DNA with Cu(II), Co(II) and Ni(II) complexes.
Lane1: Control DNA; Lane 2: ahpvCu; Lane 3: ahpvCo; Lane 4: ahpvNi complex.
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potency upon coordination. The improvement of cytotoxic potencymay
be assigned to that the positive charge of the metal raised the acidity of
coordinated ligand that bears protons, causing more potent hydrogen
bonds which enhanced the biological activity [52]. It seems that chang-
ing the coordination sites and the nature of themetal ion has a clear ef-
fect on the biologicalmanner by altering the binding ability of DNA [53].
Gaetke and Chow had reported that metal has been suggested to
smooth oxidative tissue injury through a free-radicalmediated trajecto-
ry analogous to the Fenton reaction [54].
4. Conclusion

The titled Schiff base ligand was synthesized by the condensation
of 2-amino-3-hydroxypyridine with 3-methoxysalicylaldehyde. The
analytical data explains that the prepared complexes have 1:1
(metal:ligand) stoichiometry. Conductivity measurements shows their
non-electrolytic nature. ahpv ligand coordinates with the metal ions
through the pyridyl-O, hydroxyl-O and azomethine-N. The 1H NMR
data suggest that the Schiff base ligand deprotonated after complexa-
tion. Thermal data show degradation pattern of the complexes. Thermo
gravimetric manner of the complexes also helped to characterize the
complexes. Very good antimicrobial activity of the selected complexes
was found against examined organisms. The DNA interaction of these
Fig. 10. IC50 values of the ligand ahpv and its complexes against human colon carcinoma
cells, (HCT-116 cell line) and breast carcinoma cells, (MCF-7 cell line).
complexes was tested by using gel electrophoresis, Electronic spectra
and viscosity measures. The experimental findings showed that the in-
vestigated complexes could bind to DNA via intercalative mode. Nano-
sized complexeswere obtained by ultrasonic irradiation in ethanol solu-
tion, and characterized by physico-chemical, XRD and TEM techniques.
Calcination under air of complexes produces nano-sized metal oxides.
The results of nanoparticle size measurement of samples by XRD and
TEM indicate that the size of the CuO, Co3O4 and NiO nanoparticles
was about 16–46 nm. Very good cytotoxic activity of the selected
complexes was found against colon carcinoma cells, (HCT-116 cell
line) and Breast carcinoma cells, (MCF-7 cell line).

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jphotobiol.2016.06.052.
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