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1. INTRODUCTION

There is a constant requirement for research to discover new 
pharmaceuticals to combat infectious, non-infectious, and autoimmune 
diseases. Scientists began their search for new drug compounds with 
high efficacy and fewer side effects [1]. As there is a persistent need 
for various disease-fighting chemicals to be discovered, researchers 
have been working to design and synthesize new chemical substances 
with the ability to target against various diseases [2]. Hydrazones and 
carboxy hydrazone compounds with various heterocyclic moieties 
through their unique biological action and excellent coordination 
ability with metal ions have become potential topics in pharmaceutical 
research [3, 4]. The coordination properties of carboxy hydrazones are 
influenced by reaction conditions and the nature of substituents  [5]. 
Because of their adaptability, carboxy hydrazones are efficient 
bidentate, tridentate, or polydentate chelating moieties, that may bind 
to a wide range of transition metal ions to form complexes prone to 
potent biological activities [6].

The hydrazones play an important role in improving drug delivery at 
specific site, including areas such as tumor tissue and thrombosis [7]. 
Hydrazones with their prospective in modification of drugs have 
been generally used in cancer treatments [8]. For example, the drug 
doxorubicin (DOX), is conjugated with hydrazones to avoid toxic 
effects, and consequently to increase survival rates [9, 10]. The 
tenability of hydrazones and difference in the chemical composition 
of drug conjugates enable wide applications in addressing various 
types of cancers [11]. The imine bond is responsible in hydrazones 
that allow for the release of drugs at the targeted site [12]. Such type of 

target-viewed action is vital for appropriate drug functionality and in 
restraining toxic effects. Hydrazones are used currently to promote in 
drug delivery at required site in the treatment of cancer, inflammatory 
diseases, and in the inhibition of platelet accumulation  [13]. 
The outcome of these advances in research is contributory in 
corresponding applications [14]. The use of hydrazones is anticipated 
for better treatment of disease and decreasing excess toxicity from 
harsh therapeutics [15].

A review of the literature on isonicotinoyl hydrazones reveals that these 
compounds are suitable as therapeutic agents with their reasonable 
efficiency and lesser toxicity, and also their activities are enhanced upon 
binding with transition metals [16]. Popiołek et al. [17] synthesized and 
determined the experimental lipophilicity of hydrazide-hydrazones 
of isonicotinic acid. These compounds were tested in vitro against 
reference strains of bacteria and fungi wherein some of these hydrazide-
hydrazones were notified as considerably more efficient.
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ABSTRACT
A novel isonicotinoyl N-oxide hydrazone and its cobalt, nickel, copper, and zinc metal complexes are characterized and their 
in vitro biological activity is explored. pH metric studies were performed in a 40% DMF-H2O medium to calculate the pKa 
values of the ligand under investigation to ascertain its basicity. HyerChem7.5 software was used to deduce contour maps 
of frontier orbitals HOMO and LUMO of title ligand to identify donor sites probability in forming metal complexes. The 
title hydrazone and its newly prepared metal complexes were evaluated for structural analysis by various spectroanalytical 
tools, namely, FT-IR, 1H-NMR, ESI-Mass, UV-Vis, TGA&DTA, SEM-EDX, and ESR. The complexes are assigned octahedral 
geometry with 1:2 (M[II]: Ligand) composition wherein two ligand moieties are coordinated through O- and N donor sites 
and with two coordinated water molecules. The synthesized compounds were investigated for DNA binding interactions with 
CT-DNA absorption and fluorescence techniques. The screening for antioxidant activity of all compounds was assessed with 
a DPPH radical scavenging assay. Antibacterial and antifungal studies conducted with all title compounds were helpful to 
evaluate their relative potential activities. The synthesized compounds tested against cell lines (MCF-7), for cytotoxic activity 
by adopting MTT assay is assertive to understand relatively their active property.
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Isonicotinoyl hydrazone of pyridoxal is a tridentate O-, N, O- donor 
base which showed promising results in chelation therapy. The 
positive aspects of this hydrazone are; its economical synthesis, oral 
effectiveness, non-toxic nature, and more affinity to bind with Iron [18]. 
Several recent articles have summarized the biological activities of the 
metal chelates of hydrazone scaffolds with heterocyclic moieties in 
exhibiting antimicrobial, anti-inflammatory, anticancer, antioxidant, 
and antiprotozoal properties [19].

Platinum metal complexes, such as carboplatin and oxaliplatin which 
emerged as successful anticancer drugs inspired researchers to work on 
other transition metal complexes also, with a special focus on 3d-metal 
ions [20]. One of the important 3d metal complexes that were considered 
for clinical trials was Co(III) schiff base complex, namely, Doxovir, 
which is proved active against simplex virus1, drug-resistant herpes. It 
has been stated that the promising antiviral activity of Doxovir is due 
to the direct interaction of complex with proteins associated in viral 
infiltration [21, 22]. The interaction of non-steroidal anti-inflammatory 
drugs with Cu(II) reveals the formation of corresponding copper 
complexes that would result a decrease in gastrointestinal toxicity, 
andcan cause improvement in anti-inflammatory and antiulcerogenic 
activities [23]. Chemotherapeutic properties of various copper-based 
complexes were also reported [24]. Many copper metal chelates 
were known for cytotoxic activity through cell apoptosis and enzyme 
inhibition [25]. Many zinc complexes have gained more consideration 
as anticancer drugs due to less toxicity [26].

Keeping in view, the biological activity of 3d metal complexes and 
of various hydrazone compounds with a special focus on isonicotinic 
acid hydrazone derivatives of clinical relevance as mentioned 
above, we planned herein synthesis and structural evaluation of 
Isonicotinoyl N-oxide hydrazine, namely, 4-(2-(4-nitrobenzylidene)
hydrazinecarbonyl)pyridine1-oxide and its cobalt, nickel, copper, 
and zinc metal complexes to understand their structural features, 
free radical scavenging properties, ability to bind with CT-DNA, and 
in vitro antimicrobial and in vitro antiproliferative activities.

2. EXPERIMENTAL SECTION

2.1 Materials and Methods
The supporting file covers the various chemical materials and 
instrumental details, the mathematical expressions used in the 
calculations of pH-metric equilibrium studies, and all other information 
related to characterization. It also covers experimental methods of 
DNA binding affinity, free radical scavenging potential, antimicrobial 
efficacy, and cytotoxicity studies.

2.1.1. Synthesis of hydrazone (HL)
Synthesis of 4-(2-(4-nitrobenzylidene)hydrazinecarbonyl)pyridine1-
oxide (HL) involves four steps. The first step deals with the preparation 
of 4-carboxypyridine1-oxide, the second step with the preparation of 
4-(methoxycarbonyl) pyridine1-oxide, the third step with a synthesis 
of 4-(hydrazine carbonyl) pyridine1-oxide, and the fourth step with 
the preparation of 4-(2-(4-nitrobenzylidene) hydrazinecarbonyl) 
pyridine1-oxide (HL). Synthetic procedure methods for the first three 
steps are provided in the supporting file and the fourth step synthesis 
is given below.

2.1.2. Synthesis of 4-(2-(4-nitrobenzylidene)hydrazinecarbonyl)
pyridine1-oxide (HL) [Scheme-I]
4-nitrobenzaldehyde (1.51  g, 15 mmol) in ethanol (40  mL) was 
subjected to stirring on a magnetic stirrer at room temperature for 
30–40  min. In hot ethanol (40  mL), the synthesized 4-(hydrazine 
carbonyl) pyridine1-oxide (1.53 g, 15 mmol) was dissolved and then 
slowly introduced drop-wise while stirring the mixture. These were 

then refluxed for 4 h at 60–70°C on a magnetic stirrer, and the reaction 
progression was assessed by testing on thin layer chromatographic 
plates. Finally, the product obtained was washed with ethanol to 
remove impurities and then subjected to the process of recrystallization 
to obtain the title ligand as a pure light yellow colored amorphous solid.

Data of analysis: Yield: 87.5%; Physical state: solid; Color: light 
yellow; M.pt: 267°C; Calcd (%) of C13H10N4O4: C, 54.55; H, 3.52; N, 
19.57; O, 22.36; Observed (%): C, 54.49; H, 3.55; N, 19.60; O, 22.45; 
1H-NMR (400 MHz, δppm, DMSO-d6): 12.23 (s, 1H, NH-CO), 8.46 
(s, 1H, N=CH), 8.31 (d, 2H, Py-H), 7.85 (d, 2H, Py-H), 8.24 (d, 2H, 
Ph-H), 7.94 (d, 2H, Ph-H); 13C-NMR (100 MHz, δppm, DMSO-d6): 
160.95 (C=O), 159.44, 131.10, 110.46, 107.80, 102.59 (Ph-C), 139.10, 
128.21, 125.03 (Py-C), 149.49 (CH=N); FT-IR (KBr, ʋ/cm-1): 3333 
& 3190 ʋ(N-H), 3072–2843 ʋ(Ar-CH), 1677 ʋ(C=O), 1572 ʋ(C=N), 
1514–1487 ʋ(C=N & C=C), 1340 ʋ(C-N), 1239 ʋ(C-O); ESI-Mass-
positve mode (m/z, amu): 287.0781 [M+1]+; UV-Vis (λmax, nm, 
DMSO): 255 & 346 (π→π* & n→π*).

2.1.3. Synthesis of metal complexes [Scheme-II]
Metal complexes of cobalt, nickel, copper, and zinc were prepared by 
mixing the respective metal chloride salt (10 mmol) in ethanol and 
DMF-ethanolic suspension of ligand (20 mmol) in a 1:2 molar ratio 
to obtain the corresponding metal complex. The resultant solution was 
refluxed at 60°C for 6  h. Further pH of the mixture of the solution 
was maintained by the addition of few drops of ethanolic ammonia 
to facilitate the formation of complex through the dissociation of 
protons from the ligand. The obtained solid complexes were separated 
through filtration, washed with hot ethanol, and dried in a desiccator. 
The color of each complex observed is; for Co(II) complex-maroon, 
Ni(II) complex-orange, Cu(II) complex-dark green, and Zn(II) 
complex-orange yellow. Their purity was also confirmed by thin-layer 
chromatography.

2.1.3.1. Co(II) complex
Data of analysis: Yield: 85%; Physical state: solid; M.pt: >300°C; Calc 
(%) for C26H22CoN8O10: C, 46.93; H, 3.33; N, 16.84; O, 24.05; Co, 
8.85; found (%): C, 46.91; H, 3.35; N, 16.87; O, 24.08; Co, 8.80; IR 
(ʋ/cm-1,  KBr): 3444 ʋ(H2O), 3109–2831 ʋ(Ar-CH), 1586 and 1511 
ʋ(C=N), 1363 ʋ(C-N), 1337 and 1217 ʋ(C-O), 419 ʋ (Co-O), 353 
ʋ(Co-N); ESI-Mass-negative mode (amu, m/z): 664.0282 [M-1]-; 
Electronic spectral peaks (λmax, nm, DMSO): 257 (π→π*), 331 
(n→π*), 500 and 730 (d→d); μeff: 4.38 B.M; Molar conductivity 
(DMSO, 10-3 M): 15.62 ohm-1 cm2 mol-1.

2.1.3.2. Ni(II) complex
Data of analysis: Yield: 89%; Physical state: solid; M.pt: >300°C; 
Calc (%) for C26H22NiN8O10: C, 46.94; H, 3.31; N, 16.85; O, 24.07; 
Ni, 8.83; found (%): C, 46.96; H, 3.34; N, 16.84; O, 24.05; Ni, 8.81; 
IR (ʋ/cm-1, KBr): 3442 ʋ(H2O), 3110–2842 ʋ(Ar-CH), 1516 ʋ(C=N), 
1368 ʋ(C-N), 1341 & 1219 ʋ(C-O), 419 ʋ (Ni-O), 353 ʋ(Ni-N); ESI-
Mass-negative mode (amu, m/z): 663.0245 [M-2]-; Electronic spectral 
peaks (λmax, nm, DMSO): 258 (π→π*), 326 (n→π*), 410, 593 & 699 
(d→d); μeff: 2.82 B.M; Molar conductivity (DMSO, 10-3 M): 14.78 
ohm-1 cm2 mol-1.

2.1.3.3. Cu(II) complex
Data of analysis: Yield: 86%; Physical state: solid; M.pt: >300°C; 
Calc (%) for C26H22CuN8O10: C, 46.60; H, 3.30; N, 16.73; O, 23.89; 
Cu, 9.48; found (%): C, 46.63; H, 3.32; N, 16.72; O, 23.90; Cu, 9.43; 
IR (ʋ/cm-1, KBr): 3410 ʋ(H2O), 3110–2845 ʋ(Ar-CH), 1597–1504 
ʋ(C=N), 1367 ʋ(C-N), 1345 & 1256 ʋ(C-O), 582 ʋ (Cu-O), 407 
ʋ(Cu-N); ESI-Mass-negative mode (amu, m/z): 593.1117 [M-N2O3]-; 
Electronic spectral peaks (λmax, nm, DMSO): 257 (π→π*), 328 
(n→π*), 385 (CT), 473  (d→d); μeff: 1.73 B.M; Molar conductivity 
(DMSO, 10-3 M): 18.32 ohm-1 cm2 mol-1.
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2.1.3.4. Zn(II) complex
Data of analysis: Yield: 85%; Physical state: solid; M.pt: >300°C; Calc 
(%) for C26H22ZnN8O10: C, 46.48; H, 3.29; N, 16.68; O, 23.82; Zn, 9.73; 
found (%): C, 46.52; H, 3.35; N, 16.58; O, 23.89; Zn, 9.66; IR (ʋ/cm-1, 
KBr): 3440 ʋ(H2O), 3109–2823 ʋ(Ar-CH), 1565 & 1511 ʋ(C=N), 1367 
ʋ(C-N), 1348 &1248 ʋ(C-O), 579 ʋ (Zn-O), 354 ʋ(Zn-N); ESI-Mass-
negative mode (amu, m/z): 668.2363 [M-2]-; Electronic spectral peaks 
(λmax, nm, DMSO): 261 (π→π*), 328 (n→π*), 409 (CT); μeff: 0 B.M; 
Molar conductivity (DMSO, 10-3 M): 14.63 ohm-1 cm2 mol-1.

2.2. Ligation Properties
2.2.1. Equilibrium studies
The coordination characteristics of the ligand (HL) and its interaction with 
3d transition metal ions in 40% DMF-H2O were examined in this work. The 
pKa value that correlates to the dissociation of proton in HL was calculated 
using the pH metric titration technique [27]. In addition, pH titrations were 
performed in the presence of Co(II), Ni(II), and Cu(II) metal ions in a 40% 
DMF-H2O solvent medium at 303 K temperature while retaining 0.1M 
ionic strength. Using the Van Uitert and Hass equation, the recorded pH 
values in the above-aquo organic medium were corrected [28].

2.3. Frontier Orbital Properties
The present work employed the Hyperchem7.5 software to determine 
the ligand (HL) frontier molecular orbital characteristics. These 
frontier molecular orbitals contour maps are computed for optimized 
molecules using the PM3 method [29].

2.4. DNA Binding Studies
2.4.1. UV-visible absorption
The Tris-HCl buffer medium was used while performing absorption 
titrations to examine the interaction of the ligand and its metal complexes 
with CT-DNA. Titrations were carried out by adjusting the CT-DNA 
concentration (0–140 μM) while maintaining the title compound 
concentration at 140 μM. Corresponding absorption spectra were 
acquired following each incremental addition of CT-DNA solution (20 
μM). The intrinsic binding constant (Kb) for all systems is calculated [30].

2.5. Fluorescence Quenching
By using a competitive fluorescence quenching experiment, the binding 
strength of each test compound with CT-DNA is also evaluated. The 
fluorescence titrations were conducted in Tris-HCl buffer solution by 
keeping the concentration of EB and CT-DNA and varying the quantity 
of the test substance [31]. The quenching constant (Ksv) and the binding 
constant (Kb) for each system are calculated by the equations given in 
the supporting file.

2.6. Antioxidant Activity by DPPH Assay
By using the DPPH (2,2-diphenyl-1-picrylhydrazyl) method, the 
antioxidant properties of ligand and metal complexes were evaluated. 
To 0.008% (w/v) DPPH in methanol taken in different flasks, a series 
of concentrations of all test systems and standard ascorbic acid solution 
were added and then kept in the dark for 30 min at room temperature. 
The absorbance of all systems after the incubation period was measured 
at 517 nm to calculate the percentage for radical scavenging [32].

2.7. Antibacterial Assay
The spread plate method was used to perform the antibacterial assay. 
Staphylococcus and Bacillus were selected as Gram-positive bacteria 
for the investigations, whereas E. coli and Klebsiella were selected as 
Gram-negative bacteria. The results were assessed in terms of the zone 
of inhibition after the bacterial plates were loaded with test substances 
and incubated for 18–24 h at 37°C.

2.8. Antifungal Assay
The media for potato dextrose agar and yeast extract peptone agar were 
made and autoclaved. Both Aspergillus and Candida were used in the 
antifungal assay. After loading each prepared fungal plate with 100 μL 
of samples, the plates were incubated for 96 h at 25°C. Following the 
period of incubation, the fungus plates were examined, and the results 
were reported in terms of the zone of inhibition.

2.9. MTT Assay
Human breast cancer cell lines MCF-7 were treated with the MTT 
salt and incubated for 1–4  h. The metabolically active cancer cell 
lines reduce the MTT salt, resulting in the production of formazan 
crystals which precipitate during the incubation period. In triplicate, 
different doses of the test substance were used to assess cell viability. 
The ability of cells to transform MTT into formazan is lost when they 
die in the presence of a potentially cytotoxic substance. By measuring 
the optical density of solubilized crystals in DMSO at 570 nm both 
before (control) and after treatment of cell lines with the test compound 
(treated), formazan can be quantified. The following formula was 
used to determine the percentage growth inhibition: % Inhibition = 
100(Control-Treated)/Control [33].

3. RESULTS AND DISCUSSION

3.1. pH Metric Equilibrium Studies
The pKa of the ligand in solution can be achieved by performing 
pH-metric titrations at constant temperature and ionic strength. The 
titration curves of pH versus volume of NaOH added presented 
in Figure  2, and  linear plots of pH versus log [(1-n̅A)/n̅A] shown in 
Figure  3, indicate the dissociation of one proton. The pKa value of 
9.20 evaluated from the data of the linear plot method is assignable 
to the ionization of a proton from carboxy hydrozyl nitrogen (pKa) 
through enolization. Further, the titrations were performed under the 
same conditions in the presence of metal ions. The titration curves 
clearly showed a lowering of pH due to the displacement of proton in 
the presence of metal ion indicating the formation of corresponding 
complexes in solution [34] Figure 2.

The observations noted in the above equilibrium studies confirm that 
the candidate ligand is a monoprotic system (HL), and also convey the 
inference to determine donor sites for metal binding. The ascribable 

Figure 1: Synthetic route map for ligand and metal complexes.
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donor sites of enolate O- and imine N indicate the bidentate nature of 
the title ligand.

3.2. Molecular Orbital Properties
To envision the properties of frontier orbitals, computational tools 
of HyperChem7.5 software were utilized to generate geometry-
optimized structures of HL and L-(ionized form), and presented in 
Figure  5. In depicted contour maps of HOMO, the orientation of 
these orbitals at presumed donor sites is very much evident both 
in molecular and ionized forms. As the dissociation of the proton 
is evident due to complex formation from pH-metric studies, based 
on the orientation of HOMO in ionized form, bonding modes ought 
to be enolate oxygen and imine nitrogen augmenting the results 
obtained from equilibrium studies. Further, the difference in energies 
of HOMO and LUMO which is observed as less in ionized form 
compared to molecular form infers the formation of more stable 
complexes involving ligand in dissociated form [31].

3.3. Characterization of Synthesized Compounds
All the newly prepared complexes are colored, stable, and have 
shown physical appearance of amorphous form. All these complexes 
are soluble in DMSO, and their non-electrolytic property is evident 

from molar conductivity measurements. The structural elucidation of 
hydrazone ligand and its derived 3d complexes is done by the analyses 
of recorded spectral and analytical data.

3.4. Spectral and Analytical Studies of HL
3.4.1. IR spectrum
In the IR spectrum (Figure S1) of HL, observed peaks at 3333 cm-1 
and at 3190 cm-1 are due to NH asymmetric and symmetric stretching. 
The peaks observed at 3072–2843 cm-1 are due to ʋ (C-H). The sharp 
bands at 1677 and 1572 cm-1 are attributable to amide ʋ (C=O) and 
azomethine ʋ (C=N) stretching modes, respectively. The peaks at 
1514 & 1487 cm-1 are due to aromatic ʋ (C=N & C=C) stretching 
frequencies, and the sharp bands at 1340 and 1239 cm-1 are attributable 
to ʋ (C-N) and ʋ (C-O) vibrational modes, respectively.

3.4.2. 1H-NMR spectrum
The spectrum (Figure S6) of HL was recorded in DMSO-d6 at 
400 MHz instrumental frequency. The signal at δ 12.23 ppm (s, 1H) 
can be attributed to the NH group. The proton of azomethine (s, N=CH) 
is recorded at 8.46 ppm and other signals observed are; δ 8.31 ppm 
(d, 2H, Py-H), δ 8.24 ppm (d, 2H, Ph-H), δ 7.94 ppm (d, 2H, Ph-H) 
and δ 7.85 ppm (d, 2H, Py-H).

3.4.3. 13C-NMR spectrum
The 13C-NMR spectrum (Figure S7) of HL was recorded at 100 MHz 
instrumental frequency in DMSO-d6 solvent. The 13C chemical shifts 
displayed at δ 160.95 ppm and δ 149.49 ppm correspond to C=O and 
CH=N groups, respectively. The peaks appeared at chemical shift 
values δ 139.10  ppm, 128.21  ppm, and 125.03  ppm correspond to 
aromatic pyridine carbons. The peaks at δ 159.44 ppm, 131.10 ppm, 
110.46, 107.80  ppm, and 102.59  ppm are due to chemical shifts of 
NO2-substituted aromatic phenyl carbons.

3.5. Mass and Elemental Analyses
The mass spectrum (Figure S8) of HL exhibited a dominant base peak 
at m/z 287.0781 attributable to molecular ion [M+1]+ peak. Elemental 
analyses, Found %: C, 54.49; H, 3.55; N,19.60; Calcd %: C, 54.55; H, 
3.52; N, 19.57; indicated composition of the compound as C13H10N4O4.

3.6. UV-Visible Spectrum
The UV-visible spectrum (Figure S13) of HL in DMSO (10-3 M) 
was recorded at the wavelength range of 200–800 nm. The spectrum 
displayed bands at 255  nm (39,215.69 cm-1) and 346  nm 
(28,901.73 cm-1) for π→π* and n→π* transitions due to the presence 
of aromatic groups and other chromophores.

3.7. Spectral Studies of Metal Complexes
3.7.1. FT-IR spectral studies
IR spectra and the respective data of all systems under consideration 
of the present investigation presented in Figure (S1-S5) & Table S1, 

Figure 3: Linear plot for calculation of dissociation constant of 
ligand (HL). Figure 4: Keto-enol tautomerism of ligand (HL).

Figure 2: pH Titration curves in 40% DMF-water medium at 
303K and 0.1M Ionic strength.
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Figure 5: HyperChem 7.5 Computed Molecular Oritals of HL and its ionized form (L-).

provide useful information of coordination sites in the ligand that 
involved in bonding. The metal complexes showed a new broad band 
in the area of 3410–3444 cm-1 indicating H2O molecules in coordinated 
form. The observed bands of ʋ (NH) at 3333 cm-1 and 3190 cm-1 in ligand 
which are not noticeable in all IR spectra of metal complexes suggest 
coordination of the ligand with respective metal ion through dissociation 
of NH proton through its enol form. The enolization at the CONH group 
followed by dissociation of the enol proton is understandable by the 
disappearance of ʋ (C=O) and ʋ (N-H) bands in the IR spectra of the 
complexes. Further, it is supported by the appearance of new bands at 
1217–1348 cm-1 and 1504–1597 cm-1 which corresponds to enolate 
ʋ (C-O) and iminol ʋ (C=N), respectively, inferring metal to ligand 
bond formation through enolate oxygen [35]. The shift of band at 1572 
cm-1 of azomethine group ʋ (C=N) to lower frequency indicates the 
donation of a lone pair of electrons from bonding molecular orbital type 
localized on the nitrogen of azomethine in all metal complexes. The 
metal complexes showed new bands in the far IR region at 419–582 
cm-1 and 353–407 cm-1 due to vibrations in metal-to-ligand coordinated 
bonds M-O and M-N, respectively. The IR spectral results thus augment 
the bidentate nature of the candidate ligand.

3.8. Electronic Spectra and Magnetic Properties
The electron absorption spectra of ligand and its complexes were recorded 
in DMSO (10-3 M) solution within the wavelength of 200–800 nm, and 
the spectra depicted in Figure (S13-S17). The new absorption bands at 
the wavelength region of 257–331 nm (38,910.51 cm-1–30,211.48 cm-1) 
in all systems recorded are ascribable to π→π* and n→π* transitions 
associated with bound ligand. The absorptions displayed at region 
410–730 nm (25,974.03 cm-1–13,698.63 cm-1) are mainly due to d →d 
transitions in all metal complexes  [36]. The spectrum of maroon-
colored cobalt complex exhibited broad bands at 500 nm (20,000.00 
cm-1) and 730 nm (13,698.63 cm-1) due to spin-allowed d→d transitions, 
and the calculated magnetic moment value is 4.38 B.M. The spectrum 
of orange-colored nickel complex displayed absorptions at 410  nm 

(24,390.24 cm-1), 593 nm (16,863.41 cm-1), and 699 nm (14,306 cm-1), 
which are assignable to d→d transitions. Its measured value of the 
magnetic moment is 2.82 B.M. The dark green colored copper complex 
displayed spectral bands at 385 nm and 473 nm (25,974.03 cm-1 and 
21,141.65 cm-1) assignable to CT and d→d transitions. The deduced 
magnetic moment value of 1.73 B.M for the copper complex is in 
accordance of the predicted value. The absorption spectrum of orange 
yellow colored diamagnetic zinc complex indicated a band at 409 nm 
(24,449.88 cm-1) ascribable to CT transition only. Above mentioned 
spectral and magnetic properties of complexes notify octahedral 
geometry.

3.9. Thermal Analysis
Thermal degradation of the metal complexes was examined using 
TGA and DTA methods up to the maximum temperature of 1000°C 
and representative plots are posted in Figure  6. The thermogram of 
the Co(II) complex recorded a weight loss of 84.71% after total 
thermal loss of coordinated moiety. A minimum weight loss (5.99%) 
up to 225°C is indicative of the loss of bound water molecules in the 
complex [37]. Subsequently sudden decrease in weight of 45.46% 
at 286 – 430°C range contributable to the partial decomposition of 
ligand moiety is also evidenced an exothermic peak on the DTA curve 
at 345°C indicating it as an exothermic process. At 430 – 699°C, the 
further gradual weight loss of 33.26% is also an exothermal process, 
which is substantiated through the appearance of an exothermic peak at 
652°C in DTA curve. The final residual mass after exothermic loss of 
surrounding coordinated ligand moiety is assignable to the formation 
of the stable oxide of cobalt.

The thermogram of the Ni(II) complex recorded a total weight 
degradation of 88.52%. The complex displayed a weight loss (5.95%) 
around 170 – 228°C representing a loss of coordinated water molecules. 
A steady decrease in weight of 82.57% at the temperature region of 367 
– 598°C through the release of heat as evident from an exothermic peak 
at 462°C in the DTA curve infers complete decomposition of organic 
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moiety. The remaining mass at the end region of the thermogram is 
suggestive of formation for metal oxide.

The thermogram of the Cu(II) complex showed a total weight loss 
of 87.44% after decomposition of the surrounding moiety. The initial 
weight loss (5.44%) up to 300°C corresponds to the thermal evaporation 
of coordinated water molecules. Subsequent weight loss (63.54%) 
around 300 – 399°C is indicative of the partial decomposition of ligand 
moiety with the release of heat as indicated by an exothermic peak 
recorded in the DTA curve at 345°C. Further gradual loss in weight 
observed in the range 399°C–670°C, ascribable to the total degradation 
of (18.46%) ligand moiety is also apparently an exothermic process as 
evident from the DTA curve, which showed a peak at 625°C. The final 
residue left at the end is ascribable to stable metal oxide [38].

The thermal decomposition of the Zn(II) complex showed a total weight 
loss of 86.32%. The initial weight loss of 5.35% up to 300°C matches 

to the loss of coordinated water molecules. The succeeding weight loss 
of 52.56% around 300 – 433°C due to the fractional decomposition 
of ligand moiety is an exothermic process and is augmented thorough 
recorded exothermic peak on the DTA curve at 355°C. Further gradual 
decomposition in the temperature region 433°C–699°C which is also 
an exothermic process as indicated on the DTA curve at 642°C notifies 
loss of 28.41% remaining organic moiety. The leftover residue at the 
completion of degradation of surrounded bound moiety in the complex 
is indicative of metallic oxide formation.

3.10. SEM and EDX Analysis
The surface morphology images of ligands and complexes were 
obtained by scanning electron microscopy technique, and are presented 
in Figure  7. The surface morphology signified a poly hexagon-like 
appearance for ligand (HL), cubes arrangement for Co(II) complex, 

Figure 6: TGA and DTA curves of metal complexes.

Figure 7: SEM images and EDX plots.
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nanorods-like texture for Ni(II) complex, sticks-like appearance for 
Cu(II) complex, and polyhedral blocks texture for Zn(II) complex 
indicating morphologies distinctive of each compound. The EDX 
analysis helped in assessing qualitative elemental composition in 
all the examined systems [39]. The information derived from the 
EDX analysis of all systems is approximately in congruence with 
the elemental composition evidenced through the mass and thermal 
analyses.

3.11. ESR Studies
The electron spin resonance spectrum of the copper complex recorded 
at room temperature in DMSO solution is presented in Figure 8. The 
g-tensors observed in order; g║ (2.12952) > g⊥ (2.05883) provided 
useful information ascertaining slight distortion in geometry as axial 
symmetry with unpaired electron in a dx2-y2 orbital. The Hathway 
expression was used to calculate the exchange interaction coupling 
constant (G) value of Cu(II)L2, where G = (g║-2)/(g⊥-2) [40]. By 
considering EPR spectral parameters in the above copper complex, the 
calculated G value of 2.202, which is lower than 4 signify an exchange 
interaction between the metal ion and ligand at room temperature.

Based on the above results of various spectral and analytical data 
acquired for ligands and complexes, and also taking an account of the 
outcome of equilibrium studies and computed molecular properties 
discussed earlier into consideration the octahedral geometrical 
structures are depicted for all complexes as shown in Figure 1.

3.12. DNA Binding Studies
3.12.1. Absorption studies
The absorption titrations were conducted to study the interaction of 
all the complexes and ligands with CT-DNA in the Tris-HCl buffer 
medium. The absorption spectra in all systems under investigation 
were examined in the absence and presence of CT-DNA. The titrations 
were conducted at the constant concentration of title compounds 
and varying CT-DNA concentrations. The corresponding absorption 
spectra were obtained after step-wise fractional addition of CT-DNA 
solution as shown in Figure 9. These spectra denoted a reduction in 
the intensity of peaks (hypochromism) and redshift (bathchromism), 
which may be probably due to hydrophobic π→π* stacking type of 
interface links between purine and pyrimidine base pairs of DNA and 
aromatic rings of the coordinated ligand in metal complexes of the 
present investigation.

Subsequently from the recorded absorption data, the affinity strength 
of complexes is evaluated by deducing the binding constant Kb by 
adopting a known equation [29, 41]. The calculated Kb values for all 
the systems under investigation are posted in Table  1. These results 
obtained for all the systems of the present investigation, indicate higher 
binding strength of copper complex.

2.13. Fluorescence Studies
To further confirm the binding of ligand and metal complexes with 
CT-DNA, employing an ethidium bromide (EB) fluorescent probe, 
a competitive binding emission experiment was conducted. The 
decrease in fluorescence intensity of EB bound to DNA is measured 
to deduce the binding strength of title compounds with DNA. On 
addition of ligand and metal complexes to CT-DNA already treated 
with EB in respective titrations, a considerable reduction in the 
emission intensity (Figure 10) was noted, ascertaining the competitive 
binding of compounds, and thus influencing the equilibrium reaction 
of [DNA-EB] adduct formation [30, 42]. The calculated Ksv and Kb 
values indicated more affinity of copper complex (Table 1).

3.14. Antioxidant Studies
The scavenging method of DPPH free radical is adopted for all 
systems under investigation to assess their antioxidant properties by 
measuring absorbance values at 517 nm [43], and the results are posted 
in Figure 11.

The measured free radical scavenging activity is noted as 62.17% for 
ascorbic acid, 54.95% for Co(II) complex, 49.18% for Ni(II) complex, 
53.99% for Cu(II) complex, 46.49% for Zn(II) complex, and 41.55% 
for HL, at the concentration of compounds of 0.2 to 1.0 (mg/mL). The 
activity noted for ligand is moderate, and metal complexes displayed 
considerable activity, while the reference compound revealed 62.17% 
higher activity. The observed antioxidant activity is high in cobalt and 
copper complexes. Such an experimental observation infers the role 
of metal ions in bound form with ligand in effecting the antioxidant 
properties.

3.15. Antibacterial Activity
The antibacterial activity assay was executed by spread plate method. 
The samples were dissolved in 1mL of DMSO. All test compounds of 
the present investigation were analyzed for their minimum inhibitory 
concentrations (MIC) against chosen bacteria [44] by taking 25 μL, 
50  μL, and 75 μL of sample solution and making up to 100 μL 
volume, and also 100 μL sample solution as such without further 
dilution [45]. These solutions were tested against Staphylococcus and 
Bacillus as Gram-positive bacteria, as well as E. coli and Klebsiella 
Gram-negative bacteria. The above sample solutions, 100 μL each 
were loaded into the wells and incubated at 37°C for 18–24 h in a 
bacterial incubator.

After the incubation period, the bacterial plates appeared as shown 
in Figure 12. The results indicate the antibacterial activity of Co(II)
L2, Ni(II)L2, and Zn(II)L2 against Gram-positive and Gram-negative 
bacterial pathogens, while HL and Cu(II)L2

 have not shown any activity. 
The obtained MIC values are tabulated in Table 2 & Tables S2-S5.

2.16. Antifungal Activity
The minimum inhibitory concentrations (MIC) for antifungal action 
of title compounds were assayed by taking 100 μL of the sample as 
such without dilution and other sets as 25 μL, 50 μL, and 75 μL of 
sample, each one diluted to a final volume of 100 μL with solvent. 
The antifungal effect was assayed against Candida and Aspergillus 
by loading the plate wells with above each 100 μL volume of sample 

Figure 8: Electron spin resonance spectrum of Cu(II) complex 
in DMSO solvent at room temperature.
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Figure 9: Absorption spectra of studied compounds upon gradual addition of CT-DNA, insert: the respective linear plots [DNA]/
(|ɛa-ɛf|) vs [DNA].

Figure 10: Emission spectra of title compounds recorded at wavelength 610 nm (λex =520 nm).
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solutions of varying concentration and incubating at 25°C for 96 h [46].

The fungal plates were observed after incubation time as shown in 
Figure  13. The results indicate the antifungal activity of ligand and 
complexes against both pathogens and no activity for Cu(II)L2 
complex and HL. The respective measured MIC values for compounds 
are given in Table 3 & Tables S6 and S7.

2.17. Cytotoxicity
MCF-7 (breast adenocarcinoma) cancer cell lines were used in the in 
vitro MTT assay method to quantity the cytotoxicity of the synthesized 
title compounds. The experimental results have shown concentration-
dependent activity, as indicated in Figure  14, wherein an increase 
in the concentration of test samples (5 μg, 10 μg, 25 μg, 50 μg, and 
100 μg) resulted decrease of cell viability, indicating an increased 
cytotoxicity  [47]. Morphological changes evidential in microscopic 

Figure 11: Bar plot showing free radical scavenging percentage.

Figure 12: Bacterial plates indicating zone of inhibition.

Table 1: Data showing Kb and Ksv values of HL and its metal 
complexes

Absorption 
Method 

Fluorescence Method 

Compounds Kb Kb Ksv R
HL 4.78×104 M‑1 3.46×104 M‑1 4.28×104 M‑1 0.99
Co (II) L2 4.04×105 M‑1 1.34×105 M‑1 1.38×105 M‑1 0.98
Ni (II) L2 3.46×105 M‑1 1.14×105 M‑1 9.83×104 M‑1 0.99
Cu (II) L2 4.97×105 M‑1 1.47×105 M‑1 1.43×105 M‑1 0.97
Zn (II) L2 6.13×104 M‑1 9.73×104 M‑1 8.69×104 M‑1 0.99

Table 2: Zone of inhibition (mm) for loaded samples of 100 
µL against bacterial pathogens

S.No Sample 
Name

Gram Positive Bacterial 
pathogens

Gram Negative 
Bacterial pathogens

Staphylococcus Bacillus E. coli Klebsiella
1 Co (II) L2 10 mm 12 mm 10 mm 14 mm
2 Ni (II) L2 11 mm 12 mm 10 mm 13 mm
3 Cu (II) L2 ‑ ‑ ‑ ‑
4 Zn (II) L2 10 mm 10 mm 10 mm 12 mm
5 HL ‑ ‑ ‑ ‑
6 Standards 14 mm 14 mm 14 mm 12 mm

pictures after treatment cells with compounds are given in Figure 15. 
The IC50 values of compounds are presented in Table 4 & Tables S8-S12. 
Among all synthesized title compounds Cu(II) complex showed more 
potential anticancer activity.
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Figure 13: The plates showing zone of inhibition for fungal pathogens.

Figure 14: Effect on the cell viability of MCF-7 cell lines on 
increasing the concentration of ligands and complexes.

Table 3: Fungal pathogens study on Candida and Aspergillus

S.No Sample Name Fungal pathogens
Candida Aspergillus

1 Co (II) L2 10 mm 10 mm
2 Ni (II) L2 10 mm 10 mm
3 Cu (II) L2 ‑ ‑
4 Zn (II) L2 12 mm 12 mm
5 HL ‑ ‑
6 Standards 14 mm 14 mm
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4. CONCLUSION

The title compound 4-(2-(4-nitrobenzylidene)hydrazinecarbonyl)
pyridine1-oxide (HL) and its cobalt, nickel, copper, and zinc metal 
complexes were synthesized and characterized. Equilibrium studies of 
the ligand (HL) in 40% DMF-H2O medium inferred the monoprotic 
nature of the ligand with its pKa value as 9.20. HyperChem 
computational studies are informative in understanding the chelation 
properties of title hydrazone and its modes of bonding with metal 
ions. The analytical and spectral data inferred the formation of 1:2 
[ML] metal complexes. SEM images recorded distinct surface texture 
in each of the title compounds. Thermographs of metal complexes 
indicated two-step decompositions of bound ligand in all accompanied 
by a release of energy as evidenced from respective DTA curves. 
The ESR spectral information of the copper complex is assertive in 
understanding an anisotropic distribution of electron density around 
the central metal atom. In CT-DNA binding studies of HL, Co(II)L2, 

Figure 15: Morphological changes in MCF-7 cell lines, treated with varying concentrations of ligands and complexes.

Table 4: The IC50 values (μg/mL) for HL and its complexes 
treated with MCF-7 cell lines

S.No Sample Name IC50 (µg/mL)
MCF‑7

1 HL 71.09
2 Co (II) L2 65.75
3 Ni (II) L2 65.67
4 Cu (II) L2 60.49
5 Zn (II) L2 66.65
6 Cisplatin (µM) 5.74

Ni(II)L2, Cu(II)L2, and Zn(II)L2 complexes, the Kb values which 
define their binding affinity obtained through absorption method 
(Cu(II)L2, Co(II)L2, Ni(II)L2 and Zn(II)L2 >HL:4.97×105 M-1> 
4.04×105 M-1> 3.46×105 M-1> 6.13×104 M-1> 4.78×104 M-1), are in 
same order of Kb values calculated from fluorescence method (Cu(II)
L2, Co(II)L2, Ni(II)L2, and Zn(II)L2 >HL: 1.47×105 M-1> 1.34×105 

M-1> 1.14×105 M-1> 9.73×104 M-1> 3.46×104 M-1). Radical scavenging 
activity studies inferred substantial activity of complexes, and ligands 
showed moderate activity. The percentage of radical scavenging 
activity of 54.95% in Co(II)L2 is closer to the activity of reference 
recorded as 62.17%. Antibacterial and antifungal studies inferred 
potential activity for Co(II)L2, Ni(II)L2, and Zn(II)L2 only. The 
experimental observations of in vitro cytotoxicity screening of 
synthesized compounds revealed that metal complexes are more potent 
than ligands. The order for anticancer activity of complexes is Cu(II)
L2 > Ni(II)L2 > Co(II)L2 > Zn(II)L2 > HL.
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