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ABSTRACT
New V2+and Co2+complexes of Schiff base derived from the isonicotinicacidhydrazide (INH) and 4-isopropyl
benzaldehyde by Eco-friendly synthetic method. Present synthesis complies with the principle of Green Chemistry.
The synthesized compound was structurally characterized by elemental analysis, metal estimation, magnetic
moment, molar conductance, UV-visible, IR & Far-IR, and fluorescence emission spectra. Elemental analysis of
Schiff base and its complexes were carried out and the results indicate the percentage of elements (C, H, N, and O)
and stoichiometry of the complexes. The molar conductance of complexes was carried out and the result indicates
the non-electrolytic nature of the complexes. The electrochemical properties of the Co 2+ complex were carried out
and confirmed a quasi-reversible one-electron transfer redox reaction. The magnetic moment measurement indicates
that the complexes are paramagnetic. The octahedral geometry of vanadium and cobalt complexes, as well as the
functional groups present in them, was determined using UV-vis and IR spectroscopy. The fluorescence spectra of
the ligand and complexes show the fluorescence nature of the ligand. The DPPH free radical scavenging method
was used to evaluate the antioxidant activity of Schiff base and its V2+ complex in vitro. The MTT assay was used to
measure cytotoxicity, and the vanadium complex's in vitro anticancer effect on MCF-7 (human breast cancer) cell
lines was studied. In breast cancer therapy, the human epidermal growth factor receptor 2 (HER2) is considered a
validated target. In addition, the Agar disc diffusion model was used to evaluate the antibacterial activity of
Staphylococcusaureus, Escherichia coli, and Pseudomonas aeruginous in vitro.
Keywords: Isonicotinicacidhydrazide, 4-isopropyl benzaldehyde, Schiff base, Fluorescence, Molecular Docking,
Antimicrobial, Anticancer.
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INTRODUCTION
Hugo Schiff, a German chemist, was the first to discover Schiff base, an organic chelate molecule, in
1864.1 Schiff bases generate highly stable compounds with transition and post-transition metal ions in
general. The condensation of a primary amine with aldehyde or ketones in the presence of an acid or base
catalyst yields Schiff bases.2 It has a broad range of applications in food, dyeing, analytical chemistry,
catalysis, fungicidal, agrochemical, and biological sectors.3 The nucleophilic attack of the primary amine
lone pair of electrons on the electrophilic carbonyl carbon results in the production of Schiff bases. 4 A
significant number of Schiff bases and metal complexes may also have Nanoprecursor-like
properties.5Isonicotinicacidhydrazide is an antibiotic that fights bacteria and is commonly used to treat
tuberculosis, it creates metal-chelate with a majority of bivalent ions.6 4-isopropyl benzaldehyde (cumin
aldehyde or CUMAL) is a natural chemical substance abundant in vegetables and essential oils that
contains petroselinic acid and other bioactive molecules that impart the scent. 7 Vanadium is a ubiquitous
source of biologically active systems and is found in a wide range of foods. 8 In-vitro, Vanadium metal
ions are modulated by glucose metabolism and play a vital role in its regulation. 9 Cobalt complexes now
have a lot of commercial, clinical, catalytic therapeutic, and biological uses.10-11The existing research
focuses on the synthesis and characterization of metal complexes containing a bidentate Schiff base
ligand, and also analytical, spectroscopic, and bio-potential activities.
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EXPERIMENTAL
Material and Methods
Sigma Aldrich delivered isonicotinic acid hydrazide and 4-isopropyl benzaldehyde, while Merck supplied
laboratory-grade vanadium and cobalt. All of the chemicals and reagents were purchased and applied
without being purified in any way. Elemental analysis was carried out at temperatures ranging from 950
to 1200 °C using a CHN (O) elemental Vario makesELIII model (Thermo Finnegan) analyzer. Metal ions
were calculated using a colorimetric approach to disintegrate a known weight of complexes in acids. The
melting point (°C) or decomposition temperatures of the compounds were measured using an Ajay
melting point instrument in an open capillary tube. At room temperature, molar conductance data were
obtained using the Systronic Conductivity Bridge in a 10-3M acetonitrile solution. On a Versa stat
(Princeton applied study), a cyclic voltammogram of the complexes was recorded in DMSO solution at
room temperature. At room temperature, the magnetic momentum of V2+ and Co2+ complexes was
measured using a lakeshore 7410 vibrating sample magnetometer (VSM). In the range of 200-800 nm,
UV-Visible absorption spectra were recorded (DRS technique) using a JASCO V-650 spectrophotometer.
In KBr pellets, IR spectra were obtained in the range 4000-400 cm -1 using a Shimadzu FT-IR infrared
spectrometer; wave numbers are given in cm-1. The AutoDock Vina in PyRx 0.8 has been used to perform
molecular docking assays. Antibacterial activity was determined using the disc diffusion method on
Mueller-Hinton agar (MHA) for bacteria, while antioxidant activity was determined using the DPPH
radical scavenging method. Compounds were made according to the instructions.
Eco-Friendly Synthetic Methods of Schiff’s Base and Metal Complexes
Schiff Base Preparation
This Green route method requires a simple workup procedure with a highly efficient. In a brief, a solution
of 0.5129 g INH in a 1:1 ratio of water and methanol was added, including a solution of 0.5427 g 4isopropyl benzaldehyde in 10 ml of ethanol. As a catalyst, a few drops of NaOH solution were pipette and
the flask was briskly shaken for 30 minutes, yielding a white precipitate that was filtered and dried at
room temperature. Finally, ethanol was used to recrystallize the combination. The following is the
structure of the freshly built Schiff base:
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Preparation of V Complex
1 g (3.95 mmol) Vanadyl sulphate was dissolved in 10 mL water and dropped into 2.1106 g (7.90 mmol)
Schiff base ethanolic solution dropwise. This solution was then added, drop by drop, to sodium nitrite
0.5454 g (7.90 mmol) in 5ml water, and the entire mixture was briskly agitated for 30 minutes. It was
possible to obtain the green-colored precipitate. The metal complex that resulted was filtered and rinsed
with water before being dried in desiccators and stored in a glass container.
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Preparation of Co2+ Complex
1.8371 g (6.87 mmol) of ethanolic Schiff base solution was added dropwise to 1 g (3.43 mmol) of Cobalt
nitrate dissolved in 10ml methanol. This solution was then added, drop by drop, to sodium nitrite 0.4741
g (6.87 mmol) in 5ml water, and the entire mixture was briskly shaken for 30 minutes. It was possible to
achieve the green-colored precipitate. The metal complex that emerged was filtered and rinsed with water
before even being dried in desiccators and stored in a glass container.
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Antimicrobial Activity
The disc diffusion test was used to analyze antimicrobial activity. In millimeters, the inhibition zones
were predicted (mm). Four discs, each measuring 6 mm in diameter, were prepared using Whatman filter
paper and disinfected with hot air. 30 ml of Nutrient agar (NA) medium and 30 ml of Potato dextrose agar
(PDA) media were poured into Petri dishes. With the use of a micropipette, the test organism was
inoculated on a solidified agar plate, spread out and left to dry for 10 minutes. Bacteria from a broth
culture were injected on the surfaces of the medium. The sterile filter sheets (6 mm diameter) containing
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discs were loaded with 30 µl of each sample and 30 µl of standard solutions on the surface of the
inoculated agar plate using sterile forceps. For bacteria, the plates were incubated at 37 ºC for 24 h., while
for fungal strains; they were incubated for 48 hours. Each sample was examined three times.
Anti-Oxidant Activity
Each compound's in-vitro antioxidant activity was assessed at four distinct concentrations based on stock
solution dilution, namely 10, 100, 500, and 1000 µg/ml. A 0.1mM DPPH solution in methanol was
produced for the test, and 500 µl of the DPPH solution was added to 2500 µl of the provided sample.
After that, the mixture was briskly mixed and set aside for 30 minutes at room temperature. The
absorbance of the resultant solution was measured at 514 nm after 30 minutes of incubation at room
temperature. Using the following equation, the % DPPH scavenging effect was calculated:
Inhibition % = Ac-As/Ac×100

(1)

Where Ac was the absorbance of the control reaction and As was the absorbance of the sample. LAscorbic acid was used as a standard or positive control.
Anti-Cancer Activity
The anticancer activity of the material was determined using the MTT test, which was carried out as
directed. The MTT assay determines cell viability by measuring the amount of reducing equivalents
produced by metabolically active cells. In a humidified atmosphere of 5% CO2 at 370ºC, the cells were
cultured in a minimum essential medium supplemented with 10% FBS, penicillin (100 U/ml), and
streptomycin (100g/ml). Cells were seeded at a density of 5000 cells per well in 96-well plates and
incubated for 48 hours. The cell reaches confluence after 48 hours of incubation.
The cells were then incubated for 24 hours in various concentrations of the sample, such as 6.25, 12.5, 25,
50, 100, and 200µg/ml. It was rinsed with phosphate saline solution after the sample solution was
removed. The sample was then inserted in a new medium containing 50 µg/ml of MTT solution (5mg/ml)
and incubated for 4 hours in each well. DMSO was added after the incubation period. The absorbance at
570nm was used to determine the feasibility of the cells using a microplate reader. The inhibitory
concentration was derived using the following method for each experimental group by comparing MTT
results:
% Inhibition= ((C-T)/(C))*100

(2)

Molecular Docking
The AutoDock Vina in PyRx 0.8 was used to conduct molecular docking experiments. Our goal in this
paper was to see if there was a link between the experimental bioactivities of the inhibitors under
investigation and the docking scores. Docking of the synthesized compounds against the predicted active
sites of 1N8Z was performed. A 2.52 resolution protein data bank has been used to obtain the human
HER2 crystal structures (PDB id: 1N8Z) (PDB).
The CASTp 3.0 server was used to assess 1N8Z's active sites. The grid core was placed in the binding
site's pocket core. The proper docking protocol has been used to set the default docking algorithms. Each
ligand-protein complex has gone through its own docking method. The results were ordered in order of
increasing docking energies. The energy has been decreased by Argus Lab. PYMOL software was used to
view and analyze the ideal docking stance.

RESULTS AND DISCUSSION
Elemental Analysis
The amount of Carbon (C), Hydrogen (H), Nitrogen (N), and Oxygen (O) present in a sample is
determined through elemental analysis (Table-1). The percentages of C, H, N, and O coincide with the
predicted compositions for the ligand and V2+ and Co2+ complexes.12The development of the complex is
indicated by the difference in melting temperatures of the ligand and its metal complexes. The Schiff base
and their complex analytical data are in good accord with the predicted chemical formula.
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ESI Mass Spectra
The mass spectrum of the novel Schiff base has a well-defined m/z value of 267, which corresponds to
the Schiff base's formula weight (C16H17N3O). The peaks at 106, 130, and 145 indicate the distinct Schiff
base fragments, namely C4N3O, C7H2N2O, and C8H5N2O. The intensity of the peaks provided information
on fragmentation stability in this investigation.
Table-1: Physico-Chemical Calculation of Schiff Base and Metal Complexes
Compound
Schiff base

Mol.
Wt.
(g/mol)
267.33

[Vo(SB)2(NO2)2]

677.60

[Co(SB)2(NO2)2]

685.60

Colour
White
Green
(Juniper)
Pink

% of C

Elements Calcd.
% of H
% of N

% of O

68.30
(68.24)
56.66
(56.23)
56.00
(55.68)

06.98
(07.01)
05.01
(05. 23)
04.95
(05.40)

15.84
(15.54)
14.16
(14.02)
14.00
(13.67)

14.80
(14.73)
16.52
(16.01)
16.33
(16.01)

Yield
(%)
70

Molar
Conductance
Ohm-1cm2 mol-1
6.4

68

9.2

70

1.2

Molar Conductivity Measurements
At room temperature, the molar conductivities of 10-3 M complexes (dissolved in DMF) were measured.
Schiff base, V2+, and Co2+ complexes had molar conductance of 6.4, 9.2, and 1.2.Ohm -1cm2 mol-1
respectively. The compounds' non-electrolytic nature is revealed by conductivity measurements. 13
Electronic Spectra and Magnetic Moment
The UV-Visible spectra of the Schiff base and complexes were recorded in DRS solid-state and show the
wavelength at 354 nm shows n  π* at room temperature, whereas the V2+ complex showed three bands
at 236 nm, 334 nm, and 691 nm, which can be assigned to 4A2g4T1g, 4A2g4T1g(P), and 4A2g4T2g
transitions respectively, indicating the octahedral geometry around the V2+ ion. The magnetic moment for
the complex is generally paramagnetic because of the coordination geometry of the metal ion, which is
observed by the magnetic moment for the V2+ complex is 3.87 B.M with a d3 configuration. It indicates
that in the V2+ complex, an octahedral structure is proposed and the paramagnetic behavior was
confirmed.14 UV-visible spectrum of Co2+complex show bands at 584 nm, 320 nm, and 260 nm, which
can be attributed to 4T1g4T1g(P), 4T1g4A2g, and 4T1g4T2g transitions which are indicating the
octahedral geometry around Co2+ion. The magnetic moment value of the Co2+the complex is 3.87 B.M,
which is also well in agreement with the octahedralgeometry. 15
Cyclic voltammogram of Co2+ Complex
The creation of the quasi reversible one-electron transfer reaction is indicated by the [Co(SB) 2(No2)2]
complex (Fig-1). The cathodic peak potential (Epc) is 0.3826 V, whereas the anodic peak potential (Epa)
is -0.3402 V. The Co(II)/Co(I) couple has a peak to peak potential separation of Ep=0.7228 V and a peak
current ratio of Ipa/Ipc of 0.75V. The quasi-reversible one-electron transfer reaction is also supported by
this data.16
Fluorescence Spectra
The emission (or) excitation fluorescence spectra of the Schiff base and its V2+ and Co2+ complexes were
investigated in the solid-state at room temperature (298 K). They exhibit photoluminescence with a
maximum excitation at 412 nm for the Schiff base and 383 nm, 306 nm for the intra-ligand fluorescence,
respectively. The increased fluorescence properties of the complexes relative to the free ligand under the
same conditions can be attributed to the ligand-metal atom bridge link, which increases conformational
stiffness and reduces non-radiative energy loss. The complexes' and ligand's emission is tentatively
attributed to the π→π* intra-ligand fluorescence characteristics. 17
IR and Far-IR Spectroscopy
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The IR spectra of the Schiff base and associated V2+ and Co2+ complexes provide useful information
regarding metal-ligand bonding, as shown in Table-2. The ν(C=N) stretching frequency in the IR spectra
of the Schiff base complexes shifted from 1606 cm-1 to a lower frequency area at 1604 and 1601 cm-1,
showing that the azomethine(C=N) nitrogen is coordinated to the metal ion. Aromatic ν(C-H) stretching
band occurred at 2849 cm-1 in the free ligand, which was shifted to a higher frequency region in the
complexes at
2874-2868
cm-1, and the
aromatic (CC) stretching
band
occurred at
2950 cm-1 in
the
free
ligand,
which was
also shifted
to a lower
frequency
region in the
complexes at
2564-2922
cm-1.

Fig.-1: Cyclic Voltagram of Co2+ Complex

Due to (C=O) (amide), the Schiff base has a significant intensity band at 1665 cm -1, which has shifted to
the lower side in V2+ complex at 1656 cm-1 and somewhat higher in Co2+ complex at 1695 cm-1, indicating
chelation through the carbonyl oxygen atom of the free base. The ligand's IR spectra show a large signal
at 3198 cm-1 due to ν(N-H) stretching vibration. This band moved to 3137 cm -1 for V2+ complexes and
3130 cm-1 for Co2+ complexes after complexation. Due to the existence of (M-N) at (464-470cm -1) and
(M-O) at (464-470cm-1) in the complexes, the metal ion can coordinate through nitrogen and oxygen
atoms of Schiff base, as confirmed by Far-IR spectral data (546-548cm -1).Furthermore, the metal ion can
coordinate with the oxygen atom of the nitrate ion (mixed ligand), confirming the v(M-O) at the
stretching frequency of (348-353cm-1). As a result, it was established that the Schiff base binds the metal
ion in a bidentate manner via N and O. (Fig.-2).18-19
Compound
Schiff base
[Vo(SB)2(NO2)2]
[Co(SB)2(NO2)2]

Table-2: IR Spectral Data for Ligand and its Metal Complexes
Ar C-H Ar C-C ν(C=N)
ν(C=O) ν(N-N) ν(N-H) ν(M-N)
cm-1
cm-1
cm-1
cm-1
cm-1
cm-1
cm-1
2849
2874
2868

2950
2856
2922

1606
1604
1601

1665
1656
1695

1155
1126
1151

3198
3137
3130

464
470

ν(M-O)
cm-1
548
546

NO2
ν(M-O)
cm-1
348
353
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Fig.-2: IR Spectra of Schiff Base, V2+and Co2+Complexes

Biological Activity
In-vitroAntimicrobial Activity
Microbial strains used in the biological assays included Escherichia coli (MTCC 732), Staphylococcus
aureus (MTCC 3160), Bacillus subtilis (MTCC 441), and Pseudomonas aeruginosa (MTCC 1035) for
bacteria, and Candida albicans (MTCC 183), Aspergillus Niger (MTCC 10180) for fungal strains, all
obtained from the Microbial Type Each disc received 30μl of test samples, a standard solution of
Chloramphenicol (10 mg/ml distilled water) for bacteria and Fluconazole (10 mg/ml distilled water) for
fungus, and a solvent control of DMSO.
Measurement of Zone of Inhibition
The antibacterial potential of test compounds was measured in millimeters by the mean diameter of the
inhibitory zone around the disc. A millimeter-scale was used to assess the zones of inhibition of the tested
microorganisms by the substances. In comparison to typical antibiotic drugs, the ZOI (Table-3) of
Vanadium and Cobalt Complexes has less activity against gram-positive and gram-negative
microorganisms. The chelation theory can explain this increase in the activity of metal complexes. On
bacterial and fungal strains, the results demonstrate that the V2+ complex has a low activity while the Co2+
complex has a moderate activity.20
Sample dose
(30µl)
Control
[Vo(SB)2(NO2)2]
[Co(SB)2(NO2)2]
Std.

Table-3: ZOI of Tested Microorganisms
Escherichia coli Staphylococcu
Pseudomonas
(mm)
s aureus (mm) aeruginos(mm)
0.10±0.01
0.10±0.01
0.20±0.01
1.00±0.07
1.20±0.08
0.90±0.06
4.70±0.32
4.50±0.31
3.20±0.22
9.40±0.65
9.00±0.63
7.90±0.55

Candida albicans
(mm)
0.10±0.01
0.80±0.05
2.80±0.19
7.80±0.54

Aspergillus
niger(mm)
0.10±0.01
0.60±0.04
2.60±0.18
7.60±0.53

In-vitro Antioxidant Activity
Free radicals are created in the body during regular processes and under certain environmental conditions.
Humans have developed extremely complex antioxidant systems that act in concert to protect the body's
cells and organ systems from free radical harm. The DPPH scavenging technique revealed that all of the
compounds had high antioxidant activity. When DPPH combines with an antioxidant component, the
drop in absorbance caused by the reaction between antioxidant molecules and the radical accelerates,
resulting in radical scavenging via hydrogen donation. A substantial association was found between the
concentration of chemicals and the percentage of inhibition measured at 517 nm for hydrogen donating
activity. The IC50 value is the inhibitor concentration in the reaction mixture that is necessary to inhibit
50% of the enzyme. The ligand has an IC50 of 267 g/ml, while the V2+ complex has an IC50 of 293.2 g/ml
(Fig.-3). The findings demonstrated that the ligand was a potent antioxidant. 21
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Fig.-3: Antioxidant activity of Schiff base and V2+Complex

In-vitro Anticancer Activity
All of the compounds created were tested for anticancer activity against MCF-7 in vitro (Human Breast
cancer cell line). The MTT test can be used to assess metabolic activity by measuring the activity of
mitochondrial succinate dehydrogenase. In vitro, the MTT technique was employed to detect activity in
breast cancer cell lines. A cytotoxicity test that involves the mitochondrial reduction of yellow 3-(4,5dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) to a dark purple formazan product, which
is subsequently used to assess in vitro medication efficacy. MTT is a 96-well plate format that is used to
qualify the Cytotoxicity index in a cell population. The ligand and V2+ complex inhibited cell
proliferation in the MCF-7 cell line at varied levels (12.5, 25, 50, 100, and 200 g/ml). The results indicate
that the ligand and V2+ complex should increase in cell growth inhibition, but the ligand was found to
have the lowest growth inhibition of 67.80 percent at 50 g/ml and the highest growth inhibition of 79.21
percent at 200 g/ml concentration, whereas the V2+ complex was found to have the highest growth
inhibition of 83.93 percent at 200 g/ml concentration, indicating that both ligand and complex have
potential anticancer activity (Fig.-4 to7). In comparison to the free ligand, the V 2+ complex showed
increased percentage cell death in all of the examined concentrations. The concentration blocking 50% of
cell growth was used to measure anticancer activity and cytotoxicity in vitro (IC50). The free ligand had
an IC50 of 10.7 M against MCF-7 cells, but the V2+ complex had an IC50 of 14.39 M against MCF-7 cells.
As a result, both the ligand and the metal complex displayed anti-cancer action, and it will be quite
similar to the positive control.22-23
Anticancer Activity of the Schiff base and their complex

200
69.5

150
100
50

47.13 47.57
36.48
18.27

53.12 57.84

34.59 40.08 42.53

78.2

83.93

63.07

46.12 52.49

79.21
67.8 74.1

V2+ Complex
Shiff base

0
0.781 1.562 3.125 6.25 12.5

25

50

100

200

Fig.-:4 in-vitro Anticancer Activity of Schiff Base and V2+ Complex
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Fig.-5: Breast Cancer Cell Line of Adenocarcinoma (MCF-7)

200μg/mL

Fig.-6: MCF7 Cancer Cell Line of Schiff Base
100μg/mL

50μg/mL

Fig.-7: MCF7 Cancer Cell Line of V2+Complex

Molecular Docking
Autodock Vina was used to perform molecular docking calculations on manufactured compounds to find
binding interactions with the target protein HER2. Fig.-8 illustrates the active target protein locations. For
synthesized compounds, binding energies of -9.9 and -7.1 kcal mol –1 were estimated. This binding energy
shows that the newly synthesized chemicals bind to the active site of the HER2 protein with high
selectivity. Table-4 shows the hydrogen bond and binding energy in detail. The molecular docking results
of the V2+ complex revealed that it forms three hydrogen bond interactions with the HER2 protein
residues ALA-43, GLN-112, and GLY-113, with distances of 2.3 A°, 2.8 A°, and 2.7 A°, respectively.
Compound Schiff base made four hydrogen bonds with THR-301, GLU-382, GLU-407, and ARG-437 at
distances of 1.9A°, 2.9A°, 2.2A°, and 1.9A°, respectively, according to docking results. By hydrogen
bonds and other interactions, both substances bonded in the expected active site region of the HER2
protein. Fig.-9 and 10 depict the interaction of the produced chemicals with the HER2 protein. The
number of hydrogen bonds that engage with the receptor indicates that the docking results for any
inhibitor candidate are good. Within 3A°, the hydrogen bond interaction distance indicates a robust
contact with the selected target protein.
Table-4: Molecular Docking Results of V2+ and Schiff Base with HER2 Protein
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Compound Name

Binding Energy kcal/mol

[Vo(SB)2(NO2)2]

-9.9

Schiff base

-7.1

Hydrogen bond
interaction
ALA-43
GLN-112
GLY-113
THR-301
GLU-382
GLU-407
ARG-437

Hydrogen bond distance
A°
2.3
2.8
2.7
1.9
2.9
2.2
1.9

Fig.-8: Active Target HER2 Protein

The active site residues of the HER2 protein provided a suitable number of contacts with the chosen
compounds, and the hydrogen bond interaction distance was also within 3A°, according to docking
studies using the PyMol software. These results show that synthesized compounds have a substantial
binding affinity for the HER2 protein and bind to the active site residues directly. Following confirmation
in the lab, these chemicals may have a considerable inhibitory effect on the HER2 protein in breast
cancer.24-25

Fig.-9: Interaction of the Synthesized V2+ Complex with HER2 Protein
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Fig.-10: Interaction of the Synthesized Schiff base with HER2 Protein

CONCLUSION
Isoniazid (INH) Schiff base and 4-isopropyl benzaldehyde, as well as their transition metal complexes,
have been synthesized and described. The reaction was carried out by utilizing an organic synthesis
approach known as the green route. No heat is necessary when using ethanol as a solvent and NaOH as a
catalyst. The octahedral structure is suggested by the magnetic moment and electronic spectra. The IR
spectral data show that the Schiff base can form bidentate complexes with metal ions. These reactions
were conducted in shorter reaction times using this technology, which had a simple and direct
experimental process and was environmentally benign. There are no losses in the protection phase, and
the entire yield is maximized. In conclusion, the observed complexes have a high affinity for antioxidant
action. The chemical showed good cytotoxicity action against the MCF-7 human breast cancer cell line in
cytotoxicity experiments. According to the results of the molecular docking analysis, these chemicals may
have a considerable inhibitory effect on the HER2 protein in breast cancer. As a result, these complexes
could be potential candidates for anti-cancer medications in the future.

ACKNOWLEDGEMENT
The authors are thankful to the Principal and Head Department of Chemistry, Govt. Arts College,
Ariyalur for giving me this opportunity to use the facilities available in the department, and I extend the
thanks to the Head, SAIF, IIT, and the Director, STIC, Cochin for providing the spectral data collection.
The authors also thank the director, of Harman Research Institute for providing biological and anticancer
activities of the complexes.

REFERENCES
1. A.M. Hayder Muneam, H. A. Mohammed, Al-Amery, Journal of Pharmaceutical Sciences and
Research, 11(5), 2051(2019).
2. M. M. El-ajaily, A. A. Maihub, U.K. Mahanta, G. Badhei, R. K. Mohapatra and P. K. Das, Rasayan
Journal of Chemistry,11, 166(2018),http://dx.doi.org/10.7324/RJC.2018.1111988
3. K. T. Tadele, Journal of Pharmaceutical and Medical Research, 3, 73(2017).
4. U. Sani, H. U. Naibi and S. A. Dailami, Nig. Journal of Basic & Applied Sciences, 25, 81(2017),
http://dx.doi.org/10.4314/njbas.v25i1.11
1437
In-vitro ANTICANCER (MCF-7) AND MOLECULAR DOCKING STUDIES

R. Geetha et al.

Vol. 15 | No. 2 |1427-1438| April - June | 2022

5. A. P. Mishra, A. Tiwari, Rajendra K. Jain, Advanced Materials Letters, 3, 213(2012),
http://dx.doi.org/10.5185/amlett.2011.9307
6. Byung Woo Jhun and Won-Jung Koh, Tuberculosis and Respiratory Diseases, 83, 20(2020),
http://dx.doi.org/10.4046/trd.2019.0065
7. Othmane Merah, Bouchra Sayed-Ahmad, Thierry Talou, Zeinab Saad, Muriel Cerny, Sarah Grivot,
Philippe
Evon
and
Akram
Hijazi,
Biomolecules,
10,
1054(2010),
https://doi.org/10.3390/biom10071054
8. Rodney J. French and Peter J.H. Jones I, Life Sciences,52, 339(1992), https://doi.org/10.1016/00243205(93)90146-T
9. Ben Brannick, Mehmet Kocak and Solomon Solomon, Journal of Pharmacology and Toxicology, 1,
011(2017).
10. Yasemin Yildiz, IntechOpen, (2017), http://dx.doi.org/10.5772/intechopen.71089
11. Djuikom Sado Yanick Gaelle, Divine MbomYufanyi, RajamonyJagan and Moise OndohAgwara,
Cogent Chemistry, 2, 1253201(2016), http://dx.doi.org/10.1080/23312009.2016.1253201
12. Archana Saxena, Der Pharma Chemica, 9, 136(2017).
13. Hussain Ibrahim Alarabi and Wahiba Ali Suayed, Journal of Chemical and Pharmaceutical
Research, 6, 595(2014).
14. Porkodi Jeyaraman, Arunadevi Alagarraj and Raman Natarajan, Journal of Biomolecular Structure
and Dynamics, 38, 488(2020), https://doi.org/10.1080/07391102.2019.1581090
15. Gehad Geindy Mohamed, Mohamed Mohamed Omar and Ahmed Mohamed Hindy, urkish Journal of
Chemistry,30, 361(2006).
16. Syed Tajudeen S., Geetha Kannappan, Indian Journal of Advances in Chemical Science,4, 40(2016).
17. Valentina Uivarosi, StefaniaFelicia Barbuceanu, Victoria Aldea, Corina-Cristina Arama, Mihaela
Badea,
RodicaOlar
and
Dana
Marinescu,
Molecules.,15,
1578(2010),
https://doi.org/10.3390/molecules15031578
18. P. Manikandan, K. Rajasekar, S. Balasubramaniyan, T. Gomadurai and B. Sathiyamoorthy, World
Journal of Pharmaceutical Research,7(1), 1522(2017), https://doi.org/10.20959/wjpr20181-10618
19. Mariana Loredana Dianu, Angela Kriza, Nicolae Stanica and Adina Magdalena Musuc, Journal of the
Serbian Chemical Society,75, 1515(2010).
20. Doaa Domyati, Sami A. Zabin, Ahmed A. Elhenawy and Mohamed Abdelbaset, 9, 1008(2021),
https://doi.org/10.3390/pr9061008
21. Shan P. Mohammed, B Namsheer, Jyoti Harindran, Beena Thomas and Mithun K. Sebastian,
European Journal of Pharmaceutical and Medical Research, 3, 418(2016).
22. Zhu Haifeng, Wang Yinghou, Liu Dan, Sun Xiuqing And Wang Furong, Acta Poloniae
Pharmaceutica,77, 89(2020), https://doi.org/10.32383/appdr/115158
23. Hamid Bakhshi Aliabad, SoudehKhanamaniFalahati-pour, Hadis Ahmadirad, Maryam Mohamadi,
Mohammad
Reza
Hajizadeh,
and
Mehdi
Mahmoodi,
BioMetals,31,
981(2018),
https://doi.org/10.1007/s10534-018-0139-x.
24. R. Takjoo, A. Akbari, S.Y. Ebrahimipour, M. Kubicki, M. Mohamadi, N. Mollania, Inorganica
Chimica Acta, 455, 173(2017).
25. Tadewos Damena, Digafie Zeleke, Tegene Desalegn, Taye B. Demissie, and Rajalakshmanan
Eswaramoorthy, ACS Omega.,7, 4389(2022), https://doi.org/10.1021/acsomega.1c06205
[RJC-6866/2021]

1438
In-vitro ANTICANCER (MCF-7) AND MOLECULAR DOCKING STUDIES

R. Geetha et al.

