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ABSTRACT: Recently, Schiff base complexes as synthetic antioxidants are widely used instead of
natural antioxidants because they are effective and cheaper. In this study, a series of a,d-Mey-salen,
(N,N"-ethylenebis(a. methylsalicylideneiminate)) Schiff base derivatives have been investigated
for their anti-histone deacetylase (HDAC), anticancer, antibacterial, and antioxidant activities.
For anti-HDAC studies, AUTODOCK 4.1 and Molecular Dynamics (MD) simulations have been conducted
against these combinations. Cytotoxic test, the ferric reducing ability of plasma (FRAP), 2,2-diphenyl-
1-picrylhydrazyl (DPPH), and (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) ABTS assays and
Agar diffusion method have been applied to investigate anticancer, antioxidant and antibacterial activities,
respectively. Based on the results, the best docking was obtained for o,6-Me2-salen against HDAC.
Also, MD calculation results demonstrated that the «,d-Me2-salen is a more effective compound for HDAC
inhibiting than SAHA as a known enzyme inhibitor. However, «,d-Me2-salen, and its derivatives didn't
display antibacterial activity against any of the microorganisms. Cytotoxic activity analysis toward
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MCF 7 cell line was apparent that a,d-Me2-salen and its Ni (1), Co (II), and Cu (Il) derivatives
manifested high cytotoxic activity with 1C50 5, 2, 2, and 3 pg/mL, respectively. The antioxidant results
revealed excellent radical scavenging activities of all these compounds against DPPH, ABTS, and
FRAP radicals. The antioxidant activity by DPPH, showed Mn(ll) complex (IC50 = 0.13 *
0.50 mg/mL) was the most active. While, a,a-Me2-salen (IC50 =0.05+0.003 mg/mL) and its Ni(ll)
derivative (IC50 =0.049 mg/mL) exhibited the highest ABTS scavenging activity. According to the results,
all compounds show acceptable anticancer and antioxidant activity and can be used as drug

candidates after further investigations.

KEYWORDS: Schiff base; ABTS; DPPH; FRAP; Anticancer.

INTRODUCTION

Over the last decades, Schiff base complexes
as chemical antioxidants have received considerable
attention due to their high potential for radical scavenging
activity [1-3]. Free radicals have a profound impact
on human health and the pathogenesis of several diseases
including cancer, atherosclerosis, renal disease, blood
disorders liver injury, cardiovascular diseases, diabetes,
neurodegenerative, and another disease [4-6]. So far, large
numbers of efficient antioxidants from natural and synthetic
sources including several Schiff bases have been investigated,
and their antioxidant capacities have been evaluated
by different methods [7-16].

In addition to the antioxidant activity of Schiff bases,
they can be applied as antimicrobial [17-22], antifungal [7],
anti-proliferative [23], antitumor [24-28], enzyme inhibitors [29-31],
and selective DNA binding agents [17, 32, 33] and also
can be used as an artificial Schiff base-forming enzyme [34, 35].
Therefore, Schiff bases derivatives have different benefits
in the food, dye, agrochemical, and pharmaceutical industries.

It has been proved that a carbon-nitrogen double bond
in Schiff bases is an essential structural requirement for
their biological activities. They are formed by a
condensation reaction of a primary amine. An expansion
consists of an operating group with a carbon-nitrogen
double bond, which is formed by the condensation of first-
type amines with aldehydes or ketones (Fig. 1). Schiff bases
are commonly flat, triangular, tetrahedral, or multi-
dimensional. These molecules can form highly stable
derivatives with intermediate metals, which, if a functional
group usually has hydroxyl enough to be close to the
density site, can act as curative ligands.
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Schiff bases and their metal combinations have different
applications in biomedicine, analytical chemistry, and
the agriculture and food industry [36-38]. Metal complexes
of Schiff base derived from the reaction of exchanged
salicylaldehydes by aliphatic and aromatic amines have been
investigated for their biological activities [39, 40]. In a study,
antioxidant, anticancer, and antibacterial properties of some
synthetic metal (I1) complexes of tetradentate (4 ethylimino)-
4-[(2-ethyl)imino]pentan-2-one  have been investigated
by Ejidike et al [41].

In this research, a,G-Me;-salen, (N,N -ethylenebis(a-
methylsalicylideneiminate)) Schiff base and its metal
(Cu (1), Ni(1D), Co(ll), and Mn(ll)) derivatives (Fig. 2)
have been synthesized and characterized for their
biological activities including anti-HDAC, anticancer,
antibacterial and antioxidant activities.

EXPERIMENTAL SECTION
Materials

1,2-diaminoethane, 2-hydroxyacetophenone, methanol,
nickel (I) acetatetetrahydrate, copper (II) acetatetetrahydrate,
Co(ll) acetatetetrahydrate, Mn (Il) acetatetetrahydrate,
2,2-diphenyl-1-picrylhydrazyl radical (DPPH), 2,2'-
Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), 2,4,6- tripyridyl-S-triazine (TPTZ), vitamin C,
doxorubicin, iron sulfate (FeSO.), potassium persulfate,
Dimethyl sulfoxide (DMSO), ethanol, sodium acetate
buffer, phosphate-buffered saline (PBS) and FeCls were
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). Roswell Park Memorial Institute (RPMI-1640)
medium, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
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Fig. 2: The structure of metal derivatives of M(a,d-Me2-salen),
M = Ni(l1),Cu(l1), Co(11),Mn(11)

tetrazolium bromide (MTT) and fetal bovine serum (FBS)
were purchased from Gibco (London, UK). All the
reagents were used without any further refinements.

Synthesis of a,¢-Me2-salen, and its Schiff base complexes

N,N’-ethylenebis(a-methylsalicylideneiminate  (a,6-
Me,-salen) as the ligand and its Schiff base combinations
were synthesized and evaluated through the Nuclear
Magnetic Resonance ( NMR), UV-Visible, Infrared (IR)
spectroscopy, and mass spectrum, melting point, and
elemental analysis (see appendix) according to our
previous publication [43]. Briefly, for the synthesis
of o,4-Me2-salen, a methanol solution of the 2-
hydroxyacetophenone (5 mmole, 0.6 mL) in 25 mL of
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dried methanol was added to a solution of the
1,2-diaminoethane (2.5 mmole, 0.16 mL). For 30 minutes,
the reaction mixture was refluxed and then it was cooled.
The Schiff base was separated as yellow needles. Also, Ni
(1), Co (1), Mn (I1), and Cu(ll) Schiff Base complexes
were synthesized according to the method described
by Batley and Graddon [44]. a,4-Me2-salen and its metal
combinations have stability at room temperature and
can be solved in conventional organic solvents including
the MeOH and DMSO. For biological experiments, all compounds
were diluted in DMSO to obtain 16.6 and 33.2ug/100pL.

Anti HDAC studies Schiff base and its derivatives
by molecular docking

In this study, the protein—Schiff base complexes were
analyzed by the AutoDock Suite version 4.2 software
package [45]. Lamarckian Genetic Algorithm (LGA)
was used to get the best docking conformations. The crystal
structure of histone deacetylase (PDB code: 1T69) was
extracted from RCSB (https://www.rcsb.org). Both
dimensional structures of Schiff base compounds were
built by ChemDraw (ChemDraw Ultra 10.0, Cambridge
soft.), and they were transferred into Hyperchem 8.0
(HyperChem, Release 8.0 for Windows, Molecular
Modeling System: HyperCube, 2007). Then, energy
minimization was done by using MM+ force field and
Polak-Ribiere conjugate gradient algorithm and root mean
square gradient termination of 0.01 keal/A mol.

As inputs, these optimized structures were introduced
to AutoDock tools. Then by using the Gasteiger-Marsili
procedure the partial charges were calculated. Non-polar
hydrogens were merged and then rotatable bonds were assigned.
By using Discovery Studio Visualizer, co-crystallized ligands,
SuberoylAnilide Hydroxamic Acid (SAHA), and water
molecules were removed [46]. All missing hydrogen
atoms were added and non-polar hydrogens were merged
to their related carbons after determining the Kolman
united atom charges [47].

Using Autogrid, electrostatic interactions and
desolvation parameters were assigned to each atom of
protein. The grid points were adjusted as 40 x 40 x 40 (xyz)
with a 0.375 spacing value to the histone deacetylase
catalytic site. The search algorithm LGA, was selected
for finding the global optimum binding position. Finally,
the result of docking poses was analyzed in DS Visualizer 3.5
and by AutoDockTools.
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Molecular dynamics

The dynamics of the interactions between HDAC and
drugs (SAHA as standard drug and a,4-Me2-salen
(selected from docking results due to best docking score)
were investigated using Molecular Dynamics (MD)
calculations. The topology file for studied drugs was created
by Automated Topology Builder (ATB) server [48]. All
processes of the simulations were accomplished using the
newest version of GROMACS package by grooms 53a6
force field. The simulation boxes were fulfilled with
a SPC/E model of water and by adding appropriate
numbers of sodium or chlorine ions, the neutralization of
the simulation system was performed [49]. After that,
the energy minimization process was performed
by the steepest descent algorithm. Then, in the equilibrium
process, NVT ensemble for temperature and NPT
ensemble for pressure were coupled in 310 K and 1bar,
respectively using a v-rescale thermostat and Parinello-
Rahman barostat. LINCS algorithm was used for all bonds.
The cut-off was 1 nm for Electrostatics and VVan der Waals
interactions. The interaction energies during the simulation
time were obtained using Molecular Mechanics/Poisson—
Boltzmann Surface Area (MM/PBSA) method [50, 51].
Finally, the leapfrog algorithm was exerted for the production
process of MD simulations [52].

Cytotoxic activity of Schiff base derivatives on breast
tumor cells of MCF-7 (Michigan Cancer Foundation-7)

A human breast cancer cell line (MCF7) was obtained
from the Fasa university of Medical science, Fars, Iran.
The cells were cultured in RPMI-1640 medium
accompanied with 10% (v/v) heat-inactivated FBS and 1%
streptomycin/penicillin. Cells were grown to the confluence
at37 °Cina5% CO»-95% air-humidified incubator[53].

Cytotoxicity test was performed by MTT assay.
Briefly, cells (1 x 10° cells /mL) were seeded into 96
well plates and incubated 24 h at 37°C in 5% CO;
atmosphere to allow them to develop to 90% confluence.
After incubation, the culture medium was removed, and
100 plI of different concentrations of compounds ranging
from 6 to 330 pg/mL were added to the triplicate well.
After 24 hours of incubation, the samples were washed
with PBS (pH 7.4). Then, the incubated cells were stained
with 20 uL of MTT solution (5 mg/mL) for 3 hours
in the dark, and then 100 pL of DMSO was added for
dissolving the formazan crystals formed after the addition
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of MTT, and left for 30 min in the CO; incubator. Finally,
absorbance was measured at 570 nm via ELISA reader.
The percentage of cell viability of these compounds
was calculated by using the formula:

([A —AL)/[A. —Ay])x100

Where A is the absorbance of the control, Ay is the
absorbance of the blank, and As is the absorbance of the
sample. The 50% of inhibited cell growth was denoted
as the ICsp; the minimum concentration that reduces
the absorbance of the treated cells by 50% with reference
to the untreated cells. Doxorubicin was used as a control.
All data were reported as the average of three replicates [54].

Antibacterial activity of Schiff base derivatives

Four pathogenic microorganisms were applied to test
the antibacterial potentials of Schiff base derivatives including
Escherichia coli (ATCC25922), Staphylococcus aureus
(ATCC25923), methicillin-resistant Staphylococcus aureus
(MRSAATCC25923), and Klebsiella ~ pneumonia
(PTCC1290). The antibacterial activity of each sample
was qualitatively determined according to the method
explained by Bauer et al [55]. Microorganisms were grown
in Petri plates on a nutrient agar medium. Schiff base
derivatives (330 pg/mL) were dissolved in DMSO and soaked
in a filter paper disc (5 mm diameter and 1 mm thickness
(100 mg/cm?®)) and dried under sterile conditions for removing
DMSO. Then dried discs were placed on the agar surface inoculated
in advance. The plates were inverted and incubated for 24 h
at 37 °C. Antimicrobial activity was measured by the diameter
of the inhibition zone around each disc after 24 h for bacteria.

Assessment of Antioxidant Activity by the 2,2-diphenyl-
1-picrylhydrazyl, (2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid)), and Ferric Reducing Antioxidant
Power Radical Scavenging Measures

The ability of a,d-Me,-salen derivatives as free radical
scavenging agents was investigated through in-vitro
antioxidant experiments including DPPH, ABTS, and
Ferric-reducing antioxidant power (FRAP) assays. Finally,
obtained results were compared to related standard
antioxidants such as ascorbic acid and FeSOa.

DPPH assay

As explained by Hu et al [56], the DPPH radical
scavenging activity of the compounds was measured.
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Briefly, the reaction mixture, a total volume of 3.0 mL,
with different concentrations of samples solution (0.02,
0.1, 0.2,0.24, 0.27, 0.28, 0.29 mg/mL) and DPPH (2 mL,
180 pmol/L) at 25 °C for 30 min were incubated. Then,
the absorbance of the remained DPPH radical was
measured at 517 nm against a control. The control
experiment was carried out as above without the test
samples. Three replicates for each sample concentration
were tested and the reduction of DPPH was calculated
relative to the measured absorbance of the control. The same
procedure was applied to vitamin C as standard. Radical
Scavenging Activity (RSA) was calculated using the
following formula:

% Scavenging of DPPH =
[(Control OD — Sample OD) / Control OD] x100

ABTS* radical scavenging activity

ABTS scavenging ability of the M(a,d-Me;-salen)
Schiff base complexes was evaluated by the following
method [57] with minor modifications. ABTS radical
cation (ABTS*) was produced by the reaction 7 mM
ABTS solution and potassium persulfate solution
(2.45 mM) at room temperature in equal amounts (1:1) and
for 12 h was stored in the dark. 1 mL of ABTS* solution
was diluted by ethanol to an absorbance of 0.706 + 0.001
units at 734 nm required for the analysis. After the addition
of test samples (1 mL) or standard to 1 mL of
the ABTS* solution, the absorbance was measured
spectrophotometrically. For calculating radical scavenging
activity, the decrease in absorption was determined and the
percentage of the ABTS radical scavenging activity of
compounds was obtained from the following equation.

% Scavenging of ABTS = [(Control OD — Sample OD) /
Control OD] x100

Ferric-Reducing Antioxidant Power (FRAP)

According to the procedure explained by Benzie and
Strain, the reducing power of the complexes was measured
[58] with some modifications. Briefly, FRAP solution was
mixed with sodium acetate buffer solution (10 mL, 0.3 M,
pH 3.6), TPTZ (1 mL, 10 mM) in 40 mM HCI, and FeCl;
(1 mL, 20 mM). Different concentrations (0.006-1 mg/mL)
of the samples dissolved in DMSO (0.2 mL) were added
with FRAP solution (1.8 mL) as an oxidizing reagent.
The mixture was incubated at 50°C for 30 min. The increase
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in the absorbance of the ferrous tripyridyltriazine complex
(the colored product) was measured at 593 nm. FRAP
value was calculated from a standard curve by using
FeSO.. Experiments were performed in triplicate, and
the results are expressed as mM FeSO4 7H.O equivalent
according to the following equation:

mM Ferrous Equivalent (nmol/uL or mM Fe2+equivalents)
=(BxD)/V

Where: B= Ferrous ammonium sulphate amount
from a standard curve (nmol), D= Sample dilution factor,
V = Sample volume added into the reaction.

Statistical analysis

All determinations were investigated in triplicate and
mean values were reported for each case along with
standard deviations (+SD). The antioxidant activity
of the compounds was compared by ANOVA one-way test,
using SPSS program (P < 0.05).
RESULTS AND DISCUSSION

In the present study, Schiff base metal combinations
were synthesized and evaluated by different physiochemical
and spectrophotometry approaches as reported in our
previous work, and then they were characterized for their
biological potency.

Anti-HDAC studies by molecular docking

Gene expression regulation is mediated by different
mechanisms including post-translational modifications of
histones, ATP-dependent chromatin remodeling, DNA
methylation, and DNA acetylation. HDACs, important
targets for cell function, are divided into three classes
including HDACs I, 11, and I11. Overexpression of HDACs
leads to the deregulation of many target genes which are
responsible for cell growth and differentiation. Therefore,
substantial efforts have been made to regulate HDACs
activities by using various inhibitors with high sensitivity
toward target cells. HDAC inhibitors by inducing
hyperacetylation of histones can modulate the structure
of chromatin and gene expression regulation resulting
in cell differentiation, growth arrest, and apoptosis [59, 60].

In this study, molecular docking was successfully
performed on these compounds for targeting HDACS8
isoform by using AUTODOCK 4.2. At first, for method
validation, SAHA was redocked into HDAC active site.

Research Article



Iran. J. Chem. Chem. Eng.

Fig. 3: Reattachment of the SAHA in the active site of HDAC.
The image was provided using the Discovery Studio Visualizer
application (Accelrys Software Inc., USA).

Fig. 4: Binding model of a,a-Me2-salen for the best-docked
pose in the HDAC active site. Zn (11) metal has been shown
as a red sphere.

Fig. 5: Superimposition of the best docking poses for
a,a-Me2-salen (cyane) with SAHA (black) in the active site
of HDAC.
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The molecular interactions of SAHA with HDAC are illustrated
in Fig. 1. As seen in this figure, SAHA interacts with
TYR306 in HDAC via hydrogen binding.

After protocol validation, the 3D structures of
compounds were docked into the HDAC active site. Based
on our docking study, the best result was obtained
for o,G-Me2-salen compared to other derivatives. Actually,
this compound showed the most negative AG (-7.51kcal/mol)
of binding with favorable interactions and hydrogen
binding to the key amino acid residues (His142 and
His143) at the active site of HDACs (Fig. 2).
Superimposition of a,4-Me2-salen and compound SAHA
implies that the main scaffolds and the substituents have
almost the same orientations (Fig. 3) and may be acted
as the HDAC inhibitor and could be resulted to growth arrest,
cell differentiation, and apoptosis of MCF7 cell lines.

However, the molecular docking method is a valuable
simulation method for the investigation of protein ligands
interaction within the active region but all docking
methods are probabilistic approaches. Therefore, further
simulations by MD were applied to docking results
in order to validate and compare the obtained results from
docking[61].

Molecular dynamics simulation

In order to more accurate investigation, the extent of
changes in protein structure in combination with o,4-Me2-
salen, and SAHA, dynamics of the interactions between
HDAC and a,4-Me2-salen were investigated via MD
simulations,

RMSD of the protein backbone depending on time
for the free protein and protein in complex with mentioned
drugs were performed for further investigating the
accuracy of the simulation (Fig. 6). The numerical value of
RMSD is balanced after 20 ns. The mean RMSD values of
about 0.25 nm are fluctuating in free protein. In the
protein-a,a-Me2-salen system, the mean RMSD (0.38 nm)
was similar to the protein-SAHA system (0.38 nm). These
results indicate that the most severe fluctuation in RMSD
and consequently more instability in protein is observed
for the protein-(a,6-Me2-salen) and protein-SAHA
systems.

As can be seen from Fig. 7, SAHA in the locations
around the residue Tyr 200-300 makes the highest
fluctuation in the protein which can further put out the
instability in its structure. Also in the location of residues
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350-360 in the o,G-Me2-salen containing system the protein
has higher fluctuations than in other systems. (Fig.7).

The radius of gyration represents the protein
compactness degree. As shown in Fig. 8, the radius of
gyration has decreased in the protein in the complex with
SAHA and o,3-Me2-salen (<1.93 nm) rather than free
protein (1.96 nm). The decrease in Rg indicates more
compassion for the protein in the presence of these
compounds. This condensation can tighten the opening
of the active site and prevent the substrate from correctly
binding to the enzyme.

Hydrogen bond analysis is an important indicator
to evaluate the stability of the protein-drug complex.
As shown in Table.1 the higher mean number of H-bond
formations is seen in the complex of protein with SAHA
(0.97), rather than a,a-Me2-salen (0.2) which indicates
the more stability of the protein-drug complex in combination
with SAHA.

One of the main analyses for investigation of the
secondary structure of the proteins is DSSP (Dictionary
of the Secondary Structure of the Protein). The secondary
structures of free protein and protein in complex with SAHA
and o,G6-Me2-salen during 60-ns of simulation are depicted
in Fig.9. From this figure no significant difference
was observed in helical content and beta-sheet regions
of the HDAC complexes with a,a-Me2-salen, and SAHA.

The interaction energies for different protein-SAHA
and protein-a,6-Me2-salen complexes were obtained
during the simulation time using MMPBSA method, and
their mean values are reported in Table 2. As can be seen
from the table, in the dynamic state, o,4-Me2-salen
has conducted a more stable complex with HDAC compared
to SAHA and it has interacted with protein in both
electrostatic and Vander wales manner. Comparatively,
the interaction energies obtained here have a good
agreement with those obtained from docking results
in which the docking data show that the o,d-Me2-salen
forms a more stable complex than SAHA.

Anticancer capability

The results of cytotoxic screening are presented
in Table.3. Among the present compounds, Co(ll), Ni(ll),
Cu(ll) Schiff base complexes are more effective than
doxorubicin towards MCF7 cells and their 1Cso values
of are comparable with doxorubicin. However, Mn(l11) is
less effective than others towards breast cancer cells.
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Table 1: The mean of H-bond numbers values.
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Table 2: Means of dynamic interaction energies (kJ/mol) for protein-SAHA and Protein-(a,&-Me2-salen).

[ Vdw Electrostatic Total \
protein - (a,G-Me2-salen) -158.156 -88.7091 -246.865
k Protein-SAHA -193.0818 121.604 -71.47829 j

Table 3: Cytotoxicity for the combinations.

( Schiff bases (0,6-Me,-salen) | Mn(a,d-Mez-salen)

Co(a,6-Me;,-salen)

Ni(a,6-Me,-salen) | Cu (o,a-Me,-salen) doxorubicin\

5.35+0.2 330+2.5

k IC50 (pg/mL)

2.2+0.06

2.10+0.01 3.15+0.1

4.45+0.1 )

Antibacterial capability

Synthesized Schiff base derivatives were evaluated
for antibacterial activity against Gram-positive and Gram-
negative bacteria. Primary screening for qualitative study
on antimicrobial activities of compounds was carried out
via disc diffusion assay (Table.4). Neither (a,6-Me2-salen)
nor its metal complexes showed significant activity against
any of the above bacteria.

The free ligand o,0-Me2-salen, and its metal
complexes of Schiff base revealed inhibitory zones
ranging 10-11 mm. It means that the ligand and the related
complexes did not exhibit an effective and significant
antimicrobial activity over the range of these considered
concentrations as compared to standard drugs.

According to these data, even a,G-Me2-salen
complexation with metals didn't enhance their antimicrobial
potential and indicated no significant difference between
a,0-Me2-salen, and its metal derivatives. These results were
out of our expectations and unlike other research. However,
based on the last reports, several synthetic Schiff bases
including amino acids, sulfonamides, resacetophenones,
aminothiazolyl bromocoumarins, O-phthaldehyde, did not
exhibit any notable antibacterial activity [62]. It is not clear
to us why these compounds didn’t show potent antibacterial
activity while they have excellent anticancer and antioxidant
properties. Based on the research, upon metal complexation,
the metal ion polarity will be reduced and the lipophilicity of
the complexes increases due to the partial sharing of positive
charges with donor groups. Therefore, it is expected that the
diffusion of the complexes increases through the lipid
membranes and the allocated metal binding sites of the
targeted enzymes of the microorganisms blocks [63] and
hence it is expected that metal (II) complexes be more
effective than the o,6-Me2-salen. But, in this research,
an unexpected result was obtained. However, antimicrobial
activity depends on several factors including the
concentration, molecular structure, and geometries of
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the compound and the bacterial strain, and the polarity of
the solvent [64].

Antioxidant assays

Antioxidant properties of a,4-Mey-salen, and its
derivatives were determined by three different methods
including DPPH and ABTS, and FRAP.

DPPH radical scavenging assay

The DPPH assay is a prevalent method to determine
the radical scavenging ability of various compounds. Most
investigations are widely measured the hydrogen-donating
activity, using DPPH radicals as a hydrogen acceptor, to
estimate the antioxidant activities of samples due to its
simplicity and high validity compared to other methods [65].
The radical scavenging activity of the DPPH by Schiff
base derivatives has been summarized in Table 5.
According to the table, all compounds (with ICso values
0.13-0.24 mg/mL) demonstrated significant DPPH free
radical scavenging activity compared to vitamin C
(1C50=0.44 mg/mL). However, among them, Mn (a, -
Me2-salen) showed the highest activity with an 1Cs value
0of 0.13+£0.50 mg/mL.

ABTS

As listed in Table 5, all compounds represented better
ABTS scavenging activity compared to vitamin C
(IC50=0.26+0.001). Among the studied complexes,
a,6-Me2-salen and Ni (1) complex exhibited the highest
ABTS scavenging activity with 1Csp values of 0.05+0.003
and 0.049 mg/mL, respectively. While Mn (1), Co (II)
and Cu (I1) complexes had an ICsp value of 0.12+0.002,
0.14+0.009, 0.13+0.001 milligram per milliliter, correspondingly.

FRAP

FRAP assay is a convenient test among the most
widely used methods for the measurement of antioxidant
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Table 4: Qualitative antimicrobial assay (100 mg/cm?); Inhibition diameter in millimeters. Values >15 millimeters
represent high antibacterial activity. Values are expressed as mean + SD of three replicates.

e Compounds Escherichia Staphylococcus methicillin-resistant Staphylococcus Klebsiella N\
P coli(ATCC25922) aureus(ATCC25923) aureus (MRSAATCC25923) pneumonia(PTCC1290)
(0,6-Me2-salen) 10.33340.9 10.67740.2 10.667+0.15 10.667+0.73
Mn (o, 6-Mey-salen) 10.33+0.1 10.67+0.13 11 +£0.21 10 £0.31
Co (a,a-Me2-salen) 10.33 £0.25 10.67 £0.1 10.33 0 10 +£0.12
Ni (0,4-Me2-salen) 10.67 +0.3 10.33+0.14 10 £0.25 10.67 +£0.43
Cu (a,6-Me2-salen) 11 +£0.54 10.33 +0.36 10+0.3 11 £0.22
Streptomycin (control) 24+2.1 31417 -
o J

Table 5: Antioxidant activity of Schiff base complexes by DPPH, ABTS [ICso (mg/mL)], and FRAP [mM Fe (11)/g
equivalent] methods. Values are expressed as mean + SD of three replicates. The values with different letters (a - €)
are significantly differentatp < 0.05.

é Compound FRAP [mM Fe (11)/g equivalent] DPPH" [ICsp (mg/mL)] ABTSJ[ICs (mg/mL)] N
Cu (0,4-Me2-salen) 0.18+0.000 a 0.13+0.001a 130+2.0 a
Co (a,4-Me2-salen) 0.18+0.001 a 0.14+0.009a 483.3+0.0b
Mn (a,d-Me2-salen) 0.13+0.000 b 0.12+0.002b 925+2.1c
Ni (a,6-Me2-salen) 0.24+0.001 ¢ 0.04+0.000c 1000+0.0d
a,d-Me2-salen 0.16+.001d 0.05+0.003c 75+2.3¢€
\_ Vitamin C 0.44+0.002 e 0.26+0.001d -—-- )

capacities of natural and synthetic compounds. In this study,
the antioxidant power of all compounds was determined
by FRAP assay and was expressed as an equivalent of
standard antioxidant, FeSO4. FRAP values indicated that
all compounds possess the ferric-reducing antioxidant
capacity. However, Ni (1) and Co (1) derivatives showed
comparatively high antioxidant activity compared to
others (Table 5).

Generally, our results represented high DPPH radical
scavenging activities of a,4-Me2-salen, and its derivatives
(especially Mn (1)) compared to vitamin C. Also, ABTS
and FRAP analysis showed high antioxidant activity of
Ni(Il) derivative compared to other complexes. Therefore,
it may be a result that Ni(ll) and Mn(ll) complexes have
the best antioxidant capacity among other metal
complexes. Except for Mn (II) complex, the DPPH
scavenging activities of other Schiff base metal complexes
are significantly lower than that of o,-Me2-salen.
Therefore, based on the results, it seems that metal ions

Research Article

have no additional effect on the radical scavenging activity

of these compounds.

According to a report published by Baykara, et al.

(2014), some new metal

complexes of the types

[ML2(H20)2]CI2 and [ML2]CI2 (M = Mn(Il); Co.(Il);
Ni(ll); Cu(ll); and Zn(I1)) have been found with high

antioxidant effects.

Furthermore, metal

complexes

revealed the potent scavenging property as compared

to free ligands [66].

In another study, three new synthetic salicylaldehyde
Schiff base ligands containing aromatic groups along
with aliphatic spacers have been investigated for their
antioxidant activities. The results showed that the dinitro
compounds and diamine precursors have moderate
percentage scavenging activities in DPPH free radical
assay while the Schiff base ligands showed significant
values [67]. These findings are in accordance with our
study which has shown the antioxidant activity of metal

Schiff base complexes.
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CONCLUSIONS

The synthesized a,6-Mez-salen, and its metal derivatives
have shown anticancer potential against MCF7 breast cancer
cells. Furthermore, a docking study revealed that o,G-Me2-
salen has a high inhibitory potency compared to other
derivatives and MD calculations showed that it has conducted
amore stable complex with HDAC compared to SAHA. Based
on the antioxidant results, all these combinations exhibited
excellent radical scavenging activities against DPPH radical
and ABTS. They showed major antioxidant activity than
oxidation-inhibiting agents like vitamin C and FeSO4. DPPH
and ABTS results revealed that these compounds can donate
electrons or hydrogen atoms and subsequently are capable
of reacting with free radicals or terminating chain reactions
in a dose-dependent manner.
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