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Abstract: A Schiff base (E)-N'-(4-hydroxy-3,5-dimethoxybenzylidene) nicotinohydrazide (HL)
derived from nicotinic acid hydrazide and syringaldehyde was synthesized. Further, HL was treated
with respective metal chloride salts of [Mn(ll), Co(lll), and Ni(ll)] to form complexes(1-3). The
chemical structure of HL and metal complexes was established employing elemental analysis, UV—-Vis,
FT-IR, *H- NMR, *C- NMR, LC-MS, TGA, and molar conductance data. The electrochemical behavior
of the ligand and its complexes were investigated by cyclic voltammetry. The analytical data showed
that the metal-to-ligand ratio is 1:2 (M:L). Molar conductivity data showed that all the complexes were
non-electrolytic. The octahedral geometry of the complexes was confirmed by UV-visible spectrum and
magnetic moment. The IR spectra results show that the ligand is bidentate, coordinating through the
azomethine nitrogen and oxygen of the carbonyl group. The molecular docking studies on the P53
cancer mutant protein (PDB ID: 5AB9) were done using the synthesized compounds as potential cancer
cell inhibitors. In vitro antioxidant, anticancer and antimicrobial activities for the synthesized ligand
and complexes were studied. The observed data infer that all the complexes show promising biological
activity against all of the tested free radicals and microbial species compared to the parent ligand.

Keywords: O and N donor Schiff base; cyclic voltammetry; antioxidant; anticancer and molecular
docking studies.
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1. Introduction

Treatment that involves high doses of medicines has toxic side effects leading to more
complications. So, there is a need to focus on target-specific drugs, thus decreasing side effects
[1]. One such promising approach is the use of hydrazone linkers which show the
bioavailability of drugs at the diseased site [2]. Hydrazones have an imine group attached to
different organic moieties (R), which can be released at the site of infection in a controlled
manner. This change in the (R) groups can have various useful applications in diminishing the
symptoms or curbing the disease in the first place [3]. Also, aroyl hydrazones of pyridine rings
have high sensitivity and selectivity, thus captivating special attention as analytical reagents
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[4-9]. Benzimidazoles[10], pyrimidines[11], pyridines[12], and quinazolines[13] also show
medicinal properties by forming stable complexes when combined with transition metal ions.
Chelation causes sharing of the positive charge of the metal ion with the donor atoms hence
veiling its polarity. This increases the lipophilic nature of the metal, thereby amplifying its
movement through the lipid layers of the organisms[14,15]. Metals' distinctive characteristics
include redox activity[16], coordination modes, and reactivity towards organic moieties. Due
to this nature, metals treat various disorders [17].

Transition metals such as manganese, iron, cobalt, nickel, and copper are involved in
multiple biological processes where binding to several proteins and enzymes is seen [18].
Transition metals have several oxidation states that make them suitable for interacting with
negatively charged molecules. Such properties of transition metals have paved the way for
metal-based drugs with large pharmacological applications [19,20]. The use of transition metal
complexes as therapeutic agents has become more and more noticeable. These complexes offer
a prodigious diversity in their action as anti-inflammatory[21], anti-infective[22], and
antidiabetic agents[23]. Significant efforts are made to develop transition metal complexes as
drugs[24]. In view of the above importance of Schiff base and its metal complexes, as well as
our interest in continuing studies on transition metal complexes [25—-27]. Herein, we report the
preparation, characterization, and biological applications of a new Schiff base constructed from
nicotinic hydrazide and its metal complexes.

2. Materials and Methods

Nicotinic acid hydrazide and syringaldehyde were procured from Sigma Aldrich
Chemicals Pvt. Ltd. Bengaluru. The metal salts and solvents were of reagent grade purchased
from S.D. fine Chemicals and used without any purification. Elemental analysis was performed
using Perkin Elmer 240 CHN analyzer. UV-Vis absorption spectrum was recorded with a
JASCO UV spectrophotometer (Model V-730) in the range of 300-800 nm. IR spectra were
recorded in the region of 4000-400 cm™ with an FT/IR-4100 type-A spectrometer (KBr disk
matrix). NMR spectra (*H NMR: 400 MHz and *C NMR: 100 MHz) were recorded on
VNMRS-400 Agilent-NMR spectrometer, and chemical shift values (8) were reported as ppm
referenced to tetramethylsilane (TMS). DMSO-ds was used as a solvent. Thermal studies were
carried out with TGA Q50 V20.10 Build36 in the temperature range 25-1000 °C at a heating
rate of 10 °C min~! under a nitrogen atmosphere. Mass spectra were acquired on LC-MS/MS
Synapt G2 HDMS. The progress of the reaction was monitored by the use of TLC (silica-coated
aluminum plates) under a UV chamber. The molar conductance of the complexes was
measured on an Elico CM-180 conductivity meter with a cell having a cell constant of 1 cm™.
Cyclic voltammetry was recorded using a Biologic SP-150 potentiostat. Glassy carbon of 0.196
cm?served as the working electrode, while Ag/Ag* electrode and Pt wire were used as reference
and counter electrodes, respectively.

2.1. Chemical synthesis.
2.1.1. Preparation of (E)-N'-(4-hydroxy-3,5-dimethoxybenzylidene)nicotinohydrazide (HL).

To a minimum amount of ethanol, nicotinic hydrazide (Immol, 0.137g) was added with
constant stirring. On complete dissolution, an ethanolic solution of syringaldehyde (1mmol,
0.182g) was added dropwise at around 60°C. The reaction mixture acquired pale yellow color
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after 4 hours of reflux. TLC was used to predict the formation of the Schiff base. On cooling,
the settled product was filtered, washed with excess ethanol, and re-crystallized with the same.

2.2.2. Synthesis of Mn(I1), Co(l11) and Ni(Il) complexes (1-3).

A stoichiometric amount of metal chlorides of Mn(l1l), Co(l1l), and Ni(ll) in a minimum
amount of hot ethanolic solution was added dropwise to an ethanolic solution of the synthesized
ligand HL with metal to ligand ratio of 1:2. The reaction mixture was refluxed at 60°C for 3-4
hours with constant stirring. The change of color was an indication of the complex formation.
On cooling, the colored solid obtained was filtered, washed successively with excess ethanol,
and dried over a vacuum. The complexes were colored and stable to air and moisture. The
complexes were insoluble in most of the polar and non-polar solvents but were soluble in
DMSO. An outline of the proposed structures of HL and complexes (1-3) is depicted in Scheme
1 and Figure 1. The melting point, micro-elemental analysis, and m/z data are given in Table
1.

2.2. Biological studies.
2.2.1. Antioxidant activity.

2,2’-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay (RSA). The antioxidant
activity of newly synthesized compounds was evaluated by DPPH radical scavenging
assay[28]. Internal standard BHA and the synthesized metal complexes (1-3) of different
concentrations were prepared in distilled ethanol. 1 mL solution of each compound having
different concentrations (10, 25, 50, 100, 200, and 500 uM) was taken in different test tubes
along with 4 mL of 0.1M methanolic solution of DPPH and shaken vigorously. The tubes were
then incubated in the dark room for 20 min at RT. A DPPH blank was prepared without
compound, and ethanol was used for the baseline correction. Changes (decrease) in the
absorbance at 517 nm were measured using a UV-visible spectrophotometer, and the
remaining DPPH was calculated. The percent decrease in the absorbance was recorded for each
concentration, and the percent quenching of DPPH was calculated based on the decrease
observed in the absorbance of the radical. The radical scavenging activity was expressed as an
inhibition percentage and was calculated using the formula:

Ao — A4

x 100

Radical scavenging activity(%) =
1
where Ay is the absorbance of the control (blank, without compound) and A is the absorbance of the compound.

Equation 1. Radical scavenging activity formula.
2.2.2. Antimicrobial activity.

HL and its metal complexes (1-3) were screened for their antimicrobial activity using
Muller-Hilton (MH) method. The pathogenic bacterial strains (Escherichia coli,
Staphylococcus aureus, and Bacillus subtilis) and two fungal strains (Aspergillus Niger,
Penicillium rubrum, and Candida albicans) were used [29].
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2.2.3. Antibacterial activity.

Briefly, 20 mL of the sterilized agar media was poured into pre-sterilized Petri plates.
Excess of the suspension was decanted, and the plates were dried in an incubator at 37 °C for
1 hr. 20 mL of the bacterial suspension (in sterilized MH agar media) was poured into it,
swabbed neatly, and allowed to solidify. Wells were made on each Petri plate using a 6 mm
sterile cork borer. 100 pL of the test compounds (5mg/mL in DMSQO) were added to each of
them. The plates were incubated at 37 °C for 24 hrs, and the zone of inhibition (ZI) was
measured in millimeters (mm) using a digital micrometer and compared with the reference
standard Amoxicillin (5mg/mL). Each experiment was performed in triplicates [30].

2.2.4. Antifungal activity.

Antifungal screening of HL and its metal complexes (1-3) was carried out by a well
diffusion method against three fungal strains in sterilized Asthana and Hawker's agar media,
as reported earlier [31]. Briefly, the fungal suspension (in 3 mL of saline solution) mixed with
20 mL sterile agar media was poured into Petri plates and solidified. Later, the plates were
dried at 37 °C for 1 hr in the incubator. Wells were made using a 6 mm sterile cork borer to
which 100 pL of the test compounds (5mg/mL in DMSO) were added. The Petri plates were
prepared in triplicates and incubated at 25 °C for 72 hrs. The zone of inhibition (in mm) was
measured and compared with the reference fluconazole [32,33].

2.2.5. Anticancer assay.

The inhibition of cell growth by HL and its metal complexes(1-3) were evaluated using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) cleavage assay with
MCEF-7 and HeLa cell lines [34]. The cells were seeded at 1x104 cells/well in 96 well plates in
RPMI medium supplemented with 10% Fetal Bovine Serum (FBS). After 20 hrs of culture,
transition metal complexes and the uncoordinated HL at 10 uM concentration were added in
triplicate, and the cells were further cultured for 72 hrs. The cells were then exposed to 5mgmL-
L MTT in Phosphate buffer saline (PBS) at a final concentration of 1 mgmL™ in culture for 5
hrs. Formazan crystals formed during incubation were dissolved overnight at 37°C by adding
10% SDS containing 20mM HCI. The absorbance was measured at 570nm.

2.3.Molecular docking studies.

The Molecular Docking study of ligand HL and the three complexes(1-3) with P53
cancer mutant protein (PDB I1D: 5AB9) was performed by using an Autodock tool to know the
different interactions between ligand and the protein [35]. The 3-D structure of the P53 cancer
mutant protein (PDB ID: 5AB9) was downloaded from the RCSB Protein Data Base in PDB
format;the bound ligands were removed using Biovia discovery studio 2019. Using an
Autodock tool, polar hydrogen atoms were added, and energy was minimized to the
protein[36]. The grid box was generated to define a binding site using a grid size of X=123.62,
Y=103.46, and Z=-47.13. The three complexes and ligand molecules were drawn in Marvin JS
tool, converted into a 3-D structure, and saved in PDB format. All these compounds were
optimized and converted from PDB to PDBQT format by using Autodock tools 4.2.6. The
docking analysis has been performed by using the Autodock tool. All the molecules have been
docked to the active site of the P53 cancer mutant protein. The binding affinity of the
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complexes was observed as a negative score with a unit of kcal mol™. Finally, protein-ligand
interactions were analyzed by using the Biovia discovery studio visualizer[37].

3. Results and Discussion

The complexes were generally obtained by refluxing respective transition metal salts
with HL at 70°C for 3 hrs in an oil bath with constant stirring. The reaction of HL with
MX2.nH20 in a (2:1) molar ratio led to the formation of Schiff base metal complexes (1-3).

All the complexes derived from HL were colored, stable, non-hygroscopic, and
insoluble in most of the polar and non-polar solvents but were soluble in DMSO. The molar
conductivity measurements of all the complexes(1-3) in (1x10° M) DMSO solution at 25°C
are predicted in Table 1. The low molar conductance value (12-18 Q*cm?mol™?) indicates their
non-electrolytic nature.

The micro-elemental analysis for C, H, N, and M and the molecular weight of the
complexes obtained agreed with the predicted formula for the complexes(1-3). An outline of
the proposed structures of HLand its complexes (1-3) is depicted in Scheme 1 and Figure 1.
The melting point, micro-elemental analysis, and m/z data are given in Table 1.

't OCH, N\ P
NN EtOH, reflux at 70°C Q—( OCHj
| i H + OH ————» N HN=N_
N O 4 hrs OH
OCH,
OCH;

Scheme 1. Synthesis of ligand HL.

+2

M= Mn(lI), Co(l11) and Ni(I1)
Figure 1. The general structure of the synthesized metal complexes (1-3).

Table 1. Physical parameter of hydrazone Schiff base ligand HL and its metal complexes (1-3).

.. . Molar C H N M
No. Empirical M.W Color M.P Yield conductance
Formula (g/mol) (%)
(us/cm)
Cream 214-

L C1sH15N30s HL 301.11 yellow 216 90.2 - 59.73 4,98 13.89 -
1 [Mn(HL)2(H20)2] 693.60 yLellgll:\fv >300 89 15.6 54.75 455 12.73 8.31
2 [Co(HL)2(H20):] 697.53 gE)rgrel:] >300 86 12.2 54.43 452 12.66 8.86
3 [Ni(HL)2(H20)] 697.39 yellow >300 88 18.0 54.46 454 12.65 8.82
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3.1. IR spectral analysis.

In order to determine the binding mode of ligand to metal in the complexes, the IR
spectrum of the ligand was compared to the spectra of metal complexes. The diagnostic IR
spectral bands of HL and its metal complexes (1-3) are presented in Table 2 and Figure 2. The
band at 1582 cm is assigned to the ligand's azomethine (-C=N-). The IR spectrum of HL
additionally showed a broad band at 3222 and 3472 cm™ due to the stretching vibration of (-
NH) and (-OH) groups, respectively. On complexation, the bands of the imine group displayed
a shift to a higher wave number (1596, 1592, and 1588 cm™) as compared to the free Schiff
base ligand (1582 cm™). Also, the band seen at 1638cm™ of the carbonyl group of HL was
shifted to a higher wave number (1645, 1648, and 1659 cm™) of the three complexes. The shift
in the intensities before and after complexation indicates the involvement of these groups in
complex formation [38,39]. From the IR spectral data and the results mentioned below, it is
concluded that the ligand behaves as a bidentate coordinating through the imine nitrogen and
oxygen of the carbonyl group in complexes (1-3). The IR spectrum of all the complexes is
predicted in Figure 2.
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Figure 2. IR spectra of ligand HL and its metal complexes (1-3).

Table 2. IR spectral data of ligand HL and metal complexes (1-3).

L/complexes v(O-H) v(N-H) v(C=0) v(N-N) | v(C-O) v(C=N) | v(M-O) | v(M-N)
C15H15N304(HL) 3472 3222 1638 1110 1214 1582 - -
[Mn(HL)2(H20)2] 3436 3215 1645 1123 1223 1596 712 645
[Co(HL)2(H20)] 3433 3195 1648 1120 1235 1592 708 635
[Ni(HL)2(H20)2] 3421 3208 1659 1116 1229 1588 718 639

3.2. UV-visible spectra.

The electronic spectral data of ligand HL and its metal complexes were recorded in 10
3M DMF solution in the 300-800 nm range. In the UV spectrum of ligands, the appearance of
two absorption bands at 321 and 410 nm can be assigned to n—* and n-nt* transitions (Table
3). On the other hand, these transitions in the complexes appeared as bands that were shifted
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compared to those of the ligand; specifically, the bands corresponding to n—n* and n-m*
transitions appeared in the range 325-335 nm and 352-378 nm, respectively. The absorption
bands of the Mn(Il) complex have been found around 420-526 nm suggesting an octahedral
geometry, with the ® Aig—* T1g (4G), ® Arg—* T2g (4G) transition for complexes. These bands
are reasonably assigned to d—d transition based on their low extinction coefficients[40]. At the
same time, the electronic spectrum of the Co(l1l) complex displayed one band at 490-588 nm
attributed to “Tig (F)— *T2g (F), “T1g (F)=*Azg (F), and *Tig (F)—*T2y (P) transitions,
respectively, in a high-spin octahedral geometry around the cobalt(l1l) ion. The electronic
spectra of the Ni(ll) complex exhibit absorption bands at 512-610 nm, attributable to
3P0g—3T2g (F), A2y —3Tag (F), and 3Azq —3T1g (P), transitions, respectively, which indicates
octahedral geometry. The UV-visible spectrum and electronic spectral data of ligand and its
complexes, along with their absorption band, are depicted in Figure 3 and Table 3.

1.0
——HL

0.8} -
Co

—Ni

Absorbance / a. u
S S
» =
L] L]

>
~
T

e :
300 400 500 600 700 800

Wavelength / nm
Figure 3. UV-visible spectra of ligand HL and its metal complexes (1-3) in DMSO medium.

Table 3. The UV-visible spectrum and electronic spectral data of ligand and its complexes (1-3).

No. Complexes nm Absorption bands
HL L 321,410 n—n* and n-*
325, 352 n—n* and n-m*
1 [Mn(HL)2(H20)2] 420-526 GAlg—)4Tlg (4G),6A1g—>4T2g( 4G)
332, 365 n—n* and n-*
2| [CoHL:(H0) | 4q0i588 | 4Tug (F)os “Tag (B)4 Tag (F)—* Asg (F) and * Tag (F)—* T (P)
. 335, 378 n—n* and n-*
3 [Ni(HL)2(H20)2] 512-610 3A2g—3T2g (F),2A2g —3T1g (F) and 2Azg —3T1g (P),

3.3. H and *C NMR spectroscopy.

'H and C NMR spectroscopy of HL was recorded in DMSO-ds and are given in
Figures S1 and S2. The hydrogen of the azomethine (-CH=N)- group shows a singlet peak at
8.29 ppm. The multiplet signals of aromatic-hydrogen were observed between 6.96-9.01 ppm.
The di-methoxy (-OCHa) protons resonate at 3.78 ppm. The structure of the ligand HL was
evaluated further using *C NMR. The signal at 5=148.24ppm is attributed to the carbon of the
azomethine group (-CH=N). The peaks observed between 6=104.6-148.78ppm show the
aromatic ring carbons. The peak at 161.63 ppm corresponds to the carbon of the amide group.
The spectrum is shown in Figures S1 and S2.
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3.4. Mass spectrometry.

Molecular ion peaks of the ligand HL and its complexes (1-3) were observed at different
intensities in positive ionization mode, which confirmed the molecular weights. The mass
spectrum of HL and its complexes are depicted in Figures S3-S6.The M+1 peak observed at
m/z=302.10 is consistent with the molecular mass of the ligand. The mass spectrum shows
molecular ion peaks at m/z= 693.60, 697.53, and 697.39, which confirms the mass of the
synthesized metal complexes (1-3), respectively.

3.5. Thermogravimetric analysis.

The TGA thermo analytical curves of [Mn(HL)2(H20)2] show mass loss
(Calc./Found%: 14.45/5.20) with DTG peak at 45 °C, assigned to the loss of two coordinated
water molecules within the temperature range of 95-290 °C. The thermo analytical curves
showed the second step of decomposition within the temperature range 290-340°C with mass
loss of (Calc/Found%:40.35/41.35) associated with DTG peaks at 290°C leaving off the
organic moiety, i.e., the ligand. In the last step, MnO, the metal oxide (Calc./Found%:
63.65/62.50), remains as the final residue. The decomposition step of [Co(HL)2(H20)2]
complex started with the breaking of the H-bond of water molecule associated with an
endothermic peak at 46°C, followed by the loss of two water molecules with an endothermic
peak at 77-130 °C showing 5.20% weight loss (Calc. 5.35%). A DTA peak was observed at
246°C and 312 °C with 52.10% weight loss (Calc. 52.05%). It can be owed to the loss of two
organic ligands. Oxidative thermal decomposition occurred in the 365-650 °C temperature
range with an exothermic peak leaving CoO with 82.50% weight loss (Calc. 82.70%). The first
decomposition step for complex (3) began with the elimination of two water molecules at 76-
185°C with a weight loss of about 11.25% (Calc. 11.05%). Another thermal decomposition
peak at 215-410 °C shows a weight loss of approximately 59.45 % (Calc.59.56%) due to a
coordinated organic moiety loss. Finally, the complex showed exothermic peaks in the
temperature range of 435, 455 °C corresponding to oxidative thermal decomposition, which
proceeded gradually with a final residue of NiO at 455-790 °C.TGA and DTA curves of
complexes (1-3) are depicted in Figure 4.
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Figure 4. TGA and DTA curves of complexes (1-3).

3.6. Cyclic voltammetry.

Cyclic voltammetry of the ligand HL and its complexes(1-3) is compared against a
blank electrolyte (0.1 M TBAPFs in DMSO) to understand the redox behavior of the
complexes. The reduction peak at -1.3 V vs. Ag/Ag” in the blank is for the trace amount of
oxygen present in the medium. In the case of ligands and complexes, the same redox peak is
shifted to negative potential indicating the increase in overpotential for the oxygen reduction
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reaction upon the incorporation of ligands and complexes. HL shows redox behavior in the
potential window of 0.0 to 0.8 V, which is also observed in all the complexes, indicating the
presence of ligands in the complexes. This redox behavior of the ligand could be due to the
presence of secondary amines and pyridinic nitrogen [41]. Redox species containing N center
are known to show redox activity in this redox potential. However, only [Mn(HL)2(H20).] and
[Ni(HL)2(H20)2]. show an additional reversible redox peak around -1.6 V vs. Ag/Ag*. This
could be due to the redox behavior of metal centers in respective complexes. However, this
peak is not observed in the case of [Co(HL)2(H20).], indicating metal center may not show
redox activity in the complex.

20 Blank DMSO (a)
—HL

Blank DMSO (b)
Mn(HL),2H,0

, Current/ pA
T
Current / pA

T

b
T
h

L . 1 ' L 1 L L ' L
-2.0 -1.5 -1.0 -0.5 0.0 0.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5

2 2 + Potential / V vs. Ag/Ag"
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C 5 d
Co(HL),.2H,0 © ——Ni(HL),2H,0 @
5F 5}
3 <
2 oo} < o}
3 P
5
< -5 g St
101 10
-15 . . . . L 15 L 1 . : :
-2.0 -1.5 -1.0 -0.5 0.0 0.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5

Potential / V vs. Ag/Ag’ Potential / V vs. Ag/Ag”

Figure 5. CV of (a) HL ligand, (b)[Mn(HL)2(H20)2], (c)[Co(HL)2(H20).] and (d)[Ni(HL)2(H20).] compared
with blank DMSO medium.

3.7. Biological evaluation.
3.7.1. Antioxidant activity.

The radical scavenging activity of ligand HL and the complexes (1-3) was done by
using in vitro assay of 2,2-diphenyl-1-picryl-hydrazyl (DPPH). The antioxidant properties were
expressed as 50 % inhibitory concentration (ICsg) values. DPPH is one of the simplest and best
methods to detect the radical scavenging activity of natural extracts or synthesized compounds
due to its stability as a free radical with an odd electron. Therefore, the free radical scavenging
capacity of HL and its complexes have been evaluated using this method against BHA as a
positive standard. Initially, HL exhibited a certain amount of antioxidant efficacy, which may
be due to the presence of an electron-donating dimethoxy group and hydroxyl group on the
phenyl ring of aldehyde. Upon complexation with their respective metal ions, [Mn(I1), Co(lll),
and Ni(1)], we observed an increase in their antioxidant potency. Among the synthesized
complexes [Co(HL)2(H20).] and [Ni(HL)2(H20)2] showed the highest antioxidant activity
leading to a lower 1Csg value. The inhibitory effects of HL and its complexes (1-3) are shown
in Figure 6 and Table 4.
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Figure 6. ICsg inhibitory concentration of ligand HL and its complexes(1-3) for 50% of DPPH radical.

Table 4. 50% inhibitory concentration (ICsp)Radical scavenging activity of ligand HL
and metal complexes (1-3).

Sl. No. Compound 1Cso0
1 HL 95.3£0.5
2 [Mn(HL)2(H20)2] 30.5+0.1
3 [Co(HL)2(H20)] 15.2+0.4
4 [Ni(HL)2(H20)2] 14.540.1
5 BHA 1240.3

3.7.2. Antimicrobial activity.

The antimicrobial activity of HL and its derived metal complexes(1-3) were evaluated
by using the Muller-Hilton (MH) method, in which the inhibitory activity was calculated as the
diameter of the inhibition zone (in mm). In the presence of HL and its derived metal complexes,
the growth of bacterial and fungal species was pointedly inhibited without any interruption of
other external agents. Among the tested complexes [Mn(HL)2(H20).]and
[Ni(HL)2(H20)2]showed the highest microbial inhibition effect against the tested bacterial (B.
Subtilis and E. Coli) and fungal (P. Rubrum) strains. This may be because manganese is an
essential trace nutrient in living cell life and a wide group of enzymes has manganese as a
cofactor[42]. From the experimental observations, the antimicrobial activity against all the
microbes can be put in the order of HY<Co(lI)<Ni(Il)<Mn(ll)<Amoxicillin/ Fluconazole.
Figure 7 and Table 5 show the antimicrobial activity of HL and its complexes compared to
amoxicillin/ Fluconazole.

—@—B. Subtilis
—y—E. Coli
—4—S. Aureus
—*— A. Niger
—8—P. Rubrum
—¥—C. Albicans
—|—C. Albicans

Zone of inhibition(mm)

HL Mn(ll) Co(ll) Ni(Il) Amoxicillin Fluconazole

Compounds/standard

Figure 7. Graphical representation of the antimicrobial activity of HL and its complexes(1-3).
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Table 5 Antimicrobial activity of HL and its complexes (1-3).

Sl Metal complexes Zone of inhibition (mm)
No. P Bacteria Fungi
B. . . P. C.
Subtilis E. Coli S. Aureus A. Niger Rubrum Albicans
1 HL 09 10 135 11 08 07
2 [Mn(HL)2(H20)2] 22 20 18 19 20 12
3 [Co(HL)2(H20)2] 15 18 16 20 12 16
4 [Ni(HL)2(H20):] 24 22 20 27 30 16
5 Amoxicillin 28 22 24 NT NT NT
6 Fluconazole NT NT NT 31 40 35

3.7.3. Anticancer activity.

The anticancer activity of HL and its complexes(1-3) were studied against MCF-7
breast cell line and HeLa cell lines. The activity included the measurement of % in vitro cell
inhibition by using MTT colorimetric assay at two different concentrations, 10 uM, and 25
M. The anticancer activity of the synthesized Schiff base ligand HL and its metal complexes
(1-3) are shown in Table 6. Initially, HL exhibits a certain degree of activity due to electron-
donating methoxy and a hydroxy group. Upon complexation with Mn(Il), Co(ll1), and Ni(ll)
metal ions, enhancement in activity was observed. The percentage of activity indicates that
complexes (2 and 3) have excellent inhibitory activity against MCF-7 as well as HeLa cancer
cellsat 25uM. The [Mn(HL)2(H20)2] complex can make cancer cells undergo apoptosis in vitro
in a concentration-dependent way, which can inhibit the proliferation of MCF-7 cancer
cells[43]. Thus, the [Mn(HL)2(H-0)-] complex could be a potential cancer drug. In contrast,
Ni(Il) complexes showed moderate activity compared to the Mn(I1) complex but higher than
that of the ligand HL [44]. Furthermore, molecular docking analysis was performed with cancer
mutant protein, and the binding energy of Mn(ll) and Co(l1l) complexes were checked, which
proved to be extremely favorable (-8.53 and -6.83kcal/mol)

Table 6. (%) Anticancer activity of HL and its metal complexes.

SI.No Compounds Percentage of Activity
MCF-7 Hela

10uM | 25um 10 uM 25 pM
1 HL 50.60 70.80 40.30 73.55
2 [Mn(HL)2(H20)2] 70.65 90.35 65.30 92.15
3 [Co(HL)2(H20):] 55.30 75.60 50.40 75.35
4 [Ni(HL)2(H20)-] 53.16 72.25 49.36 74.12
5 Cisplatin 75.45 96.10 70.45 97.35

3.7.4.Molecular docking studies.

The docking analysis of complex compounds (1-3) with P53 cancer mutant protein
(5AB9)was analyzed. All the complex compounds and ligand molecule HL were found to
exhibit a good interaction with the P53 cancer mutant protein (PDB ID: 5AB9), and their
interaction with the binding site of 5AB9 was displayed in Figures 8-11. Among these three
complexes, Mn(l1) and Co(lll) complexes exhibited the best possible interaction with P53
cancer mutant protein (5AB9) residues of CYS220, PRO151, PRO153, THR150, PRO222, and
GLU221 with binding energy -8.53and -6.83kcal/mol which includes interactions such as
hydrogen bonding, alkyl, n-alkyl, and m-anion are suggesting a high affinity for the binding
pocket. The Ni(ll) complex showed binding energy of -5.32kcal/mol with the P53 cancer
mutant protein. The binding modes of the compounds are in the active binding pocket. Whereas

https://biointerfaceresearch.com/ 11 of 19


https://doi.org/10.33263/BRIAC136.546

https://doi.org/10.33263/BRIAC136.546

the ligand HL binds protein (PDB ID:5AB9) residues of LEU145, VAL147, PRO223,
CYS220, PRO222, and PRO153with various interactions like hydrogen bonding, alkyl, and «t-
alkyl with a binding energy of -5.13 kcal/mol. The detailed interactions have been shown in
Figures 8-11, and docking energies are given in Table 6. Thus, it indicates that Mn(ll) and
Co(I11) complexes favor the P53 cancer mutant protein over Ni(ll) complex.

Figure 8. Molecular docking of ligand HL with P53 cancer mutant protein (a) 3-D P53 cancer mutant protein -
HL interaction and (b) active site amino acid residues interactions with ligand HL.

Figure 9. Molecular docking of Mn(ll)complex with P53 cancer mutant protein (a) 3-D P53 cancer mutant
protein-Mn(l1)complex interaction and (b) active site amino acid residues interactions with Mn(l1)complex.

Figure 10. Molecular docking of Co(lll) complex with P53 cancer mutant protein (a) 3-D P53 cancer mutant
protein-Co(l11) complex interaction and (b) active site amino acid residues interactions with Co(ll)complex.

Figure 11. Molecular docking of Ni(ll)complex with P53 cancer mutant protein (a) 3-D P53 cancer mutant
protein-Ni(lIl)complex interaction and (b) active site amino acid residues interaction with Ni(ll)complex.
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Table 6.Docking score of ligand HL and complexes(1-3).

5AB9

Compound Binding energy (kcal/mol)
HL -5.13
[Mn(HL)2(H20)] -8.53
[Co(HL)2(H20)2] -6.83
[Ni(HL)2(H20)2] -5.32

4. Conclusions

In the present study, new class of Mn(ll), Co(lll) and Ni(ll) complexes of azo-
containing schiff base of the type [Mn(HL)2(H20)2],[Co(HL)2(H20)2] and
[Ni(HL)2(H20)2]where,HL= (E)-N'-(4-hydroxy-3,5-dimethoxybenzylidene)nicotinohydrazide
metal was synthesised and characterized by physico-chemical methods. Elemental analyses
reveal that the complexes have a ligand-to-metal ratio (2:1). The molar conductance data
showed that the complexes are non-electrolytic. Electronic absorption studies demonstrate the
ligand coordinates through azomethine nitrogen and oxygen atoms from the carbonyl group
reveal the octahedral geometry of the synthesized complexes. *H-NMR, *C-NMR, and ESI-
MS data support the structure of HL and the complexes. IR spectral data reveals the bidentate
nature of the ligand. From the cyclic voltammetry experiment, it is seen that Mn(11) and Ni(ll)
show an additional reversible redox peak around -1.6 V vs. Ag/Ag*. This could be due to the
redox behavior of metal centers in respective complexes. TGA gave a clear idea of the
degradation and stability of the complexes formed. The presence of an azo moiety and the free
methoxy and hydroxy groups in the ligand enhanced the antioxidant activity of complexes. The
antibacterial and antifungal data presented in this paper allow us to state that the Mn(Il) and
Ni(Il) complexes show the highest antimicrobial activity compared to the ligand but less than
the standards. Mn(1l) complex showed the highest anticancer activity compared to the ligand
HL, Co(l1l) and Ni(ll) complexes. A molecular docking study indicates that Mn(ll)complex
favors the P53 cancer mutant protein over other complexes.
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PULSE SEQUENCE OBSERVE Hl, 399.8223523 DATA PROCESSING 1093-HL-1H

Ralax. delay 1.000 sec
Pulse 45.0 dagrees
Rog. time 2.556 sec
Width 6410.3 Bz

6 repatitions

| FT size 32768
{ Total time 1 minute

Solvent: dmso
Ambient temperature
Operator: IOE

File: 1093-HL-18
MRS-400  "Agilent-MMR"

Figure S1. *H NMR spectrum of ligand (HL).
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PULSE SEQUENCE

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.311 sec
Width 25000.0 Hz

256 repetitions

OBSERVE C13, 100.5354412
DECOUPLE H1, 399.8244735
Power 39 dB
continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 9 minutes

1093-HL-13C

Solvent: dmso

Ambient temperature
Operator: IOE

File: 1093-HL-13C
VNMRS-400 "Agilent-NMR"

Figure S2.23C-Spectrum of the ligand (HL).
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Figure S3. Mass spectrum of ligand (HL).
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Figure S4. Mass spectrum of Mn(11) complex (1).
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Figure S5. Mass spectrum of Co(ll) complex (2).
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Figure S6. Mass spectrum of Ni(ll) complex (3).
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