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Abstract: Herein, computational molecular docking, UV-visible, and fluorescence spectroscopic
techniques have been used to explore the DNA, p53 cancer mutant protein and Cu, Zn-SOD binding
interaction of the ligand (HL) and its Co (I11), Cu (11) and Ni(Il) complexes[Co(HL)2(H20).].3H20 (C-
1); [Cu(HL)2(H20),].2H20 (C-2) and [Ni(HL)2(H20)2]. 4H,0 (C-3). The compounds were further tested
for antimicrobial activities. The DNA binding studies were carried out under physiological conditions
of pH(7.4) and temperature (34 °C). The spectral experiments revealed that the metal complexes showed
comparatively greater binding constant values. Docking analysis depicted that the ligand HL(L-2)
interacted with DNA via intercalation, while its complexes showed a mixed mode of interactions, and
the Cu (1) complex displayed a more binding affinity with DNA and Cu, Zn-SOD enzyme. The copper
complex showed good antibacterial activity against the tested strains. The Cu and Ni complexes
exhibited greater antioxidant activities with lower 1C50 values.
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1. Introduction

Schiff base is named after Hugo Schiff [1-3]. Schiff bases are also called imines and
are obtained by condensing aldehyde or ketone with amine. They contain a characteristic
azomethine group (C=N-) and are represented by the general formulae RIR2C=NR3. Usually,
aromatic aldehydes are preferred over aliphatic aldehydes due to the reason that aliphatic
aldehydes are unstable and easily undergo polymerization. The condensation occurs in the
presence of acid, base, or heating [4]. The acid-catalyzed condensation involves the
nucleophilic attack of the primary amine on the carbonyl center to give an unstable
intermediate, carbinolamine. The acid-catalyzed dehydration of carbinolamine results in
conversion to an N-substituted imine or Schiff base [5]. The availability of Schiff bases in
many areas, such as biological systems and medicine itself, explains the scope of Schiff bases.
In addition, imines are important intermediate and multipurpose starting materials for the
synthesis of Mannich bases, indoles, and beta-lactam etc., The products of these reactions,
along with Schiff bases, have been used for treating many diseases due to their biological
activity. Schiff bases contain donor atoms [N,O,S] which makes them biologically active and
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excellent chelators of metal [6]. A large number of different Schiff bases have been used as
cation carriers in potentiometric sensors as they have shown excellent selectivity, sensitivity,
and stability for specific metal ions such as Ag(l), Al(111), Co(I11), Gd(11), Hg(1l), Ni(I1), Pb(I1),
Y(111) and Zn(I1). The azomethine group of Schiff base plays a vital role in elucidating the
mechanism of certain reactions of biological systems, such as transamination and racemization
[7]. Schiff bases are active against a wide range of organisms, including bacteria and fungi [8].
The metal complexes have been an attractive area of research in view of their significance as
bio-mimetic catalysts in the process of oxygenation. The wide usage of Schiff base ligands is
due to their properties, such as stability and solubility in common solvents [9].

The oxygen and nitrogen-containing Schiff base metal complexes continues to attract
researchers' attention. These ligands are known to coordinate with metal atoms in different
ways under different reaction conditions [10-11]. Schiff base metal complexes have important
applications in medicinal Chemistry, Medical Science. Transition metal complexes have
binding capacity with amino acids. Metal ions provide stability of the complex by
delocalization of electrons of the ligand by ligand and chelation and enhance their activity [12-
13]. Transition metal complexes with Schiff base ligands have been extensively investigated
as antimicrobial, anticancer agents [14].

2. Materials and Methods

2.1. Materials.

Metformin, 3-phenoxy benzaldehyde, ethanol, DMSO, Tris HCI buffer, calf thymus
DNA (highly polymerized, stored at 4 °C), CT- DNA, DPPH, and BHA were purchased from
Sigma Corp. and they were used as supplied.

2.2. Methods and Instrumentation.

The melting point determination was uncorrected in an open capillary tube using a
precision digi-melting point apparatus. Mass spectra of synthesized compounds were recorded
using 2010 EV LCMS Shimadzu spectrometer. The *H and *C NMR spectra were recorded
using VNMRS-400 “Agilent-NMR” spectrophotometer, and chemical shifts are given in ppm
with residual DMSO as reference. FT-IR spectra were recorded on a Perkin-Elmer Spectrum
Version 10.03.09 spectrophotometer in the range 4000-400 cm™. Microanalysis (C, H, N, O,
and M) was performed on a Perkin-Elmer analyzer. UV-visible spectra were recorded using
DU 730 Spectrophotometer, S/N 1333105, Instrument version: 1.05, with a diode array
detector. Fluorescence spectra were measured on a Varioskan Flash (4.00.53 Thermo-scientific
USA) with 96 well plates. The excitation and emission slits were set at 5 nm each. The
wavelength increment was set at 2 nm. Electron spin resonance (ESR) spectra were recorded
using JOEL JES-TE100 ESR Spectrometer in DMSO solution at LNT in the solid state on X-
band at a frequency of 9.13 GHz under the magnetic field of 300 mT,

2.2.1. Synthesis of ligand [HL].

The ligand HL was synthesized by 1:1 condensation of metformin with 3-Phenoxy
benzaldehyde. Add a solution of metformin (0.15g) in 8 mL of hot ethanol, 3-phenoxy
benzaldehyde (0.17g) in 5 mL ethanol was refluxed for 5 h at 70°C. After cooling to room
temperature, the white crystals were formed. The crystals were washed with ethanol and dried
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in a desiccator. The progress of the reaction was monitored using TLC [n-hexane: ethyl
acetate=8:2]. A pure synthesized compound was obtained from continuous recrystallization.

2.2.2. Synthesis of metal complexes [C-1, C-2 and C-3].

The ligand (HL, 2.0 mmol) was made dissolved in ethanol by heating and intensive
stirring. To the warm suspension, the warm ethanol solution of cobalt(ll)chloride hexahydrate
(1.0mmol) was added dropwise. The resulting mixture was kept under reflux over a water bath
for 4 h at 80°C. The solvent was evaporated, and the obtained solid was directly used for further
processing. Similarly, the complexes C-2 and C-3 were prepared using Copper(Il)chloride
dihydrate and Nickel(Il)chloride heptahydrate.

70 0C, Reflux
* * Eth‘mol

Metformin 3-phenoxy benzaldehyde

O
N N N\4>

M= Co, Cu and Ni

Scheme 2. General scheme for the synthesis of metal complexes [C-1 to C-3].
2.3. Bioassay studies.

2.3.1. Molecular docking methodology.

Crystal structure of DNA (1BNA), p53 cancer mutant protein (4L09), and Cu, Zn-SOD
(1CB4) were downloaded from the protein data bank (www.rcsb.org) and used for docking
studies. The synthesized compounds were drawn in chem draw software, and energy
minimization was computed by PyRx. The DNA, p53 cancer mutant protein, and Cu, Zn-SOD
were prepared in Biovia discovery studio by adding hydrogen to the polar atoms, and the metal
ions' valency was optimized [15]. The water molecules and substrate were deleted. A grid for
DNA [with the dimension (22.7058 *23.8346 *38.3763 A" for HL; 22.2376 x23.7867 * 37.3423

A’ for C-1; 23.2378 x 23.9765 * 38.4598 A° for C-2; 22.4991 x 23.1487 * 37.8898 A’ for C-3,
https://biointerfaceresearch.com/ 30f 24
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respectively), for pS3 cancer mutant protein (with the dimension of 71.1348 x 90.0226 *
25.0000A° for HL; 72.2376 x91.1022 x26.0123 A° for C-1; 73.1587 x 93.8976 x 28.4513A° for
C-2; 72.5499 x 91.2987 x 26.2365 A’ for C-3, respectively) and for Cu,Zn-SOD (with the
dimension (70.6320 * 51.6335x 18.4356A° for HL; 71.1223 x 52.1122 * 19.2123 A" for C-1,
72.5367 *51.8987 x 18.8978 A° for C-2; 72.5379 * 52.2348 * 19.2485 A’ for C-3, respectively)
were prepared. The compounds were evaluated based on glide scoring[16].

2.3.2. Spectrophotometric titrations.

Absorption spectra were recorded on a UV-visible spectrophotometer using 3 mL
quartz cuvettes. The DNA binding experiments were carried out at physiological pH (7.4) and
temperature (34°C) by keeping the constant complex concentration with varied concentrations
of CT-DNA from 1 — 7 puM. The concentration of the stock solution of CT-DNA was fixed as
10-4 M and UV-visible spectra were recorded. The binding constant was calculated using the
eq (1)

[DNA] _ [DNA] 1 (1)

ea—eb eb—ef = Kb(eb—e€f)

Where [DNA] is the concentration of CT-DNA. €a is the apparent extinction co-
efficient and ef is the extinction coefficient of the free complex in the absence of DNA, €b is
the extinction coefficient of the complex with bound DNA, and Kb is the binding constant [17].

2.3.3. Antioxidant activity.

The free radical scavenging activity of each sample was measured by 1,1-diphenyl-2-
picrylhydrazyl assay. The methanolic solution of DPPH (0.2mM) was prepared and incubated
for 2 hours prior to the analysis [18]. 2mg of the ligand (HL) and its metal complexes were
dissolved in methanol. 1ml of DPPH was added to different volumes of ligand and metal
complexes and made up to 4 mL using a solvent. The samples were stored in the dark at room
temperature, and after 30 minutes, the absorbance was measured at 517 nm using BHA as
standard and control [19]. DPPH scavenging activity was calculated using the eq (2)

% DPPH scavenging = 225 x 100 (2)

Ac
Where, Ac —absorbance of the control; As- absorbance of the sample

The lower absorbance of the reaction mixture indicates higher free radical scavenging
activity [20]

2.3.4. Antimicrobial assay.

The synthesized compounds were screened for their antimicrobial activity against Gram
—Vve bacteria as Escherichia coli (MTCC 443) and Gram +ve bacterial strains as Staphylococcus
aureus (MTCC 3160), Bacillus subtilis (MTCC 121), fungal strains are Aspergillus niger
(ATCC 6275) and Candida albicans (ATCC 10231), standard antibiotic amoxicillin (25mg)
and antifungal fluconazole (25mg) served as positive control. The microbes were tested
regarding minimum inhibitory concentration (MIC) using a serial plate dilution assay [21].
Microbial cultures were incubated at 34°C for a day in the case of bacteria, and 24 h for fungi,
respectively. Mueller-Hinton broth of bacteria(100uL) was pipette into each well, and 10 pL
suspension of the pathogens was then added. 4% DMSO solution was used as a negative control
to monitor the sterility of the sample and to assess the antimicrobial influence of the solvent.
Zone of inhibition was measured, and MIC was obtained by double-fold serial dilution in liquid
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media containing varying concentrations of test samples from 1 to 1000 pg/mL. Bacterial
growth was measured by the turbidity of the culture after 18h. McFarland Standard 0.5 was
used as the turbidity standard.

3. Results and Discussion

3.1. chemistry.

A new N, N donor bidentate bioactive ligand (HL) and its Co(lll), Cu(ll), and Ni(ll)
complexes were prepared, followed by the literature methods. The micro-elemental analysis
for C, H, N, O, and M and the molecular weight of the complexes were in good agreement with
the proposed structure of the complexes [22,23]. Analytical data obtained were summarized,
and the results obtained are reliable with those calculated for the proposed formulae. The
synthesized compounds were stable, non-hygroscopic, and soluble in organic solvents such as
ethanol, DMF, and DMSO. The analytical data is depicted in Table-1. An outline of the
proposed structure of HL and the complexes are shown in Scheme-1 and Scheme-2[24].

Table 1. Physical properties of the synthesized ligand(HI) and its metal complexes C-1, C-2, and C-3.

Compound M.W. color M.P. % M.L. Elemental analysis
(g/mol) °C Yield C H N o) M
HL 309 white 188 89 - 66 6.19 22.64 5.17 -
C-1 764 Blue 149 91 1:2 54.27 5.89 18.61 12.75 8.45
C-2 753 Green 204 84 1:2 53.45 5.80 18.33 14.66 7.72
c-3 782 Pale green 161 82 1:2 53.48 5.81 18.34 14.67 7.68

3.2. FT-IR spectral analysis.

The IR spectrum of the ligand (HL) is compared with that of metal complexes to
investigate the binding mode between the ligand and the metal ions. The characteristic bands
in the IR spectrum of the synthesized HL and the metal complexes are listed in Table 2 and Fig
2. The band at 1689 is assigned to (C=N-) stretching frequency. The band at 3380 and 2855
cmt are due to the stretching of (-NH) and (-CH) groups, respectively. On complexation, the
bands of the azomethine groups shift to lower wave number (1670, 1624, and 1602cm™) as
compared to that of the imine ligand. Looking at the shifts and decrease in intensities before
and after complexation indicates that these groups are involved in the complex formation. From
the IR spectral data, it is known that HL behaves as a bidentate ligand. The IR spectral data are
listed in Table 2 and shown in Fig 2 [25,26].
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Figure 2. FT-IR spectra of HL and its metal complexes C-1, C-2 and C-3.

Table 2. FT-IR spectra of ligand (HL) and its metal complexes C-1 to C-3.
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Compound v(C=N) v(N-H) v(C-H) v(N-N) v(C=C) v(C-0) v(M-N)
HL 1689 3380 2855 1125 1598 1289 -
C-1 1670 3090 2738 1041 1575 1241 673
C-2 1624 3189 2684 1051 1562 1225 691
C-3 1602 2999 2810 1089 1588 1251 696

3.3 UV/visible spectra.

The absorption spectra of HL and its metal complexes were recorded in dimethyl
sulfoxide solution in the range 250-800nm. In the UV spectrum of the ligand, the absorption
band at 258 and 328 nm corresponds to si-ir* and n- i* transitions (Table 3, Fig 3). While the

electronic  spectrum of [Co(L-2)2(H20)2].3H20;

[Cu(L-2)2(H20)2].2H20 and [Ni(L-

2)2(H20)2].4 H20 complexes displayed one band at 274, 287, and 276 nm are attributed to -
a* transitions, and the bands at 319, 336, 343 nm correspond to n- a* transition, and the
absorption bands at 693, 601and 687nm correspond to d-d transitions, respectively. The C-2
and C-3 complexes showed peaks at 394 and 412 nm attributed to charge transfer transitions

[27,28].
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Figure 3. UV-Visible spectra of (HL) and its metal complexes C-1 to C-3.

Table 3. UV-Visible spectra of (L-2) and its metal complexes C-1 to C-3.

Compound n-n* n-m* C-T transition d-d transition
HL 258nm 328nm - -
C-1 274nm 319nm - 693
C-2 287nm 336nm 394nm 601
C-3 276nm 343nm 412nm 687

3.4. NMR spectroscopy.

'H spectra of HL were recorded in DMSO-ds and is given in Figure S-1. The hydrogen
of the azomethine (C=N) group shows a singlet at 9.96 ppm. The multiple signals of Ar-H were
observed between 6.81-7.67. The structure of the ligand was further evaluated using *C NMR.
The signals at 6=149.49 ppm are attributed to the carbon of the azomethine group (C=N). The
peaks observed between 6=110.6-157.2 ppm showed the aromatic ring carbons. The spectrum
showed in Figure S-2 [29].

3.5. Mass spectroscopy.

The structure of the synthesized ligand (HL) and its metal complexes were confirmed
through mass spectra. The mass spectrum of HL was shown in Figure S-3. The molecular ion
peak is observed at m/z = 310[M-H], a molecular mass of the ligand (HL). The mass spectrum
of the complexes showed molecular ion peaks at m/z= 765, 753, and 782 [M+1] confirmed the
mass of the complexes C-1, C-2, and C-3, which are evident in Figures S-4, S-5, and S-6,
respectively [30].

3.6. Thermo-gravimetric analysis.
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The complexes (C-1 and C-3) have been subjected to a temperature program between
the temperature range of 27 °C to 800 °C under inert temperature, with a heating rate of 10 °C.
[31]

The thermal degradation of the complex C-1 begins with the elimination of tthree water
molecules at 60 °C to 165 °C with a weight loss of 7.04 % (calc.7.06 %). Another
decomposition peak at 220 to 380 °C showed a weight loss of 85.58% (calc. 85.60%) as a
result of the loss of coordinated organic moiety. Finally, the complex exhibited an exothermic
peak at 390- 410 °C corresponds to thermal decomposition proceeded gradually with the
formation of final residue CoO at 410 to 800 °C [32].

The decomposition of C-3complex has started with the breaking of the hydrogen bond
of the water molecule with an endothermic peak at 59 °C followed by the loss of four water
molecules with an endothermic peak at 70 -100 °C showing 9.12 % weight loss [calc 9.18%.
The DTA peaks were observed at 310 and 423°C with 83.10 % weight loss [calc.83.18%)]. It
can be owed to the decomposition of two organic ligands. Oxidative thermal decomposition
occurred in the range of 490 to 700 °C with an exothermic peak leaving NiO [33]. The TGA
and DTA plots of complexes C-1 and C-3 are shown in Fig 4 and Fig 5, respectively.

50
100
C-1
-40
80
| 20 OB
S ‘0 30 z
= -3
= E
= <
=20
40 4 a
20 ~10
TGA
DTA
0 T T T 0
0 200 400 600 800

Temperature(°C)
Figure 4. TGA and DTA plot of C-1 complex.
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Figure 5. TGA and DTA plot of C-3 complex.

3.7. ESR Spectra.

The magnetically active copper metal center was investigated by ESR spectral analysis,
and it was measured on the X-band at liquid nitrogen temperature using DMSO as a solvent.
ESR spectra of copper complex, attributed to the coupling interaction of the copper nuclei with
the unpaired electron; as a result, a single main band appeared in the spectra. The studies of the
spectrum give g || =2.104 and g1 = 2.043. This clearly indicates that g || > gL >2.0023 and the
unpaired electron in Cu (l1) reside in dx?-dy? orbital and is the characteristic spectral feature
for axial symmetry (Fig 6). The complex has tetragonally elongated geometry [34, 35].
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Figure 6. ESR spectrum of C-2 complex.

3.8. Molecular docking investigations.

It is a technique used to define the binding interaction sites available in the discovery
studio visualizer. This calculation has been used to interpret how these proteins interact with
small molecules [36]. The interaction of DNA(1BNA) and Cu, Zn-SOD(1CB4) with HL and
its metal complexes C-1, C-2, and C-3 with docked energy parameters is shown in Table 4 and
Fig 7a, 7b, 8a, 8b, 9a,9b, 10a and 10b respectively. These parameters infer that the C-2 complex
will bind strongly with 1BNA [37]. The ligand (HL) and its metal complexes C-1, C-2, and C-
3 interact with DNA with the binding energies of -6.5, -6.9, -7.4, and -7.0 kcal/mol,
respectively. The interactions of HL and its metal complexes C-1, C-2, and C-3 with p53 cancer
mutant protein with the binding scores of -8.0, -7.9, -8.3 and -8.1 kcal/mol and with Cu, Zn-
SOD with the binding scores of -7.5, -7.8, -8.1and -7.9 kcal/mol, respectively. Docked
compounds were analyzed based on hydrogen bonding, noncovalent and hydrophobic
interactions between 1BNA, 4L09,1CB4, and the synthesized compounds. The docking
investigations revealed that the copper complex interacts more efficiently with DNA, p53
cancer mutant protein, and hydrolase enzyme than other synthesized compounds. It showed the
highest binding score with the p53 cancer mutant protein [38].
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Figure 7. (a) Molecular docking of HL with 1BNA, 4L09, and 1CB4(above );(b) Active site aminoacid (1BNA,

4109, and 1CB4) residues interactions with HL ( below).
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Figure 8. (a) Molecular docking of C-1 complex with 1BNA,4L09 and 1CB4 (above) (b) Active site amino acid
(1BNA,4L09 and 1CB4) residues interaction with C-1 complex (below).

Figure 9.(a) Molecular docking of C-2 complex with 1BNA, 4L09 and 1CB4 (above); (b) Active site amino
acid residue (1BNA, 4L09 and 1CB4) interactions with C-2 complex (below).
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EIin1109 4

Figure 10. (a) Molecular docking of C-3 complex with 1BNA and 1CB4 (above) (b) Active site amino acid
residues of (1BNA,4L09, and 1CB4) interactions with C-3 complex (below).

Table 4. Docking score of ligand (HL) and complexes C-1, C-2 and C-3.

Compound Binding energy(kcal/mol)
1BNA 4L09 1CB4
HL -6.5 -8.0 -7.5
C-1 -6.9 -7.9 -7.8
C-2 -74 -8.3 -8.1
C-3 -7.0 -8.1 -7.9

3.9. DNA binding studies.
3.9.1. Electronic absorption titrations.

Electronic absorption spectroscopy is a technique used to determine the binding
interaction of metal complexes with DNA. The absorption spectra of Cu(ll) and Ni(Il) complex
in the presence of CT-DNA is shown in Fig 11 and Fig 12, respectively. The binding constant
Kb for the complex has been determined from the plot of [DNA]/(ea-€f) versus [DNA], using
equation (eg-1), and was found to be 3431.01 M and 1440.84 M, respectively [39].
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Figure 11. Absorption spectra of C-2 complex in the presence of CT-DNA in tris-HCI buffer (pH=7.4); Inset:
The plot of [DNA]/(ea-€f) versus [DNA].
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Figure 12. Absorption spectra of C-3 complex in the presence of CT-DNA in tris-HCI buffer(pH=7.4); Inset:
The plot of [DNA]/(€a-€f) versus [DNA].

3.9.2. Fluorescence spectroscopic studies.
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The fluorescence experiments were carried out to explore the interaction between
ligands and complexes with CT-DNA. The fluorescence spectra of the ligand showed no
change in intensity upon the addition of CT-DNA. The fluorescence spectra of the complexes
exhibited major peaks at 500 and 510 nm, respectively [Fig-13 and Fig-14]. Initially, the low
fluorescence intensity was observed due to quenching by the solvent molecule, and gradually
the intensity increased when it binds with DNA. On increasing the concentrations of metal
complexes, the emission intensity decreased slowly. The fluorescence emission intensities at
500 and 510 nm (excitation at 350 and 340nm) diminished with the increase of complex
concentration. The quenching of fluorescence intensity of complexes by binding with CT-DNA
was further used to determine the binding constant (Kb) from the plot of Fo/F versus [Q] using
the following equation [eg-3] and was found to be 7.282 x 10° Mtand 5.750 x 10* M and
the Stern-Volmer quenching constant (ksv), was obtained from the plot of log [(Fo-F)/F] versus
log[Q], [Fig 15 and Fig 16] using the following equation (eg-4) and were found to be 2.029 x
10%and 2.001 x 103. These results indicate that Cu (1) complex binds to DNA by intercalation
mode more efficiently than Ni (1I) complex [40].

FO 1 1
oF =~ 7a Faxa [@] 3)
FO-F
Iog(T) = log ko + nlog[Q] 4)
70000
60000

50000

[Complex]|

40000

30000+

Fluorescence intensity(a.u)

20000

10000+

T T T
400 450 500 550 600

Wavelegth(nm)

Figure 13. Emission spectra of C-2 complex in the presence of CT-DNA in tris-HCI
buffer(pH=7.4)[exec=350nm; Aems=500nm]; Inset: The plot of Fo/F v/s [Q].
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Figure 14. Emission spectra of C-3 complex in the presence of CT-DNA in tris-HCI buffer (pH=7.4)
[Aexc=340nm; Aems=510nm]; Inset: The plot of Fo/F v/s [Q].
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Figure 15. A plot of log[(Fo-F)/F] versus log[Q].
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Figure 16. A plot of log[(Fo-F)/F] versus log[Q].
3.10. Pharmacological studies.

3.10.1. Evaluation of antioxidant activity.

The synthesized compounds showed lower scavenging activity compared to the
standard. The antioxidant property of the ligand (HL) and its metal complexes is expressed as
ICso values depicted in Table 5. Among the synthesized compounds, Cu(ll) and Ni(ll)
complexes showed the highest antioxidant activity leading to a lower ICso value. since the
substituents /groups electron-donating and electron-withdrawing groups] play a significant role
in antioxidant activity. Fig 17 and Table 5, describe the inhibitory effects of HL and its metal
complexes[C-1 to C-3] [41,42].

96.3+0.5

Co(I11) Ni(IT) Cu(ll) BHA

Fig 17. ICsp inhibitory concentration of ligand (HL) and its metal complexes (C-1 to C-3) for 50% of DPPH
radical.
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Table 5. 50% Inhibitory concentrations of (ICsg) radical scavenging activity of ligand (HL) and metal
complexes C-1, C-2 and C-3.

SI.No Compound 1Cso

1 HL 96.3+0.5
2 C-1 314+ 0.2
3 C-2 15.240.4
4 C-3 18.5+0.1
5 BHA 13+0.3

3.10.2. Antimicrobial activity.

The antimicrobial activity tests were conducted using bacteria and fungal strains. The
results were recorded as shown in Table 6. It is inferred that the Schiff base ligand and its metal
complexes inhibited the growth of B. subtitlis, E.coli and S. aureus [43].

The susceptibility zones were measured in diameter(mm), and these zones were the
clear zones around the discs killing the bacteria. The ligand (HL) and metal complexes
individually exhibited varying degrees of inhibitory effects on the growth of tested bacterial
species. The metal complexes showed more antibacterial activity than the ligand (HL) [44]. All
of the investigated compounds caused greater inhibition zones compared to the standard shown
in Fig 18 and tabulated in Table 6 [45].

100
- Aureus |
- A.niger
C.albicans|
~— 80
g
g
g
p= 60
=
=
= 40
<
=¥l
=
ﬁ 20
0
1.-2 Co(TIT) Ni(Il) Cu(ll)  Amoxicillin_ Flucanazole
Compounds/Standard
Figure 18. Graphical representation of the antimicrobial activity of HL and its metal complexes C-1, C-2 and C-
3.
Table 6. Antimicrobial activity of ligand (HL) and its complexes C-1, C-2 and C-3.
Compound Zone of Inhibition 4,
Bacteria Fungi
B. subtilis E. coli S. aureus A. niger C. albicans
HL 10 12 12.5 09 08
C-1 23 20 17 17 13
C-2 24 23 20 19 17
C-3 22 19.5 17 18 16
Amoxicillin 28 23 25 - -
Fluconazole - - - 41 36
Conclusion
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In the present study, Schiff base[HL] and its metal complexes of Co(llI),Cu(ll), and
Ni(Il) were synthesized and characterized by physicochemical methods. Elemental analysis
reveals that the complexes have a ligand-to-metal ratio (2:1). FT-IR spectra support the
coordination of ligand-to-metal through azomethine nitrogen and nitrogen of the amine group.
'H-NMR, ¥C-NMR, LC-MS, and FT-IR data support the structure of ligand (HL) and the
complexes. TGA depicts the degradation path and stability of the complexes formed. The
presence of azomethine and amine groups in the ligand enhanced the antioxidant activity of the
complexes. The antibacterial and antifungal activities presented in this paper infer that the
copper complex showed the highest degree of antibacterial and antifungal activities compared
to cobalt and nickel complexes. Molecular docking studies indicate that Cu(ll) complex binds
more effectively with p53 cancer mutant protein than DNA and hydrolase enzyme.
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Figure S3. Mass spectrum of the ligand [HL]

1: TOF MS ES+

761.0845 6.12e5
763.0846
=
|| 764.0913
765.0873
659.0245 J
o T | S —————S— . 7
620 540 [==0] 80 F00 720 T40 TE0 780 800 820 840 860 880 2900

Figure S4. Mass spectrum of Co(l1l) complex [C-1]
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Figure S5. Mass spectrum of Cu(ll) complex [C-2]
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Figure S6. Mass spectrum of Ni(Il) complex [C-3]
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