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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 Cu(ll) and Ni(ll) complex, [Cu(HL)2] x 2H20 (B-1) and [Ni(HL)]
x 2H,0 (B-2). The compounds were further tested for antimicrobial activities. The DNA-binding studies
were carried out using electronic absorption and fluorescence techniques. The spectral experiments
revealed that the metal complexes exhibited higher binding constants. Docking analysis showed that
the ligand HL interacted with DNA via intercalation, while its complexes displayed a mixed mode of
interactions, and the Cu(ll) complex displayed greater binding affinity for DNA and the p53 cancer
mutant protein. The copper complex showed good antibacterial activity against the tested strains. The
Cu and Ni complexes exhibited greater antioxidant activities with lower ICsq values.
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1. Introduction

The history of metformin started in Europe, where the plant “French lilac” or goat’s
rue” was first used to extract metformin. This medicinal plant was used to treat the symptoms
of diabetes mellitus in humans and to increase milk production in cattle. In the late 1940s,
people began focusing on metformin after several reports showed its ability to lower blood
sugar levels in humans. In 1957, the French physician Jean Sterne published the first clinical
trial of metformin for the treatment of diabetes [1]. Metformin hydrochloride is an N, N-
dimethyl biguanide, a glucose-lowering agent. Metformin (MF) has been widely used to
control noninsulin-dependent diabetes mellitus. Diabetes is a group of metabolic disorders
characterized by high blood sugar levels over a long time; this results in symptoms such as
increased thirst and hunger as well as frequent urination. Metformin improves liver sensitivity
to insulin, decreases hepatic glucose production, increases insulin absorption, and increases
glucose uptake by peripheral tissues; therefore, it is effective in treating loss of appetite, which
leads to weight loss. Besides its use as an antidiabetic, metformin [MF] has been shown to have
anticancer and anti-aging effects and to reduce the risk of cardiovascular disease. Although
other biguanide drugs induce lactic acidosis, metformin does not; however, nearly 30% of
patients on metformin therapy suffer from gastrointestinal side effects. There is much interest
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in MF and its transition metal complexes, which are cationic. Given the potential importance
of Schiff bases in coordination chemistry [2-11]. Ever since metformin was developed as an
antihyperglycemic drug, its efficacy, safety profile, metabolic actions, and ability to be
combined with other antidiabetic agents have been evaluated and are widely prescribed by
clinicians for the treatment of diabetes mellitus. [12]. Metformin remains the ideal drug for the
treatment of Type-2 diabetes mellitus due to its proven safety record, weight neutrality,
possible cardiovascular benefits, and low cost. Although metformin is efficacious in lowering
blood glucose levels, many patients with Type-2 diabetes are not adequately controlled when
metformin is prescribed as a mono-therapy [13]. Recently, the Cr(ll11)-MF complex, as a
diabetic drug model, was synthesized and has shown great efficacy as an antidiabetic drug [14].

Thus, the authors have reported the synthesis of a new Schiff base ligand (HL) derived
from metformin conjugated with a 3-ethoxy-4-hydroxybenzaldehyde. The synthesis of the
ligand is shown in Scheme 1. The structure of the ligand (HL) was confirmed by mass spectra,
'H-NMR, ¥C-NMR, and FT- IR spectra.

2. Materials and Methods

2.1. Materials.

Metformin, 3-ethoxy-4-hydroxy benzaldehyde, ethanol, DMSO, Tris HCI buffer, calf
thymus DNA (highly polymerized, stored at 4°C) CT- CT-DNA, DPPH, and ascorbic acid
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 the synthesized compounds were
recorded using a Shimadzu LC-MS-2010 EV spectrometer. The *H and *C NMR spectra were
recorded using a VNMRS-400 “Agilent-NMR” spectrometer, and chemical shifts were
reported in ppm with residual DMSO as the reference. FT-IR spectra were recorded on a
Perkin-Elmer Spectrum Version 10.03.09 spectrophotometer in the 4000-400 cm™ range.
Microanalysis (C, H, N, O, and M) was performed on a Perkin-Elmer analyzer. UV-visible
spectra were recorded using a 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) using 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 a JEOL JES-TE100 ESR Spectrometer in DMSO solution at LNT
in the solid state on X-band at 9.13 GHz under a magnetic field of 300 mT.

2.2.1. Synthesis of ligand.

The ligand HL was synthesized by 1:1 condensation of metformin with 3-ethoxy-4-
hydroxy benzaldehyde. A solution of metformin (0.15 g) in 8 mL of hot ethanol was refluxed
with 3-ethoxy-4-hydroxy benzaldehyde (0.15 g) in 5 mL of ethanol for 5 h at 70°C. After
cooling to room temperature, the pink crystals formed were washed with ethanol and dried.
The completion of the reaction was monitored using TLC plates[n-hexane: ethyl acetate=8:2].
A pure synthesized compound was obtained from continuous recrystallization. The synthetic
route is depicted in Scheme 1.
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Scheme 1. Synthesis of Schiff base ligand (HL).
2.2.2. Synthesis of metal complexes [B-1 and B-2].

The ligand (HL, 2.0 mmol) was dissolved in ethanol by heating and intensive stirring.
To the warm suspension, the warm ethanol solution of copper(l1) chloride dihydrate (1.0 mmol)
was added dropwise. The resulting mixture was kept under reflux over a water bath for 4 h at
80°C. The solvent was removed, and the resulting complex (B-1) was used directly for further
processing. Similarly, the complex B-2 was prepared using nickel(Il) chloride hexahydrate.
The proposed structure of the complex is shown in Scheme 2.
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Scheme-2. General scheme for the synthesis of metal complexes [B-1 to B-2] (M= Cu and Ni).
2.3. Bioassay studies.

2.3.1. Molecular docking methodology alter for B-1 and B-2.

Crystal structures of DNA (1BNA), the p53 cancer mutant protein (4L09), and Cu, Zn-
SOD (1CB4) were downloaded from the Protein Data Bank (www.rcsh.org) and used for
docking studies. The synthesized compounds were drawn using ChemDraw software, and
energy minimization was computed using 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 valencies of the metal ions were optimized [15]. The water molecules and substrate
were deleted. A grid for DNA [with the dimension (22.7058 x 23.8346 x 38.3763 A for HL;
23.2378 x 23.9765 x 38.4598 A for B-1; 22.4991 x 23.1487 x 37.8898 A for B-2, respectively),
for p53 cancer mutant protein (with the dimension of 71.1348 x 90.0226 x 25.0000 A for HL;

https://nanobioletters.com/ 30f19


https://doi.org/10.33263/LIANBS144.256
https://nanobioletters.com/
http://www.rcsb.org/

https://doi.org/10.33263/LIANBS144.256

73.1587 x 93.8976 x 28.4513 A for B-1; 72.5499 x 91.2987 x 26.2365 A for B-2, respectively)
and for Cu, Zn-SOD (with the dimension 70.6320 x 51.6335 x18.4356 A for HL; 72.5367 x
51.8987 x 18.8978 A for B-1; 72.5379 x 52.2348 x 19.2485 A for B-2, 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 uM. The concentration of the stock solution of CT-DNA was fixed as
10* 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—ef)

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

2.3.3. Antioxidant activity.

Each sample's free radical scavenging activity was measured using a DPPH assay. The
DPPH (0.2 mM) methanolic solution was prepared and incubated for 2 hours before the
analysis [18]. 2mg of the ligand (HL) and its metal complexes were dissolved in methanol. 1
mL of DPPH was added to different volumes of ligand and metal complexes, and the mixtures
were made up to 4 mL with the solvent. The samples were stored in the dark at room
temperature. After 30 minutes, the absorbance was measured at 517 nm. Ascorbic acid was
taken as the standard and control. The lower absorbance is indicative of higher scavenging
activity. DPPH scavenging activity was calculated using Eq. (2)

% DPPH scavenging = %x 100 (2)
Where the Ac —absorbance of the control and As- absorbance of the sample is [19].

2.3.4. Antimicrobial assay.

The prepared compounds were tested for their antimicrobial activity against Gram-
negative bacteria (Escherichia coli) and Gram-positive bacteria (Staphylococcus aureus,
Bacillus subtilis), as well as fungal strains (Aspergillus niger and Candida albicans). Standard
antibiotics amoxicillin (25 mg) and fluconazole (25 mg) served as positive controls. The
microbes were tested in terms of minimum inhibitory concentration (MIC) using a serial plate
dilution assay [20]. Microbial cultures were incubated at 34°C for 24 h. Mueller-Hinton broth
of bacteria (100 pL) was pipetted into each well, and 10 pL of the pathogen suspension was
then added. 4% DMSO solution was used as a negative control to monitor the sample's sterility
and assess the solvent's antimicrobial influence. Zone of inhibition was measured, and MIC
was determined by double-fold serial dilution in liquid media containing varying
concentrations of test samples ranging from 1 to 1000 pg/mL. The turbidity of the culture
measured bacterial growth after 18h. McFarland Standard 0.5 was used as the turbidity standard
[21].
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3. Results and Discussion

3.1. Chemistry.

A new N, N-donor bidentate bioactive ligand (HL) and its Cu(ll) and Ni(ll) complexes
were prepared following literature methods. The microelemental analyses for C, H, N, O, and
M, and the molecular weights of the complexes, were in good agreement with the proposed
structures of the complexes [22,23]. The analytical data were summarized, and the results are
reliable compared 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 are depicted in Table 1 [24].

Table 1. Physical properties of the ligand (HL) and its metal complexes B-1 and B-2.

M.W M.P Yield . Elemental analysis
Compound (g/mol) Color °C) (%) M:L C H N o M
HL 277 Pink 122 89 - 56.29 | 6.91 | 25.25 | 11.53 -
B-1 652 Brown 149 91 1:2 54.27 | 5.89 | 18.61 | 12.75 | 8.45
B-2 648 gF;Z:een 113 84 1:2 4949 | 7.11 | 20.61 | 14.71 | 8.64

3.2. FT-IR spectra.

The IR spectrum of the ligand (HL) is compared with that of metal complexes to
investigate the mode of binding 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
Figure 1. The band at 1635 is assigned to (C=N-) stretching frequency. The bands at 3409 and
2894 cm™ are due to the stretching of (-NH) and (-CH) groups, respectively. On complexation,
the bands of the azomethine groups shift to lower wave numbers (1630 and 1624 cm™)
compared to the imine ligand. Looking at the shifts and decreases in intensities before and after
complexation, it is evident 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 Figure 1 [25,26].

Transmittance(%)

T T T T T T
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Figure 1. FT-IR spectra of HL and its metal complexes B-1 and B-2.

Table 2. FT-IR spectra of ligand (HL) and its metal complexes B-1 and B-2.

Compound v(C=N) v(N-H) v(C-H) v(N-N) v(C=C) v(C-0) v(M-N)
HL 1635 3409 2894 1156 1572 1287 -
B-1 1630 3090 2738 1041 1575 1241 673
B-2 1624 3189 2684 1051 1562 1225 691
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3.3. UV/visible spectra.

The absorption spectra of HL and its metal complexes were recorded in dimethyl
sulfoxide solution in the range of 300-800 nm. In the UV spectrum of the ligand, the absorption
bands at 270 and 323 nm correspond to n-i* and n-z* transitions (Table 3, Figure 2). While
the electronic spectrum [Cu(HL)2] x 2 H20 and [Ni(HL)2] x 3H20 complexes, displayed one
band at 287 and 276 nm are attributed to n- a* transitions and the bands at 319, 336 nm
corresponds to si-ir* transition and the absorption bands at 406 nm and 368 nm corresponds to
C-T transitions, respectively [27,28].

4.0
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Figure 2. UV-Visible spectra of (HL) and its metal complexes B-1 and B-2.

Table 3. UV-Visible spectra of (HL) and its metal complexes B-1 and B-2.

Compound n-n* n-w* C-T transition
HL 270 nm 323 nm -
B-1 280 nm 340 nm 406 nm
B-2 293 nm 342 nm 368

3.4. NMR spectroscopy.

The *H NMR and *3C NMR spectra of HL were shown in S1 and S2, respectively. A
sharp singlet that integrates as one hydrogen at 6 = 7.381 ppm is assigned to azomethine (-
CH=N-). The absence of coupling interactions due to the lack of protons on neighboring atoms
results in singlet peaks for the imine protons. Another singlet at 8 = 10.08 ppm can be attributed
to the proton attached to N. The multiplet signals of Ar-H were observed in the range 6.756 —
7.361 ppm. The structure of the ligand HL was further evaluated by **C NMR. The signals at
0 = 153.92 ppm are attributed to the carbon of azomethine. The peaks observed between 6 =
110.945 and 153.724 ppm correspond to aromatic ring carbons [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 S3. The molecular ion peak is
observed at m/z = 278 [M+1], the molecular mass of the ligand (HL). The mass spectrum of
the complexes showed molecular ion peaks at m/z 653 and 648 [M+1], confirming the
molecular masses of the complexes B-1 and B-2, as evident in S4 and S5, respectively [30].
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3.6. Thermo-gravimetric analysis.

The complexes (B-1 and B-2) have been subjected to a temperature program in the
range of 27°C to 800°C under inert temperature, with a heating rate of 10°C.

The thermal degradation of the complex B-1 begins with the elimination of two water
molecules at 60°C to 165°C with a weight loss of 5.50 % (calc. 5.52%). Another decomposition
peak at 320 to 410°C showed a weight loss of 84.98% (calc. 84.96%) as a result of the loss of
coordinated organic moiety. Finally, the temperature above 410°C, the stable end product left
behind as metal oxide [31-32].

The decomposition of the B-2 complex started with the loss of two water molecules
with an endothermic peak at 68 -150°C, showing 5.45% weight loss [calc 5.55%] followed by
the major weight loss of 85.31% [calc. 85.49%] refers to the decomposition of coordinated
ligands at 330 and 440°C. The metal oxide, NiO, is obtained as a residue above 440°C [33].

The TGA and DTA plots of the complexes B-1 and B-2 are shown in Figures 3 and 4,
respectively.
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Figure 3. TGA and DTA plot of B-1 complex.
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Figure 4. TGA and DTA plot of B-2 complex.

3.7. ESR spectra.

The magnetically active copper metal center was investigated by ESR spectroscopy,
measured on an X-band spectrometer at liquid nitrogen temperature using DMSO as the
solvent. ESR spectra of the copper complex are attributed to the coupling interaction of the
unpaired electron with the copper nuclei. In the ESR spectrum, the small peaks and main bands

https://nanobioletters.com/ 7 0f 19


https://doi.org/10.33263/LIANBS144.256
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS144.256

appear due to the delocalization of unpaired electrons on the nitrogen of the azomethine group
via super-hyperfine interactions. The studies of the spectrum give g || =2.404 and gL = 2.063.
This clearly indicates that g || > g1 >2.0023 and the unpaired electron in Cu (II) resides in the
dx?-dy? orbital and is the characteristic spectral feature for axial symmetry (Figure 5). The
complex has a distorted square planar geometry [34, 35].
B-1

xxxxx

||||||
44444

o 1040 2000 B ag0 GO0 ] =00 00 RO
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Figure 5. ESR spectrum of B-1 complex.
3.8. Molecular docking investigations.

The binding behavior of the compounds was analyzed by docking the
pharmacologically active molecules into the protein's active sites. The binding interaction sites
are available in the Discovery Studio visualizer. This calculation has been used to interpret how
these proteins interact with small molecules. The interaction of DNA(1BNA), p53 cancer
mutant protein (4L09), Cu, Zn-SOD(1CB4), and phosphorylated insulin receptor tyrosine
kinase (2Z8C) with HL and its metal complexes B-1 and B-2, with docked energy parameters
shown in Table IV and Figures 6, 7, and 8, respectively [36,37]. The ligand (HL) and its metal
complexes B-1 and B-2 interact with DNA with the binding energies of -5.1, -6.4, and -5.9
kcal/mol, respectively. The interactions of HL and its metal complexes B-1 and B-2 with p53
cancer mutant protein with the binding scores of -5.9, -9.1 and -8.8 kcal/mol, and with Cu, Zn-
SOD with the binding scores of -6.0, -6.3 and -6.2 kcal/mol and with phosphorylated insulin
receptor, tyrosine kinase with the binding scores of -7.1, -6.6, and -8.8, respectively. These
parameters indicate that the B-1 complex binds strongly to the p53 cancer mutant protein,
followed by 2Z8C, 1CB4, and 1BNA. B-1 complex displayed the highest binding score of -9.1
kcal/mol with p53 cancer mutant protein, and the complex B-2 displayed the highest binding
with phosphorylated insulin receptor tyrosine kinase 2Z8C. Docked compounds were analyzed
based on hydrogen bonding, non-covalent, and hydrophobic interactions between 1BNA,
41.09,1CB4, and the synthesized compounds. The docking investigations revealed that the
copper complex interacts more efficiently with the p53 cancer mutant protein, hydrolase
enzyme, and DNA than other synthesized compounds [38].
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(b)
Figure 6. (a) Molecular docking of HL with 1BNA, 4L09, 1CB4, and 2Z8C; (b) Active site amino acid
residues (1BNA, 4L09, 1CB4, and 2Z8C) interactions with HL.

(b)
Figure 7. (a) Molecular docking of B-1 complex with 1BNA, 4L09, 1CB4 and 2Z8C(above); (b) Active site
amino acid residues (LBNA, 4L09, 1CB4, and 2Z8C)interaction with B-1 complex(below).

(b)
Figure 8. (a) Molecular docking of B-2 complex with 1BNA, 4L09, 1CB4 and 2Z8C; (b) Active site amino
acid residue (1BNA, 4L09, 1CB4, and 2Z8C) interactions with B-2 complex.

Table 4. Docking score of ligand (HL) and complexes B-1 and B-2.

Binding energy(kcal/mal)
Compound 1BNA 4L09 1CB4 278C
HL 5.1 5.9 6.0 71
B-1 6.4 9.1 6.3 6.6
B-2 5.9 8.8 6.2 85
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3.9. DNA binding studies.
3.9.1. Electronic absorption titrations.

Electronic absorption spectroscopy is used to determine the binding interaction of metal
complexes with DNA. The UV-vis spectra of Cu(ll) and Ni(ll) complexes with CT-DNA are
shown in Figures 9 and 10, respectively. The binding constant Ky, for the complex has been
determined from the plot of [DNA]/(ea-€ef) versus [DNA] using equation (eq-1) and was found
to be 3353.01 M*and 3263.06 M™* for B-1 and B-2, respectively [39].

Absorbance

Wavelength(nm)

Figure 9. Absorption spectra of B-1 complex in the presence of CT-DNA in tris-HCI buffer (pH=7.4); Inset:
The plot of [DNA]/(ea-€ef) versus [DNA].

12 V000018700 1 061313

R2-g.99112

Absorbance
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Figure 10. Absorption spectra of B-2 complex in the presence of CT-DNA in tris-HCI buffer(pH=7.4); Inset:
The plot of [DNA]/(ea-€ef) versus [DNA].

3.9.2. Fluorescence spectroscopic studies.

The fluorescence experiments were performed to investigate the interactions between
ligands and CT-DNA complexes. 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 540 nm, respectively (Figures 11 and 12). Initially, the low fluorescence
intensity was due to solvent quenching, and it gradually increased as it bound to DNA. As the
concentration of the metal complexes increased, the emission intensity decreased slowly. The
fluorescence emission intensities at 500 and 540 nm (excitation at 320 and 340 nm) decreased
with increasing 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
https://nanobioletters.com/ 10 of 19
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plot of Fo/F versus [Q] using the following equation [eg-3] and was found to be 7.028x 10% M-
land 5.921 x 102 M [40] and the Stern-Volmer quenching constant (ksv) Figure 13 and Figure
14, was obtained from the plot of log [(Fo-F)/F] versus log[Q] using the following equation
(eq-4) and were found to be 2.674 * 10%and 2.102 x 103, These results indicate that the Cu(ll)
complex binds to DNA more efficiently than the Ni(Il) complex [41].

3 = 7t 7axa @] ®3)
Iog(%) = log ko + nlog[Q] 4)
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Figure 11. Emission spectra of B-1 complex in the presence of CT-DNA in tris-HCI buffer(pH=7.4)
[Aexc=320nm; Aems=540nm]; Inset: The plot of Fo/F v/s [Q].
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Figure 12. Emission spectra of B-2 complex in the presence of CT-DNA in tris-HCI buffer (pH=7.4)
[Aexc=340nm; Aems=500nm]; Inset: The plot of Fo/F v/s [Q].
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Figure 13. A plot of log[(Fo-F)/F] versus log[Q].
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Figure 14. 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) complex 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. Figure 15 and Table 5 describe the inhibitory effects of HL and its metal complexes
[B-1 and B-2] [42,43].

15.1+0.3

18.610.1

IC5q Value

30.240.2

81.410.4

HL Ni(11) cu(l) AA

Figure 15. ICs inhibitory concentrations of ligand (HL) and its metal complexes, B-1 and B-2, for 50 % of
DPPH radical.

Table 5. 50% inhibitory concentrations (I1Cso) of the radical scavenging activity of ligand (HL) and metal
complexes B-1 and B-2.

SI.No Compound I1Cso
1 HL 81.4+0.4
2 B-1 18.6+0.1
3 B-2 30.2+0.2
4 AA 15.1+0.3
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3.10.2. Antimicrobial activity.

The antimicrobial activities were screened using bacterial 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. subtilis, E. coli, and S. aureus [44]. The susceptibility
zones were measured in diameter (mm) and corresponded to the clear zones around the discs
that killed bacteria and fungi. The ligand (HL) and its metal complexes exhibited varying
degrees of inhibitory effects on the growth of the tested bacterial and fungal species. The metal
complexes showed more antifungal activity than the parent ligand (HL). All of the investigated
compounds produced fewer inhibition zones than the standard, as shown in Figure 16 and
tabulated in Table 6 [45].

—®— B.subtilis
40 |—e— E.coli
—A— S.aureus

v— A.niger
~—#— C.albicans

w
1]
1

w
o
1

Zone of inhibition (mm)
1 [ ]

-
wn
1

-
o
1

wn

HL B-1 B-2 Amoxicillin Fluconazole
Compound/Standard

Figure 16. Graphical representation of the antimicrobial activity of HL and its metal complexes B-1 and B-2.

Table 6. Antimicrobial activity of ligand (HL) and its complexes B-1 and B-2.

Compound _ Zone of Inhibition _
Bacteria Fungi
B.Subtilis E.Coli S.Aureus A.Niger C.Albicans
HL 12 14 15.4 11 09
B-1 10 12 12,5 21 19
B-2 11 15 22 16 12
Amoxicillin 28 23 25 - -
Fluconazole - - - 41 36

4. Conclusions

In the present study, Schiff base and its Copper and Nickel complexes were prepared
and characterized by physicochemical methods. Elemental analysis reveals that the complexes
have a metal-to-ligand ratio (1:2). 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 the ligand (HL) and the complexes. TGA provides a
depiction of 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 reported in this paper indicate that the complex
exhibited the highest antifungal activity compared to the ligand. Molecular docking studies
indicate that the Cu(ll) complex binds more effectively to the p53 cancer mutant protein than
to DNA, the hydrolase enzyme, or the phosphorylated insulin receptor tyrosine kinase, with a
good binding score.
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Figure S5. Mass spectrum of B-2 complex.
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