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The use of conventional antibiotics as both preventive and curative measures for antimicrobial infections has
increased multidrug-resistant infections that have negatively impacted humans. Thus, better antimicrobial agents
are needed. We investigated for the first time the antimicrobial and antioxidant activities of the 4,4’-{ethane-1,2-
diylbis[nitrilo(Z)methylylidene] } bis(2-methoxyphenol) ligand (SV) and its metal complexes represented as CoSV,
CuSV, NiSV, ZrOSV, VOSYV, and UO,SV. The complexes were characterized using different spectroscopic techniques,
such as Fourier transform infrared, UV absorption spectra, and elemental analysis. The antibacterial properties of the
complexes were evaluated using standard methods. The results showed that all the complexes exhibited strong to
moderate activities against Staphylococcus aureus, Enterococcus faecalis, Klebsiella pneumonia, and Pseudomonas
aeruginosa compared to the parent ligand alone. Increased antibacterial properties of the complexes were attributed to
the increased lipophilic nature of the ligand upon coordination with metal. The IC (ug/ml) value of the 2,2-diphenyl-
1-picrylhydrazyl radical scavenging activities of the Schiff base metal complexes ranged from 3.24 to 6.44, which was
higher than that of standard ascorbic acid [IC, (pg/ml) = 1.22] or gallic acid [IC,  (ng/ml) = 2.02] used. The strong
antibacterial properties and pronounced radical scavenging activities show that the complexes could be promising
alternatives as antibacterial and antioxidant agents.

INTRODUCTION

disease-2019 virus mortality rate to date, with which over 5

Microbial infections are life-threatening diseases; they
weaken the immune system and deteriorate most disease conditions.
The burden of infections due to antimicrobial resistance, especially
in Africa and Asia, is alarming. According to the European Center
for Disease Prevention and Control, about 33,000 people die
annually from infections (Bamigboye et al., 2021; Ejidike et al.,
2019; El-Saied et al., 2017). Antibiotic-resistant bacteria are one of
the underlying conditions that have been increasing the coronavirus
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million people have been affected according to the World Health
Organization (2021) (Feldman and Anderson, 2021; Wainwrighr,
1998). Most approved antibiotics are inefficient in treating bacterial
infections due to their ability to form biofilms, regularly change
strains, and develop complex structures with other pathogens
(Roy et al., 2018). Oxidative stress may deteriorate the health of
patients already infected with bacteria or fungi, resulting in more
severe conditions; these challenges call for potential novel drugs
that will combat the challenges of infections and oxidative stress
(Bamigboye et al., 2021; Dikio et al., 2017).

Antioxidants are substances that can prevent or slow
damage to cells caused by free radicals. Free radicals are unstable
molecules/atoms with unpaired electrons; they can be from either
endogenous or exogenous sources (Ejidike, 2018; Rahman et
al., 2015). The accumulation of free radicals has been strongly
associated with several health conditions such as cancer, diabetes,
cardiovascular diseases, and neurodegenerative diseases (Gilgun-
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Sherki et al., 2002; Islam et al., 2013; Naskar et al., 2011). Thus,
there is a need for an antioxidant to neutralize the effects of free
radicals. Research has shown that antioxidants can reduce the risk
of chronic diseases, including cancer and cardiovascular disease
(Gilgun-Sherki et al., 2002; Naskar et al., 2011). Although the
human biological system has antioxidant defense mechanisms that
scavenge free radicals, they are not sufficient. Therefore, there is a
need for an external antioxidant.

Schiff base ligands have received attention recently
due to structural flexibility and a wide range of biological
applications. Adole et al. (2020) reported that 2-(2-hydrazineyl)
thiazole derivatives showed antibacterial, antifungal, and
antioxidant activities. Similarly, reports have shown that ligands
exhibit a wide range of activities which include antimicrobial,
anti-inflammatory, antimalarial, and antipyretic among other
properties, and the presence of the imine group in Schiff base
ligands has been shown to impact their biological activities
(Bringmann et al., 2004; Ejidike et al., 2019, 2021; El-Behery
and El-Twigry, 2007; Pathade et al., 2021; Przybylski et al.,
2009; Shinde et al., 2021a, 2021b). Transition metal complexes
containing Schiff base ligands have been used in the treatment of
several pathogenic infections and have been shown to have great
antioxidant properties; these complexes scavenge free radicals
that are causative factors in cardiovascular diseases and cancer.
Studies have shown that the metal complexes of different Schiff
base ligands have higher activities than the ligands alone (Ejidike
and Ajibade, 2017; Fonkui et al., 2018; Omar et al., 2006). Pure
metallic forms of copper (Cu), cobalt (Co), nickel (Ni), and
zirconium (Zr) have been documented to exhibit antibacterial
properties (Bonaccorso et al., 2020; Khanna et al., 2019; Reiss
et al., 2014). The chelating behavior of the Schiff base ligand
upon complexation with metals is responsible for both increased
antimicrobial activity and antioxidant properties of the complexes
(Santos-Sanchez et al., 2019). Thus, Schiff base metal complexes
exhibit dual-mode actions as antioxidants and antimicrobials
(Adole et al., 2020; Ejidike, 2018; Ejidike et al., 2021).

In this study, we report the antibacterial and antioxidant
activities ofthe 4,4’- {ethane-1,2-diylbis[nitrilo(Z)methylylidene]}
bis(2-methoxyphenol) ligand (SV) Schiffbase complexes of Cu(Il),
Co(II), Ni(I), Zr(IV), VO(1V), and UO,(II) against two Gram-
positive [Staphylococcus aureus (ATCC-25923) and Enterococcus
faecalis (ATCC-29212)] and two Gram-negative [Klebsiella
pneumonia (ATCC-13883) and Pseudomonas aeruginosa (ATCC-
15442)] bacteria. It is believed that the presence of these metal ions
with broad antimicrobial properties will improve the efficiency of
the complexes as potential antibacterial and antioxidant agents
when compared to the free Schiff base ligand alone.

MATERIALS AND METHODS

The chemicals and reagents were of analytical grade;
they were purchased from Sigma-Aldrich and used without
further purification. The cultured organisms were collected
from the Biotechnology Laboratory, Vanderbijlpark, South
Africa. A Gallenkamp melting point apparatus was used for the
determination of the melting point. The percentage composition of
elements (C, H, and N) present in the complexes was determined

using a PerkinElmer 2400 CHN Elemental Analyzer (PerkinElmer,
Waltham, MA). The functional groups present in the compounds
were recorded on a Shimadzu FTIR-8400S Fourier Transform
Infrared (FTIR) Spectrophotometer. The ultraviolet-visible
spectra of the compounds were recorded on a Jenway 6405 UV-
vis spectrophotometer within the range of 200—800 nm. The molar
conductance was obtained using a Jenway 4510 Conductivity
Meter with a cell constant of 1.42.

Synthesis of Schiff base ligands

The ligands were synthesized as reported by Raman
et al. (2001) and Ejidike and Ajibade (2015). Briefly, ethane-1.2-
diamine (1.25 ml, 0.02 mol) dissolved in 20 ml of ethanol was
added slowly to a 50 ml ethanol solution containing 4-hydroxy-
3-methoxy benzaldehyde (6.086 g, 0.04 mol) while stirring. The
resulting light yellow mixture was refluxed for 4 hours at 60°C.
The resulting mixture of the bidentate ligand was washed with
cold ethanol and dried in a desiccator (yield = 6.6447 g, 78.78%).

Synthesis of metal Schiff base complexes

The metal complexes of the Schiff base ligand
were prepared by the addition of 0.75 mmol of each metal ion
(VO(acetate),, UO,(NO,),-6H,0, CoCl,-6H,0, CuCl,-2H,0,
ZrClO,-8H,0, and NiCl,-6H,0) dissolved in 20 ml of ethanol
to the hot ethanolic solution (20 ml) of the bidentate ligand
(1.5 mmol, 0.7895 g) at a ratio of 1:2 while stirring. The colors
changed immediately. The mixture was buffered with 0.21 ml of
triethylamine. The resulting mixtures were then refluxed for 3—4
hours at 70°C and allowed to cool. The resulting precipitated
solids were filtered, washed, and dried in a desiccator.

Antimicrobial activities

The selected strains of microbes were maintained in the
Biotechnology Laboratory, Vanderbijlpark, South Africa. They
consisted of two Gram-positive [S. aureus (ATCC-25923) and E.
faecalis (ATCC-29212)] and two Gram-negative [K. pneumoniae
(ATCC-13883) and P. aeruginosa (ATCC-15442)] bacteria. The
antimicrobial activities of the complexes were evaluated using the
agar diffusion method as described by Bamigboye et al. (2021).
Seven grams of nutrient agar was weighed and dissolved in 250 ml
of distilled water in a conical flask. Cotton wool and aluminum foil
were used to cover the content of the flask before autoclaving. The
microbes were inoculated on top of the prepared agar, which was
solidified in the Petri dish. About 5 mm of a sterilized cork borer
was used to drill holes within the plates, followed by the addition
of 25 pg/ml of each metal complex solution to the prepared agar
plate. The plates were allowed to stand for 30 minutes to ensure
proper penetration of the test compounds before incubation at
37°C for 24 hours. Zones of inhibition (mm) were measured and
recorded.

Antioxidant assay

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity

DPPH radical scavenging activity evaluation is a stan-
dard assay used in antioxidant activity studies. The antioxidant
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activity of the Schiff base ligand [SV] and Schiff base bidentate
metal complexes were obtained using the DPPH reagent as previ-
ously reported (Ejidike and Ajibade, 2017). The complexes were
dissolved in 1 ml of dimethylformamide (DMF) to make various
concentrations (100, 200, 300, 400, and 500 pg/ml) which were
mixed thoroughly with 1 ml of methanol and allowed to interact in
the dark for about 30 minutes. Ascorbic acid and gallic acid were
used as standards for control. The absorbance of the solutions and
the control was measured at 517 nm using a spectrophotometer.
Ligands and metal complexes contain several hydrogen atoms that
can be donated. The donating ability of the hydrogen atoms in the
complexes was determined by the decolorization of the DPPH re-
agent. DPPH produces a violet/purple color in a methanol solution,
which changes to a yellow color in the presence of antioxidants.
The concentration of the tested complex required to inhibit 50% of
the DPPH free radical known as the IC, value of the samples was
calculated using the inhibition curve. The lower the absorbance of
the reaction mixture, the higher the free radical inhibitory activi-
ty (Koleva et al., 2021). The analysis of all the tests was carried
out in triplicate to obtain mean = SD. The following equation was
used to obtain the percentage of the scavenging activity:

Absorbance of control—

Percentage scavenging _ A psorbance of sample

activity

Absorbance of control

RESULTS AND DISCUSSION

Chemistry of the complexes

The proposed structures of the synthesized ligands (SV)
and their corresponding metal Schiff base complexes represented
as CoSV, CuSV, NiSV, ZrOSV, VOSV, and UO,SV are shown in
Figure 1. The compounds were characterized using spectroscopic
methods: UV-visible, FTIR, and elemental analysis. The
synthesized complexes were of good yield, which ranged from
67.84% to0 90.30%, as shown in Table 1; NiSV had the least yield,
while UO,SV had the most yield; the complexes were stable at
room temperature to air and are colored, and the coloration is due
to partial filling of the d-orbital of the metal ion (Ejidike, 2018).
The elemental analysis data of the complexes is presented in
Table 1; the calculated value is in good agreement with the
experimental values; it is evident that the complexes are in the
ratio of 1:2 (M:SV), and these suggest a successful synthesis of the
bidentate metal Schiff base complexes.

The physicochemical properties of the parent ligands
and their corresponding metal complexes are shown in Table 1.
The melting point of the metal complexes, which is in the range
of 172-182, is higher than that of the ligand alone whose value
ranged from 167 to 168. The increase in the melting point is due to
the presence of metal in the bidentate complex. Their conductivity
ranged from 12.30 to 18.26 uScm'; the conductance value, which
is below 40 uScm™', is consistent with the nonelectrolyte nature of
complexes in solution (Ejidike and Ajibade, 2017; Ejidike et al.,
2019).

Infrared spectra

The FTIR bands of the compounds are presented in
Table 2. The IR spectrum of the ligands (SV) shows bands in the

regions 3468-3220 cm™' which can be assigned to U op frequency;
these bands are also observed in the metal complexes due to the
free phenolic OH group present in the compounds (Ejidike and
Ajibade, 2015; Ejidike et al., 2021). A broad peak between 3,104
and 2,858 cm™' assigned to the v, stretch observed in the ligand
shifted to a higher or lower frequency in the complexes. The
strong v, bond might be a result of intramolecular hydrogen
bonding between the OH group and the O atom of the methoxy
group which is in the ortho position. Bands corresponding to
U -y, (azomethine) appeared at 1,633 and 1,603 cm ! upon the
successful formation of the ligand. This band shifted to a higher
wavenumber to the extent of 17-55 cm™' on the formation of the
metal complexes, an indication that the nitrogen of the azomethine
groups is responsible for the coordination of the ligand to the
metal atoms (Alias et al., 2014; Ejidike, 2018; Malik et al., 2011).
Other relevant peaks in the Schiff base ligand at about 1,516,
1,288, and 883 cm! are attributed to Vc=cp Vc=op and 5(C ~ op
respectively, and are presented in Table 2. The bands are common
for all the complexes, and the data are consistent with what has
been documented in the literature (Ejidike and Ajibade, 2017;
Kose and Necefoglu, 2008; Nandiyanto et al., 2019). In the IR
spectra of the VOSV, ZrOSV, UrO,SV, CuSV, CoSV, and NiSV
complexes, new bands at 620, 621, 642, 625, 645, and 670 cm™'
were assigned to Vot=ny stretching vibrations (Ejidike and Ajibade,
2015; Ejidike et al., 2019; Fierro et al., 2011). The presence
of an intense peak around 983 cm™' is characteristic of the
Uy — o, Vibration (Raman ez al., 2001), while in the uranyl complex
(UrO,SV) the spectrum showed a band in the region of 905 cm™
assigned to the antisymmetric v, _, _, vibration (El-Behery and
El-Twigry, 2007). The bands at 962 cm™' are assigned to the Vg -
0 vibration of the complexes (ZrOSV) (Ashoor and Ediab, 2014).
These trends found in all the complexes are consistent with what
has been documented in the literature (Kose and Necefoglu,
2008; Nandiyanto et al., 2019). The new Vot=n bands confirmed
the successful formation of the Schiff base metal complexes.
From the FTIR spectra, the synthesis of the 4,4’-{ethane-1,2-
diylbis[nitrilo(Z)methylylidene]} bis(2-methoxyphenol)  ligand
(SV) and its metal complexes represented as CoSV, CuSV, NiSV,
ZrOSV, VOSYV, and UO,SV was coordinated through two nitrogen
atoms of the azomethine groups. The FTIR spectra data confirmed
the coordination of the imino nitrogen atoms to the Co, Cu, Ni,
ZrO, VO, and UO, ions. Hence, the absorptions expected for
all the complexes are present and explained following previous
literature (Ashoor and Ediab, 2014; Bamigboye et al., 2021; Dikio
et al., 2017; Ejidike and Ajibade, 2015; Nandiyanto et al., 2019;
Raman et al., 2001).

UV-visible absorption

The electronic spectra of the SV ligands and metal
Schiff base complexes were recorded in 10°M DMEF solutions
and are shown in Figure 2. The synthesized complexes (CoSV,
CuSV, NiSV, ZrOSV, VOSYV, and UO,SV) showed characteristic
... when compared to the ligand alone, and this also confirmed
successful coordination. Three bands were observed in the
spectrum of the ligand (SV) at about 295, 315, and 405 nm. The
peaks at about 295 and 315 nm are due to aromatic m-n* and
imino w-m* transitions, and the band at 405 nm is attributed to
the n—n* (Bamigboye et al., 2021; Dikio et al., 2017; Ejidike
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Figure 1. Schematic pathways for the synthesis of the ligand (SV) and its metal complexes.

and Ajibade, 2015; Raman et al., 2001). These peaks maintained
their wavelength or underwent a hypochromic shift to higher
frequencies in coordination with metal. The electronic spectrum
of the CoSV complex shows a charge-transfer (CT) band at 470
nm and d-d absorption at the visible region around 535 nm of
less intensity indicating a distorted tetrahedral environment of
the ligand around the Co ion due to *A (F) — *T (P) transition
(Ejidike and Ajibade, 2017; Raman et al., 2001). The copper

complex (CuSV) in the visible region exhibited two absorption
bands at 440 and 565 nm, which can attribute to 2Blg—> 2Elg and
2B1g — A _transition, respectively, associated with metals having
d-orbitals of a square planar copper(Il) complex (Bamigboye
et al., 2021; Ejidike and Ajibade, 2017; Ejidike, 2018; Raman
et al., 2001). The electronic spectra of the diamagnetic uranyl
complex, UO,SV (Fig. 2), show two absorption bands alongside
the ligand bands. The first band was observed at around 475 nm
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Table 1. Analytical properties of the ligand (SV) and metal Schiff base complexes.
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Elemental analysis (%) (Calcd./Found)

Conductivity (uSem™)

3 0,
©0) Yield (%) Color

Melting point

Empirical formula Formu(l;l)welght

Compound

8.58/8.27
7.79/7.37
7.37/6.93
7.87/7.39
7.88/8.11

5.56/5.91
5.04/5.61
4.77/4.35
5.10/5.56
5.10/5.55
5.07/5.45
3.93/3.45

66.25/65.82
60.08/60.53
56.90/57.37
60.76/60.29
60.78/60.43
60.37/60.72
46.86/47.13

167-168 78.78 Light yellow

CH,N,0, 32635

C,H,N,0,VO

Ligand (SV)

13.18
17.41

78.93 Creamy white

69.80

175-177
172-174

187-188

719.63

VOSV

Creamy orange

C,H,N,0,710 759.92

ZrOSV

15.19
12.30
17.59
18.26

Brownish

81.18
67.84
85.67

90.30

711.63

C,H,N,0,Co
C36H36N408Ni
C,H,N,0,Cu

C36H36N408UO2

CoSV
NiSV
CuSV

UOo,SV

Dark brown

181-183
170-172
180-182

711.39

7.82/7.39

Light brownish

716.24

6.07/6.52

Brownish-yellow

922.72

attributable to the CT transition from equatorial donor atoms of the
SV ligand to the uranium ion, and the second band was observed
at about 670 nm, characteristic of electronic transitions from the
apical oxygen atom to the f-orbitals of the uranyl atom (El-Behery
and El-Twigry, 2007). The ZrOSV complex exhibited absorption
peaks that were observed at frequencies 295, 330, 410, and 525
nm. The first two peaks are ascribed to m—n*, the one at 410 nm
to n—7* type transitions, and the one at 525 nm to a CT transition;
this identification is similar to those reported in the literature
(Ashoor and Ediab, 2014). Electronic absorption spectral data of
the VOSV complex showed intraligand CT transition observed
around 391 nm, while two absorption bands around 415 and 510
nm are attributed to °B, — 'E and B, — 'A transitions of the VO
complex in a square pyramidal environment (Raman et al., 2001).
In the NiSV complex absorption spectrum, a CT transition L — M
was observed around 390 nm, while two absorption bands around
425 and 560 nm are attributed to lAlg — lAzg and ‘Alg — lBlg
transitions of the Ni(II) complex in a square planar environment
(Ejidike and Ajibade, 2017; Ejidike et al., 2019; Fierro et al.,
2011; Raman et al., 2001).

Antioxidant properties

The DPPH free radical scavenging method was adopted
to test the antioxidant activities of Schiff base ligand (SV) and
metal complexes represented as CoSV, CuSV, NiSV, ZrOSV,
VOSYV, and UO,SV. The represented metal complexes showed
lower antioxidant potential than standard ascorbic or gallic acid,
as shown in Table 3. The synthesized complexes showed IC, (ug/
ml) DPPH radical scavenging activities ranging from 3.24 + 1.37
to 6.44 + 0.44 with lower inhibition than those of the standard
agents: ascorbic and gallic acid with IC, (ug/ml) values of 1.22
+ 0.84 and 2.02 £ 0.42, respectively (p < 0.05). The scavenging
ability of the synthesized metal Schiff base ligand on DPPH may
be a result of the hydrogen-donating ability of the compound.
The complexes contain some free hydroxyl groups that can form
hydrogen bonding with DPPH, thus reducing the violet color of
the DPPH solution to yellow DPPH (Ejidike et al., 2021; Rahman
et al., 2015). Free radicals cause oxidative damage due to their
ability to initiate a chain reaction, while antioxidants neutralize
oxidative damage by donating electrons to free radicals, thus
acting as reducing agents that neutralize the damage before
initiation (Halliwell, 2012; Herrling et al., 2008). This study
corroborates a report in the literature (Ejidike and Ajibade, 2017),
which showed that the Co(II), Ni(II), Cu(II), and Zn(II) complexes
of the 4,4’-{ethane-1,2-diylbis[nitrilo(1E)eth-1-yl-1-ylidene]}
dibenzene-1,3-diol metal Schiff base complexes exhibited higher
antioxidants properties than the free ligand.

Antimicrobial studies

Microbial infections are life-threatening diseases that
affect both the health and the economy of various nations. The
ingestion of food and water contaminated with both Gram-positive
and Gram-negative bacteria can result in so many illnesses, such
as sepsis, typhoid, fever, and diarrhea. The antimicrobial activities
of the parent ligand represented as (SV) and its synthesized metal
Schiff base complexes represented as CoSV, CuSV, NiSV, ZrOSV,
VOSYV, and UO,SV were tested against S. aureus (ATCC-25923),
E. faecalis (ATCC-29212), K. pneumonia (ATCC-13883), and
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Table 2. FTIR data of the ligand (SV) and the metal Schiff base complexes.
Compound Ligand (SV) VOSV ZrOSvV UO,SvV NiSV [CuSV] [CoSV]
v(OH) 3,468-3,220 3,329-3,174 3,542-3,227 3,562-3,363 3,656-3,416 3,504-3,343 3,433-3,264
v(-OCH,)str. 3,104-2,858 3,117-2,878 3,113-2,879 3,164-2,873 2,926-2,860 3,288-2,889 3,125-2,857
v(C=N) 1,633, 1,603 1,638, 1,600 1,636, 1,597 1,638, 1,598 1,652, 1,558 1,639, 1,584 1,640, 1,591
wW(C=C) 1,516, 1,465 1,516, 1,461 1,514, 1,494 1,507, 1,433 1,506, 1,458 1,514, 1,497 1,513, 1,492
v(C-0) 1,288, 1,159 1,293, 1,161 1,292, 1,162 1,291, 1,164 1,290, 1,120 1,296, 1,128 1,292, 1,162
J(C-H) 883 884 884, 824 889 826 824 825
v(M-N) — 620 621 642 670 625 645
v(M =0) — 983 962 905 — — —
1 4 1 B
emLigand
w=\/OSV
0.8 1 0.8
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o
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Figure 2. UV-visible spectra of the ligands and their complexes.
P. aeruginosa (ATCC-15442), and their activities are enlisted in Table 3. DPPH scavenging capacities (IC,, ug/ml) of standard drugs,

Table 4. The Schiff base complexes containing metals exhibited
strong to moderate inhibitory effects compared to their parent-
free ligands, in both Gram-positive and Gram-negative bacteria
(Fig. 3). All the complexes were potent against E. faecalis compared
to the parent ligand which did not show any activity. The higher
activities of the Schiff base metal complexes are a result of the
chelating behavior upon complexation. Metals partially share their
positive charges with the donor atoms in the ligand; this results
in electron delocalization over the metal complex ring. Thus,
the metal’s complex lipophilic nature increases its permeation
capability and makes it efficiently go through the microorganisms’
lipid layer (Bamigboye et al., 2021; More et al.,2017; Omar et al.,
2006).

The zirconium metal Schiff base ligand complex
(ZrOSV) showed high antimicrobial properties with zones of
inhibition of 15, 16, 17, and 17 mm against S. aureus, P. aeruginosa,
E. faecalis, and K. pneumonia, respectively, as compared to their
parent ligands, as shown in Table 4. The high antimicrobial
activities of the ZrOSV complex may be due to an increase in
the lipophilic nature of the complex after coordination with the

SV Schiff base, and its metal complexes.

DPPH radical scavenging activity

Compounds
IC,, (ng/ml) R?
Ligand (SV) 5.59+1.16 0.879
VOSV 6.44 +0.44° 0.969
ZrOSV 459 +1.53* 0.962
CoSV 5.23+0.89 0.948
NisV 3.56+1.91° 0.889
CuSV 3.24+1.37° 0.979
Ur0, SV 3.94 +0.49° 0.966
Gallic acid! 2.02 £0.42¢ 0.975
Ascorbic acid? 1.22 +£0.84¢ 0.958

(n=3, X+ SEM), IC, = inhibitory concentration when the percent inhibition of
the tested compounds is 50%, R* = correlation coefficient.

® Significantly different from that of the ligand (p < 0.05). Data with superscript
alphabet “a” are significantly lower than data with superscript alphabet “b,”
while data with superscript “b” are lower than data with superscript alphabet
“c”atp <0.05.

dStandards.
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Table 4. Antimicrobial activities (zone of inhibition, mm) of the ligand (SV) and its metal

complexes.
S. aureus E. faecalis K. pneumoniae P. aeruginosa
Ligand/complexes
Gram (+) bacteria Gram (-) bacteria
Ligand (SV) 8 — 6 7
VoSV 14 11 15 13
ZrOSV 15 17 17 16
CoSV 13 8 14 11
NiSV 12 13 15 16
CuSV 16 13 14 15
UrO,SV 18 15 20 15
Neomycin® 27 25 23 22
* Standards.
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Figure 3. Antimicrobial potentials of the ligand (SV) and metal complexes.

ligand. A similar pattern of increase in antimicrobial activities due
to improving lipophilic nature of Zr after complexation was also
shown by Mahind et al. (2013), who tested the activities of the
Zr(IV) Schiff base complex against S. aureus and other bacteria,
Escherichia coli, Salmonella typhi, and Bacillus subtilis, and
recorded zones of inhibition which were not seen in the parent
ligand. The antimicrobial activities of other Schiff base metal
complexes containing Ni, UO,, and Co ions were higher than the
ligand alone based on the enhanced lipophilic nature of the ligand
in coordination with metals (David et al., 2005; Liu et al., 2013;
More et al., 2017; Omar et al., 2006).

The copper-containing Schiff base complex showed
comparative high zones of inhibition of 16, 15, 13, and 14 mm
in the four tested strains of bacteria. The antimicrobial activities
of copper may be due to the redox cycling reactions between
Cu(Il) and Cu(I) oxidation states which results in the formation
of reactive radical species. Under aerobic conditions, the reactive
radical species produces free hydroxyl radicals that react within

the cell including membrane lipids, proteins, and nucleic acids to
generate different dangerous species and products. This reaction
results in the damage of the bacterial DNA (Congradyova et al.,
2014). The result is consistent with what was reported by Duncan
and White (2012) in the literature, who showed that the copper
salicylate ligand exhibited higher antibacterial activities against E.
coli than the free ligand.

The nickel-containing complex showed a moderately
high inhibitory effect against P. aeruginosa with a 16 mm zone
of inhibition compared to the CoSV and VOSV complexes,
which showed antimicrobial activity with 11 and 13 mm zones
of inhibition, respectively. Nickel metal has been shown to have
characteristics of antimicrobial properties in medicinal inorganic
chemistry because of its potential to penetrate microbial cells and
destroy the microorganism by inactivating their enzymes (Chohan
and Kausar, 2000; Ejidike ez al., 2019).

The antimicrobial activities confirmed that the complex-
es possess better medicinal therapeutic potential with a wide spec-
trum against the activities of organisms than their free ligands,
hence their resourcefulness in the preparation of antibiotics or
chemotherapeutic agents.

CONCLUSION

The synthesis of the 4,4’-{ethane-1,2-diylbis[nitrilo(Z)
methylylidene]} bis(2-methoxyphenol) (SV) ligand and its metal
complexes represented as CoSV, CuSV, NiSV, ZrOSV, VOSV, and
UO,SV was successful. The complexes were physicochemically
characterized by elemental analysis, melting point, UV spectra,
conductivity measurement, and FTIR. Antimicrobial analysis
of the SV ligand and its metal complexes was evaluated against
bacterial strains such as S. aureus, E. faecalis, K. pneumoniae, and
P aeruginosa; the bacteria were highly susceptible to the metal
complexes showing moderate to strong activities that were higher
than the parent ligands. The antimicrobial results indicate the
complexes could be used alone or in combination as alternative
antibiotics. Similarly, the pronounced antioxidant properties of the
complexes also indicate that they could be used as free radical
scavengers.
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