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Abstract

A novel Schiff base, 3-(((1H-1,2,4-triazol-3-yl)imino)methyl)-4 H-chromen-4-one (L) was synthesized and used as ligand
for the synthesis of Co(II), Ni(Il), Cu(II), Zn(II) and Pd(I) complexes. The structural characterization of the ligand and
its metal complexes was determined by using various physicochemical and spectroscopic methods. The IR data show that
the Schiff base ligand acts as a bidentate donor coordinating through the oxygen atom of the chromone and nitrogen atom
of the imine group. Based on all spectral data, tetrahedral geometry has been proposed for all the metal complexes except
Cu(II) and Pd(II) complexes. However, square-planar geometry has been proposed for Cu(II) and Pd(II) complexes. DNA
binding interaction of the ligand and its metal complexes was investigated by using UV—visible absorption, fluorescence
and molecular docking studies. The binding constants were in the order of 10* M~! suggesting good binding affinity towards
CT-DNA. The DNA cleavage activity of the synthesized compounds was investigated by using agarose gel electrophoresis.
In vitro antimicrobial activity of the synthesized compounds were screened against two gram-positive bacteria (Bacillus
subtilis, Staphylococcus aureu) and two gram-negative bacteria (Escherichia coli, Proteus vulgaris) and one fungi strain
Candida albicans using disc diffusion method. Antioxidant activity was carried out by DPPH radical scavenging method.
In vitro anti-proliferative activity of the ligand and its metal complexes was also carried on the HEK-293, HeLa, IMR-32
and MCF-7 cancer cell lines using MTT assay.

Keywords Schiff base metal complexes - DNA binding - DNA cleavage - Molecular docking - Anti-proliferative activity -
Antioxidant

Introduction reported in the literature are of ligands containing Schiff

bases [1-5]. The Schiff base ligands are treated as the most

In the recent decades, many natural and synthetic ligands
containing nitrogen and oxygen as donor atoms have been
presented in the literature. Most of the metal complexes
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significant ligands as they possess different coordinating
atoms. Thus, the Schiff base ligands and their metal com-
plexes have notable importance in the evaluation of the
coordination chemistry [6]. However, synthesis of different
Schiff base ligands with novel structure and properties are
still an interesting research topic.

Chromone is the constitutional scaffold of different bio-
active compounds of the synthetic as well as natural origin,
and it has a great pharmaceutical importance [7, 8]. Syn-
thetic point of view, 3-formylchromone has three electronic
centres such as unsaturated keto function, a more active
electrophilic centre at C, and a conjugated second carbonyl
group at C;. The synthesis of formylchromone Schift base
ligands and their coordination complexes shows higher bio-
logical activities such as antimicrobial, antiviral, anticancer,
antioxidant, DNA binding and DNA cleavage [9-24]. For
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example Bharath et al. and Ishar et al. reported formylchr-
omone derivatives act as potent human colon cancer and
topoisomerase inhibitor anticancer agents [25, 26]. They
also have various kinds of applications in different areas like
catalysts, analytical reagents, NLO materials, etc, [27-29].
Thus, it becomes an emerging area of interest for Inorganic
Chemists in recent years. However, a limited work has been
done on the metal complexes of 3-formylchromone Schiff
bases [17, 30—40].

1,2,4-triazole and its derivatives belong to a class of
exceptionally active compounds which possess a wide spec-
trum of biological properties, including antioxidant, anti-
microbial, anti-inflammatory, anticonvulsant, antihyperten-
sive and anti-HIV [41-44]. Moreover, some of the metal
complexes of substituted 1,2,4-triazole ligands are widely
used as molecular-based memory devices or optical sen-
sors [45, 46]. Keeping this in view, we have selected a new
Schiff base ligand, i.e., 3-(((1H-1,2,4-triazol-3-yl)imino)
methyl)-4H-chromen-4-one (L) for the synthesis of metal
complexes. The synthesized metal complexes are character-
ized by using various spectral techniques and studied their
biological activities.

Experimental
Materials

Dimethylformamide, phosphorousoxychloride, 2-hydroxy-
acetophenone, 3-amino-1,2,4-triazole and the metal ace-
tates of cobalt(II), nickel(II), copper(Il) and zinc(II) and
palladium(II) chloride used were of AR grade, Sigma-
Aldrich. The solvents such as methanol, acetone, dimethyl
sulphoxide (DMSO) used were of spectroscopic grade,
Merck. Calf thymus DNA (CT-DNA) was purchased from
Himedia, Hyderabad, India.

Instruments

FTIR spectra of the synthesized compounds were recorded
on PerkinElmer 100S spectrometer using KBr pellets. Ele-
mental analysis was performed using a PerkinElmer CHN
analyser. Melting points were recorded on Stuart SMP30.
The electronic spectra were recorded on PerkinElmer
UV-visible Spectrophotometer Lambda 25 in DMSO.
Magnetic moments were determined on a Sherwood Sci-
entific magnetic moment balance (Model No: MK1) at
room temperature (25 °C) using Hg[Co(SCN),] as a cali-
brant. Diamagnetic corrections were calculated using Pas-
cal’s constants. 'H and '*C NMR spectra of the ligand
(L) were recorded in CDCl; solvent on Bruker Avance III
New 500 MHz spectrometer. Mass data of the ligand were
recorded on ESI-QToF (Waters Synapt G2S) high-resolution
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mass spectrometer. Thermogravimetric measurements of
metal complexes were recorded on PerkinElmer diamond
TGA instrument. The ESR spectrum of Cu(II) complex was
recorded using JOEL X-Band Electron Spin Resonance
spectrometer at room temperature. The fluorescence spectra
of the compounds were recorded on Horiba yvon Fluorolog
Spectrophotometer. The X-ray powder diffraction analysis
was carried out by using PANIlytical, X’Pert Powder X-ray
diffractometer with Cu K radiation. The diffraction data
are integrated by using Nakamuta program. Scanning elec-
tron microscopy (SEM) was obtained for all the compounds
using Tescan Vega-3 LMU electron microscope.

Synthesis of 3-(((1H-1,2,4-triazol-3-yl)imino)
methyl)-4H-chromen-4-one (L)

Synthesis of Schiff base ligand 3-(((1H-1,2,4-triazol-3-yl)
imino)methyl)-4H-chromen-4-one (3) was performed by
stirring the hot methanolic solutions of 3-formylchromone
(1) (1.74 g, 1 mM) and 3-amino-1,2,4-triazole (2) (0.84 gm,
1 mM) for 1 h [47]. The yellow coloured compound thus
obtained was isolated by filtration and was re-crystallized in
methanol. The experimental details are listed in Scheme 1.

Yield: 75%; M.p.: 189 °C; C,,HgN,O,: Anal. Found:
C, 60.01; H, 3.36; N, 23.32% Calc.: C, 60.00; H, 3.33;
N, 23.33%. IR (KBr, v/cm™!): 1(C=0) 1673, v(C=N)
1610. UV-Vis (DMSO) A, /em™" (eM~! em™): 30,959
(19,300), 25,641 (6020). 'H NMR (400 MHz, CDCl,, TMS):
6 11.48 (s, 1H); 9.31 (d, 1H); 9.29 (d, 1H); 8.66 (s, 1H);
7.61 (m, 2H); 7.14 (t, 1H); 7.03 (t, 1H) (Fig. S1). *C NMR
(100 MHz, CDCl,, TMS): 6 158.3, 154.8, 137.8, 132.0,
119.7, 119.3. ESI-MS (m/z): Calc.: 240: Found: 241 (Fig.
S2a).

Synthesis of metal complexes

A hot methanolic solution of Schiff base ligand (2 mM) was
added to a hot methanolic solution of metal acetate salts of
Co(II), Ni(Il), Cu(II) and Zn(II) and Pd(II) chloride (1 mM)
(PdCl, solution in 0.1 M HCI was taken and treated with an
equal volume of water) and refluxed for 4 h. After reflux-
ing the reaction mixture, the solid complexes thus separated
were filtered and washed with methanol and dried in vacuo.

g ”1N_<\r\:1n i
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Scheme 1 Synthesis of Schiff base ligand (L)
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[CoL(OAc),]-2H,0: Brick red; Yield: 67%;
M.p.: > 350 °C; C,(H;gN,O4Co: Anal. Found: C, 42.35;
H, 3.97; N, 12.26; Co 13.09% Calc: C, 42.40; H, 4.00; N,
12.36; Co, 13.00%. Molar conductance (10_3 M DMF):
10 Q7' em™ mol™". IR (KBr, v/cm™"): v(C=0) 1601,
v(C=N) 1574, y(M-N) 475, v(M-0) 533. UV-Vis (DMSO)
Apadem™! (e/M~1 em™h): 31,446 (13,150), 25,062 (13,170),
17,006 (170). . (BM): 4.73.

[NiL(OAc),]-2H,0: Greenish yellow; Yield: 62%;
M.p.: >350 °C; C,cH;gN,O4Ni: Anal. Found: C, 42.38;
H, 3.92; N, 12.39; Ni, 12.91% Calc: C, 42.42; H, 4.00; N,
12.37; Ni, 12.96%. Molar conductance (107> M DMF):
13 Q7' em™ mol~!. IR (KBr, v/cm™'): »(C=0) 1653,
v(C=N) 1578, v(M-N) 482, v(M-0) 557. UV-Vis (DMSO)
Anadem™ (/M1 em™h): 31,152 (17,700), 25,000 (19,900),
16,750 (211). e (BM): 2.91.

[CuL(OACc),]-2H,0: Green; Yield: 77%; M.p.: > 350 °C;
C,¢H;sN,O4Cu: Anal. Found: C, 41.93; H, 3.91; N, 12.21;
Cu; 13.82%. Calc.: C, 41.97; H, 3.96; N, 12.24; Cu, 13.88%.
Molar conductance (107> M DMF): 9 Q™' cm™' mol™!. IR
(KBr, v/cm™"): 1(C=0) 1600, v(C=N) 1574, v (M-N) 473,
v(M-0) 570. UV-Vis (DMSO) 1,,,./cm™" (e/M~! cm™):
25,125 (14,608), 14,641 (50). ESR: gl=2.33, g, =2.15,
G=2.21. p(BM): 2.01. ESIMS (m/z): Calc.: 458. Found:
458 [M*].

[ZnL(OAc),]-H,O: Yellow; Yield: 60%; M.p.: > 350 °C;
C,¢H¢N,O,Zn: Anal. Found: C, 41.80; H, 3.72; N, 12.48;
Zn, 14.23% Calc: C, 43.51; H, 3.65; N, 12.68; Zn, 14.80%.
Molar conductance (107> M DMF): 18 Q@' cm™ mol™". IR
(KBr, v/cm™"): 1(C=0) 1611, »(C=N) 1573, y(M-N) 482,
v(M-0) 557. UV-Vis (DMSO) A, /cm™" (e¢/M~! cm™):
31,152 (41,200), 26,809 (47,400). ESI MS (m/z): Calc.: 442.
Found: 465 [M +Na]* (Fig.S2b).

[PdL(CI),]-4H,0: Brown; Yield: 68%; M.p.: > 350 °C;
C,,H,(,C,N,O¢Pd: Anal. Found: C, 29.32; H, 3.21; N, 11.32;
Pd, 21.59% Calc: C, 29.44; H, 3.29; N, 11.44; Pd, 21.74%.
Molar conductance (107> M DMF): 14 Q! cm™ mol™". IR
(KBr, v/cm™"): 1(C=0) 1650, (C=N) 1578, (M-N) 475,
v(M-0) 562, v(M —Cl) 354. UV-Vis (DMSO) /?me/cm_1
(e/M~' em™h): 31,153 (19,500), 23,529 (5850) (Fig. S3).

DNA binding activity
UV-visible spectroscopic studies

The UV-visible absorption studies show the interaction
of ligand and its metal complexes with CT-DNA. Experi-
ments were performed in 5 mM Tris—HC1/50 mM NaCl
buffer solution (pH=7.2) as per the procedure published
in literature [48]. The concentration of CT-DNA was deter-
mined by using the electronic absorbance at 260 nm (molar
absorption coefficient 6600 M~! cm™!). The absorbance
ratio at 260 and 280 nm (A ,¢y/A,g0) is 1.81, suggesting that

the CT-DNA solution was sufficiently free of protein. The
stock solutions were stored at 4 °C and were used within
4 days. The titrations were carried out by keeping the con-
stant concentration (50 pM) of the ligand and its metal
complexes and by varying the concentration of CT-DNA
(0.026 x 107%-0.261 x 10~* M). From the electronic absorb-
ance titration data, the binding constant (K}) of the syn-
thesized compounds has been determined by adopting the
equation [48]:

[DNA]/(e,— ;) = [DNA]/(ey—&;) + 1/Ky(,— &)
(1

where ¢, is the ‘apparent’ extinction coefficient, which was
obtained by calculating A, ./[Compound]. The term & cor-
responds to the extinction coefficient of free (unbound),
and g, corresponds to the fully bound complexes. A plot of
[DNA]/(e, — &p) v/s [DNA] will give a slope 1/(g, — ;) and
an intercept 1/K, (&, — €;). K, is the ratio of the slope and
the intercept.

Fluorescence spectroscopic studies

Compounds binding to DNA by intercalation mode were
given through the emission quenching experiment. EB is a
common fluorescent probe for DNA structure and has been
selected for the examinations of the mode and process of
compound binding to DNA. A 3 mL solution of 2.0 pM
DNA and 1x 107> M EB was titrated by 2.5-12.5x 107>
M compound (4., =520 nm, A, =535.0-750.0 nm). The
quenching constant (k) values were calculated by using
classical Stern—Volmer equation [49]:

Fo/F =k[Q] + 1 )
where F); is the emission intensity in the absence of quencher,
F is the emission intensity in the presence of quencher, &,
is the quenching constant and [Q] is the quencher concen-
tration. Plots of F/F versus [Q] appear to be linear and &,
depends on temperature.

Molecular docking studies

The 3D coordinates of the synthesized molecules (ligand, its
Cu(II) and Zn(II) complexes) were rendered using CHEM-
DRAW 3D and the structures were visually confirmed using
UCSF Chimera [50]. The B-DNA dodecamer structure with
sequence 5'-D (CGCGAATTCGCG), and sequence id:
1BNA was retrieved from RCSB (http://www.rcsb.org). The
molecules were energy minimized for 100 steps of steep-
est gradient using UCSF Chimera [50]. The docking stud-
ies were performed using AUTODOCK 4.2 [51] where in
Gasteiger charges and Kollman charges were distributed to
the molecules and the B-DNA structures, respectively. The
grid box was set to 0.375 A. Genetic algorithm was chosen
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for docking, and 50 GA runs were performed. The popula-
tion size was set to 150, and the maximum number of gen-
eration was set to 27,000 in the GA parameters. The docked
confirmations were then analysed for hydrogen bonding and
binding energy.

Cleavage studies of pET28a plasmid DNA

Plasmid DNA cleavage experiments were performed accord-
ing to the literature [52, 53]. Plasmid DNA cleavage ability
of ligand and its metal complexes in the absence and pres-
ence of oxidant H,O, was observed by agarose gel electro-
phoresis method. Stock samples of ligand and its complexes
were prepared in DMSO (1 mg/mL). 100 pug/mL solutions
were prepared by using Tris—HCI buffer from the stock solu-
tion. From that 15 pL was added to the isolated pET28a
plasmid DNA of E. coli. The samples were incubated for 2 h
at 37 °C, after that 1 pL of loading buffer (bromophenol blue
in H,0) was added to each sample and the mixed samples
were loaded carefully into the 0.8% agarose gel electropho-
resis chamber wells along with control (DNA alone). The
electrophoresis was carried out at constant 70 V of electric-
ity for 2 h. The gel was removed and stained with 10.0 mg/
mL ethidium bromide for 10—15 min, and the bands were
observed under Mediccare gel documentation system.

Antimicrobial activity

To study the antibacterial and antifungal activities of the
ligand (L) and its metal complexes, they were tested against
two gram-positive bacteria (Bacillus subtilis, Staphylococ-
cus aureu) and two gram-negative bacteria (Escherichia
coli, Proteus vulgaris) and one fungi strain Candida albi-
cans using disc diffusion method. By using Whatman No.
1 paper, 6-mm-diameter sterile antibiotic discs were placed
over the nutrient agar medium. By using micropipette,
100 pg/mL concentrated compounds were transferred to
each disc (initially compounds are dissolved in 5% DMSO).
Subsequently bacteria and fungi incubated overnight at 37
and 25 °C, respectively. The zone of inhibition was deter-
mined in mm and distinguished with standard antibiotics.
DMSO was used as a negative control, whereas Kanamycin
30 pg/disc (standard antibiotic) and standard antifungal drug
Clotrimazole (10 pg/disc) were used as the positive controls.
All the tests were carried out in triplicates, and the average
zones of inhibition were recorded and minimum inhibitory
concentration values (MIC) calculated.

DPPH scavenging activity
The antioxidant activity of the synthesized compounds were

determined by using 1,1-diphenyl-2-picrylhydrazyl (DPPH)
free radical scavenging method as per the procedure given in
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the literature [54]. In the spectrophotometric assay, the capa-
bility to scavenge the stable free radical DPPH is determined
by the absorbance at 517 nm. Synthesized compounds were
initially dissolved in a minimum amount of DMSO and then
in methanol (1 mg/mL) and these are used as stock solutions.
From the stock solution, 1 mL of each test sample solution
with different concentrations (25-100 pg) was added to the
3 mL of methanolic DPPH (0.004%) solution. After 30 min,
the absorbance of the test compound was taken at 517 nm
using UV-visible spectrophotometer. Methanol was used
as blank, and BHT (butylated hydroxytoluene) was used as
standard, and DPPH solution was used as control without
the test compounds. The percentage of scavenging activity
of DPPH free radical was measured by using the following
formula:

. .. (Ao - Ai)
Scavengingactivity(%) = — x 100 3)

(&

where A, corresponds to absorbance of the control and A;
corresponds to absorbance of the sample and accordingly
ICs, values were calculated.

Anti-proliferative activity

In vitro anti-proliferative activity of the synthesized com-
pounds was assayed against HEK-293, HeLa, IMR-32 and
MCF-7 cell lines using MTT assay. The adherent cells were
trypsinized as stated by the protocol, and after centrifuga-
tion they were resuspended in newly prepared medium. By
pipetting, the cell suspension was carefully mixed to get a
homogeneous single-cell suspension. Different concentra-
tions of drug solutions were prepared in media with the final
concentration of the DMSO in the well was to be <1%. In
each well of a 96-well plate, 100 pL of cell suspension was
transferred aseptically and to it 100 pL of 1% drug solution
(in quadruplicate) in media was added. At 37 °C, this plate
was incubated for 72 h in CO, incubator. 20 pL of MTT was
added to each well after 72 h of incubation period. Again
the plate was incubated for 2 h. To the each well of the
plate, 80 pL of lysis buffer was added and it was covered
in aluminium foil to prevent the oxidation of the dye and it
was placed on a shaker for overnight. On the ELISA reader
at 562 nm wavelength absorbance was recorded. To find out
the % inhibition of the test, absorbance was compared with
that of DMSO control.
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Results and discussion

All the complexes were soluble in DMF and DMSO. The
molar conductance of the complexes (10~ M DMF solution)
is in the range 09-20 Q! cm? mol~! suggesting that these
metal complexes are non-electrolytes [55].

Infrared spectra

The IR spectral information of ligand and its metal com-
plexes was compared to find out the coordination sites
that possibly participated in coordination with metal com-
plexes. The important IR data of the ligand (L) and its
metal complexes are listed in Table 1. In the Schiff base
ligand (Fig. S4), the most predominant characteristic band
of azomethine group (C=N) occurred at 1610 cm™! and in
its metal complexes this band was shifted to lower wave
number by 32-37 cm~!, which indicates the participa-
tion of nitrogen atom of azomethine group in coordina-
tion with metal ion [56]. The Schiff base ligand (L) shows
a strong band at 1673 cm™' due to the carbonyl group
(C=0) of the chromone moiety. This band also shifted
around 20-73 cm™! to lower wave numbers in all the
metal complexes. The shift in wave number indicates the

involvement of oxygen atom of the carbonyl group in coor-
dination with the metal ions [57]. NH group of the triazole
ring was observed at 3072 cm™! in ligand and its metal
complexes, which indicates the non-involvement of NH
group of the triazole ring [58]. All the metal complexes,
except Pd(II), show bands at around 1510, 1450, 1340 and
710 cm™! which can be assigned to v,,(COO0), v (CO0),
0(CH3) and 6(OCO) vibrations suggesting the presence
of acetate ion in the coordination sphere [59]. However, a
band at 354 cm™' in Pd(IT) complex indicates the presence
of Pd—Cl bond. From the far infrared spectral bands in the
range 600—400 cm™! further confirms the participation of
oxygen and nitrogen atoms in coordination with metal ions
(i.e., vM-N) and v(M-0)). The IR spectral data confirm
all the metal ions coordinated by Schiff base ligand in a
bidentate manner over oxygen and nitrogen atoms of the
carbonyl and azomethine groups, respectively.

Electronic spectra and magnetic measurements

Generally the electronic absorption studies and mag-
netic measurements provide quick and reliable informa-
tion about the geometry of metal complexes. These data
can serve as effective tool to differentiate the tetrahedral,

Table 1 Important infrared

L 2 3 Compound v(C=0) v(C=N) v(M-N) v(M-0) v(M-Cl)
frequencies (in cm™ ) of ligand
(L) and its complexes L 1673 1610
[CoL(OAc),]-2H,0 1601 1574 475 533
[NiL(OAc),]-2H,0 1653 1578 482 557
[CuL(OAc),]-2H,0 1600 1574 473 570
[ZnL(OAc),]-H,0 1611 1573 482 557
[PdL(C]),]-4H,0 1650 1578 475 562 354
Table 2 Electropic spectral Compound Band position Transition Geometry Her (BM)
data and magnetic moments of (em™")
Schiff base ligand and its metal
complexes L 25,641 LNCT
30,959 LNCT
[CoL(OAc),]-2H,0 17,006 4A,(F)—*T,(P) Tetrahedral 473
25,062 LNCT
31,446 LNCT
[NiL(OAc),]-2H,0 16,750 3T,(F) — 3T, (P) Tetrahedral 291
25,000 LNCT
31,152 LNCT
[CuL(OAc),]-2H,0 12,642 ’Bj,—E, Square planar 2.01
18,484 *Bj,— By,
24,937 LNCT
[ZnL(OAc),]-H,O 26,809 LNCT Tetrahedral Diamagnetic
31,152 LNCT
[PdL(CI),]-4H,0 23,529 A g™ 1Eg Square planar Diamagnetic
30,769 LNCT
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Fig. 1 Proposed structure of metal complexes
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Fig.2 ESR spectrum of Cu(II) complex

square-planar or octahedral geometries of the transition
metal complexes. The absorption region, band assign-
ment, magnetic moment and the proposed geometry of
the complexes are given in Table 2. Based on these data,
a tetrahedral geometry has been assigned to all complexes
except Cu(Il) and Pd(IT) complexes which have square-
planar geometry (Fig. 1). These values are comparable
with other reported complexes in the literature [60—68].

ESR spectra
ESR spectrum of Cu(Il) complex was recorded in benzene

solution at room temperature (Fig. 2). The Cu(Il) com-
plex showed a band centred at g=2.21 with unresolved

@ Springer

hyperfine structure. The values of gll and g, are 2.33 and
2.15 (gll> g, >2.0023), showing that the unpaired electron
in the ground state of Cu(Il) predominately lies ind,*_ >
orbital, this was referring to a square-planar geometry
around Cu(Il) ions [69]. The most significant factor is that
the gll value (2.33) is considerably greater than most of the
common Cu(Il) complexes. A factor potentially contribut-
ing to increase of gl is distortion from square-planar geom-
etry [70]. From the obtained values, it is shown that All
(133)>A, (21); gl (2.33) > g, (2.21)>2.0023. The g-values
in the axial spectra are connected with exchange interaction
coupling constant (G). From the G value, ligand nature is
also evaluated by the expression

—2.0023
oL —2.0023

As reported by Karlin and Zubieta [70], if the G value
is more than four, the exchange interaction is insignificant
because the local tetragonal axes are aligned parallel or are
slightly misaligned. If the G value is smaller than four, the
exchange interaction is reasonable and the local tetragonal
axes are misaligned. The noticed value for the exchange
interaction parameter for the copper complex (G=2.216)
recommends that the ligand forming complex is observed as
a strong field, and the local tetragonal axes are misaligned,
and the exchange coupling effects are not operative in the
present copper(Il) complex. The metal-ligand bonding in
this complex is covalent. It also further suggests that the
stereochemistry of Cu(II) complex is square planar [69].
The degree of geometrical distortion was ascertained by a
parameter gll/All (All in cm™') with the values < 140 cm™!
associated with the square-planar structure, whereas higher
values indicate distortion towards tetrahedron. In the current
Cu(II) complex gll/All value is 175 cm™! which indicates the
distortion in the complex [71].

Thermogravimetric studies

TG graphs of Co(Il) and Ni(II) complexes of the ligand (L)
are shown in Fig. 3. All the metal complexes were decom-
posed in two steps. The first step occurs in the temperature
range between 60 and 120 °C with a weight loss of 3—-15%
which corresponds to the loss of lattice water molecules.
In the second step, the total loss of ligand molecules was
observed in the temperature range between 120 and 600 °C.
Finally, metal oxide as a residue was observed.

Fluorescence spectra

The solid-state emission spectra of the ligand (L) and its
Zn(II) complex are given in Fig. 4. Schiff base ligand and its
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Zn(II) complex exhibited fluorescence property but remain-
ing metal complexes (Co(Il), Ni(Il), Cu(Il) and Pd(II)) do
not exhibit any emission bands. The ligand was character-
ized by two emission bands at around 478 and 508 nm, and
its Zn(II) complex shows emission band at 496 nm upon
photo-excitation at 400 nm. There was a decrease in the
intensity of the emission band of Zn(II) complex when com-
pared to the ligand. Literature reports revealed that there was
a decrease/increase in fluorescence intensity or quenching or
new emission bands are observed especially when the ligand
is bonded with transition metals [29, 72, 73].

Powder XRD and SEM

The powder X-ray diffraction data for the synthesized com-
pounds were obtained for structural characterization pur-
pose. Powder XRD pattern of the compounds was recorded
over the 260 =10°-80°. The powder XRD patterns of the
Schiff base ligand and its Pd(IT) complex are shown in Fig. 5.
Observed and calculated powder XRD data of the Schiff
base ligand and its Pd(II) complex are given in Table S1
(a&b) in Supplementary Information.

Except Co(Il), Ni(IT) and Cu(II) complexes, the Schiff
base ligand and its Zn(II) and Pd(II) complexes displayed
sharp crystalline peaks indicating their crystalline nature.
However, Co(II), Ni(II) and Cu(Il) complexes are in amor-
phous nature. The Schiff base ligand and its Zn(IT) and Pd(II)

Waveleagth (am)

complexes were monoclinic with distinct unit cell parame-
ters. Unit cell parameters of ligand and its Zn(II) and Pd(II)
complexes were as follows: L: a=6.8684 A, b=12.9430 A,
c=7.6223 A, p=95.128°. V=674.89 A®; [ZnL(OAc),]-H,0:
a=8.5103 A, b=10.1787 A, c=11.7909 A, p=94.898°.
V=1017.63 A% [PdL(Cl),]-4H,0: a=7.2840 A,
b=15.3626 A, c=12.9642 A, $=96.933°, V=1440.11 A>.
By using Debye—Scherrer’s formula, the average crystallite
sizes for all compounds are determined [74]. The ligand and
its Zn(II) and Pd(IT) complexes have an average crystallite
size of 36, 24 and 10 nm, respectively, indicating that the
compounds were in nanocrystalline phase.

The SEM micrographs of the synthesized ligand and its
complexes were taken to analyse their morphology and grain
size. The SEM—-EDS micrographs of the Ni(II) complex are
shown in Fig. 6. From the SEM micrographs, it is observed
that there was a uniform matrix in the ligand and its com-
plexes, which implies their homogeneous nature. The SEM
images of ligand and its Cu(II) and Pd(II) complexes show
agglomerated thin plates, ice granular and ice plates like
morphologies. However, Co(II), Ni(I) and Zn(IT) complexes
showed spherical-shaped particles, with an average grain
size of 0.52, 0.59 and 0.95 pm, respectively. (SEM images
of (1) Ligand, (2) Co(II) complex, (3) Zn(II) complex, (4)
Pd(II) complex are presented in Fig. S5 Supplementary
Information).
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Fig.5 Powder XRD spectra of (a) (b)
a Schiff base ligand (L) b Pd(II) 15000 4 gy
complex
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Fig.6 SEM micrograph and EDX of Ni(II) complex

DNA binding activity
UV-visible spectroscopic studies

The potential DNA binding ability of the synthesized com-
pounds was characterized by UV-visible absorption spec-
troscopy. This is one of the most useful methods in DNA
binding studies [75]. Absorption studies shows that the com-
pounds can bind to DNA either through covalent bonding,
such as in complexes that contain ligands that can be substi-
tuted with the nitrogen base of DNA [76], or by non-covalent
interactions such as electrostatic and intercalation or groove
binding [77]. When the concentration (0-0.261 X 1074 M)
of the compounds was increased, hypochromism of the
absorption bands was observed. The results suggest that the
compounds bind to DNA by intercalative, since intercalation
leads to hypochromism in the spectral bands [78]. There was
ared shift observed for Co(Il), Zn(IT) and Pd(IT) complexes,

@ Springer
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which indicates the stabilization of the DNA duplex due to
an intimate association between complexes and DNA. The
electronic spectra of ligand and its Zn(II) complex in the
absence and presence of increasing amount of DNA (at a
constant concentration of complexes) are given in Fig. 7.

The binding constant K, values obtained for ligand,
Co(II), Ni(II), Cu(Il), Zn(II) and Pd(II) complexes
were 2.8 x 10* M~', 3.6x10* M~!, 3.5x10* M,
4.8x10*M™",3.7x10* M~" and 2.0x 10* M~} respectively.
Hypochromism and redshift clearly indicate that there was
an interaction between metal complexes and DNA. The
results also show that the binding magnitudes of the metal
complexes with DNA lie in the following order Pd(II) < Ni(
II) < Co(II) < Zn(II) < Cu(II). The greater K, value of Cu(II)
complex indicates its strong binding with DNA.
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Fluorescence quenching studies

The fluorescence quenching spectrum of DNA-EB system
by the ligand and its Zn(II) complex is shown in Fig. 8. The
fluorescence emission intensity of the DNA-EB system
decreased with the increase in the compound concentra-
tion. The resulting decrease in fluorescence is caused by EB
changing from a hydrophobic environment to an aqueous
environment. Such a characteristic change is often observed
in intercalative DNA interactions. The quenching plots
illustrate that the quenching of EB bound to DNA by the
ligand and its complexes were in good agreement with the
linear Stern—Volmer equation. In the plots of F(/F versus
[Ql, &, is given by the ratio of the slope to the intercept.
The kq values for the ligand, Co(II), Ni(II), Cu(Il), Zn(II)
and Pd(IT) complexes were 1.22x 104 M~!, 5.25x 104 M~!,
4.95x104 M™', 2.32x105 M™', 8.32x 104 M~! and
3.20x 104 M~!, respectively. This data suggest that the inter-
action of the Cu(Il) complex with CT-DNA is stronger than
that of the remaining complexes, which is consistent with
the above absorption spectral results.

The Pearson correlation between the binding constants
K, and kg is calculated and shown in Fig. 9. The correlation
coefficient value (7) is 0.84, indicating that there is a strong
linear relationship between the variables.

Fig.7 Absorption spectra of (a) ,
the a ligand (L) and b Zn(II)
complex upon addition of CT-
DNA. [Compound] =50 uM,
[DNA]=0.026x10"* M to
0.261x 10™* M. Arrow shows
the absorbance changes upon
increasing DNA concentration

Absorbance

Molecular docking studies

The docking results of the compounds (ligand, Cu(II) and
Zn(II) complexes) were analysed for binding with major
and minor groove of B-DNA (Fig. 10), and furthermore
the hydrogen bonding to the nucleotides was also checked.
Table S2 shows the distribution of each of the compounds
in 50 runs to the major groove, minor groove, H-bonds to
ATGC, and maximum binding energies were recorded.
The H-bonds showed that the compounds were distrib-
uted along the major and minor groves almost equally. All
the compounds revealed higher affinity towards purines
especially guanine. The presence of carboxyl oxygen which
has higher electronegativity in the compounds causes dis-
ruption of hydrogen bonds between nucleotide base pairs.
The results of molecular docking study show that the com-
pounds bind efficiently with the DNA receptor (in minor
groove) and their binding energy values — 7.66, — 9.39
and — 12.26 kcal mol™' for ligand, Cu(Il) and Zn(II) com-
plexes, respectively. The more negative of binding energy
indicated its strong binding ability to the DNA. Among the
compounds, Zn(II) complex displayed higher binding affin-
ity towards the DNA molecule and also contributed to most
of the hydrogen bonds to guanine. Therefore, Zn(Il) com-
plex has a better chance of disrupting DNA molecules and
causing mutation. These molecules stand a chance as a drug
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Fig.8 Emission spectra of EB ()
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molecule towards treating cancer and also as DNA-targeted
drug delivery systems.

Cleavage of plasmid pET28a DNA

The cleavage of pET28a plasmid DNA with the synthesized
compounds in absence and presence of H,0, has been moni-
tored by agarose gel electrophoresis as shown in Fig. 11a, b.
The mechanism of nucleolytic activity of synthesised com-
pounds has been investigated. DNA alone (Control) does not
show activity. In the absence of H,0, (Fig. 11a), observed
molecular weight difference in all lanes compared to con-
trol indicates their partial nucleolytic activity. Probably this

25 4 .

20 | r=0.84

15 4

«Q'

10 +
(3

5 - &

.
0 T ‘ T T T
1.5 2.5 3.5 4.5 5.5

I<b

Fig. 9 Pearson correlation between the binding constants Kj, and &
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may be due to the redox behaviour of the metal ions. These
results indicated the important role of the metal ions in
cleavage studies. In the presence of H,O, (Fig. 11b), absence
of marker bands was clearly observed in Cu(Il) and Zn(II)
complexes indicate the complete DNA cleavage activity. In
the case of Co(Il), Ni(Il) and Pd(II) complexes, a decrease in
the intensity of bands was observed compared to the control.
This is probably due to the partial cleavage of the DNA. As a
result, in the presence of oxidant DNA cleavage activity was
more when compared with the absence of oxidant. It may
be due to the formation of hydroxyl radicals. The general
oxidative DNA cleavage mechanism was proposed in the
literature by several research groups [73]. Compounds were
observed to cleave the DNA, concluding that the compounds
inhibit the growth of the pathogenic organism by cleaving
the genome.

Antimicrobial activity

The microbial results of the synthesized compounds in mini-
mum inhibitory concentration (MIC) are given in Table 3.
Ligand and its Cu(II) and Zn(II) complexes showed moder-
ate activity against tested microorganisms, and they were
compared with the standard drugs (kanamycin and clotri-
mazole). However, remaining metal complexes (Co(Il),
Ni(II) and Pd(II)) did not show any activity against tested
microorganisms. The higher activity of the metal complexes
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Fig. 10 Molecular docked model of Schiff base ligand (1), Cu(II) complex (2) and Zn(II) complex (3) with BDNA dodecamer structure with

sequence 5'-D (CGCGAATTCGCG), and sequence id: 1BNA

Fig. 11 Gel electrophoresis photograph of ligand (L) and its metal
complexes in the absence of H,0, (a) and presence of H,O, (b).
a Lane 1: DNA+Ligand, Lane 2: DNA+Cu(ll) complex, Lane
3: DNA+Co(Il) complex, Lane 4: DNA+Ni(II) complex, Lane
5: DNA+Zn(Il) complex, Lane 6: DNA+Pd(II) complex and

can be explained based on the Overtones concept and chela-
tion theory [29]. According to these, chelation could allow
for the delocalization of n-electrons over the entire chelate
ring and enhances the lipophilicity of the complexes. This
increased lipophilicity facilitates the penetration of the com-
plexes into lipid membranes, further restricting proliferation
of the microorganisms. The negative results can be attributed
either to the inability of the complexes to diffuse into the
bacteria cell membrane, and hence they become unable to
interfere with its biological activity [74].

Form Il

Form I
Form |

Lane 7: Control (DNA alone). b Lane 1: DNA +Ligand +H,0,,
Lane 2: DNA+Cu(ll) complex+H,0,, Lane 3: DNA+Co(II)
complex +H,0,, Lane 4: DNA+Ni(Il) complex+H,0,, Lane
5: DNA+Zn(Il) complex+H,0,, Lane 6: DNA+Pd(II) com-
plex +H,0, and Lane 7: Control (DNA alone)

DPPH scavenging activity

2,2-Diphenyl-2-picrylhydrazyl (DPPH) assay is widely
used for assessing the ability of radical scavenging activity,
and it is measured in terms of ICs, values. DPPH is a well-
known radical and a scavenger for other radicals. Therefore,
DPPH radical was reduced in the presence of an antioxi-
dant. The results revealed that the ligand (IC5,=1.35 pg/
mL (5.62 pM)) and its Ni(II) complex (IC5,=0.79 pg/mL
(1.74 pM)) exhibited significant activity. By increasing the
concentration of the compounds, the scavenging activity
was also increasing. However, remaining metal complexes
(Co(II), Cu(Il), Zn(II) and Pd(II)) have not shown any
activity. From the data, it is also confirmed that the Ni(II)
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Table 3 MIC values of

e . o Compound Bacillus Staphylococcus Proteus vul- Escherichia Candida
antimicrobial activity of subtilis aureus garis coli albicans
compounds (ug/mL)

L 50 60 40 60 70
[CuL(OAc),]-2H,0 50 60 60 70 70
[ZnL(OAc),]-H,0 40 30 30 30 40
Kanamycin 10 7 8 9 -

Clotrimazole - - - - 10

Table 4 ICs, values of anti-proliferative activity of compounds (ug/
mL)

Compound MCEF-7 HeLa HEK-293 IMR-32

L 5438118 59.24883 53.48518 56.6363

[CoL(OAc),]-2H,0 54.95246  63.63953 51.40602 71.12986
[NiL(OAc),]-2H,0  29.42310 82.48103 31.21530 34.61490
[CuL(OAc),]-2H,0 20.21214 23.81992 25.39196 19.82635
[ZnL(OAc),]-H,O  30.29015 36.46410 29.22829 27.54759
[PdL(CI),]-4H,0 51.88243 58.63759 56.05024 58.94592
Cis-platin 11.44337  7.281537 11.90309 11.44337

complex was shown comparable activity to the standard drug
BHT (IC5,=0.67 pg/mL (3.04 uM)).

Anti-proliferative activity by MTT Assay

The cytotoxic effect of the new synthesized compounds on
the proliferation of human cervical cancer cells (HeLa), neu-
roblastoma cells (HEK-293), normal kidney cells (IMR-32)
and human breast cancer cells (MCF-7) was done by MTT
assay. The ICs, values obtained for the synthesized com-
pounds against the tested cell lines are listed in Table 4. The
results show that the metal complexes exhibited good activ-
ity when compared to the ligand and lesser activity when
compared to the standard drug. The greater activity of the
complexes may be due to the chelation. However, Cu(Il)
complex exhibited higher activity when compared with the
remaining metal complexes against all tested cell lines.

Conclusion

In this paper, Co(II), Ni(Il), Cu(Il), Zn(II) and Pd(II) com-
plexes with Schiff base ligand (L) derived from 3-formyl-
chromone and 3-amino-1,2,4-triazole have been synthesized
and characterized. The ligand (L) acts as bidentate coordi-
nating through oxygen and nitrogen atoms of azomethine
and carbonyl group of pyrone ring, respectively, confirmed
by spectral, analytical, thermal and magnetic studies. Ace-
tate/chloride molecules are also coordinated to the metal

@ Springer

ions. The Co(II), Ni(II) and Zn(II) complexes have shown
tetrahedral geometry, whereas Cu(Il) and Pd(II) complexes
have shown square-planar geometry. Antimicrobial activ-
ity of the compounds showed moderate activity. The Ni(Il)
complex of the ligand showed comparable antioxidant activ-
ity to the standard BHT. The DNA binding results show
that the compounds bind to CT-DNA via intercalative mode.
The synthesized compounds have potent cleavage activity
without any external reagents, but the cleavage activity is
more when H,0, is added as external oxidising agent. Cu(II)
complex displayed good anti-proliferative activity compared
to the remaining compounds. From all the results, Cu(Il)
and Zn(II) complexes can be used as a promising antitumor
agents in vivo to inhibit the DNA replication in the cancer
cells and not allow the tumour for further growth.
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