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INTRODUCTION

In pharmacology, modern chemists and biologists are
attracted to transition metal complexes and their interaction
studies with various biomolecules/biosystem [1-3]. Specifically,
DNA binding, DNA cleavage and anticancer ability of the
coordinated metal complexes are notable research area in the
drug design [4]. DNA is the prime intracellular targets for anti-
cancer drugs and essential behind the discovery of new and
effective drugs towards many contagious diseases in human
[5-7]. At present, inorganic transition metal complexes are used
effectively in the treatment of several cancers as chemotherapy
medicine in order to overcome the side effects occurs during
radiotherapy [8]. These problems and challenges have stirred
a curiosity to chemists and biologist to develop new medicines
[9-11].

Schiff bases with nitrogen, oxygen and sulphur hetero-
atoms and their coordination compounds with various second
and third transition metals are the main themes of the present
research [12,13]. Specifically, hydrazone derivatives play a
crucial role in certain physiological functions of the drug [14].
Further, hydrazone ligands coordination with various metal
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[I/Tl ions [15,16] revealed a wide range of biological functions
and pharmaceutical activities, which includes antifungal, anti-
bacterial, antiviral, antioxidant, anticancer, anti-tuberculosis
and anti-inflammatory activities, efc. [17-19].

Among many, copper and zinc metals are the most essen-
tial metals in human anatomical system. Due to low toxicity,
it may be used as the substitutes for various metal complexes
in the cancer medicines [20-22]. Copper(Il) and zinc(II)
complexes were studied for their biological activity, anticancer
activity and some of them were found to be active both in in-
vivo and in-vitro models [23]. Cu(Il) complexes have a unique
preference for covalent mode of binding via N7 of guanine
and Zn(II) complexes efficiently involved in diagnosing the
N3 of thymine nucleobase [24,25]. Similarly, bovine serum
albumin (BSA) have been studied widely in drug tests as a
replacement for human serum albumin (HSA) [26,27], because
it has been considered structurally and functionally homology
with human serum albumin. Serum albumins binding to metallo
drugs perform an important role in their distribution and meta-
bolism [28,29]. The present study is to explore synthesis and
structural characterization of new hydrazide based transition
Cu(Il)/Zn(IT) complexes and their interaction with DNA/BSA
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binding, along with molecular docking, antioxidant, antibac-
terial and cytotoxicity activities.

EXPERIMENTAL

All chemicals, solvents and reagents used in this study were
of AR grade. (4-Pyrrolidine-1-yl)benzaldehyde, hydrazide
derivatives (Sigma-Aldrich), tetrabutylammonium perchlorate
(TBAP) (Fluka) were obtained and used without any further
purification. Tris-HCI, sodium chloride, bovine serum albumins
(BSA) and herring serum-DNA (SRL) was used as received.
3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide
(MTT) reagent grade was found to be Calbiochem and used as
received.

Physical measurements: Elemental analysis (C, H and N)
were carried out by using elemental analyzer (Vario III). FT-IR
spectra of ligands (LL1-L4) and its metal complexes (1-8) were
recorded by using dual beam infrared spectrophotometer
(TFNICOLET6700) in the range of 4000-400 cm™. The 'H,
3C NMR spectra were obtained from NMR (Bruker 300 MHz,
75 MHz) spectrometer. ESI mass spectroscopic analyses were
carried out in mass spectrometer LCQ Fleet (Thermo Fisher
Instruments Limited, USA). Electronic absorption spectra of
the Schiff base ligands and metal complexes were recorded
by using UV-Visible spectrophotometer (JASCO V-550). The
titration spectra were recorded in solution by using fluore-
scence spectrophotometer (Agilent Cary Eclipse-8000). The
surface morphology of HeLa cancer cell line was premeditated
by using scanning electron microscopy (SEM, VEGA 3, TESCAN).

Synthesis of hydrazide based Schiff base ligands: 4-(Pyrro-
lidino-1-yl)benzaldehyde (0. Immol) and 0.1 mmol of several
substituted hydrazine (phenylhydrazine, 4-methylphenyl
hydrazide, furanhydrazide and thiophenehydrazide) were
soluble in methanol and refluxed for about 1- 4 h until the comp-
letion of the reaction. The reaction was monitored by TLC.
Afterward, the reaction mixtures were filtered washed several
times with cold methanol and further purified petroleum ether.
The solid ligands (L.1-L.4) was recrystallized in cold methanol
and dried with P,O,o under vacuum condition (Scheme-I).

N’-(4-(Pyrrolidin-1-yl)benzylidene)benzohydrazide (L.1):
Yield: 92 %. m.p.: 144 °C, colour: yellow. Anal. calcd. (found)
% for CsHoN30O: C, 73.69 (73.45); H, 6.53 (6.38); N, 14.32
(14.1). FT-IR bands (KBr, cm™): 1616 v(HC=N); 3070, 2821
V(H,C-CH,); 1626 v(-CO), 3192 v(-NH). 'H NMR (300 MHz,
CDClLs, ppm): 6 8.25 (s, IH, HC=N-); 6 6.54-7.79 (m, 10H, Ar-H);
82.03,3.34(q, q, 8H, CH>); 69.71(s, 1H, NH), 8 2.73 (q, 4H,
DMSO-d; solvent). UV-vis (DMSO, nm): 262, 362. ESI-MS:
Found m/z = 294.30 [M+H] (calcd value: m/z = 293).

4-Methyl-N’-(4-(pyrrolidin-1-yl)benzylidene)benzo-
hydrazide (L2): Yield: 90 %. m.p.: 121 °C, colour: yellow.
Anal. calcd. (found) % for CsH2N;O: C, 74.24 (74.16); H,
6.89 (6.71); N, 13.67 (13.28). FT-IR bands (KBr, cm™): 1607
V(HC=N); 2939, 2860 v(H,C-CH,); 1637 v(-CO); 3269 v(-NH).
'H NMR (300 MHz, CDCl;, ppm): & 8.27 (s, 1H, HC=N); &
6.53-7.84 (m, 10H, Ar-H); 6 2.02, 3.34 (qq, 8H, -CH,), 6 2.41
(s, 1H, -CHs), 6 10.86 (s, 1H, -NH), 6 3.03 (m,14H, DMSO-d;
solvent), 84.74, 81.73 (DCM, acetone). UV-vis (DMSO, nm):

L3 0 o
|
&
ol 8
2|
sl e
é’ w
o)
S NH2
N\ o H
+
fo) Yo (o] (o} NH
O”"NH  EtoH/60 °C n-NHz N i N2 Eonsooc  Ns
Ny TReflux/a h H + n H Reflux/2 h
0 N
N S N’NHZ < 7
U ) \ || H
L2 2|z L1
= \I
2
s |S

O s
O

Scheme-I: Synthetic route for the Schiff base ligands (L.1-L4)
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259, 361. ESI-MS: Found m/z = 306.10 [M-H] (calcd value:
m/z = 307).
N’-(4-(Pyrrolidin-1-yl)benzylidene)furan-2-carbo-
hydrazide (L3): Yield: 87 %, m.p.: 114 °C, colour: yellow.
Anal. calcd. (found) % for C,¢H7;N;O.: C, 67.83 (67.24); H,
6.05 (6.04); N, 14.83 (14.08). FTIR bands (KBr, cm™): 1646
V(HC=N); 3163, 2965 v(H,C-CH,); 1646 v(-CO); 3472 v(-NH).
'H NMR (300 MHz, CDCl;, ppm): 8 8.06 (s, 1H, HC=N); §
6.53-7.67(m, 8H, Ar-H); 6 2.03, 3.35 (qq, 8H, -CH>), 6 9.21
(s, 1H, -NH), 6 2.18 (m,7H, DMSO-d; solvent), 8 2.81 (acetone).
UV-vis (DMSO, nm): 248, 366. ESI-MS: Found m/z =283.08
[M+H] (calcd value: m/z = 283).
N’-(4-(Pyrrolidin-1-yl)benzylidene)thiophene-2-carbo-
hydrazide (L4): Yield: 89 %. m.p.: 104 °C, colour: yellow.
Anal. calcd. (found) % for C;cH7N;OS: C, 64.19 (64.04); H,
5.72(5.36); N, 14.04 (13.98). FT-IR bands (KBr, cm™): 1596
V(HC=N); 3192, 2963 v(H,C-CH,); 1626 v(-CO); 3497 v(-NH).
'HNMR (300 MHz, CDCl;) (ppm): 8 8.26 (s, 1H, HC=N); §
6.58-7.88 (m, 8H, Ar-H); 6 2.04, 3.35 (q, q, 8H, -CH,), 6 10.22
(s, 1H, -NH), v 1.78 (acetone). UV-vis (DMSO, nm): 280,371.
ESI-MS: Found m/z =298.24 [M-H] (calcd value: m/z =299).

Synthesis of Cu/Zn(II) complexes: The metal complexes
were prepared by the mixing a methanolic solution of ligands
and metal ions respectively in the molar radiol:2. The reaction
mixtures were separately mixed and stirred at room temperature
for about 1 h. Then the resulting solutions were reduced, filtered
and kept aside separately for slow evaporation to dryness. The
final products were washed with several times cold methanol,
diethyl ether and dried in vacuo (Scheme-II).

[Cu(LL1);] (1): Yield: 66 %. m.p.: 240 °C, colour: green.
Anal. calcd. (found) % for C3;sH3sN¢O,Cu: C, 66.49 (66.01);
H, 5.89 (5.28); N, 12.92 (12.09). FTIR bands (KBr, cm™):1610
V(C=N); 2962, 2857 v(CH,-CH,); 1646 v(-CO); 3282 v(-NH);
399 v(M-N); 678 v(M-O). UV-vis (DMSO, nm): 272, 365, 573,
681. ESI-MS: Found m/z = 649.97 [M+H] (calcd. value: 649).

[Zn(L.1),] (2): Yield: 58 %. m.p.: 222 °C, colour: yellowish
brown. Anal. calcd. (found) % for Cs;sH3sN¢O»Zn: C, 66.30
(66.14); H, 5.87 (5.62); N, 12.89 (12.42). FTIR bands (KBr,
cm): 1614 v(C=N); 2987, 2833 v(CH,-CH.,); 1633 v(-CO);
3184 v(-NH); 400 v(M-N); 696 v(M-0).UV-vis (DMSO, nm):
275,3 69. ESI-MS: Found m/z = 650.39 [M+H] (calcd. value:
650).
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Scheme-II: Synthetic route for the preparation of Schiff base metal complexes (1-8)
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[Cu(L2),] (3): Yield: 71 %. m.p.: 236 °C, colour: dark
green. Anal. calcd. (found) % for C33sH4N¢O,Cu (%): C, 67.28
(67.14); H, 6.24 (6.03); N, 12. 39 (11.98). FTIR bands (KBr,
cm™): 1593 v(C=N); 2950, 2851 v(CH,-CH,); 1624 v(-CO);
3321 v(-NH); 498 v(M-N); 619 v(M-0). UV-vis (DMSO, nm):
262,350, 558, 679. ESI-MS: Found m/z = 675.75 [M-H] (calcd.
value: 677).

[Zn(L2),] (4): Yield: 62 %. m.p.: 225 °C, colour: brownish
yellow. Anal. calcd. (found) % for C3sHNeO2Zn (%): C, 67.10
(67.04); H, 6.22 (6.01); N, 12. 36 (12.11). FTIR bands (KBr,
cm™): 1602 v(C=N); 2958, 2869 v(CH,-CH,); 1692 v(-CO);
3406 v(-NH); 522 v(M-N); 628 v(M-0). UV-vis (DMSO, nm):
258, 358. ESI-MS: Found m/z = 679.86 [M-H] (calcd. value:
680).

[Cu(LL3),] (5): Yield: 72 %, m.p.: 260 °C, colour: dark
green. Anal. calcd. (found) % for Cs5,H3:N¢O4Cu (%): C, 60.99
(60.24); H, 5.44 (5.16); N, 13.34 (13.02). FTIR bands (KBr,
cm™): 1601 v(C=N); 2958, 2845 v(CH,-CH,); 1621 v(-CO);
3178 v(-NH); 399 v(M-N); 623 v(M-0). UV-vis (DMSO, nm):
266,363, 554, 683. ESI-MS: Found m/z = 631.14 [M+H] (calcd.
value: 630).

[Zn(LL3),] (6): Yield: 63 %, m.p.: 246 °C, colour: brown.
Anal. calcd. (found) % for C3,H3:N¢O4Zn (%): C, 60.81 (60.44);
H, 5.42 (5.23); N, 13.30 (13.07). FTIR bands (KBr, cm™):
1606 v(C=N); 2951, 2856 v(CH,-CH,); 1624 v(-CO); 3227
v(-NH); 568 v(M-N); 634 v(M-O). UV-vis (DMSO, nm):
269, 366. ESI-MS: Found m/z = 633.25 [M+H] (calcd. value:
632).

[Cu(LL4),] (7): Yield: 72 %, m.p.: 220 °C, colour: dark
green. Anal. caled. (found) % for Cs,H34N¢O>S.Cu (%): C, 58.03
(57.94); H, 5.17 (5.12); N, 12.69 (12.18). FTIR bands (KBr,
cm™): 1585 v(C=N); 2938, 2862 v(CH,-CH,); 1603 v(-CO);
3223 v(-NH); 399 v(M-N); 544 v(M-0O). UV-vis (DMSO, nm):
253,364,568, 677. ESI-MS: Found m/z = 658.18 [M-H] (calcd.
value: 660).

[Zn(L4),] (8): Yield: 69 %, m.p.: 212 °C, colour: yellowish
orange. Anal. calcd. (found) % for C;,H3uN:O,S:Zn (%): C,
57.87 (57.64); H, 5.16 (5.11); N, 12.65 (12.18). FTIR bands
(KBr, cm™): 1570 v(C=N); 2986, 2856 v(CH»-CH,); 1603
v(-CO); 3391 v(-NH); 401 v(M-N); 524 v(M-0).UV-vis (DMSO,
nm): 263, 364. ESI-MS: Found m/z = 663.20 [M-H] (calcd.
value: 664).

Solubility and stability: All the synthesized metal com-
plexes (1-8) were found to be soluble completely in DMF
and DMSO and stable in the solid phase at ambient tempe-
rature.

Electronic absorption spectra: The HS-DNA binding
with transition metal complexes experiments was carried out
by UV-visible spectroscopy titration method by using its known
extinction coefficient at 260 nm (~6600 M cm™') wavelength
in an aqueous solution of tris buffer (50 mM NaCl, 5SmM Tris-
HC) (pH="7.1). Metal complexes stock solution were prepared
by using SmM tris/10 % DMSO buffer mixture and maintained
at constant (pH =7.1), further dilutions were done in the same
buffer without DMSO. The intrinsic binding constants (K) for
the interaction of these prepared transition metal complexes
(1-8) with HS-DNA were calculated based on the electronic
absor-ption spectra changes instigated by the fixed concentra-

tion of metal complexes (1 x 10 M) at increasing concentration
of HS-DNA from O uM to 300 uM. The K, values were obtained
based on the following equation [30]:

[DNA] [DNA] 1
= * M
(e,—€) (g,—¢) K,(g,—¢)

In plots of [DNA]/(e, — &) vs. [DNA], Ky is calculated from
the ratio of the slope/intercept. The interaction pattern between
the HS-DNA binding with complexes also were studied with
ethidium bromide (EtBr) bound to be HS-DNA solution by
using emission spectra. The DNA]/[EtBr] wavelength from
530 nm to 700 nm (exit 525 nm) was recorded in emission spectra
and addition of metal complexes (1-8) fixed concentrations (1
x 10®) with slowly increasing from 0 UM to 200 UM at room
temperature measurement as reported earlier [31].

Cyclic voltammetry: The electrochemical experiments
were carried out by using the electrochemical analyzer system
(Model CH-680). The prepared transition copper complexes
were dissolved in DMSO/tris-buffer mixture. The control experi-
ments were measured at a fixed concentration of copper complexes
in the absence of HS-DNA. The potential and current changes
through the addition of HS-DNA from 0 uM to 400 uM were
examined in order to inspect the binding efficiency of copper
complexes with HS-DNA.

Circular dichroism (CD) spectra: Circular dichroism
spectra of HS-DNA in the presence and absence of synthesized
metal complexes (1-8) were recorded on a spectropolarimeter
JASCO J-810 from 163 nm to 900 nm by using 1 mm quartz
cuvette. All the test sample solution (30 uM) was scanned in
the range from 220 nm to 300 nm. Circular dichroism spectra
were collected by used scan speed of 100 nm min™' and one or
second-time response from which the tris buffer pH = 7.1
background have been subtracted. [DNA] = 100 uM [32].

Nuclease activity: The extent of DNA cleaving efficiency
of metal complexes studies were carried out by agarose gel
electrophoresis method. Super-coiled pUC19 plasmid DNA
was isolated from culture media. The loading dye of 1% agarose
gel and tris buffer (pH =7.1) solution were used. The prepared
test samples were dissolved in blank solvent (DMSO). The metal
complexes (1-8) (50 uM) and H,O, (60 uM) test samples were
added to the isolated pUC19 plasmid DNA (40 uM) and incubated
at 37 °C for 1 h in a dark chamber. After incubation, 30 pL of
pUC plasmid DNA sample was mixed with a buffer solution
covering 25 % bromophenol blue, 0.25 % xylene cyanol, 30
% glycerol (3 uL) and finally added on 1.0 % agarose gel contai-
ning 0.51 g mL"' ethidium bromide (EtBr) as report [33].

Molecular docking studies: The molecular docking studies
were executed by using Patch Dock web server. The interactive
molecular graphics were used for accounting reasonable docking
modes of protein, enzymes and DNA molecule [34]. Using
Chem Bio Draw program, three-dimensional structure of metal
complexes were portrayed and converted to PDB file format
(http://www.cambridgesoft.com) online software. The 3D-
molecular structure of B-DNA (PDB ID: 1-BNA, sequenced
[CCGTCGACGG]2) was saved by using Protein Data Bank
(http://www.rcsb.org./pdb) online software [35]. The 3D molecular
structure of copper and zinc complexes were docked by uploading
online server for patch docking. The 3D structure of metal
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complexes visualization of molecular docked pose was accom-
panied by using the PyMOL molecular graphics package.

Protein binding studies: The binding interaction studies
between metal complexes (1-8) and bovine serum albumin (BSA)
have made by absorption and emission spectra measurements.
BSA (stock solution) was prepared using phosphate buffer saline
(PBS) pH = 7.1 and stored in the dark at 4 °C for further use.
The concentration of BSA measured at a fixed excitation wave-
length at 280 nm and corresponding to BSA as emission at
345 nm, assignable to that of free BSA by molar extinction
coefficient (~44,000 dm’ mol™ cm™) [36]. The emission excitation
slit width and scan rates were continuously preserved for all
experiments. The stock solution of the test samples was prepared
by dissolving them in DMSO/PBS buffer pH="7.1 and diluted
suitably for required concentrations. BSA solution 2 mL (1
uM) was titrated with successive additions of a 20 uL stock
solution of metal complexes (1 x 10° M) by using a micro-
pipette. UV-vis absorption spectra experiments were measured
BSA (10 uM) titrated with metal complexes (1-8) concentrations
(10 uM) at room temperature.

Antibacterial activity: The in vitro antibacterial screening
of the synthesized ligands (L1-L.4) and its metal complexes
(1-8) were tested separately by using the zone of inhibition
(Z1) method. The human pathogens Staphylococcus aureus,
Staphylococcus epidermidis (Gram-positive) and Escherichia
coli, Pseudomonas aeruginosa, Salmonella typhi (Gram-negative)
cultures were prepared and swabbed in Hinton broth containing
agar plates. The prepared plates were incubated for 24 h at 37
°C. The test DMSO solution of 10 ug/mL of metal complexes
(initially dissolved in blank DMSO solvent, separately) was
poured to each disc by using a micropipette and standard drug
(gentamycin) (10 pg/mL disc) against Gram positive bacteria
and Gram negative bacteria. Zone of inhibition was measured
in 'mm' and compared with a gentamycin drug (standard).

MTT assay: The efficiency of metal complexes on the
cell viability of HeLLa and U937 cancer cell was determined by
(3-(4,5-dimethylthiozol-2-yl)-2,5-diphenyltetrazolium bromide)
MTT assay method in 96-well microplates. The cancer cells
were plated at a density 1 x 10° cells/well in 200 UL of medium
and incubated overnight at 37 °C, 5 % CO,, 95 % air and 100
% relative humidity for 24 h. The different concentration of
ligands (L.1-L4) solutions from 0 uM to 500 uM and its metal
complexes from 0 uM to 50 uM in DMSO solvent was added
to the monolayer. DMSO solvent was used as a control. After
24 h, the medium was replaced by fresh medium and the cultures
were allowed to grow for an additional 24 h. The cell cultures
were assayed subsequently by the addition of 50 UL of 5 mg
mL" MTT and incubation for 4 h at 37 °C. The extracellular
medium containing MTT was removed and formazan crystals
solubilized in 100 uL. of DMSO. The UV-visible absorbance
was measured at 570 nm using a microplate reader [37].

Morphological studies

Cell morphological analysis: Morphological changes in
apoptotic cells were observed by scanning electron microscopy
(SEM). HeLa cells were seeded in a heat-sterilized coverslip
six-well plate at 24 h, cells were exposed to Cu/Zn thiophene
complexes (7,8) ICs value concentration (40 uM) and incubated
for 24 h. HeLa cells were fixed in 2.5 % glutaraldehyde in

0.075 M PBS buffer solution condition for 1 h and one or three
times washed with cells in PBS buffer medium. Cells were
fixed in 0.25 % aqueous osmium tetroxide added (30 min).
After cells were washed one or three times in distilled water in
afume cupboard. The test samples were dehydrated with various
concentrations of ethanol (30, 50, 70, 80, 90, 95 and 100 %)
in time intervals of 10 min for 1 h. Finally, 100 % of ethanol
was added in a desiccator overnight to dry the sample.

RESULTS AND DISCUSSION

"H NMR spectra: The 'H NMR spectra of ligands (L.1-L4)
show a single peak at 8 8.25 ppm (L1), 8 8.27 ppm (L2), 4 8.06
ppm (L3) and & 8.26 ppm (L4) (-HC=N-) protons observed
for the azomethine group. This peak provides a piece of strong
evidence for the Schiff base formation. The ligands (LL1-L.4)
show a single peak appearing at 8 9.37 ppm, & 10.86 ppm, &
9.21 ppm and § 10.22 ppm may be ascribed to >NH groups. A
bunch of peaks due to aromatic, furan and thiophene protons
appear in the range from § 6.54 to 7.88 ppm in hydrazone ligands
(LL1-L4). The presence of pyrrolidine ring (N-substituted
heterocyclic ring) contains two types of protons peak appeared
form & 1.64 to 3.75 ppm were attributed to the CH, protons.
The appearance of a sharp single peak at 6 2.41 ppm in L2 is
due to aromatic ring substituted CH3 proton.

On a similar basis, 'H NMR spectra of [Zn(L1-L4),] comp-
lexes were recorded in DMSO-d; solution. The imine proton
signal observed at & 8.28 ppm (L1), 6 8.24 ppm (L2), 6 8.27
ppm (L3) and 6 8.25 ppm (L4) splits into the single sharp peak
azomethine protons shifted to downfield region assigned as
zinc complexes formation, which indicates the participation
of azomethine group in coordination with metal. The downfield
region shift of >NH protons in all zinc complexes proposes
the coordination of >C=0 to the metal ions. The >NH groups
of a single peak may be assigned and appreciable downfield
shifted to & 11.54 ppm (2), 8 11.51 ppm (4), 6 11.46 ppm (6)
and & 11.54 ppm (8) show zinc complexes. A number of signals
peak observed in ligands around from 6.20 to 7.88 ppm are
assigned to the aromatic, furan and thiophene ring protons
and show minor shifts in its zinc complexes [38]. Another feature
is the pyrrolidine ring peak was small shifted to 1.94-3.62
ppm zinc complexes appeared aliphatic CH, protons. The down-
field of imine protons in the zinc complexes formation as comp-
ared to the Schiff base ligand, suggests the coordination of the
azomethine (-HC=N-) group and carbonyl group (>C=0) interact
to the metal ion.

C NMR spectrum provides additional values for the direct
information about the ligands (I.1-L.4). The carbon peaks show
around at & 153.91 ppm (L1), 8 154.45 ppm (L2), 6 150.18
ppm (L3) and & 149.23 ppm (L4) may be the appearance of
azomethine (HC=N-) carbon. The ligands show a cluster of
carbons peaks between 111.58 to 158.44 ppm, respectively,
corresponding to phenyl ring, furan and thiophene carbons. The
carbonyl carbon signals at from (HC=N-) § 161 ppm to (HC=N-)
8 179 ppm, are attributed to HN-C=0 carbons present in the
NMR spectra, respectively. The pyrrolidine ring (N-substituted
heterocyclic carbon) peak around at from & 25.48 ppm to 52.64
ppm upfield regions were due to CH, carbon atom presented
in ligands. The L2 ligand show methyl carbon peak at  11.99
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ppm, which confirms the methyl carbon attached the aromatic
phenyl ring.

IR spectra: The IR spectra experiments were carried out
to provide valuable information about the coordination sites
of the hydrazone moiety of Schiff base ligands. On comparing
the spectral results of ligands and their metal complexes, the
presence of v(C=N) bands at 1626 cm™ (L1), 1607 cm™ (L2),
1592 cm™ (L3) and 1596 cm™ (L4) assigned to azomethine
nitrogen stretching vibrations of ligands and the bands at 1610
cm’ (1),1603 cm™ (2),1590cm™ (3), 1592 cm™ (4), 1589 cm™ (5),
1590 cm™ (6), 1585 cm™ (7), 1570 cm™ (8) assigned to azome-
thine nitrogen coordination in the copper and zinc metal ion
clearly indicate the formation of metal complexes. Further,
the absorption bands due to v(C=0) stretching groups of the
ligands and complexes at 1632 cm™ (L1), 1637 cm™ (L2), 1646
cm™ (L3), 1628 cm™ (L4) and complexes formation at 1621
cm’ (1), 1629 cm™ (2), 1614 cm™ (3), 1631 cm™ (4), 1623 cm'!
(5),1639 cm™ (6), 1609 cm™ (7), 1611 cm™ (8), respectively also
confirm the carbonyl coordination to the central metal ion. Both
N, O coordination bands shifts from 2 to 17 cm™ confirm donation
of lone pair electron present in the azomethine nitrogen, carbonyl
oxygen to the metal ion [39]. The IR spectral band due to (NH)
not showed any significant band shift indicate non-participation
of amide group in coordination processes [40]. The presence of
new bands in the region from 522-399 cm™ and 678-524 cm™ in
the metal complexes (1-8) may be assigned to v(M-N) and
v(M-O) complexes, respectively [41]. Finally, IR spectra data
suggest NO bidentate behaviour of the hydrazone ligands.

Mass spectra: The ESI-mass spectra of ligands (LL1-L.4)
and their metal complexes (1-8) were recorded in methanol.
The mass spectra of the isolated ligands show the molecular
ion peaks value observed at m/z 294.30 (L1), 306.10 (L2),
283.08 (L3),298.24 (L4) [M + H] equivalents to their molecular
weight for the Schiff base ligands. Molecular ion peaks of
complexes exhibits at m/z = 649.97 (1), 650.39 (2), 675.75 (3),
679.86 (4), 631.14 (5), 633.25 (6), 658.18 (7) and 663.20 (8)
[M + H], respectively, which have evidently support the com-
position of the Schiff base complexes.

Electronic spectra: UV-visible spectroscopy studies of
hydrazone ligands (L.1-L4) and its metal complexes (1-8) were
recorded in DMSO solution from 200 nm to 800 nm at room
temperature. The absorption bands in the region of 253-283
nm and 363-365 nm of metal complexes are due to the ©t-*
and n-1* transitions associated with phenyl ring, imine chromo-
phore and carbonyl group of the coordinated metal complexes
[42]. The spectra of the complexes were slightly shifted to 2-10
nm (wavelength), the result of the enlargement of the conjugate
structure shows the coordination of metal ions with ligands
[43]. The broad bands at approximately 554-573 nm are attributed
to the ligand to metal charge transfer (LMCT) transitions,
which may be due to the overlapping of the LMCT transitions
of O - M and N — M. The weak d-d bands due to the transi-
tion “By, — ?A,; and *By, — °E, at 676-684 nm, visible region
suggesting square planar geometry for copper complexes [44].
However, zinc complexes not show d-d electronic transitions,
due to d"° orbital and its diamagnetic nature [45]. The empirical
formula, elemental and mass spectral data assigned the tetra-
hedral geometry for zinc complexes [46].

Electrochemical studies: Electrochemical properties of
copper complexes were recorded in DMSO solution in the
potential range from -0.2 V to + 0.4 V and at a scan rate of 50
mV s, Ag/AgCl-reference electrode and TBAP supporting
electrolyte were used. The redox peaks emerge at 0.018- 0.041
V are attributed to the cathodic peaks and 0.107-0.141 V anodic
peaks, corresponding to the transfer of Cu(II)/Cu(I) and Cu(I)/
Cu(II) are summarized in Table-1, confirming copper complexes
are redox active and quasi-reversible one electron transfer
reduction process [47,48].

TABLE-1
CYCLIC VOLTAMMERTRIC BEHAVIOUR
OF ALL COPPER COMPLEXES IN (V)

Complexes E, E, *AE, *E, il
[Cu(L1),] (1) 0.122 0.018 0.104 0.070 1.17
[Cu(L2),] (3) 0.141 0.026 0.115 0.084 0.96
[Cu(L3),] (5) 0.112 0.028 0.084 0.070 0.94
[Cu(14),] (7) 0.107 0.041 0.066 0.074 0.60

*AE, =E,, - B,; *E,,= E,+ E,/2

DNA binding studies

Electronic spectroscopy: The DNA binding interaction
with metal complexes (1-8) was demonstrated by using electronic
absorption titration method, in the concentration range of HS-
DNA from 0 uM to 100 uM at a fixed concentration of metal
complexes (300 uM) and in the spectral range of 200-500 nm.
The obtained electronic spectra are given in Fig. 1. The high
energy absorption bands have appeared in the spectra of
respective metal complexes below 300 nm, which may be attri-
buted to intense ®-t* intra-ligand charge transfer transitions
and the bands around 360-380 nm are due to the ligand to metal
charge transfer (LMCT). The absorption bands of metal complexes
with the addition of DNA showed changes in spectra and signi-
ficant hypsochromic shifts, complemented with a redshift. The
HS-DNA stabilization may be attributed to slight stacking inter-
action between the aromatic chromophores of the base pairs
DNA [49]. The UV-visible experimental results are inconsistent
with the interacalative binding mode. In order to quantify the
binding strength of the copper and zinc complexes are summarized
in Table-2, the binding constant (Ks) was calculated and found
to be in the orderof: 7>8>5>6>3>4>1>2.

Emission spectroscopy: The quenching experiments can
provide essential information on HS-DNA binding ability.
Steady-state competitive binding experiments between ethidium
bromide (sensitive fluorescence probe) and metal complexes
(quenchers) for HS-DNA in tris buffer (pH =7.1) were carried
out. The titration spectra of the EB-DNA system in presence
and absence of metal complexes (1-8) is observed in Fig. 2.
No emission was observed for both metal complexes and DNA
in control experiments. The molecular fluorophore (EtBr) emits
at 603 nm in the presence of HS-DNA due to strong stacking
interaction between the adjacent base pairs of DNA. The signi-
ficant shift (red) in titration quenching spectra with an increase
in the concentration of the metal complexes, clearly indicating
that EB molecules are depicted in Fig. 3 by metal complexes
from their HS-DNA binding sites and its better understanding
with the linear Stern-Volmer equation [50].
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Fig. 1. Absorption spectra of metal complexes (1-8) in the absence and presence of increasing amounts of HS-DNA for tris buffer (pH="7.1).
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K, values found in the slope and intercept of the plot I/
versus [Q] are exhibited in Table-3 for metal complexes. The
spectral data reveals that DNA-bound EB can be more readily
replaced in these following order: 7>8>5>6>3>4>1>
2,which is consistent with the results obtained in the electronic
absorption spectral studies.

2

Further, the DNA apparent binding constant (K,,,) values
obtained for the metal complexes were also calculated using
the following equation:

Kea: [EtBr] = Ky, [complex]so 3)

where Kgg, equals 1.0 x 10" M is the DNA binding constant
of EtBr, [EtBr] is the concentration of (10 uM) and [complex]so
is the various concentration of the metal complexes (1-8) that
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TABLE-2
ELECTROCHEMICAL BEHAVIOUR OF COPPER COMPLEXES IN TRIS
BUFFER (pH =7.1) IN THE ABSENCE AND PRESENCE OF HS-DNA IN (V)

Complexes R E, AE, En Tpal e
0 0.059 -0.023 0.082 0.0180 0.930

[Cu(L1),] (1) 0.100 0.063 -0.002 0.065 0.0310 0.990
0.200 0.065 0.010 0.055 0.0360 1.050

0 0.035 -0.064 0.099 -0.0150 0.830

0.100 0.064 -0.079 0.143 -0.0076 0.730

[Cu®2),]1 ®) 0.200 0.070 -0.075 0.145 -0.0050 0.820
0.300 0.072 -0.075 0.147 -0.0015 0.790

0 0.039 -0.040 0.079 -0.0010 0.790

0.100 0.067 -0.071 0.138 -0.0020 0.720

[Cu3).] ) 0.200 0.065 -0.054 0.119 0.0060 0.804
0.300 0.062 -0.039 0.101 0.0120 0.860

0 0.057 -0.033 0.090 0.0120 0.980

0.100 0.066 -0.023 0.089 0.0220 0.923

[Cud4).] (7 0.200 0.065 -0.019 0.084 0.0230 0.880
0.300 0.063 -0.015 0.078 0.0240 0.880

[1,1]

—T
0 2 4 6 8 10 12 14 16

18 20 22
[Q] (M)
Fig. 3. Stern-Volmer plots of the emission titrations of metal complexes
1-8)
TABLE-3

ABSORPTION BINDING CONSTANT (K,), EMISSION
QUENCHING CONSTANT (K,,) AND APPARENT
BINDING CONSTANT (K,,,,) BETWEEN HS-DNA

AND METAL COMPLEXES (1-8)

-1 -1 -1

Complexes H (%) Ifbf\l/loz KISVX(I\I%S) Kf"’;a;/([)ﬁ)
[Cu(L1),] (1) 24.04 1.76 2.76 0.76
[Zn(L1),] (2) 31.96 1.33 2.53 0.66
[Cu(L2),] (3) 27.89 2.19 3.21 0.82
[Zn(L2),] (4) 19.39 2.09 2.90 0.63
[Cu(L3),] (5) 19.64 4.01 3.59 0.71
[Zn(LL3),] (6) 27.41 2.29 3.54 0.69
[Cu(L4),] (7) 26.38 7.24 4.01 0.90
[Zn(1L4),] (8) 33.29 6.48 3.83 0.74

causes 50 % reduction in the emission intensity of DNA pre-
treated with EtBr. These K., values are summarized in Table-3
reflect by the ability of metal complexes to replace EtBr from
[EtBr+DNA] complexes through interaction between intercala-
tion mode. Both intrinsic binding constant and apparent binding
constant value clearly indicate that all the copper and zinc com-
plexes have a good interaction binding affinity towards HS-

DNA. Thiophene complexes (7,8) displaced EtBr efficiently
than the other 1-6 complexes, the higher K, experiential values
show for thiophene complexes (7,8) designate the strong strength
binding affinity towards HS-DNA. The K., values for the metal
complexes orderto 7>3>1>8>5> 6> 2 >4 indicates that
metal complexes interaction with HS-DNA nucleotides.
Electrochemical titrations: Cyclic voltammetry experi-
ments were performed for all the Cu(II) complexes in the absence
and presence of incremental addition of HS-DNA in tris buffer/
DMSO mixture solution at a scan rate of 50 mV s™. The instru-
ments show the absence of HS-DNA, non-Nernstian performance
with a one-electron Cu(II)/Cu(I) redox process and quasi-
reversible [51] with peak potential separation of -11 mV to
245 mV were observed. On titration with DNA, a negligible
potential shift in the cathodic peak and anodic peak along with
the repression of both peak currents as expected, demonstrating
the intercalation modes by Cu-chelates (Fig. 4) [52].
Circular dichroism (CD) studies: The CD spectral technique
was considered as a valuable, powerful and sensitive identify
DNA morphology during a DNA-drug interaction [53]. In the
CD spectra were measured as an HS-DNA shows a positive
band at 275 nm due to base stacking and the negative band
near 245 nm arises from the right-handed helicity of B-DNA,
respectively [54]. The intercalation binding mode which may
enhance the intensity of both the above bands and thus stabili-
zing the right-hand 3 conformation of DNA [55]. The CD
spectra of HS-DNA in the absence and presence of the metal
complexes (1-8) show an increase in the ellipticity of both the
positive bands and slightly shift (red) to (1-3 nm) in [ML]/[DNA],
are depicted in Fig. 5. The negative bands nearly 1-4 nm red
shift followed by the ratio of [ML]/[DNA] indicating the metal
complexes having an effect on the helicity structure of DNA.
The spectra ellipticity changes metal complexes are in good
interaction with their HS-DNA binding ability and conformation
of intercalative binding mode. The CD results are found consis-
tent with those of UV-vis absorption and emission spectra.
DNA cleavage activity: The extent nuclease activity of
the efficient metal complexes (1-8) was investigated for super-
coiled pUC 19 plasmid DNA (40 uM in base pairs) using gel
electrophoresis technique. In control, either metal complexes
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Fig. 5. Circular dichroism spectra of HS-DNA (100 uM) in the absence

and presence of metal complexes (1-8) (30 uM) in Tris—HCI buffer
pH = 7.1 at room temperature

or H,O, do not exhibit DNA cleavage under experimental condi-
tions. But metal complexes shows DNA cleavage efficiently
in the presence H,O, (60 uM) via formation of reduced metal
ions and hydroxyl radical which enable them to cleave DNA
by Fenton mechanism [56,57]. This was observed in the gel
electrophoresis by monitoring the transfer of naturally occurring
covalently closed circular form (form I) to the open circular
relaxed form (II) as depicted in Fig. 6. The experimental results
for nuclease activity of metal complexes have the same strength
to cleave the pUC19 plasmid DNA with H,O..

Molecular docking studies: Molecular docking studies
has an important role in perceptual of drug-DNA interaction
for selective new chemotherapeutic drugs design and the techni-
que has confirmed the efficiency of binding ability understating
the binding mechanism of the small molecule to DNA [58].
The patch molecular docking studies have been executed [B-
DNA (PDB ID: 1BNA) in the presence of metal complexes
(1-8) with DNA duplex of sequenced (CGCGAATTCGCG)2
in order to preliminarily determine the specific binding site
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Fig. 6. Gel electrophoresis showing the chemical nuclease activity of the
supercoiled pUC19 DNA (40 uM) incubated at 37 °C for 1 h in
Tris—HCI buffer pH = 7.1 with fixed concentration of metal
complexes (1-8) (50 uM) in the presence H,O- as an oxidizing agent
(60 uM): Lane: 10. DNA alone, lane: 9. DNA + H,0,, lane: 1. DNA
+ H,O, + 1, lane: 2. DNA + H,0, + 2, lane: 3. DNA + H,O, + 3,
lane: 4. DNA + H,0,+ 4, lane: 5. DNA + H,O,+ 5, lane: 6. DNA +
H,0;,+ 6, lane: 7. DNA + H,O, + 7, lane: 8. DNA + H,O,+ 8

alongside with the chosen alignment of sterically adequate
metal complexes inside the DNA. It has been identified that
the metal complexes interact through the intercalative binding
mode to DNA and become a stable, hydrogen bonding, energy
and hydrophobic interactions with DNA [59], which can define
the stability in the intercalative binding mode metal complexes
with DNA is observed (Table-4). The docking results display
the metal complexes binding efficiency with the DNA receptor
and reveal binding affinity orderto7>8>5>6>3>4>1>
2, respectively. The molecular docking negative energy values
recommend an effective binding affinity. In particular, thiophene
Cu/Zn(Il) complexes (7, 8) have relatively more negative values
with effective binding energy and improving the strong DNA
binding affinity than the other metal complexes (1-6).

Protein binding studies

Electronic absorption titration spectral studies: Electronic
absorption spectroscopic analyses were performed to under-
stands the changes of BSA in the presence of metal complexes
(1-8). UV-Vis spectra showed the intensity of BSA at 280 nm
were enhanced upon the addition of complexes (1-8), sugges-
ting static interaction due to the formation of the ground state
complexes with BSA as reported earlier [60].

Fluorescence quenching studies of BSA: The fluorescence
spectroscopic experiment is carried out the interactions between
metal complexes (1-8) and proteins. The interaction of BSA/
metal complexes are studied by using fluorescence spectra
measurement at ordinary temperature (37 °C). Bovine serum
albumin is excited at Aex 280 nm and strong fluorescence peaks
are observed at Aen 335 nm [61]. However, no emission peak
observed around at Aemi 335 nm when the metal complexes were

excited with the same excitation wavelength, proposing that
the metal complexes would not induce fluorescence intensity
interference to albumin within the inspected excitation wavelength
range. BSA solution (1 x 10) is titrated with the increasing
concentrations of metal complexes (0-200 uM) by quenching
manner in the range from 250 to 550 nm. The addition of
respective titration metal complexes/BSA interaction resulted
in a substantial decrease in the intrinsic emission intensity of
335 nm along with a slight hypochromic shift of 1-15 nm for
metal complexes. Finally, the results reveal that the quenching
may be due to strong interactions between all metal complexes
with BSA. The quenching constant (K,) value was calculated
by using the Stern-Volmer equation as shown in Fig. 7. From
the plot of I,/I versus [Q] and K, value can be considered for
metal complexes.

The calculated values of quenching constant (Kg) for the
test compounds exhibit strong protein binding ability. The
strong binding ability of the metal complexes to BSA occurs
with an equilibrium binding constant and can be evaluated and
represented by the Scatchard equation.

log [(F,-F)/F] = Log K, + n log [Q] (4)

where K, is the binding constant of metal complex/BSA and n
is the number of binding sites. A plot of log [(F,-F)/F] versus
log [Q] can be used to determine both Ky and n such calculated
values for metal complexes are depicted in Table-5. A n value
of shows the existence of a single binding site in BSA for the
metal complexes. The higher K, and K, values indicating a
strong interaction between the BSA and metal complexes used
in this study.

TABLE-5

PROTEIN BINDING CONSTANT (K,), QUENCHING

CONSTANT (K,) AND THE NUMBER OF BINDING
SITES (n) FOR METAL COMPLEXES (1-8)

Complexes Ky ™MH1x10* K, M 1x10° n
[Cu(LL1),] (1) 0.8 2.08 1.45
[Zn(L1),] (2) 0.7 2.14 1.86
[Cu(L2),] (3) 1.8 2.09 2.10
[Zn(L2),] (4) 1.1 2.06 1.50
[Cu(LL3),] (5) 2.1 2.10 2.04
[Zn(L3),] (6) 1.3 2.11 2.70
[Cu(L4),] (7) 35 2.15 2.52
[Zn(1.4),] (8) 2.2 2.12 2.31

The emission spectra clearly displayed the BSA binding
strength ability of the metal complexes following in the order
7>8>5>6>3>4>1>2, which are consistent with in the
results found from the above affinity studies.

TABLE-4
CALCULATED VALUE OF DOCKING OF 3-DNA WITH METAL COMPLEXES (1-8)

Compound Score Area ACE Transformation
[Cu(L1),] (1) 4530 687.70 -684.10 -3.02, 0.52, -0.32, 14.04, 18.05, 24.00
[Zn(L1),] (2) 5322 811.30 -649.37 -2.96, 0.56, 0.02, 18.47, 24.08, -1.56
[Cu(L2),] 3) 4388 767.40 -761.19 -2.94, 0.82, -0.10, 19.22, 21.74, -3.09
[Zn(L2),] (4) 5040 794.40 -652.27 -1.45,0.02,2.82, 18.92, 24.88, 0.95
[Cu(L3),] (5) 3638 669.40 -692.02 1.25-6.06, 3.00, 13.85, 18.39, 23.77
[Zn(L3),] (6) 4178 687.70 -658.00 -1.18,-0.62, 2.17, 19.46, 20.84, -4.61
[Cu(L4),] (7) 3466 680.00 -777.68 -0.22,0.93,0.12, 17.44, 22.32, -4.16
[Zn(14),] (8) 4760 733.10 -749.88 1.50, 0.76, -1.15, 19.83, 21.02, -4.87
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Fig. 7. Stern-Volmer plots (a), Scatchard plots (b) of the emission titrations of metal complexes (1-8) interaction with BSA

Biological activities

Antibacterial activity evaluation: The antibacterial activity
of synthesized ligands (LL1-L4) and their metal complexes (1-8)
was analyzed. The zone of inhibition (mm) is used to analyze the
antibacterial activity of the ligands and their metal complexes
compare to standard drug. The ligands and their metal complexes
showed enhance antibacterial activity against Gram-positive
bacteria (S. aureus, S. epidermidis) and Gram-negative bacteria
(E. coli, S. typhi and P. aeruginosa) compared to hydrazone
ligands and standard drug. However, ligands are shown less
activity than the standard drug against the same microorganism
under identical experimental condition. All the copper comp-
lexes exhibited higher antibacterial activity against all bacterial
species compared to all zinc complexes, which may be recog-
nized to the atomic radius and the electronegativity of Cu(II)
ion. The improved antibacterial activity of metal complexes
can be explained based on Overtone’s concept and chelation
theory [62,63].

in vitro Cytotoxicity evaluation: The efficiency of the
ligands (LL1-L4) and their metal complexes (1-8) in suppressing
cell growth and promoting apoptosis have been studied by
MTT reduction. The ability of the ligands and metal complexes
to cleave the DNA molecule encouraged us to study its effect
on the growth of the cancer cell line. Cytotoxicity of these ligands
and metal complexes are tested against a panel of two cell
lines HeLa (cervical cancer) and U937 cancer cells, and the
loss of viability was determined using MTT assay [64]. The
ligands (IL.1-L4) and their metal complexes (1-8) dissolved in
DMSO and cancer cells are treated with different concentra-
tions of the ligands and their metal complexes for 24 h. A blank
sample contains the same volume of DMSO solvent. The
results are analyzed by measuring the means of cell viability
in Table-6. The inhibitory concentration (ICs) values for the
ligands and their metal complexes shows inhibition of cancer
cells due to the metal complex species rather than the separated
ligands, in the tested HeLLa and U937 cell lines are in the order
of 7>8>5>6>3>4>1>2>L. All metal complexes (1-
8) exhibited appreciable cytotoxic effects on HeL.a and U937
cell lines.

TABLE-6
in vitro CYTOTOXICITY ASSAY FOR LIGANDS
(L1-L4) AND ITS METAL COMPLEXES (1-8)
IN TWO DIFFERENT CELL LINES (24 h)

Compounds 1Cs0 (M
HelLa cell U937 cell
L1 > 200 > 200
L2 > 200 > 200
L3 > 200 > 200
L4 > 200 > 200
[Cu(L1),] (1) 44.880 49.380
[Zn(L1),] (2) 48.296 53.910
[Cu(L2),] 3) 39.750 42.420
[Zn(L2),] (4) 43.820 46.790
[Cu(L3),] (5) 37.660 40.460
[Zn(LL3),] (6) 44.530 45.294
[Cu(L4),] (7) 34.870 36.804
[Zn(14),] (8) 43316 42.209

Morphological assessment study: The morphological
changes of the cell surface due to the interference of thiophene
copper and zinc complexes (7,8) with HeLa cells have been
displayed by means of scanning electron microscope for the
untreated and treated cells as given in Fig. 8. Cells proliferated
in growth medium and vehicle-treated cells were confluent
without signs of distress. HeLa cells exposed to thiophene comp-
lexes (7,8) are added to the low concentration of 30 uM treated
cancer cells and showed a diminished cell thickness, adjusted
cells and apoptotic body size in SEM surface (10 uM) for HeLa
cancer cell.

Conclusion

The present study focused on the synthesis and characteri-
zation using structural, spectral and analytical methods of bivalent
hydrazone based Cu/Zn(II) complexes. The metal complexes
is binded to HS-DNA, which was conformed through absorption,
emission, circular dichromism and electrochemical techniques.
This indicated that metal complexes (1-8) effectively bind with
HS-DNA through intercalative binding mode between them.
The gel electrophoresis method confirms the higher ability of
metal complexes to cleave pUC19 plasmid DNA. The fluore-
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Fig. 8. Scanning electron microscopy images of thiophene Cu/Zn(Il) complexes (7, 8) induced cell surface morphological changes and
decreased cell density in the HeLa cancer cell line

scence intensity of the BSA is quenched and the quenching 7. R. Gomathi, A. Ramu and A. Murugan, Bioinorg. Chem. Appl., 2014,
occurs via a static mode and indicates that the metal complexes ﬁé“d;;D_ 215/31%21(125051;;)6 1415300
. . . . . PS://A01.01g, . 2 .
bind to BSA. Further, studies showed the higher antibacterial g s 5 Apu Surrah and M. Kettunen, Curr. Med. Chem., 13,1337 (2006);
activity of metal complexes is comparable to ligands and standard https://doi.org/10.2174/092986706776872970.
drug. The synthesized hydrazone ligands and their metal comp- 9. M. Mohamed Subarkhan, R.N. Prabhu, R. Raj Kumar and R. Ramesh,
lexes were screened for cytotoxic activity against HeLa and RSC Advances, 6, 25082 (2016);
U937 11 d th hibited m inhibi https://doi.org/10.1039/C5RA26071J.

S/ cancer cell lines and they exhibited excellent inhibitory 10. 'W.H. Ang and PJ. Dyson, Eur: J. Med. Chem., 4003 (2006);
activity to a cancer cell. The results show that the hydrazone https://doi.org/10.1002/ejic.200600723.
ligands (I.1-L4) and their metal complexes (1-8) are significant 11. S. Kathiresan, S. Mugesh, J. Annaraj and M. Murugan, New J. Chem.,

and deliver usage for therapeutic application. 41, 1267 (2017);
https://doi.org/10.1039/C6NJO3501A.

12.  A.A. Alothman, E.S. Al-Farraj, W.A. Al-Onazi, Z.M. Almarhoon and
A.M. Al-Mohaimeed, Arab. J. Chem., (2019);

. https://doi.org/10.1016/j.arabjc.2019.02.003.
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