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Abstract The focus of the present work is on the design,
synthesis, characterization, DNA-interaction, photo-cleavage,
radical scavenging, in-vitro cytotoxicity, antimicrobial,
docking and kinetic studies of Cu (II), Cd (II), Ce (IV) and
Zr (IV) metal complexes of an imine derivative, 3 — (1 — (6 —
methoxybenzo [d] thiazol — 2 — ylimino) ethyl) — 6 — methyl —
3H — pyran — 2, 4 — dione. The investigation of metal ligand
interactions for the determination of composition of metal
complexes, corresponding kinetic studies and antioxidant ac-
tivity in solution was carried out by spectrophotometric
methods. The synthesized metal complexes were character-
ized by EDX analysis, Mass, IR, "H-NMR, "*C-NMR and
UV-Visible spectra. DNA binding studies of metal complexes
with Calf thymus (CT) DNA were carried out at room temper-
ature by employing UV-Vis electron absorption, fluorescence
emission and viscosity measurement techniques. The results
revealed that these complexes interact with DNA through in-
tercalation. The results of in vitro antibacterial studies showed
the enhanced activity of chelating agent in metal chelated form
and thus inferring scope for further development of new
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therapeutic drugs. Cell viability experiments indicated that
all complexes showed significant dose dependent cytotoxicity
in selected cell lines. The molecular modeling and docking
studies were carried out with energy minimized structures of
metal complexes to identify the receptor to metal interactions.

Keywords DNA binding - Photo cleavage - Cytotoxicity -
Antioxidant

Introduction

In the rapid developing area of metal-based chemotherapy, the
designing of new drugs is potential field of research. The
pioneer success of cisplatin for the treatment of cancer is an
impetus to explore the activity of various other complexes in
chemotherapy. It has been reported that cisplatin utility as an
anticancer drug is limited to a narrow range of tumors because
of side effects associated with these drugs [1-3]. The drug
cisplatin is highly effective against testicular and ovarian car-
cinomas as well as bladder, head and neck tumors [4, 5].
Lippard and his co-workers had studied the detailed molecular
mechanism of the interaction of cisplatin with a natural target
DNA [4, 6, 7]. To overcome the side effects and limited clin-
ical utility associated with this drug, the design of more effi-
cient, less toxic and predominant anticancer drugs to target
DNA is an important research in the area of chemotherapy
in recent years [8—10]. The literature reveals that the imine
base metal complexes have a wide range of applications as
anticancer [11, 12], antibacterial and antifungal agents [13,
14]. The interaction of probable compounds with DNA occurs
through three modes of binding viz; intercalation, groove
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binding and external static electronic effect [15—18]. Among
these, intercalation is of utmost importance and is confined to
the antitumor activity of the compound. General anticancer
agents of clinical use cause damage to the DNA, affecting
DNA replication or inhibiting the hormonal stimulation of
cancer cells, leading to the death of these cells [19-24]. Con-
siderable research has been undergone in the development of
anticancer drugs based on transition metal complexes which
interact with DNA, due to their kinetic stability. Moreover
their photochemical properties make them as potential probes
of DNA structure and conformations [18, 21, 22]. In the recent
years the selective permeability of the cancer cell membranes
to copper complexes and their compact regulations of the
intracellular concentration has encouraged the synthesis of
copper-based drugs as potential anticancer agents that are
projected to have less severe side effects [25]. Metal com-
plexes of schiff base of planar benzothiazole ring having
azomethine linkage [26] were found to exhibit various anti-
bacterial, antifungal, herbicidal and clinical activities [27-29].
Electrophoretic mobility shift processes are widely used to
examine the potency of DNA cleavage, as well as the thermo-
dynamic and kinetic aspects of the reaction [30, 31]. In general
the Cu (II) and Cd (II) complexes [32] that possess high
nucleobase affinity are potential reagents for the cleavage of
DNA both oxidatively [33, 34] and hydrolytically [31]. In the
present investigation, we report the synthesis and characteri-
zation of novel ligand 3 — (1 — (6 — methoxybenzo [d] thiazol —
2 — ylimino) ethyl) — 6 — methyl — 3H — pyran — 2, 4 — dione,
and its metal complexes with Ce (IV), Zr (IV), Cu (II) and Cd
(ID). Efforts were also made to study the photo cleavage, cy-
totoxicity, DNA binding, antimicrobial, scavenging activity
aspects of above candidate compound and its complexes.

3-MBTMPD 3 — (1 — (6 —methoxybenzo [d] thiazol —
2 — ylimino) ethyl) — 6 — methyl — 3H pyran — 2, 4 — Dione,
CT-DNA Calf thymus DNA, DMSO Dimethyl sulfoxide,
ESI-MS Electrospray ionization mass spectrometry, 1Csq
Half-maximal inhibitory concentration, MLCT Metal-to-
ligand charge transfer, LMCT Ligand-to-Metal- charge trans-
fer, MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide, DAPI 4’,6-Diamidino-2-phenylindole
dihydrochloride, DPPH 2,2-Diphenyl-1-picrylhydrazyl, HeLa
Human cervical cancer cell line, HEK293T Human Embryon-
ic Kidney cell line, DHAA Dihydroacetic acid, EB Ethidium
bromide, Tris Tris(hydroxymethyl)aminomethane, PBS
Phosphate-buffered saline.

Experimental
Materials

All the chemicals and reagents used were of AR grade.
Dehydroacetic acid (DHAA) and 2 — amino — 6 — methoxy
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benzothiazole, MTT dye and Calf thymus (CT) DNA, were
procured from Sigma Aldrich Chemicals. HelL.a human cervi-
cal carcinoma cell and human embryonic kidney 293 cells
lines were obtained from NCCS, Pune and maintained in
RPMI 1640 medium supplemented with 10% (V/V) fetal bo-
vine serum, 2 mM L-glutamine, 4.5 g L™ glucose. Super
coiled pBR 322 plasmid DNA (stored at 253 K) was obtained
from Fermentas Life Science. Experiments were conducted
using double distilled and ultra pure Milli — Q water.

Synthesis and Characterization

Synthesis of 3-(1-(6-methoxybenzo [d] thiazol-2-ylimino)
ethyl) -6-methyl-3H- pyran-2-4 dione 2-amino-6-
methoxybenzothiazole (1.802 g, 10 mmole) and
dehydroacetic acid (10 mmole) in ethanol (40 mL) were
refluxed for 7-8 h at 333—353 K. The reaction mixture was
monitored by TLC. After completion of the reaction, the yel-
low coloured solid product formed was filtered off and
washed with ethanol, dried and purified by recrystallization
from hot ethanol. Yield: 69 %. Mp: 503-523 K. Anal. Calcd
for C;cH14N,0,4S: C, 53.83; H, 4.81; N, 8.43. Found: C,
54.32; H, 4.19; N, 8.41 %. '"H NMR (CDCl; 400 MHz):
d/ppm 15.7 (s, 1H, OH), 2.16 (s, 3H, -N=C-CH3), 7.12, 8.9
(d, s 3H, ArH), 6.12 (s, 1H, =C-H), 3.88 (s, 3H, -OCH3), 2.54
(s, 3H, O-C-CHj3), 7.25 (s, CDCl;). '*C NMR (CDCl;
400 MHz): § /(ppm) 125, 162, (6C, ArC), 120 (1C, -N=C),
125 (1C, thiozole C), 55.9 (1C, -O-CH3), 24.92, 22.45 (2C -
CHj), 103, 106 (2 C, alkene C), 184, 191 (2C, ketone) and
30.089 (1C, N=C-C, DHAA ring attached carbon. IR (KBr, /
cmﬁl): (OH)- 3363, (C=N): 1633, (C-0): 1220. UV-Vis (nm):
223,273,352, ESI-MS (m/z): Calcd: 330. Found: 331 [M+H].

Synthesis of [Cd (II) (L) (NO3) (H>0)]

A mixture of imine base L (3-MBTMPD) and Cd (II)
nitrate in ethanolic solution (40 mL) was refluxed for
7-8 h at 333-353 K under N, atmosphere. The resulting
solution was allowed to stand, the brown colored solid
product obtained was filtered and recrystallised from hot
ethanolic solution. The brown colored solid complex [Cd
(I1) -3-MBTMPD] obtained was dried in desiccator over
anhydrous CaCl, Yield: 55 %. Mp: >573 K Anal. Cald
for C,;H;sCdN3OgS: C, 36.64; H, 3.24; N, 8.01. Found:
C, 36.55; H, 3.30; N, 8.12 %.'"H NMR (DMSO
400 MHz): 6/ppm 2.35 (s, 3H, -N=C-CH3), 7.17 (s,
2H, Ar), 7.7 (s, 1H, Ar), 8.77 (s, 1H, Ar), 3.85 (s, 3H,
-OCH3), 2.54 (S, 3H, :C-CH3). IR (KBr /cmfl): (H20)-
3552, (C=N)- 1627, (C-0)- 1112, (M-0)- 619, (M—N)- 397.
UV-Vis (A nm): 230, and 297. ESI-MS (m/z): Calcd:
522. Found: 524 [M+2].
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Fig. 1 Chemical structures of
3-MBTMPD and its metal
complexes (1-4)
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Synthesis of [Cu(Il) (L) (NO3) (H>0)]

The imine base 3-MBTMPD (0.330 g, 1 mmole) and copper
nitrate (1 mmole) were dissolved in ethanolic solution
(40 mL) and then refluxed for 7-8 h at 333—353 K. The Light
blue color product was obtained. The precipitate was filtered
and washed with ethanol several times and dried in desiccator.
Yield: 59 %. Mp: >573 K. Anal. Cald for C¢H;sCuN;0sS: C,
40.50; H, 3.61; N, 8.66. Found: C, 40.36; H, 3.79; N, 8.95 %.
IR (KBr /em™): o) 3448, cny: 1573, oy 1151,
—0): 680, oy 451. UV-Vis (nm): 226, 246, 410 and 567.
ESI-MS (m/z): Caled: 472. Found: 475 [M+3].

Synthesis of [Zr (IV) O (L) (NO3) (H>0)]

The metal complex was synthesized by mixing [ZrO(NO3),.
2H,0)] (0.581 g, 1 mmole) with the equimolar ratio of the
imine base (1 mmole) in 30 mL of ethanol. The mixture was
refluxed for 7-8 h. The precipitated compound was collected
by filtration and purified by washing with ethanol and dried
under vacuum. Yield: 62 (%). Mp: >573 K Anal. Cald for
C7H{7N300ZrS: C, 33.10; H, 2.93; N, 9.65. Found: C,
34.08; H, 3.92; N, 9.93 %. IR (KBr /cm'): 20y 3411,
(C:N):1602: (C-0)- 1136, (M—0)- 648, (M—N)- 453. UV-Vis
(nm): 235, 260, 342. ESI-MS (m/z): Calcd: 530. Found: 553
[M+Na].

Synthesis of [Ce (IV) (L) (NO3) > (H,0),]*

The Ce (IV) complex was prepared by the addition of 1
mmole of the hot ethanolic solution of 3- MBTMPD (0.33 g
in 50 mL ethanol) to 1 mmole of [(NH,) »Ce (NO3)] > and
the solution was made 85 % v/ of ethanol /water. The pH of
the mixture was adjusted in the range of 5.0-6.0 using alco-
holic NH,OH and then refluxed for 7-8 h with continuous
stirring. The solid complex separated was filtered and washed
with ethanol [35]. Yield: 61(%). Mp: >573 K. Anal. Cal for
C,6H17CeN4O,S: C, 35.37; H, 3.00; N, 8.86. Found: C,
38.35; H, 3.90; N, 9.56 %.'"H NMR (DMSO 400 MHz):
&/(ppm) 2.52 (s, 3H, -N=C-CH3), 7.09-7.40 (s, 4H, Ar), 3.74
(s, 3H, -OCHj3), 2.07 (s, 3H, =C-CH3). IR (KBr /cm™): (H20):
3358, (C=N)- 1618, (C*O): 1053, (M-0)- 540, (M—N) 462. UV-
Vis (nm): 214, 280, 347, 469. ESI-MS (m/z): Cald: 629.
Found: 654 (M+Na+2H).

Physical Measurements

General Techniques

FT-IR spectra of the title compound and the corresponding
metal complexes were recorded on Perkin Elmer — 337 Spec-
trophotometer with KBr pellets. Other instruments employed

for characterization include — Perkin Elmer — 2400 Elemental
Analyzer, Schimadzu UV-2600 spectrophotometer, Bruker —
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Fig. 2 SEM images and EDX graphs of [3-MBTMPD] (a—b), [Cu (I)-3-MBTMPD] (c—d), Cd(II) 3-MBTMPD] (e-f), [Ce (IV)-3-MBTMPD] (g-h)
and [Zr (IV)-3-MBTMPD](i—j) complexes
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Table 1 Second order rate

constants for the formation of Cu Cu (II) complex Equation R? Rate constant Actual rate constant
(I1) complex at different Temp (K) (Lit mole™' min") (Kot X €)
temperatures

Temp (K)

288 y=0.0284x+4.8683 0.9844 0.0284 0.026838

298 y=0.0338x+4.6969 0.9981 0.0338 0.031941

303 y=0.0398x+4.5241 0.9667 0.0398 0.037611

308 y=0.0461x+5.1928 0.9872 0.0461 0.043565

Actual rate constant (k) = rate constant (obtained from graph) . molar extinction coefficient (¢)

Avance-III 400 MHz 'H and '*C Fourier transform digital
NMR spectrometer. RF-5301PC Spectrofluorophotometer,
Confocal Microscope (LSM 510 META) Zeiss. Mass spectra
were recorded on a VG — AUTOSPEC spectrometer. Melting
point measurements were done on Polmon — MP — 96 instru-
ments. Particle-size and morphology studies were carried out
employing zeiss scanning electron microscope. Elemental
analysis was done on the INCA EDX instrument. GeNei elec-
trophoresis instrument was used for DNA cleavage studies.

Spectrophotometric Studies

Spectrophotometric technique is employed in the following
experiments, viz; (i) for the determination of the composition
of metal complex by Job’s continuous variation and Mole
ratio methods, (ii) for the determination of order of reaction
in the formation of metal complex and thermodynamic param-
eters such as activation energy (E,), entropy change (AS"),
free energy change (AG") and enthalpy change (AH") [36],
(iii) for determination of antioxidant properties using 2, 2-
diphenyl-picrylhydrazyl (DPPH) by in-vitro assay method
[37], (iv) Binding ability of metal complexes with CT- DNA.

Determination of the Composition of Metal Complex

Spectrophotometric method is useful in studying equilibrium
reactions for the formation of complexes in solution. The com-
position of metal complex can be ascertained by adjusting the
appropriate pH of metal — ligand solution by suitable buffer
solution to progress the complex formation. An attempt was
made in present investigation to establish the metal to ligand
ratio in Cu (II)- 3 - MBTMPD system. Metal to ligand ratio of
the green colored complexes formed by the reaction between
3-MBTMPD and Cu (IT) was studied by adopting Job’s con-
tinuous variation and mole ratio methods.

Table 2 First order rate constant for the formation of copper (II)
complex at room temperature

M (II) complex Equation R? Rate constant (min ")

Cu (I) y=-0.0006x+0.5972  0.9768 0.0006

Determination of Order Of Reaction of Cu (1I) Complex

The experiment is carried out under (a) Pseudo first order
reaction condition (1 mL 10~ M (ligand)+1 mL 10> M Cu
(IT) +1 mL ethanolic ammonia buffer+7 mL dioxane) at
298 K and (b) second order reaction condition (1 mL
107 M (ligand)+1 mL 10> M Cu (II) +1 mL ethanolic am-
monia buffer+7 ml dioxane at four different temperatures
(288 K, 298 K, 303 K and 308 K).

Radical Scavenging Activity

The percentage of free radical scavenging activity is shown in
Fig. 10. This assay is completely based on decrease in absor-
bance value of DPPH at 517 nm on addition of complex. The
experiment involves diluting the working solution of the metal
complexes and the ascorbic acid standard (700, 600, 500, 400,
300 and 200 pg uL ") in methanol. DPPH concentration was
kept constant (2 mL, 0.004 %). To this varying concentration
of metal complexes and standard were added. The mixture
was shaken vigorously and kept in dark for 30 min at room
temperature. Then the absorbance was measured at 517 nm in
a spectrophotometer. The whole experiment was carried out
using spectroscopic grade methanol solvent at 298 K. The
radical scavenging activity has been measured by using the
following Eq. 1;

Suppression ratio (%) = [(A¢—A;)/A¢] x 100 % (1)

Where A;=the absorbance in the presence of the ligand or
its complexes, Ay=the absorbance in the absence of the ligand
or its complexes.

DNA Binding

DNA is the main genetic carrier and it is target to many metal
based drugs. So, DNA binding study is one of the important
steps for knowing the chemical nuclease activity of the metal
complexes and enables to design effective DNA targeted met-
al based drugs. Electron absorption spectroscopy is one of the
most important techniques for investigating the DNA binding
studies at room temperature. The above synthesized
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Table 3  Activation energy for the formation of copper (II) complex

M 1I) Equation R? Activation energy
complex (kJ mole ")
Cu (I) y=—2.131x+7.815 0.970 17.72

complexes were demonstrated for DNA binding ability to
explore their potential as DNA intercalators. The binding
affinity of the metal complexes with CT-DNA was stud-
ied in tris (hydroxymethyl) aminomethane buffer (5 mM
Tris-HCI, 50 mmole NaCl, pH: 7.2). A solution of CT-
DNA in Tris-HCI buffer gives a ratio of UV absorbance
at 250 nm and 260 nm of 1.8 : 1.0 to 1.9 : 1.0, indicat-
ing that the DNA was sufficiently free of protein [38].
The concentration of DNA per nucleotide was deter-
mined spectrophotometrically using molar absorptivity
at 260 nm. Stock solutions of CT-DNA were stored at
269 K and used within 5 days. Concentrated stock solu-
tions of metal complexes were prepared by dissolving
calculated amount of metal complexes in DMSO and
diluted with the corresponding buffer to the concentra-
tion required for all the experiments. The electron ab-
sorption titration of the complexes in buffer (Tris-HCI
buffer) was carried out using a fixed metal complex (1—
4) concentration, to which increasing order of the DNA
stock solution was added. The solutions were incubated
for 5 min before the absorption spectra were recorded.
The binding strength of the complexes with DNA is cal-
culated in terms of intrinsic binding constants Ky, in re-
spective systems by using the following Eq. 2 [39].

[DNA]/(ea—¢r) = [DNA]/ (e — €7)

+1/Kp(ep — ) (2)

The apparent absorption coefficient ¢,, correspond to A/
[metal complex]. While the terms ¢ and ¢, corresponds to the
extinction coefficient of the free metal complex (unbound)
and the fully bound metal complex to DNA, respectively. Ky,
is given by the ratio of the slope to the intercept in a plot of
[DNA]/ (e, - €p) vs [DNA] for the titration of metal complex

with DNA. In graph arrow shows the change in the absorption
with increasing DNA concentration.

Fluorescence Quenching

To further support the binding strength of a metal complex (1—-
4) to CT-DNA, a competitive fluorescence quenching exper-
iment was carried out using ethidium bromide (EB) bound
CT-DNA solution in Tris-HCI buffer solution (pH: 7.10).
Ethidium bromide (EB) is a common fluorescent probe [40]
for DNA structure and has been used to examine the mode of
DNA binding to a specific metal complex. Ethidium bromide
(EB) shows the weak, reduced fluorescent intensity in Tris-
HCl buffer solution (pH 7.10). But its fluorescence intensity is
enhanced when bound to DNA due to intercalation into the
base pairs of DNA. A competitive binding of the metal com-
plexes to CT-DNA results in the displacement of the bound
EB, thereby decreasing its emission intensity. The quenching
constant (Kq) was calculated using the classical Stern-Volmer
Eq. 3 [41].

Ip/T=Kq4[Q + 1 (3)

Where I, is the emission intensity in the absence of quench-
er, | is the emission intensity in the presence of quencher, Kq is
the quenching constant and [Q] is the quencher concentration.
Kq is the slope obtained from the plot of I/l vs [Q].

Viscosity Measurement

In order to further investigate the mode of interaction between
binding of metal complexes (1-4) with CT-DNA, viscosity
experiments were carried on an Ostwald viscometer immersed
in a thermostatic water bath maintained at 303+0.1 K. Titra-
tions were performed for complexes (1-4) by introducing
each complex into the DNA solution present in the viscome-
ter. Flow time was measured with a digital stop watch; three
times for each sample and an average flow time was calculat-
ed. Data were presented as (n/no)” ? versus binding ratio [37].

DNA Photo Cleavage

The cleavage studies of supercoiled pBR 322 DNA (50 uM)
was carried out in the agarose gel electrophoresis instrument.

Table 4 Activation parameters

for the formation of copper (II) Cu(1I) complex AG* (k] mole ") Equation and R? AH* (kJ mol ™) AS* (kJ K" 'mol ™)
complex Temp (K)

288 79.11

298 81.51 y=221.5x+15369 15.37 -0.221

303 82.51 R*=0.997

308 83.54
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Fig.3 Second order graphs of Cu a b
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Fig. 4 a First order graph, b Thermodynamic parameter graph, ¢ Activation energy graph of Cu (II)-3-MBTMPD
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Fig. 5 Plots of Cu (II)-3-
MBTMPD. a Job’s method and b
Mole ratio method

Absorbance

Cu-3-MBTMPD

Cu-3-MBTMPD

T T T
02 03 04

Here supercoiled pBR322 DNA (1 pL) was treated with the
metal complexes (1-4) in buffer (Tris-HCI, 18 mmole NaCl;
pH: 7.2) and the solution was then irradiated at room temper-
ature with a UV Lamp (365 nm) for 30 min. After that the
sample was mixed with loading buffer (3 pL) containing 25 %
bromophenol blue, 0.25 % xylene cyanol and 30 % glycerol
(2 uL). The samples were subjected to electrophoresis for 1 h
at 50-100 eVon 1 % agarose gel using Tris-acetic acid EDTA
buffer (pH: 7.2). The gel was then stained using 1 mg /1 mL
ethidium bromide (EB) [42]. The gel was viewed with docu-
mentation system and photographed using a CCD camera
(Bio-Rod).

Antibacterial Activity

The disc diffusion method [43, 44] was used to check the
antibacterial activity of the synthesized compounds against
four bacterial strains viz; Staphylococcus aureus, Bacillus
subtilis, Escherichia coli and Pseudomonas putida. Each or-
ganism was cultured in nutrient broth at 310 K for 24 h. Then
1 % broth culture containing approximately 10° colony-
forming units (CFU/mL) of test strain was added to nutrient
agar medium at 318 K and poured into sterile petri plates. The
medium was allowed to solidify. 5 pL of the test compound
(40 mg/mL in DMSO) was poured on 4 mm sterile paper discs
and placed on nutrient agar plates. In each plate standard an-
tibacterial drug (ampicillin) and metal complexes were added.

024
0.5

T T T T
1.5 20 25 3.0

Mole ratio

T T T T T T
05 06 07 08 09 1.0

Mole fraction

1.0 3.5

The plates were incubated at 310 K for 24 h and the antibac-
terial activity was determined by measuring the diameter of
zones showing complete inhibition (mm).

Cytotoxicity

The Cytotoxic effect of (1-4) complexes was carried out using
a standard MTT assay [45]. The samples (1-4) to be tested
were dissolved in DMSO in the concentration range of 1—
100 uM. Cells were seeded in a 96-well plate and kept in
5 % CO, attachment and grown for 48 h. Then the cells were
treated with various concentrations of the complex dissolved in
DMSO and incubated for 24 h. After completion of incubation
the culture medium was removed and 15 puL of the MTT dye
solution (5 mg/ml in phosphate-buffered saline) (PBS) was
added to each well and incubated for 4 h. After 4 h incubation
in dark, MTT was discarded and DMSO (100 uL/well) was
added to solubilize the purple product. The absorbance at
620 nm in each well was measured with a Elisa reader (Thermo
Scientific Multi Scan EX) by keeping medium without com-
plex as control. The ICs, values were calculated from the plot-
ted absorbance data of the dose response curves.

Molecular Docking

Docking is a method which predicts the preferred orientation
of one molecule to another molecule when bound together to

Table 5 Data showing the mole

fraction of ligand and absorbance SL Cu (II) Solution 3-MBTMPD Solution Buffer Total Volume Mole Absorbance

values of Cu (II) and No  (mL) (mL) (mL) (mL) fraction  (Abs)

3-MBTMPD system in dioxane

medium at 303 K 1. 2 18 5 25 0.9 14213
2. 4 16 5 25 0.8 1.5568
3. 6 14 5 25 0.7 1.6651
4. 8 12 5 25 0.6 1.7547
5. 10 10 5 25 0.5 1.8683
6. 12 8 5 25 04 1.6251
7. 14 6 5 25 0.3 1.4168
8. 16 5 25 0.2 0.9666
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Table 6 Data showing the mole ratio of ligand and absorbance values of Cu'" and 3-MBTMPD system in dioxane medium at 303 K

S.No. Cu"" Solution 3-MBTMPD Solution Buffer Concentration of metal Concentration Moleratio Absorbance
(mL) (mL) (mL) of ligand [L]/[M] (Abs)

1. 4 2 5 16x107° 8x107° 0.5 1.001

2. 4 3 5 16x10°° 12x107° 0.75 1305

3. 4 4 5 16x107° 16x107° 1 1.448

4. 4 6 5 16x107° 24x107° 15 1.493

5. 4 8 5 16x107° 32x107° 2 1.506

6. 4 10 5 16x107° 40x107° 25 1.557

7. 4 12 5 16x107° 48x107° 3 1.608

8. 4 13 5 16x107° 52x107° 325 1.650

form a stable complex. There are many types of software viz;
Gold [46]. Flex, Glide and Autodock available to study
Receptor-Guest and Receptor-Receptor interactions. In the
present investigation, Gold software was employed to identify
the Receptor- Guest molecule interactions.

Results and Discussion
FT-IR

In IR spectrum of title compound the peak observed at
3363 cm ! corresponds to vO-H, band at 1633 cm ' corre-
sponds to vC=N and the peak at 1220 cm ™' indicates the
presence of phenolic vC-O. A comparison of IR spectra of

Fig. 6 Absorption spectra of a
complexes (a) Cu (1), (b) Cd (1I),
(¢) Ce (IV), and (d) Zr (IV) in
Tris-HCI buffer by addition of 08
CT-DNA. Arrow shows the
hypochromic and bathochromic
shift upon increase of the DNA
concentration. Plots of [DNA]/ 04]
(ea— €¢) vs [DNA] for the titration
of DNA with Imine base metal
complexes

Absorbance

metal complexes with title compound reveals decrease in
stretching frequency of vC=N, C-O of phenolic group, and
the disappearance of O-H frequency in metal complexes in-
dicating the participation of oxygen and nitrogen atoms in
bonding. In the spectra of metal complexes new bands ap-
peared at 680—540 cm™' and 462-397 cm ' [47] correspond
to O-M and vN-M respectively. One broad band appeared in
the region 3552-3358 cm ™' corresponds to O—H vibrations
indicating the presence of coordinated water molecules in all
the complexes [48].

UV-Visible

UV-Vis absorption spectroscopic technique can help to eval-
uate the geometry of metal complexes Fig. 1. The UV—Visible

b
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Table 7  Absorption and quenching constants of imine base complexes

Compound Absorption constant (Ky,) quenching (K,) constant
Cd-3-MBTMPD  3.3x10° 3.5%10°
Cu-3-MBTMPD  5.5x10° 5.1x10°
Zr-3-MBTMPD  1x10° 1.15%10°
Ce-3-MBTMPD  1.25x10° 1.3%10°

spectrum of title compound displayed bands at 223 nm,
273 nm and 352 nm. These bands are attributed to w—7*
transitions arising from the benzene ring and the double bonds
of the azomethine (N=C) group [10] and n—7t* transition
arising from non-bonding electrons present on the nitrogen
of the azomethine group. The electronic spectrum of Cu
(II) complex exhibits bands at 226 nm, 326 nm are attrib-
utable to charge transfer transitions, while the peaks at
410 nm and 567 nm are assignable to spin-allowed and
laporte forbidden but vibronically allowed d-d transi-
tions viz; 2Blg—>2A1g, and 2Blg—>2Eg. The magnetic
susceptibility in the solid state shows that the copper
complex is paramagnetic with magnetic moment (1.8
B.M.) in the range normally found for square-planar
copper complexes. The proposed structures of the com-
plexes are given in Fig. 1. The electronic spectrum of
Zr (IV) complex exhibited very weak bands. In Ce (IV)
complex bands at 280 nm, 347 nm, and in Cd (II)
complex at 230 nm and 297 nm are assignable to
charge transfer transitions.

Fig. 7 Emission spectra of the 90l A~ %
DNA-—ethidium bromide (EB) 401 Y/ \ ' ¥
system (1) Cu(Il), (2) Cd(II), (3) ol ) \ s
Ce(IV) and (4) Zr(IV). Arrows 5
show the emission intensity €01 12
changes upon increasing :2- / b

=
=13

SEM and EDX

The ligand and its 1:1 metal complexes showed different sur-
face morphologies. The SEM images of 3-MBTMPD showed
elongated flakes. The EDX method was employed to analyze
the elements present on the surface of the compounds. The
SEM images of complexes presented in Fig. 2 correspond to
Cu (ID-3-MBTMPD complex with the morphology of irreg-
ular small rock like appearance in their shape and Cd (I)-3-
MBTMPD with grassy spindle like appearance. While Ce -3-
MBTMPD (IV) and Zr (IV)-3-MBTMPD displayed irregular
cluster of particles.

Kinetic Studies

The experiment is carried out under (i) Pseudo first order
reaction condition (1 mL 107> M (ligand)+1 mL 107> M Cu
(IT) +1 mL ethanolic ammonia buffer+7 mL dioxane) at
298 K and (ii) second order reaction condition (1 mL
107 M (ligand)+1 mL 10> M Cu (II) ion +1 mL ethonalic
ammonia buffer+7 ml dioxane at four different temperatures
(288 K, 298 K, 303 K and 308 K).

The reaction was performed in dioxane medium under
pseudo condition by maintaining a large excess of metal
ion over the imine base ligand. To the above reaction
mixture 1 mL of ethanolic buffer was added towards
maintaining the pH at 7-8. The progress of the reaction
was monitored at regular intervals of time using spectro-
photometer. Plots of In (O.D) vs time have been found to
be linear with negative slope indicating first order with

concentration of the compounds.
Insert: Stern—Volmer fluorescence
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respect to concentration of ligand. However, under equi-
molar conditions ([Ligand]=[Metal ion]), the plots of re-
ciprocal of absorbance vs. time have been found to be
linear with positive slopes and an intercept on the ordinate
indicating the overall reaction as second-order.

Activation parameters for these reactions are comput-
ed from Eyring’s plot and the data for the evaluation of
second-order rate constants at various temperatures are
compiled in Tables 1, 2, 3 and 4. The formation of
metal complex of candidate imine base was conducted
at four different temperatures viz. 288, 298, 303 and
308 K. The rate constant increased substantially with
increase in temperature. Activation energy (E,) is calcu-
lated using Arrhenius plot Figs. 3 and 4. AG* values
for four different temperatures are calculated following
Eyring equation.

K = (RT/ Nh) exp (-AG*/RT)

= AG* = -RT In (KNW/RT)

Where R, N, h and T represent the Gas constant, Avogadro
number, Planck’s constant and reaction temperature respec-
tively. Thermodynamic parameters such as AS* and AH*
were evaluated from Gibbs-Helmholtz equation.

AG* = AH* — TAS*

Plot of AG* versus T were found to be linear with
positive slope. Intercept is equal to AH* and slope cor-
responds to AS*. Rate constants, activation energy and
thermodynamic parameters of Cu (II)-3-MBTMPD are
given in Table 4.

287 EtBr
2.2
o1
2.1 /
v
0] ° 2
3
1.9 /'
2 1.8 /g/.
\’:o :/-/
5 /
= L4
/‘A ]
— A~ -
T T T T T |
0.010 0.015 0.020 0.025 0.030 0.035

(IM)/IDNA])
Fig. 8 Effect of increasing amount of ethidium bromide, (1) Cu(II)-3-
MBTMPD, (2) Cd (I1)-3-MBTMPD, (3) Ce (IV)-3-MBTMPD, (4) Zr
(IV)-3-MBTMPD, on relative viscosity of CT-DNA at 300+0.1 K

Stoichiometry Studies
Job’s Continuous Variation Method

The solutions of the Cu (IT) and 3-MBTMPD with same mo-
lar concentrations (0.00125 M) are mixed in varying volume
ratios, keeping the total volume of the mixture constant. The
pH of the sample solutions were maintained constant by the
addition of a buffer solution consisting 3 mL of sodium acetate
buffer. The absorbance of each sample is measured at 412 nm.
The plot of absorbance against mole fraction of ligand showed
maximum absorbance at 0.50 mole fraction Fig. 5. The calcu-

lated mole fraction values and absorbance are given in
Table 5.

Mole-Ratio Method

A series of solutions of constant volume were prepared keeping
the molar concentration of the metal Cu (II) constant in respec-
tive systems and varying the concentration of 3 — MBTMPD.
The pH of these samples were maintained constant with the

10uM 50uM
Control

Forrm-I1

10uM 50uM
i orrm-IT

—
@ e Forrm-1I1
oD - T S T e

orrm-I1

3) Forrm-1III

’ ﬂ

Fig. 9 Photo cleavage studies of pPBR322 DNA, in the absence and
presence of complexes (1) [Ce (IV)-3-MBTMPD], (2) [Cd (II)-3-
MBTMPD], (3) [Cu (I)-3-MBTMPD] and (4) [Zr (IV)-3-MBTMPD]
and (5) [3-MBTMPD)]. 30 min irradiation at 365 nm. Lane 0 control
plasmid DNA (untreated pBR322), five sets of 5 lanes with 10 uM,
20 uM, 30 uM, 40 uM and 50 puM respectively

Forrm-I

Forrm-II

Forrm-1
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Fig. 10 Radical-scavenging activity of the synthesized compounds on
DPPH radicals (%)

help of the acetate buffer. Data of absorbance versus concentra-
tion of ligand to metal is given in Table 6. The plot of the
absorbance versus mole ratio ([ligand] /[Metal]) corresponds
to 1 : 1 composition of Cu(Il)-3-MBTMPD Fig. 5.

DNA Binding Studies

The binding abilities of metal complexes with CT-DNA via
intercalation mode have been explored in the present investi-
gation. In the intercalative mode of binding, the m*
orbital of the intercalated ligand couple with the

Fig. 11 Antimicrobial activity of
Cu(1I)-3-MBTMPD, Cd(1)-3-
MBTMPD, Ce(TV)-3-MBTMPD,
Zr(IV)-3-MBTMPD and
3-MBTMPD (a) B.subtilis, (b)
E.coli, (Gram Negative) (c) S.
areus and (d) K. Pneumonia
bacteria, (Gram Positive)
ampicillin as positive control

@ Springer

orbital of the DNA base pairs decreasing in 7t — 7%
transition energy and resulting in bathochromism [49,
50] and a significant hypochromism [51], suggesting
that the complexes used in this study have strong bind-
ing interaction with DNA in an intercalative mode
Fig. 6. In order to determine the intrinsic binding
strength of (1-4) metal complexes the K, values
Table 7 were calculated using the Eq. (1). The K,
values of Cu(Il) 3-MBTMPD (5.5x10° M "), Cd (II)
3-MBTMPD (3.3x10° M '), Ce (IV) 3-MBTMPD
(1.25x10° M ") and Zr (IV) 3-MBTMPD (1x10°
M™") indicate order of binding affinities as; Cu(Il) >
Cddn) > Ce(IV) > Zr(1V).

Quenching Studies

To further characterize the exact nature of the binding mode of
metal complexes with DNA, ethidium bromide (EB) displace-
ment assay, an experiment based on emission titration has
been widely used. It was previously reported that the en-
hanced fluorescence can be quenched by the addition of a
second molecule. In our experiment as depicted in Fig. 7, for
complexes 1, 2, 3 and 4 the fluorescence intensity of EB at
584 nm showed a remarkable decreasing trend with the in-
creasing concentration of the complex and is due to displace-
ment of the DNA bound EB by metal complex. The Kq values
were calculated from Stern- volmer equation and are in the
order of 5.1x10° M "' Cu (IN)>3.5x10° M ' Cd (II) >1.3x
10°M ! Ce (IV)>1.15x10° M ' Zr (IV) (Table 7).
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Table 8 Minimum inhibition zone(mm) of complexes (pg/mL)

Compound Bacterial inhibition zone (mm) Bacterial inhibition zone (mm)

Gram (+) Gram (—)

B.subtilis S. areus K. Pneumonia E.coli
3-MBTMPD 7 8 5 6
Cd-3-MBTMPD 10 14 10 10
Cu-3-MBTMPD 7 9 8
Zr-3-MBTMPD 8 10
Ce-3-MBTMPD 10 10
Ampicillin 18 25 25 21
Viscosity Measurements form (form IT). If both strands are cleaved, a linear form (Form

To further provide the proof of binding mode of (1-4) metal
complexes with CT-DNA, viscosity measurements [37] were
carried by keeping DNA concentration constant (5 M) and
increasing concentration of metal complex in respective sys-
tems (Fig. 8). In general classical intercalation model predicts
in lengthening of DNA helix, as base pairs are pushed apart to
accommodate the bound complexes leading to the increase in
viscosity of DNA. In present investigation, the representative
profile of comparative viscosity measurements for binding
nature of (1-4) metal complexes with CT-DNA are informa-
tive in predicting intercalative mode of binding as there is rise
in viscocity with increase of metel complex concentration in
all the systems. The comparison of relative viscosities of (1-4)
metal complexes and ethidium bromide (EB) showed the
binding affinity order as; EB >1>2>3>4.

DNA Photo Cleavage Studies

The cleavage studies of plasmid DNA induced by (1-4) metal
complexes were monitored by agarose gel electrophoresis
Fig. 9. When plasmid DNA is subjected to electrophoresis,
fast movement is observed for the intact supercoiled form
(form I). If scissoring occurs on one strand, the supercoiled
form will relax to generate a slower-moving open circular

II) will be generated in between form I and Form II [49, 50,
52]. The pBR322 DNA was incubated with different concen-
trations of complexes (1-4) and irradiated at 365 nm for
30 min. As the concentration of complexes (1-4) is increased
from 10 to 50 uM, the percentage of supercoiled (form I)
decreased, whereas the amount of form II increased and form
III observed significantly. From the graph it is clear that Cu
(II) complex exhibited more photo cleavage activity compared
to other complexes.

Antioxidant Properties

The model of scavenging the stable DPPH radical is a widely
used technique to screen antioxidant properties by spectropho-
tometer in a very short time period. When the reaction be-
tween antioxidant molecule and DPPH radical [53] oc-
curs, it results in decrease in absorbance at 517 nm.
This is because the radical is scavenged by antioxidants
through donation of hydrogen to form the reduced form
(DPPH-H), and this property is also visually noticeable
as the color changes from purple to yellow. The more
rapidly the absorbance decreases, the more potent is the
antioxidant compound. In the present study the antioxi-
dant activity of 3-MBTMPD and its metal complexes
was evaluated by scavenging stable DPPH radical

Table 9 Cell viability values (%)

of the lignad and metal (II) and % of cell viability

(IV) complexes against selected Hela MCF-7

cell lines
Compound 10 uM 20 uM 30 uM 10 uM 20 uM 30 uM
3-MBTMPD 90 % 87 % 69 % 88 % 79 % 57 %
Cu-3 MBTMPD 78 % 48 % 31 % 65 % 55 % 28 %
Cd-3 MBTMPD 79 % 54 % 39 % 75 % 60 % 30 %
Ce-3 MBTMPD 89 % 74 % 52 % 86 % 64 % 47 %
Zr-3 MBTMPD 84 % 62 % 49 % 81 % 50 % 38 %
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Fig. 12 Effect of A—E on cell viability and growth: (a) HeLa and (b)
MCEF-7 cells were treated with different concentrations of the test
compound for 36 h and then the cell viability was measured by the
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% of cell viability
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(Fig. 10). The DPPH radical scavenging activities were
found to be 26.74 % for ascorbic acid, 16.76 % for Cu
(II)-MBTMPD, 14.7 % for Ce(IV)- MBTMPD, 12.26 %
for Cd(Il))- MBTMPD, 9.46 % for Zr(IV)- MBTMPD,

Fig. 13 Confocal images of
HeLa cells stained with four
complexes. Control (untreated
cells) with DAPI stained and
bright filed images. Cells were
incubated with 20 mM complexes
(a-1), (b-2), (¢-3) and (d-4) and
observed by confocal microscopy
(excitation, 488 nm; emission,
600-620 (nm). Blebbing of the
nuclei is clearly observed

Control in bright feild
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MTT assay. (4) 3-MBTMPD, (B) Zr(IV)-3-MBTMPD (C) Ce(IV)-3-
MBTMPD, (D) Cd(II)-3-MBTMPD, (E) Cu(Il)-3-MBTMPD, in HeLa
and in MCF-7 cells

and 5.34 % for 3-MBTMPD, at concentration of the
200 pug uL™'. Ascorbic acid exhibited higher DPPH
scavenging activity than the compounds at all the con-
centrations. At the concentration of 700 pg pL ™',

Control with DAPI
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scavenging activities were found to be 91.85, 86.09,
89.44, 83, 79.12 and 62.12 % for Ascorbic acid, Ce
(IV)-MBTMPD, Cu (II)-MBTMPD, Cd(Il)» MBTMPD,
Zr(IV)- MBTMPD and 3-MBTMPD respectively.

The metal scavenging activity which is the measure of
antioxidant property at the concentration of above compounds
at 200 pg L' follows the order: Ascorbic acid> Cu (II)-
MBTMPD >Ce (IV)- MBTMPD >Cd(1l)- MBTMPD >
Zr(IV)- MBTMPD.>3-MBTMPD while at higher concentra-
tion the same order is followed except that Cu(Il) and Ce (IV)
complexes exchanged their position.

Anti- Bacterial Studies

The antibacterial screening of the ligand (3-MBTMPD) and
its (1-4) metal complexes were performed against gram pos-
itive (B. Subtilis and S. Aureus) and gram negative bacteria
(E. Coli and K. Pneumonia) by the disk diffusion method [54].
The activities of the compounds were compared with standard
Ampicillin for antibacterial activity. The antibacterial proper-
ties of the imine base and its metal complexes evaluated and
presented in Fig. 11 and Table 8, indicate that the compounds
are active in exhibiting antibacterial role. The order of activity
towards gram negative bacteria is: Cd (II)-3-MBTMPD >Ce
(IV)-3-MBTMPD> Zr (IV) -3-MBTMPD> Cu (I)-3-
MBTMPD > 3-MBTMPD and for gram positive bacteria the
order is Cd (I1)-3-MBTMPD> Cu (I1)-3-MBTMPD> Ce (IV)-
3-MBTMPD> Zr (IV)-3-MBTMPD> 3-MBTMPD.

Cytotoxic Assay In-Vitro

Cytotoxic studies evaluated by using MTT assay,
HeLa(Human cervical cancer cell line) and MCF-7 (breast
cancer cell line) tumor cell lines were treated with different
concentrations (10, 20, and 30 uM) of metal complexes. The
increase of number of abnormal cells with increase in concen-
tration of compounds reveals the concentration effect of stud-
ied compounds (Table 9 and Fig. 12) on cytological changes
[45]. Cell death is studied by treating the HeLa cancer cells
with 20 uM of 1-4 for 24 h and then observing them for
cytological changes by adopting DAPI staining. The represen-
tative morphological changes observed for metal complexes
(1-4) such as nuclear swelling, cytoplasmic blebbing and late
apoptosis indication of dot-like chromatin condensation are
shown in Fig. 13. The results of current investigation predict
the order for apoptosis-inducing effect as; Cu (II)
3-MBTMPD > Cd (II) 3-MBTMPD> Ce (IV) 3-MBTMPD>
Zr (IV) 3-MBTMPD> 3-MBTMPD. The ICsy value of all
the compounds in present study vary from 1 to 3 uM
(Table 10) and indicate that they have relatively high antitu-
mor activity than free ligand 3-MBTMPD.

Table 10  The ICs, values for complexes against HeLa and MCF-7 cell

lines

Compound 1Cs9

HeLa MCE-7
3-MBTMPD 70+1.2 uM 65.66+1.5 uM
Cu-3 MBTMPD 38.33+1.8 uM 32.33+1.7 uM
Cd-3 MBTMPD 45.33+2.1 uM 39+0.9 uM
Ce-3 MBTMPD 50+1.2 uM 45.66+1.5 uM
Zr-3 MBTMPD 56.33+1.8 uM 54.33+£1.7 uM

Molecular Modeling and Docking

The protein crystal structure 201Q.pdb (proto-oncogene
tyrosine-protein kinase src) was downloaded from the PDB
database. The molecule of candidate imine base was built
using Chemdraw software [55, 56]. Later it was minimized
using steepest descent and followed by conjugate gradient and
energy minimization stabilized at 110811.0 Kcal mol . After
preparation of receptor the docking was carried out with
GOLD software. The results obtained were analyzed and
highest dock score values were taken and hydrogen bond in-
teractions of receptor with imine base and metal complexes in
respective systems have been explored. The corresponding
data were measured and tabulated in Table 11. The ligand
molecule was bound with the receptor of 201Q.pdb as shown
in Figs. 14 and 15. The binding interactions are found at the
cavity of Proline 485 Hg with Ligand O,; with H-bond dis-
tance is 2.22A°. The hydrogen bond interaction shown with
dotted lines with their partners and amino acid residues were
labeled as shown in Fig. 14.

Table 11  Binding of amino acid receptors and hydrogen bonding
interactions (A) 3-MBTMPD (B) Cd (1I) 3-MBTMPD

Amino acid in the Binding site H- bonding
Receptor of Reseptor interactions (A°)
A
Glu-476H 4 O 3.67
Glu-476Hg, O 2.78
Glu-476HOg, Oys 3.43
Lys295NH Os9 2.10
B
Proline485 Hf3 (0251 2.22
Proline485H, Oy 3.52
Proline482 Hg, O 391
Proline482 Hg, Oy5 3.65
Arginine460Nb; 05, 291
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3-MBTMPD Cd1-3-MBTMPD
Fig. 14 Hydrogen bonds and hydrophobic contacts of 3-MBTMPD and Cd (II)-3-MBTMPD

b

Fig. 15 a (i) Surface representation of receptors and (ii) H-bonding interactions in 3-MBTMPD. b (i) Surface representation of receptors and
(ii) H-bonding interactions in Cd (II)-3-MBTMPD
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Conclusions

The geometry of metal complexes of Cu (II), Cd (II), Ce (IV)
and Zr (IV) were found to be square planar, tetrahedral, octa-
hedral and square pyramidal respectively. Surface morpholo-
gy studies of these metal complexes were carried out with the
help of scanning electron microscope (SEM). Copper com-
plex showed an irregular small rock-like structure, cadmium
complex showed grassy spindle-like structure, Ce (IV) and Zr
(IV) showed varying size of irregular clusters of particles. The
kinetic studies revealed that the reaction is of first-order with
respect to ligand and under equimolecular conditions the over-
all reaction is of second-order. DNA binding studies of Cu (II),
Cd (I), Ce (IV) and Zr (IV) complexes were carried out in
detail by electronic absorption titration, steady state
quenching, viscosity measurements and DNA cleavage by
electrophoresis. The results suggest that all the metal com-
plexes bind to CT- DNA through intercalation mode. The
antioxidant activity evaluated for the metal complexes have
excellent potential drug activity to eliminate the hydroxyl rad-
icals. These observations can lead to the development of new
potent antioxidants. The results obtained from in- vitro anti-
bacterial activity studies tested for metal complexes are infor-
mative to predict their considerable activity against culture
tested. These metal complexes have relatively high antitumor
activity compared to free ligand 3MBTMPD. The molecular
modeling and docking studies of these complexes have shown
their strong binding affinity with receptor sites of amino acid
residues at target site.
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