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| A series of cobalt(ID), nickel(II), copper(Il) and zinc(II) complexes were synthesized with a newly prepared Schiff base ligand. The ligand
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was prepared by the condensation of indole-3-carboxaldehyde with 2-amino-3-carboxyethyl-4,5-dimethylthiophene (1:1 molar ratio). :
The complexes were characterized by elemental analysis, molar conductance, magnetic moment, UV-visible, IR, '"H NMR and mass
spectrometric techniques. From the results of physico-chemical and spectral techniques, tetrahedral and square planar geometry have |
been proposed for these metal complexes. The crystallinity and surface morphologies of the metal-complexes were examined by powder |
XRD and SEM. Antibacterial and antifungal activities of the metal-complexes were screened by Kirby-Bauer disk diffusion method. |
DNA cleavage was investigated using the Gel-electrophoresis method. The super oxide anion scavenging and anticancer activities of the |
metal-complexes against HeLa cell line were determined using MTT assay. |
|
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INTRODUCTION

EXPERIMENTAL

The nature of metal ions and ligands depend on the
biological activities. The N and O donor atoms present in the
Schiff base biological systems represent an important role in
metalloproetins and metallo-enzymes. Indole derivatives
have been widely used in making perfumes, dyes, herbicides,
agrochemicals and medicines [1-4]. The metal binding ability
allows for Schiff base compounds to be used as ligands in
coordination chemistry. Schiff base complexes are considered
as their ability to reversibly binding oxygen in epoxidation
reactions, biological activity, complexing ability towards some
toxic metals and catalytic activity in hydrogenation of olefins
and photochromic properties [5-9]. Schiff base complexes have
been extensively studied because of its important significance
in biochemical, analytical and antimicrobial reagents [10]. The
compounds of platinum group hold potential in the design of
new anticancer agents [11]. The variation of DNA interaction in
the transition metal complexes in 3D series has drawn important
interest in biological fields [12]. In this present investigation,
we studied a simple synthetic method to synthesize the Schiff
base ligand and its metal complexes. The structure of these
systems was elucidated by spectroscopic methods. The antimi-
crobial, DNA cleavage, super oxide anion scavenging and
anticancer activities were explored successfully.

All the reagents used were chemically pure and are of
analytical reagent (AR) grade. Solvents were dried and distilled
before use according to standard procedure [13]. CHN ele-
mental analysis were obtained by Perkin-Elmer elemental
analyzer. Coronation digital conductivity meter was used for
the measurement of Molar conductance. The IR spectra (KBr
pellets) were recorded using Jasco FTIR-410 spectrometer in
the range of 4000-350 cm™. '"H NMR spectra were recorded
with Brucker 300 MHz spectrometer using DMSO-d; solvent
with TMS as internal standard. DART-MS were recorded on
aJEOL-Accu TOF JMS mass spectrometer. The magnetic
susceptibility measurements of the complexes in the solid
state were made on Guoy balance at room temperature using
Hg[Co(NCS),] as standard. Diamagnetic corrections were
applied using Pascal’s constant. Electronic spectra were recorded
on Thermo Scientific Evolution-200 UV-visible spectrophoto-
meter. Powder-XRD was carried out using Rigaku Dy X-ray
diffractometer. The surface morphology of the as-synthesized
Schiff base complexes were clearly obtained by Hitachi SEM
analyzer.

Synthesis of Schiff base ligand: A solution of indole-3-
carboxaldehyde (1 mmol, dissolved in 20 mL methanol) was
added dropwise to 2-amino-3-carboxyethyl-4,5-dimethyl-
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thiophene solution (1 mmol, dissolved in 20 mL methanol).
The resulting solution was magnetically stirred and refluxed
for 3 h till half of its initial volume. A yellowish crystalline
product was obtained, which was then recrystallized from
ethanol and then dried in vacuo.

Synthesis of metal complexes: The solution of metal
precursors of Co(IT)/Ni(IT)/Cu(Il)/Zn(II) chloride (1 mmol, in
20 mL methanol) was added drop-wise to as-synthesized
ligand (1 mmol, in 20 mL methanol). The resulting mixture
was magnetically stirred and refluxed for 2 h. The solid product
formed was filtered off, washed with ethanol, ether and then
dried in vacuo.

Antimicrobial activity: The ligand and its metal comp-
lexes were tested in vitro against the bacterial species E. coli,
K. pneumonia, P. aeruginosa and S. aureus; fungal species,
A. niger and C. albicans by the Kirby-Bauer disk diffusion
method [14,15]. Chloroamphenicol and nystatin were used as
antibacterial and antifungal standards. The test organisms were
grown on nutrient agar (Muller Hinton agar for bacteria and
antimytotic agar for fungi) medium in petri plates. The test
solutions were prepared in DMSO and soaked in filter paper
disk of 5 mm diameter and 1 mm thickness. The disk were placed
on the previously seeded plates and incubated at 37 °C and
the diameter of inhibition zone around each disk was measured
after 24 h for bacterial and 72 h for fungal species.

DNA cleavage activity: The pUC 18 DNA (0.3 pg) dissol-
ved in 5 mmol L Tris-HC1/50 mmol L™ NaCl buffer (pH 7.2),
was treated with the complexes. The mixture was incubated at
37 °C for 2 h and then mixed with the loading buffer containing
25 % bromophenol blue, 0.25 % xylene cyanol and 30 %
glycerol. Each sample (107 M, 0.5 uL) was loaded into 1 %
(wlv) agarose gel. Electrophoresis was undertaken for 2 h at
50V in Tris-acetate-EDTA buffer (pH 8.0). The gel was stained
with ethidium bromide for 5 min. after electrophoresis and
then photographed under a UV transilluminator. To enhance
the DNA cleaving activity, hydrogen peroxide (100 umol L)
was added to each sample. The DNA cleavage efficiency was
measured by determining the ability of the complexes to
convert the super coiled DNA to nicked circular form and linear
form.

SOD activity: Nitroblue tetrazolium (150 uM in Tris-
HCI buffer, 16 mM pH 8.0; 1 mL) and nicotinamide adenine
dinucleotide (234 uM in Tris-HCI buffer, 16 mM; pH 8.0; 1
mL) were mixed. 10, 50 and 100 pg concentrations of samples
and ascorbic acid were added to these and made up to 3 mL
with Tris-HCI buffer (16 mM; pH 8.0). Ascorbic Acid was
used as reference standard for comparison and phenazine
methosulphate solution (40 uM; 1 mL) was added. The reaction

mixture was incubated for 5 min at room temperature. A control
without the test compound was maintained. The absorbance
of the samples was measured at 560 nm. Super oxide radical
scavenging activity [7] was calculated.

Anticancer activity: The human cervical cancer cell line
(HeLa) grown in eagles minimum essential medium containing
10 % fetal bovine serum (FBS). All cells were preserved at
37°C, 5 % CO,, 95 % air and 100 % relative humidity. The
monolayer cells were detached with trypsin-ethylene diamine
tetraacetic acid to make single cell suspensions and viable cells
were counted using a hemocytometer and diluted with a
medium containing 5 % FBS to give final density of 1 x 10°
cells/mL. 100 mL per well of cell suspension were seeded
into 96-well plates at plating density of 10* cells per well and
incubated at 37 °C, 5 % CO,, 95 % air and 100 % relative
humidity. The cells were treated with test samples after 24 h.
They were dissolved in DMSO and diluted to twice the test
concentration with serum free medium. Another 4 and 2 fold
serial dilutions were made to provide a total of five test sample
concentrations. Aliquots of 100 mL of these different sample
dilutions were added to the appropriate wells already con-
taining 100 mL of medium, gave the required final sample
concentrations. Following the drug addition, the plates were
incubated for an additional 48 h at 37 °C, 5 % CO,, 95 % air
and 100 % relative humidity. The medium without samples
was served as control and triplicate was maintained for all
concentrations.

MTT assay: 3-[4,5-Dimethylthiazol-2-y1]2,5-diphenyl-
tetrazolium bromide (MTT) is a yellow water soluble tetrazolium
salt. A mitochondrial enzyme in living cells, succinate-dehy-
drogenase, cleaves the tetrazolium ring, converting the MTT
to an insoluble purple formazan. Therefore, the amount of
formazan produced is directly proportional to the number of
viable cells. After 48 h of incubation, 15 mL of MTT (5 mg/
mL) in phosphate buffered saline was added to each well and
incubated at 37 °C for 4 h. The medium with MTT was then
flicked off and the formazan crystals formed were dissolved
in 100 uL DMSO and absorbance at 570 nm was measured
[16,17].

RESULTS AND DISCUSSION

The Schiff base and its metal complexes were soluble in
common organic solvents such as methanol, ethanol, chloro-
form, DMSO and DMF. The elemental analysis results coincides
well with the calculated values as expected for the assigned
formula. The colour, molecular weight, elemental analysis and
conductance values of ligand and its complexes were tabulated
in Table-1. The low molar conductance data in DMSO solution

TABLE-1
PHYSICO-CHEMICAL DATA OF LIGAND AND ITS COMPLEXES
Elemental anlysis (%): Found (calcd.) Molar
m.f. Colour m.w. conductance
C H N M (A" cm® mol ™)

C,H.N,0,8 Yellow 32540 6644 (6661) 527 (5.71) 8.61 (8.71) - -
C,H,N,0,SCL,Co  Pink 45524  4749(4771)  3.76(3.20) 6.15 (6.55) 12.95 (12.54) 17.21
C,sH,;N,O,SCLNi Pale green 455.00 47.52 (47.69) 3.7 (3.18) 6.16 (6.76) 12.90 (12.48) 12.39
C,sH,,N,0,SCL,Cu Brown 459.85 47.01 (48.64) 3.73 (3.16) 6.09 (6.67) 13.82 (13.91) 15.32
C,HN,0,SC,Zn  Colourless 46169 4683 (46.64)  3.71(3.16) 6.07 (6.67) 14.16 (14.91) 19.11
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indicates that all the complexes behave as non-electrolytes [18].
The fast atom bombardment mass spectrum of ligand was
recorded and exhibit the mass fragmentation pattern with the
base peak (M) at m/z = 325. The ligand '"H NMR spectrum
exhibit an azomethine proton (-HC=N-) signal at 8.4 ppm,
indole ring (-NH-) proton shows the signal at 10.3 ppm and
aromatic proton (Ar—-CH=CH-) shows the multiplet signal at
about 7.4-8.0 ppm. The two aliphatic protons (-CH,-) in the
chain show the multiplet signal at about 3.8-4.2 ppm.

FT-IR spectra: The ligand shows the azomethine band
at 1618 cm™ which is shifted to 1612 -1609 cm™ in the spectra
of the complexes indicating the coordination of azomethine
nitrogen atom to the metal ion. The ligand shows a band at
3326 cm™ due to the free NH stretching [19]. The C=0 band
at 1640 cm™ in the ligand was negatively shifted by 25 cm™
indicating the coordination of ester carbonyl with the metal
ion. In the far IR spectra, appearance of two bands occurred at
532-512 and 410-405 cm™ corresponds to v(M-O) and v(M-N)
vibrations respectively. Also the new IR bands were seen in
the region 295-245 cm™ indicating the participation of chloro
group in complexation. Thus, the IR spectral data indicates that
ligand is bidentate and it binds the metal ions via azomethine
nitrogen and carboxylato oxygen atoms.

Electronic spectra: The electronic spectrum of cobalt(Il)
complex shows an absorption peak at 635 nm. This peak
corresponds to the transition *Ay(F) — *T(P) corresponds to
tetrahedral geometry [20]. There is no other notable absorption
in the visible region of the spectrum. Hence, cobalt(I) complex
is dealt with tetrahedral geometry. The nickel(II) complex
shows one absorption peak at 482 nm. This absorption band
can be due to d-d transition of nickel(II) caused by square
planar arrangement of the ligand field. The copper(II) complex
shows the absorption band at 661 nm as broad peak at 520 nm
has merged with more intense absorption and looks like one
broad band. Hence it may be expected that the Schiff base
copper complex has square planar configuration. Zinc(Il) is
diamagnetic and has no d-d transition, therefore it would have
tetrahedral geometry.

Magnetic moment: The cobalt(Il) complex shows the
magnetic moment value of 4.36 BM which confirms tetrahedral
geometry [21]. The nickel(II) complex and copper(II) complex
has magnetic moment values 1.87-2.12 BM, therefore, square
planar stereochemistry has been suggested for this complex.

Powder X-ray diffraction: The X-ray diffraction pattern
of the representative metal complexes of nickel(I) and zinc(II)
were scanned in the range 5-100 °C at wavelength 1.54016 A.
The XRD patterns of the nickel(I) and zinc(I) complexes
show sharp crystalline peaks indicating their crystalline nature.
No crystalline peaks are seen in other complexes indicating
the amorphous behaviour. The average crystallite size of the
nickel(Il) and zinc(II) complexes can be calculated from
Scherer’s formula, d = 0.9A/Bcos6. The nickel(II) and zinc(IT)
complexes have the average crystallite size of 71 and 83 nm
respectively suggesting that the complexes are in nanocrysta-
lline regime.

SEM: The SEM micrographs of the cobalt(II), nickel(II),
copper(Il) and zinc(II) complexes are shown in Fig. 1. The
particle size of the complex was in the diameter range of few

microns. However, particles with size less than 100 nm were
also observed which groups to form agglomerates of larger
size. The average grain size found from XRD also suggests
that the particles are agglomerated that these complexes were
polycrystalline with nanosized grains.
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Fig. 1. SEM images of metal complexes

Antimicrobial activity: The Schiff base and its metal
complexes are found to be good antimicrobial agents are shown
in Fig. 2. The results show that the metal complexes are more
toxic than the ligand against the microorganisms. All the
complexes are more active against the microorganism such as
A. niger as they exhibit good activity comparable to the
standards. Chloride anion plays an important role in bacterial
species. This rise in activity of the complexes may affect the
metal ion on the normal cell process. The metal complexes
enhanced activity may be ascribed to the increased lipophilic
nature of the complexes due to chelation therapy [22,23].
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Fig. 2. Antibacterial and fungal species data of metal complexes

DNA cleavage activity: The DNA cleavage activity of
ligand and its metal complexes was monitored by agarose gel
electrophoresis. Control experiments using only pUC18 DNA
and pUC18 DNA + H>O, did not show any significant DNA
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cleavage under similar experimental conditions. Oxidative
cleavage was monitored by treating super coiled pUC18 DNA
with complexes in the presence of H,O,. The metal complexes
[24,25] cleaved DNA more efficiently in the presence of an
oxidant, due to the formation of hydroxyl free radicals. The
other complexes exhibited enhanced cleavage activity than the
ligand. The DNA cleavage activity follows the order as Ni >
Cu>Co>Zn>L.

SOD activity: The super oxide anion radical scavenging
activity of the complexes were determined using nitroblue
tetrazolium assay and ascorbic acid as control. From the results,
it is clear that the nickel(II) complex exhibits higher super
oxide anion scavenging activity. All the compounds show dose
dependent (i.e., the activity increases with increase in concen-
tration of the compound) SOD activity. The better super oxide
radical scavenging activity of the ligand may be due to the
presence of free —-NH groups.

Anticancer activity: The in vitro anticancer activity was
investigated on HeLa cell line by MTT assay. The compounds
were applied in the concentration range 0.25-100 uM. The
results are stated in terms of ICs, values. The ligand molecule
has less activity (> 100 uM) against the HeLa cell line. The
nickel(IT) complex exhibited higher activity with ICsy value
37.89 uM whereas the ICs, values for the other complexes
are 126-62 uM respectively. The results show that the metal
complexes have higher anticancer activity than the ligand. The
higher anticancer activities of metal complexes may be due to
the increase of their lipophilicity on chelation [26]. MTT assay
of toward human cervical cancer cell line in nickel(II) complex
is shown in Fig. 3.
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Fig. 3. MTT assay of toward human cervical cancer cell line in nickel(II)
complex

Conclusion

It was concluded that as-synthesized Schiff base complexes
are non-electrolytes. Tetrahedral and square planar geometries
have been assigned for these metal complexes confirmed by
the electronic absorption spectra and magnetic susceptibility

measurements. Metal chelates have shown higher antimicrobial
and antifungal activities than the ligand. The metal complexes
exhibited effective DNA cleavage, efficient super oxide anion
scavenging and anticancer activities revealing their use in
various potential applications.
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