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cytotoxic, DNA cleavage studies
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Abstract

A series of metal complexes of cobalt(ll), nickel(ll), and copper(ll) have been synthesized with newly derived bio-
logically active ligands. These ligands were synthesized by the condensation of 2-amino-4-phenyl-1,3-thiazole
with 8-formyl-7-hydroxy- 4-methylcoumarin. The probable structure of the complexes has been proposed on
the basis of analytical and spectroscopic data (IR, UV-Vis, ESR, FAB-mass, and thermoanalytical). Electrochemical
study of the complexes is also reported. Elemental analysis of the complexes confined them to stoichiometry of
the type ML,.2H,0 [M = Co(ll), Ni(ll}, and Cu(Il)]. The Schiff base and its metal(ll) complexes have been screened
for their antibacterial (Escherichia coli, Staphylococcus aureus, Staphylococcus pyogenes, and Pseudomonas aeru-
ginosa) and antifungal activities (Aspergillus niger, Aspergillus flavus, and Cladosporium) by the MIC method. The
brine shrimp bioassay was carried out to study their in vitro cytotoxic properties, and also the Schiff base and its

metal(ll) complexes have been studied for DNA cleavage.

Keywords: Synthesis; electrochemical; biological activity; DNA; 2-amino-4-phenyl-1;3-thiazole; coumarin;

complexes

Introduction

Schiff bases and their relevant tranisition metal com-
plexes are still found to be of great interest in coordina-
tion chemistry'-. Various cobalt, nickel, and copper metal
complexes are reported to have antimicrobial activities**.
Moreover, the incorporation of transition metals into Schiff
bases enhances the biological activity of the ligand and
decreases the cytotoxic effects of both the metal ion and
ligand on the host®. The interactions of transition metal
complexes with DNA have been extensively studied for
their usage as probes for DNA structure and their potential
application in chemotherapy”®. An important DNA-related
activity of transition metal complexes is that some com-
plexes show the ability to cleave DNA. Very recently, Cu(II)
complexes have been reported to be active in DNA strand
scission'®'2,

Thiazole and substituted thiazoles possess interest-
ing biological activity, probably conferred on them by the

strong aromaticity of their ring system'. They are also a
very interesting class of compounds because of their wide
application as antimicrobial, anti-inflammatory®, anti-
degenerative's, and anti-human immunodeficiency virus
(HIV)' activities. In addition to the thiazole derivatives,
coumarins and their derivatives display not only important
structural variety but also significant biological'®* and
pharmacological®?** properties. Many of these compounds
possess antibacterial®, antifungal*, and insecticidal*' activ-
ities, and also the hydroxycoumarins are typical phenolic
compounds and therefore act as potent metal chelators and
free radical scavengers. They are powerful chain-breaking
antioxidants®. Metal complexes of coumarin derivatives
have been extensively investigated and reported from our
laboratory®#.

Recently, a number of attempts have been made to obtain
Ni(II), Cu(II), and Zn(IT) complexes with the thiazole-derived
Schiff bases?.
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A survey of the literature reveals that no work has been
carried out on the synthesis of metal complexes with the
present Schiff base. This Schiff base has ON donor sites with
varied coordination abilities. Because of the importance of
thiazole and coumarin compounds in biological and medic-
inal fields, this attracted our attention and aroused our inter-
est in elucidating the structure of Co(II), Ni(II), and Cu(II)
complexes with this bioactive Schiff base. The synthesized
metal complexes (Scheme 1) have been characterized by
analytical, spectral, thermal, and molar conductivity tech-
niques. They have also been evaluated for their antibacterial
and antifungal properties against various pathogenic bac-
terial strains using the minimum inhibitory concentration
(MIC) method.

Experimental

Physical measurements

The infrared (IR) spectra of the ligand and its Co(II), Ni(II),
and Cu(II) complexes were recorded on a Hitachi-270 IR
spectrophotometer in the 4000-250 cm ™ region in KBr disks.
The electronic spectra of the complexes were recorded in
dimethylformamide (DMF) on a Varian Cary 50-Bio ultra-
violet (UV) spectrophotometer in the region 200-1100 nm.
The 'H nuclear magnetic resonance (NMR) spectrum of the
ligand was recorded in dimethylsulfoxide (DMSO)-d, on a
Bruker 300 MHz spectrometer at room temperature using
tetramethylsilane (TMS) as an internal reference. Fast atom
bombardment (FAB) mass spectra were recorded on a Jeol
SX 102/DA-6000 mass spectrometer/data system using
argon/xenon (6kV, 10mA) as the FAB gas. The accelerating
voltage was 10kV, and the spectra were recorded at room
temperature with m-nitrobenzyl alcohol used as the matrix.
The mass spectrometer was operated in the +ve ion mode.
Electron spin resonance (ESR) spectra of Cu(II) complexes
were recorded on a Varian E-112 ESR spectrometer. The
electrochemistry of Cu(II) complexes was determined on
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a CHI1110A-electrochemical (HCH Instruments) analyzer.
Thermogravimetric analysis data were measured from
room temperature to 1000°C at a heating rate of 10°C/min.
The data were obtained using a PerkinElmer Diamond TG/
DTA instrument. Molar conductivity measurements were
recorded using an Elico-CM-82 T conductivity bridge with a
cell having cell constant 0.51, and magnetic moments of the
complexes were determined using a Faraday balance. All the
chemicals used were of reagent grade. 7-Hydroxy-4-methyl-
coumarin was obtained from Across Chemical Company,
8-formyl-7-hydroxy-4-methyl-coumarin was prepared as
described in the literature*, and 2-amino-4-phenyl-1,3-
thiazole was prepared as described in the literature®.

Synthesis of Schiff base

A mixture of 2-amino-4-phenyl-1,3-thiazole (0.002mol,
25mL) and 8-formyl-7-hydroxy-4-methylcoumarin
(0.002mol, 25mL) in 1:1 molar proportions was boiled
under reflux for 2-3h in an alcoholic medium containing a
few drops of concentrated HCI. The product was separated,
filtered, washed with alcohol, and recrystallized from EtOH.

Synthesis of Co(Il), Ni(II), and Cu(II) complexes

An alcoholic solution (25 mL) of the Schiff base (2 mmol) was
refluxed with 1 mmol of metal(II) chloride (Co(II), Ni(II), or
Cu(ID)) in ethanol (25mL) on a steam bath for 1h. Then, to
the reaction mixture, 2 mmol of sodium acetate was added
and reflux was continued for 3h. The separated complex was
filtered, washed thoroughly with water, ethanol, and ether,
and finally dried under vacuum over fused CaCl,.

Biological study

In vitro antibacterial and antifungal assay

The synthesized Schiff base and its Co(II), Ni(II), and Cu(II)
complexes were screened in vitro for their biological activity
using four bacteria, namely Escherichia coli, Staphylococcus

aureus, Staphylococcus pyogenes, and Pseudomonas
< >T| i
EtOH S)—lﬁl
OH Reflux, 3-4 h CH
Oo._ 0 OH
A
CHj
COC|2 6H20/
NiCl, 6H,0/
CUC|2 2H20/
Reflux, 2-3 h
EtOH

Scheme 1. Synthesized metal complexes.
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aeruginosa and three fungi, namely Aspergillus niger,
Aspergillus flavus, and Cladosporium by the reported
method®. A stock solution (1 mg/mL) of the test chemical
was prepared by dissolving 10mg of the test compound in
10mL of N,N-dimethyl formamide (DMF) solvent. Control
for each dilution was prepared by diluting 10mL of solvent
instead of stock solution with sterilized distilled water.

The bacteria were subcultured in agar medium. Petri
dishes were incubated for 24 h at 37°C. Standard antibacte-
rial drug (gentamicin) was also screened under similar con-
ditions for comparison. The fungi were subcultured in potato
dextrose agar medium. Standard antifungal drug (flucona-
zole) was used for comparison. Petri dishes were incubated
for 48h at 37°C. Wells were dug in the agar medium using a
sterile metallic borer. Activity was determined by measuring
the diameter of the zone showing complete inhibition (mm).
Growth inhibition was compared with the standard drugs. In
order to clarify any effect of DMF on the biological screening,
separate studies were carried out with solutions of DMF alone
and they showed no activity against any microbial strain.

Minimum inhibitory concentration (MIC)

Compounds showing promising antibacterial/antifungal
activity were selected for minimum inhibitory concentra-
tion studies.

In vitro cytotoxicity

The synthesized Schiff base and its Co(II), Ni(II), and Cu(II)
complexes were screened for their cytotoxicity (brine
shrimp bioassay) using the protocol of Meyaer et al.*. Brine
shrimp (Artemia salina Leach) eggs were hatched in a shal-
low rectangular plastic dish (22 x 32 cm) filled with artificial
seawater, which was prepared with a commercial salt mix-
ture and double distilled water. An unequal partition was
made in the plastic dish with the help of a perforated device.
Approximately 50 mg of eggs were sprinkled into the large
compartment, which was darkened, while the minor com-
partment was open to ordinary light.

After 2 days, nauplii were collected by a pipette from the
light side. A sample of the test compound was prepared
by dissolving 20mg of each compound in 2mL of DME
From this, stock solutions of 100, 50, and 10pg/mL were
transferred to nine vials (three for each dilution were used
for each test sample, and LD, is the mean of three values)
and one vial was kept as the control, having 2mL of DMF
only. The solvent was allowed to evaporate overnight. After
2 days, when shrimp larvae were ready, 1 mL of seawater and
10 shrimps were added to each vial (30 shrimps/dilution),
and the volume was adjusted with seawater to 5mL per vial.
After 24 h the number of survivors was counted. Data were
analyzed using a Finney computer program to determine
the LD, values™.

DNA cleavage experiment

Preparation of culture media

Nutrient broth (peptone, 10; yeast extract, 5; NaCl, 10 (g/L))
was used for culturing E. coli and potato dextrose broth

(potato, 250; dextrose, 20 (g/L)) was used for the culture of A.
niger. Amounts of 50 mL of media were prepared and auto-
claved for 15min at 121°C under 15 Ib pressure. The auto-
claved media were inoculated with the seed culture, and E.
coliwas incubated for 24h and A. niger for 48h at 37°C.

Isolation of DNA

Fresh bacterial culture (1.5mL) was centrifuged to obtain
a pellet, which was then dissolved in 0.5mL of lysis buffer
(100 mM Tris pH 8.0, 50 mM ethylenediaminetetraaceticacid
(EDTA), 10% sodium dodecyl sulfate (SDS)). To this, 0.5mL
of saturated phenol was added and the mixture incubated
at 55°C for 10 min. Then it was centrifuged at 10,000 rpm for
10min. Next, an equal volume of chloroform/isoamyl alco-
hol (24:1) and one-twentieth volume of 3 M sodium acetate
(pH 4.8) were added to the supernatant and centrifuged at
10,000 rpm for 10 min. To this supernatant, three volumes of
chilled absolute alcohol were added. The precipitated DNA
was separated by centrifugation. The pellet was dried and
dissolved in TE buffer (10 mM Tris pH 8.0, 1 mM EDTA) and
stored in cold conditions.

Agarose gel electrophoresis

Cleavage products were analyzed by the agarose gel electro-
phoresis method. Test samples (1 mg/mL) were prepared in
DME. The samples (25 pg) were added to the isolated DNA
of E. coli and A. niger and incubated for 2h at 37°C. Then,
20 uL of DNA sample (mixed with bromophenol blue dye
at 1:1 ratio) were loaded carefully into the electrophoresis
chamber wells along with a standard DNA marker contain-
ing TAE buffer (4.84 g Tris base, pH 8.0,0.5M EDTA/1L) and
finally loaded on agarose gel. A constant 50V of electricity
was passed for 30 min. The gel was removed and stained with
10.0 pg/mL ethidium bromide for 10-15min, and the bands
observed under UV transillumination and photographed to
determine the extent of DNA cleavage. Results were com-
pared with the standard DNA marker.

Results and discussion

All the cobalt(II), nickel(II), and copper(II) complexes were
colored, stablein air,and non-hygroscopicsolids. These com-
plexes were soluble in DMF and DMSO. Elemental analysis
showed that the cobalt(II), nickel(IT), and copper(Il) com-
plexes have a 1:2 stoichiometry of the type ML,.2H,0. Molar
conductance values in a concentration of solution of 10~
M were too low to account for any dissociation of the com-
plexes in DMF. Hence, these complexes are non-electrolytes
in DMF (Table 1). The metal contents were estimated gravi-
metrically by the standard method?**. Carbon, hydrogen, and
nitrogen were estimated using a C, H, N analyzer. The results
are listed in Table 1.

Infrared spectra
Results for selected IR spectra of the Schiff base and its metal
complexes along with their tentative assignments are pre-
sented in Table 2.
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Table 1. Elemental analysis of Schiff base and its Co(II), Ni(II), and Cu(II) complexes with magnetic and molar conductance data.
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M (%) C(%) H (%) N (%) Molar conductance ~Mag. moment
Empirical formula Obsd. Calcd. Obsd. Calcd. Obsd. Calcd. Obsd. Calcd. (ohm™ cm= mol™) (n, BM)
C,H,N,0,8 — — 66.23  66.29 3.81 3.86 7.69 7.73 — —
Co(C,H,N,08),2H0  7.19 7.21 58.72 5875 3.7 3.20 6.82 6.85 26 4.92
Ni(C,H,N,0,8),2H,0  7.14 718 5874 5877  3.14 3.18 6.84 6.86 30 3.38
Cu(C,H,N,0,8),2H0  7.69 773 5839 5843 3.3 3.16 6.78 6.82 20 1.74
Table 2. Important infrared frequencies (in cm™) of Schiff base and its Co(II), Ni(II), and Cu(II) complexes.

Coordinated H-bonded -OH

Empirical formula water v(OH) v(C-S-C) v(C=N) v(C=0) stretching M-N M-O
C,H,N,0,8 — 865 1645 1740 2674 — —
[Co(C,H,,N,0,9),].2H,0 3440 862 1630 1738 — 455 530
[Ni(C, H,,N,0,5),].2H,0 3420 861 1625 1736 — 435 540
[Cu(C,H,N,0,5),].2H,0 3435 860 1627 1739 — 430 545

The IR spectrum of the Schiff base exhibited a broad,
weak band with fine structure in the region 2674 cm™, attrib-
uted to the intramolecular H-bonded -OH. The medium to
high intensity band at 1645cm™ was assigned to v(C=N)
of the azomethine group. That confirms the presence of
the 8-formyl-7-hydroxy-4-methylcoumarin moiety. The
medium intensity band at 865 cm™ observed in the free lig-
and was ascribed to v(C-S-C) stretching vibration®.

A high intensity band was present in the 1290-1285cm™
region with an additional band around 1520-1510cm™
and was assigned to phenolic v(C-O) vibration. The band
located at 1740cm™ in the Schiff base was attributed to
v(C=0)%*.

In the case of Co(II), Ni(II), and Cu(I) complexes we
observed the following changes.

A broad weak band with fine structure in the 2674 cm™
region, assigned to the H-bonded -OH in the Schiff base,
had disappeared in all the complexes. The high inten-
sity band due to phenolic C-O appearing in the region
1290-1285cm™ in the Schiff base appeared as a medium
to high intensity band in the 1380-1370 cm™! region in the
complexes. These observations support the formation of
M-O bonds via deprotonation. It confirms that H-atoms
of -OH groups were replaced by the metal ion. The bands
at 1520-1510cm™ in the Schiff base appeared in the
1530-1515cm™ region in the complexes, suggesting the
behavior of the phenolic oxygen atoms as monodentate.
The medium intensity band at around 1645cm™, due to
v(C=N) in the Schiff base, showed a lower position shifted
by 20-30cm™ in the complexes. The lower shift indicated
that the C=N group of the Schiff base was coordinated
to the metal ion through nitrogen. The band located at
1740 cm™ due to v(C=0) in the Schiff base was unaffected
in the complexes, indicating that the lactone oxygen was
not involved in the coordination. The medium intensity
band at 865cm™ due to v(C-S-C) in the Schiff base was
unaffected in the complexes, indicating that the sulfur
atom was not involved in the coordination. A broad band
in the region 3440-3420 cm™ indicated the presence of a
coordinated water molecule*” and two weaker bands in

the regions 800-750 and 720-700 cm™ were due to v(-OH)
rocking and wagging modes of vibration, respectively®.
The complexes showed medium intensity bands in the
regions 530-545 cm™ and 430-455 cm™! assigned to v(M-0O)
and v(M-N) modes.

Thus, the IR spectral data provide strong evidence for
complexation of the potentially tetradentate ligand to the
metal(II) ions.

'H NMR spectroscopy

The 'H NMR spectrum of the Schiff base exhibited singlets
at 10.44, 8.62, and multiplets at 7.2-7.5 ppm due to phenolic
OH, -CH=N, and aromatic protons, respectively. A singlet
around 2.84 ppm was due to methyl protons.

13C NMR spectroscopy

The *C NMR spectrum of the Schiff base exhibited signals at
117.4,119.2,120.4, 128.1, 135.0, and 149.2 ppm, correspond-
ing to aromatic carbons. Resonance at 11.6 ppm was due to
aliphatic (-CH,) carbon, and the azomethine (-HC=N) car-
bon showed a peak at 159.2 ppm.

Electronic spectral studies
The electronic spectrum of the cobalt(Il) complex exhib-
ited absorption bands in the regions 8000-10,000cm™
and 18,000-20,000cm™ corresponding to Vv, and v, transi-
tions, respectively, and these were attributed to the tran-
sitions 4Tlg B — 4ng (F) (v,) and 'T,g (F) — “T,g (P) (v,),
respectively**®. In the present Co(II) complex, absorption
bands at 9500 and 19,000cm™ corresponded to v, and v,
transitions, respectively. These bands are characteristic of
the high-spin octahedral cobalt(II) complex. However, the
v, band was not observed because of its proximity to the
strong v, transition. The position of the v, band can be cal-
culated by using the relationship given in the literature*"*
(Table 3).

The Ni(IT) complex (Table 3) exhibited three bands at
10,416, 16,459, and 26,452 cm™ attributed to the *A, — °T,
v 3A2g — 3Tlg (F) (v,), and 3AZg — 3Tlg (P) (v,) transitions,
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respectively, which indicates octahedral geometry around
the Ni(II) ion®.

The electronic spectrum of the Cu(IT) complex showed an
absorption band in the region 14,540-14,780 cm™, attributed
to the 2Tg — 2Eg transition indicative of distorted octahedral
geometry**.

Magnetic studies

The magnetic moments obtained at room temperature are
listed in Table 1. The Co(II) complex showed a magnetic
moment of 4.92 BM. This value is within the expected range
of 4.7-5.2 BM*¢ for octahedral complexes. Hence, the Co(II)
complexhas an octahedral configuration. The Ni(II) complex
showed a magnetic moment of 3.38 BM. It is reported that
the octahedral Ni(II) complex exhibits a magnetic moment
in the range 2.5-3.5BM*“7. The Cu(II) complex showed a
magnetic moment of 1.74 BM, which is slightly higher than
the spin-only value, expected for one unpaired electron,
which offers the possibility of an octahedral geometry*. The
magnetic moment values suggest an octahedral geometry
around the metal(II) ions.

ESR spectral studies

The ESR spectrum of Cu(II) complex was studied, and the g,
and g, values were found to be 2.05 and 2.08, respectively.
The g, value was calculated to be 2.07. The Cu(II) complex
showed a reversed axial (compressed octahedral) type spec-
trum with g <g . The trend, g <g , showed that the electron

Table 3. Ligand field parameters of Co(II) and Ni(II) complexes.

was delocalized in the d * orbital of the ground state of Cu(II).
In this case (gH<g |), distortion occurred by compression®.
The parameter G, determined as G = (g, - 2)/(g, - 2) is found
to be much less than 4, suggesting considerable interaction
in the solid state®™.

FAB-mass spectral studies of Schiff base and its Co(II)
complex

The FAB-mass spectrum of the Schiff base was studied and is
depicted in Figure 1. The spectrum showed a molecular ion
peak at m/z 362, which is equivalent to its molecular weight
[L+H]".

The FAB-mass spectrum of the Co(II) complex with the
Schiff base was studied and is depicted in Figure 2. The spec-
trum showed a molecular ion peak M* at m/z 817, equiva-
lent to its molecular weight [ML,.2H,0]*. The molecular ion
by the loss of two water molecules gave a fragment ion peak
atm/z 781.

All these fragments leading to the formation of the spe-
cies [ML]*, which underwent demetallation to form the
species [L + H]*, gave a fragment ion at m/z 360. All these
fragmentation patterns were well observed in the FAB-mass
spectrum.

Thermogravimetric study

The nature of the proposed chemical change with tempera-
ture range is given in Table 4. The thermal decomposition
of the respective Co(II), Ni(II), and Cu(II) complexes took

Transition (cm™) v, caled. 1, calcd.
Empirical formula v, v, v, (cm™) Dq(cm™) B'(cm™) % Distortion  v,/v, LFSE (BM) B B° (%)
[Co(C,H,N,085)]2H0 9680 — 19,845 20,530 1085.0  755.70 — 212 24.80 — 0.781  21.85
[Ni(C,H,N,05),.2HO 10,416 16459 26452 16,495 1041.6  779.96 0.220 158 3571 317 0739  26.14
205
100 136 /154 3
50 1 107
91 120
0 - A
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
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Figure 1. FAB-mass spectrum of Schiff base.
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Figure 2. FAB-mass spectrum of Co(II) complex.

Table 4. Thermogravimetric data of Co(II), Ni(II), and Cu(II) complexes.

Decomposition %Weight loss
Empirical formula temperature (°C) Obsd. Calcd. Inference
[Co(C,H,,N,0,S),].2H,0 175-198 4.38 4.41 Loss of water molecule
250-270 42.54 42.59 Loss of 2-amino-4-phenyl-1,3-thiazole
365-420 45.75 45.78 Loss of aldehyde moieties
[Ni(C,H ,N,0,S),].2H,0 170-195 4.37 4.40 Loss of water molecule
245-260 42.58 42.61 Loss of 2-amino-4-phenyl-1,3-thiazole
370-415 45.74 45.79 Loss of aldehyde moieties
[Cu(C,H,,N,0,S),].2H,0 205-230 4.35 4.39 Loss of water molecule
310-340 42.31 42.35 Loss of 2-amino-4-phenyl-1,3-thiazole
570-605 45.47 45.52 Loss of aldehyde moieties

place in three steps, as indicated by differential thermo-
gravimetric (DTG) peaks around 175-198, 250-270, and
365-420°C of Co(II) and Ni(II) and around 205-230, 310-
340, and 570-605°C of the Cu(Il) complex, corresponding
to the mass loss of two coordinated water molecules®, two
thiazole moieties, and two coumarin moieties, respectively
(Figures 3 and 4).

Electrochemistry

Electrochemical properties of the complexes were studied
on a CHI1110A-electrochemical analyzer in N,N-dimethyl
formamide (DMF) containing 0.05M n-Bu,NCIO, as the
supporting electrolyte. A cyclic voltammogram of Cu(II) dis-
played a reduction peak at E =0.1023V with a correspond-
ing oxidation peak at E =0.6472V. The peak separation of
this couple (AEp) was 0.5449V at a scan rate of 0.1V/s and
increased with scan rate. The most significant feature of the
Cu(II) complex was the Cu(II)/Cu(I) couple. The difference
between forward and backward peak potentials can provide
a rough evaluation of the degree of reversibility of the one-
electron transfer reaction. Analyses of cyclovoltammetric
responses with the scan rate varying from 50 to 250mV/s

gave evidence for quasi-reversible one-electron oxidation
(Figure 5).

The ratio of cathodic to anodic peak height was less than 1.
However, the peak current increased with an increase of the
square root of the scan rate. This established the electrode
process as diffusion-controlled®>. The separation in peak
potentials increased at higher scan rates. These characteris-
tic features are consistent with the quasi-reversibility of the
Cu(I1)/Cu(I) couple.

Biological results

In vitro antibacterial and antifungal activity

The microbial results are systematized in Table 5 and
Figures 6 and 7. The antibacterial and antifungal studies
suggested that the Schiff base was biologically active, and its
metal(II) complexes showed significantly enhanced antibac-
terial and antifungal activity. It is, however, known®*** that
chelation tends to make Schiff bases act as more powerful
and potent bacteriostatic agents, thus inhibiting the growth
of bacteria and fungi more than the parent Schiff base. It is
suspected that factors such as solubility, conductivity, dipole
moment, and cell permeability mechanism (influenced by
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Figure 4. Thermogravimetric (TGA/DTG) curves of Ni(II) complex.
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Figure 5. Cyclic voltammogram of Cu(II) complex.

the presence of metal ions) may be the possible reasons for
the increase in activity.

In the case of bacteriological studies it was observed that
the ligand exhibited moderate activity toward E. coli, P. aeru-
ginosa, and S. aureus and low activity toward S. pyogenes.

Among the Co(II), Ni(II), and Cu(II) complexes, Cu(II) and
Co(II) showed high activity toward E. coli and P. aeruginosa.
The Ni(II) complex showed moderate activity.

In the study of antifungal activity it was observed that
the Schiff base showed high activity against A. flavus and
A. niger and less toward Cladosporium. In the case of the
Co(II) complex, it exhibited high activity against A. niger
and Cladosporium and moderate activity toward A. niger;
the result for A. flavus was interesting in that it showed
high activity (almost equal to standard) in lower concen-
tration, and the same was observed for the Cu(IT) complex
toward A. flavus and A. niger, with moderate activity toward
Cladosporium.

Although the ligand showed good antifungal activity
against A. niger, A. flavus, and Cladosporium, it was evident
from the data that this activity was significantly increased on
coordination with the metal ions. This enhancement in the
activity may be rationalized mainly on the basis that their
structures possess an additional C=N bond. It has been sug-
gested that ligands with nitrogen and oxygen donor systems
inhibit enzyme activity, since the enzymes which require
these groups for their activity appear to be especially more
susceptible to deactivation by metal ions on coordina-
tion. Moreover, coordination reduces the polarity* of the
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Table 5. Antibacterial results for Schiff base and its Co(II), Ni(II), and Cu(II) complexes.

Antibacterial activity (zone of inhibition in %)

Antifungal activity (zone of inhibition in %)

Compound Conc. (nug/mL) E. coli S. aureus S. pyogenes  P. aeruginosa A. flavus Cladosporium A. niger
C,.H,N,0.S 100 67 64 59 69 84 74 79
[Co(C,H,.N,0,8)].2H,0 100 80 77 65 87 85 78 77
[Ni(C,,H,N,0,5)].2H,0 100 78 74 68 71 98 97 82
[Cu(C,.H,\N,0,8)].2H,0 100 89 82 71 85 75 70 88
Gentamicin/fluconazole 100 100 100 100 100 100 100 100
Table 6. Minimum inhibitory concentration (MIC, pg/mL) results for Schiff base and its Co(II), Ni(II), and Cu(II) complexes.
MIC MIC
Compound E. coli S. aureus S. pyogenes Paeruginosa A. flavus Cladosporium A. niger
C,H,N,0,S 5 15 10 5 15 5 5
[Co(C,.H,,N,0,9)].2H,0 5 5 5 5 5 10 5
[Ni(C,H,.N,0,5)].2H,0 10 15 10 10 10 15 10
[Cu(C,,H,N,0,8)].2H,0 5 5 10 5 5 10 10
100.00 - Table 7. Brine shrimp bioassay data for Schiff base and its Co(II), Ni(II),
and Cu(II) complexes.
80.00 - Compound LD, (M/mL)
5 co00l B BE. coli C,H,N,0,S 6.3916x 10~
2 : @ S. aureus [Co(C,,H,,N,0,8)].2H,0 8.4389x 10~
.-E 40.00 A B S. pyogenes [Ni(C,,H,,N,0,S)].2H,0 2.6917x1073
® & P.aeruginosa [Cu(C,H,N,0,S)].2H,0 9.5638x 10
20.00
& E. coli, S. aureus, P. aeruginosa, A. flavus, and A. niger and
0.00 - = == a = the Schiff base against E. coli, P. aeruginosa, A. niger, and
Ligand Co(ll) Ni(ll) Cu(ll) Gent.

Compounds/antibiotics (100 ug/ml)

Figure 6. Antibacterial study of Schiff base and its Co(II), Ni(II), and
Cu(II) complexes.
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Figure 7. Antifungal study of Schiff base and its Co(II), Ni(II), and Cu(II)
complexes.

metal ion mainly because of the partial sharing of its posi-
tive charge with the donor groups® within the chelate ring
system formed during coordination. This process, in turn,
increases the lipophilic nature of the central metal atom,
which favors its permeation more efficiently through the
lipid layer of the micro-organism®, thus destroying it more
aggressively. A minimum inhibitory concentration value of
5 ug/mL was shown by Cu(II) and Co(II) complexes against

Cladosporium. In all other cases, the compounds exhibited
MICs ranging from 5 to 100 pg/mL against all the microbial
strains, as given in Table 6.

In vitro cytotoxicity results

It is evident from the data recorded in Table 7 that only
Co(I) and Cu(II) complexes displayed cytotoxic activity
with LD_ =8.439x 10~ and 9.564 x 10~* M/mL, respectively,
against Artemia salina, while the Schiff base and Ni(II) com-
plex were almost inactive for this assay.

Electrophoretic analysis

The Schiff base and the Co(II), Ni(II), and Cu(IT) complexes
were studied for their DNA cleavage activity by the agarose
gel electrophoresis method, and the results are presented
in Figure 8.

The gel after electrophoresis clearly revealed that both
the Schiff base and the complexes acted on DNA, as there
was a molecular weight difference between the control and
the treated DNA samples. The difference was observed in
the bands (lanes 1-8) compared to the control DNA of E.
coli and A. niger. This shows that the control DNA alone did
not demonstrate any apparent cleavage whereas the com-
plexes did. However, the nature of reactive intermediates
involved in DNA cleavage by the complexes is not clear. The
results indicate the important role of metal in these isolated
DNA cleavage reactions. As the compounds were observed
to cleave DNA, it can be concluded that the compounds
inhibited growth of the pathogenic organism by cleaving the
genome.
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C-E.coli 1 2 3 4 M 5 6 7

Figure 8. Agarose gel electrophoresis. M, standard molecular weight
marker; C-E.coli, control DNA of E. coli; lanes 1-4, E. coli DNA treated
with Schiff base, Cu(Il), Co(II), and Ni(II) complexes, respectively; lanes
5-8, A. niger DNA treated with Schiff base, Cu(II), Co(II), and Ni(II) com-
plexes, respectively; C-niger, control DNA of A. niger.

M = Co(ll), Ni(ll) and Cu(ll)

Figure 9. Octahedral structure of metal(II) complexes.

Conclusion

The synthesized Schiff base acts as a tetradentate ligand
through the coordination of azomethine nitrogen and phe-
nolic oxygen atoms to the metal ion. The bonding of ligand
to metal ion was confirmed by the analytical, IR, electronic,
magnetic, ESR, and FAB-mass studies.

Electrochemical study of the Cu(II) complex could pro-
vide the degree of reversibility of the one-electron trans-
fer reaction and it has quasi-reversible character. Among
the Co(II), Ni(II), and Cu(II) complexes, Co(II) and Cu(II)
showed high activity toward E. coli, S. pyogenes, and P. aeru-
ginosa and the Co(II) complex showed high activity (almost
equal to the standard) in lower concentration toward A.
flavus; the same was observed for the Cu(II) complex
toward A. flavus and A. niger, with moderate activity toward
Cladosporium; the Ni(II) complex showed moderate activ-
ity. From DNA cleavage study it can be concluded that the
compounds inhibit growth of the pathogenic organism by
cleaving the genome.

All these observations together lead us to propose the
structure shown in Figure 9, in which the complex has stoichi-
ometry of the type ML,.2H,0 (M = Co(II), Ni(II), and Cu(II)).
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