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Synthesis, characterization, antimicrobial, and nuclease activity
studies of some metal Schiff-base complexes
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(Received 30 July 2009, in final form 22 January 2010)

A Schiff base (L) is prepared by condensation of cuminaldehyde and vr-histidine, and
characterized by elemental analysis, IR, UV-Vis, '"H-NMR, 3C-NMR, and mass spectra.
Co(II), Ni(II), Cu(Il), and Zn(II) complexes of this Schiff-base ligand are synthesized and
characterized by elemental analysis, molar conductance, mass, IR, electronic spectra, magnetic
moment, electron spin resonance (ESR), CV, TG/DTA, powder XRD, and SEM.
The conductance data indicate that all the complexes are 1:1 electrolytes. IR data reveal
that the Schiff base is a tridentate monobasic donor, coordinating through azomethine
nitrogen, imidazole nitrogen, and carboxylato oxygen. The electronic spectral data and
magnetic measurements suggest that Co(II) and Ni(II) complexes are tetrahedral, while Cu(II)
complex has distorted square planar geometry. XRD and SEM show that Co(II), Cu(Il), and
Zn(II) complexes have crystalline nature, while the Ni(II) complex is amorphous and the
particles are in nanocrystalline phase. The in vitro biological activities of the synthesized
compounds were tested against the bacterial species, Escherichia coli, Bacillus subtilis,
Pseudomonas aeruginosa, and Staphylococcus aureus; and fungal species, Aspergillus niger,
Aspergillus flavus, and Candida albicans by the disc diffusion method. The biological study
indicates that complexes exhibit more activity than the ligand. The nuclease activity of the
ligand and its complexes are assayed on CT DNA using gel electrophoresis in the presence and
the absence of H,O,. The Cu(Il) complex shows increased nuclease activity in the presence of
an oxidant when compared to the ligand, Co(II) and Ni(II) complexes.

Keywords: Schiff base; IR; Electronic; ESR; Antimicrobial activity

1. Introduction

Considerable attention has been given to transition metal complexes of Schiff bases
derived from amino acids because of their unusual configurations and biological
importance [1-5]. Amino acid Schiff bases are active against a wide range of organisms,
playing an important role in decarboxylation, transamination, and C—C bond cleavage
[6, 7]. The interaction of metal complexes with DNA has gained much attention due to
possible applications such as new therapeutic agents [8]. Among the amino acids,
L-histidine is present in many copper enzymes and proteins [9]. Recently, we
studied Co(II), Ni(II), Cu(II), and Zn(II) complexes of a Schiff base involving furfural
and L-histidine and their antibacterial activity toward Escherichia coli and
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Staphylococcus aureus [10]. Cuminaldehyde ( p-isopropylbenzaldehyde) is a biologically
important aromatic aldehyde [11-13] used as perfumes, food flavors, and other
cosmetics. However, only a few transition metal complexes of cuminaldehyde Schiff
base have been reported [14—17]. This article reports some new Co(II), Ni(II), Cu(Il),
and Zn(II) complexes of Schiff base derived from cuminaldehyde and r-histidine.

2. Experimental

2.1. Materials

L-Histidine was purchased from Sigma and used without purification. Cuminaldehyde
was obtained from Himedia and CT DNA from Genei, Bangalore. The samples Co(II),
Ni(IT), Cu(Il), and Zn(II) chlorides were obtained from Merck. All other reagents and
solvents were purchased from commercial sources at analytical grades.

2.2. Synthesis of Schiff-base ligand

L-Histidine (0.776 g, 5 mmol) was dissolved in 20 mL of MeOH containing KOH (0.28 g,
Smmol). A solution of cuminaldehyde (0.741 g, 5mmol) in 20mL of absolute MeOH
was added dropwise with stirring and refluxed at 50°C for 8 h. The volume of the
yellow solution was reduced in vacuo using a rotary evaporator. Anhydrous ether was
added to obtain a yellowish precipitate, which was then recrystallized from MecOH.
The purity of the Schiff base was checked by TLC.

2.3. Synthesis of the Schiff-base metal(Il) complexes

A solution of metal(Il) chloride in 20mL of aqueous MeOH (5mmol) was added
dropwise to the yellowish solution of Schiff base in 20 mL of MeOH (5 mmol) with
constant stirring. The reaction mixture was heated under reflux for 2h and the volume
was reduced to half of the initial volume under reduced pressure. The precipitate was
filtered-off, washed several times with cold EtOH and ether, and then dried in vacuo
over anhydrous CaCl,.

2.4. Physical measurements

Elemental analysis was done using a Perkin Elmer elemental analyzer. The mass spectra
of the Schiff-base ligand and its complexes were recorded on a JEOL SX 102/DA-600
mass spectrometer. The "H and '*C-NMR spectra of the Schiff base were recorded on a
JEOL GSX 400 FT-NMR spectrometer. The metal contents in the complexes were
determined by standard EDTA titration [18]. Molar conductances of the complexes were
measured in MeOH (10> mol L") solutions using a coronation digital conductivity
meter. IR spectra were recorded in KBr discs on a JASCO FT/IR-410 spectrometer from
4000 to 400cm ™. Electronic spectra were recorded on a Perkin Elmer Lambda-25
UV-Vis spectrometer. Room temperature magnetic measurements were performed on a
Guoy balance making diamagnetic corrections using Pascal’s constants. The X-band
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electron spin resonance (ESR) spectrum of Cu(Il) complex was recorded on a Varian
E112 X-band spectrometer. Cyclic voltammetric measurements were carried out
in a bio-analytical system (BAS) model CV-50W electrochemical analyzer. The
three-clectrode cell comprised of a reference Ag/AgCl, auxiliary platinum, and working
glassy electrodes. Tetrabutylammonium perchlorate was used as the supporting
electrolyte. Thermal analysis was carried out on a SDT Q 600/V8.3 build 101 thermal
analyzer with a heating rate of 20°C min~' using N,. Powder XRD was recorded on a
Rigaku Dmax X-ray diffractometer with Cu-Ke« radiation. SEM images were recorded in
a Hitachi SEM analyzer.

2.5. Antimicrobial activities

Antibacterial and antifungal activities of the ligand and its complexes were tested
in vitro against bacteria E. coli (MSU BO01), Bacillus subtilis (MSU B02), Pseudomonas
aeruginosa (MSU B03) and S. aureus (MSU B04); and fungi Aspergillus niger
(MSU FO01), Aspergillus flavus (MSU F02), and Candida albicans (MSU F03) by the
disc diffusion method [19]. Amikacin, Ofloxacin, and Ciprofloxacin were used as
standards for antibacterial activity and Nystatin was used as standard for antifungal
activity. The test organisms were grown on nutrient agar medium in petri plates.
The compounds were prepared in dimethyl sulfoxide (DMSO) and soaked in filter
paper discs, each of 5mm diameter and 1 mm thickness. The discs were placed on the
previously seeded plates and incubated at 37°C; the diameter of inhibition zone around
each disc was measured after 24 h for antibacterial and 72 h for antifungal activities.

2.6. Gel electrophoresis

A solution of CT DNA in 0.5 mmol L™! NaCl/5 mmol L™ tris-HCI (pH 7.0) gave a ratio
of UV absorbance in the range 1.8-1.9 at 260 and 280 nm (A260/A280), indicating that
the DNA was sufficiently free of proteins [17]. Cleavage reactions were run between the
metal complexes and DNA, and the solutions were diluted with loading dye using 1%
agarose gel. Then 3 pL of ethidium bromide (0.5ugmL™") was added to the above
solution and mixed well. The warmed agarose was poured and clamped immediately with
a comb to form sample wells. The gel was mounted into an electrophoretic tank and
enough electrophoretic buffers were added to cover the gel to a depth of about 1 mm. The
DNA sample (30 umol L™"), 50 pmol L™! metal complex, and 500 umol L™' H,0, in
50 mmol L™ tris-HCI buffer (pH 7.1) were mixed with loading dye and loaded into the
well of the submerged gel using a micropipette. Electric current (50 mA) was passed into
running buffer. After 1-2 h, the gel was taken from the buffer. After electrophoresis, the
gel was photographed under UV transluminator (280 nm) and documented.

3. Results and discussion

3.1. Characterization of Schiff-base ligand

The results of the elemental analysis (table 1) of the Schiff base are in good agreement
with those calculated for the suggested formula. The mass spectrum shows a
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Table 1. Analytical and physical data of the Schiff base and its complexes.

Elemental analysis
Found (Caled) %

Empirical Molar conductance
Compound formula Color C H N M (@ 'em’mol™)

KCigHsN:O»  Yellow  58.72(59.42) 4.89 (5.61) 13.08 (12.99) - -

[CoL(H»O)]Cl CoC6H2oN;05Cl1 Violet 48.96 (48.44) 4.97 (5.08) 11.04 (10.59) 15.11 (14.85) 85
[NIL(H,0)]Cl  NiC,¢H2oN30;Cl Pale green 48.92 (48.47) 5.01 (5.08) 10.95 (10.60) 15.03 (14.80) 30
[CuL(H,0)ICl CuC,¢H»N;05Cl Blue 47.22 (47.88) 4.85(5.02) 10.92 (10.47) 15.23 (15.83) 85
[ZnL(H,0)]Cl ZnC ¢HyoN3OsCl Yellow — 48.09 (47.66) 4.73 (5.00) 9.97 (10.42) 16.04 (16.22) 83

well-defined molecular ion peak at m/z =323 (relative intensity = 14%), which coincides
with the formula weight of the Schiff base.

"H- and >C-NMR spectra of the Schiff base are given in Supplementary material.
In the '"H-NMR spectrum, azomethine proton gives a singlet at 8.35ppm and the
aromatic and imidazole ring protons appear at 7.2-7.9 ppm. The imidazole N-H gives
the peak at 13.2ppm. In the '*C-NMR spectrum, the azomethine carbon and the
carboxylato carbons are at 172 and 179 ppm, respectively. The IR spectrum of the
Schiff base exhibits a broad band centered at 1585cm~' due to azomethine group
W(C=N), which overlaps with the asymmetric carboxylato stretching modes
(Supplementary material). This value is comparable with that of cuminaldehyde
thiosemicarbazone [14-17]. The bands are probably broadened because of overlap with
aromatic ring carbon stretching and imidazole ring imido nitrogen-stretching frequen-
cies [20, 21]. In the electronic spectrum of the ligand, the band at 304 nm is attributed to
m—m* transition of the azomethine (>C =N) chromophore. The intense absorption at
higher energy, 270 nm, is presumably from the m—z* transition of the benzene ring of
the Schiff base. The 3-D structure of the Schiff-base ligand has been obtained using
MOPAC [22], shown in Supplementary material.

3.2. Characterization of metal Schiff-base complexes

Analytical and physical characterizations of the Schiff-base complexes are given
in table 1. The analytical data show that the metal-to-ligand ratio is 1:1. The
composition of the complexes is [ML(H,O)]CIl, where L is the Schiff-base ligand. The
Co(II), Ni(IT), and Cu(II) complexes are soluble in MeOH, dimethylformamide (DMF),
and DMSO but insoluble in other common organic solvents, and Zn(II) complex is
slightly soluble in MeOH and DMSO. The low solubility of Zn(II) complex in common
organic solvents hinders its study in solution. The mass spectra of the Co(II), Ni(Il),
Cu(Il), and Zn(II) complexes show a molecular ion peak at m/z (relative inten-
sity) =397 (18%), 396 (38%), 401 (45%), and 403 (12%), respectively, which coincides
with the formula weight of the Schiff-base complexes.

The high molar conductance (table 1) values of 10~ mol L™" solution in MeOH show
that all the complexes are 1: 1 electrolytes [23]. The presence of uncoordinated chloride
is also confirmed by silver nitrate test [18].
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Table 2. IR spectral data of ligand and its complexes (cm™).

Vazo(CzN)a Vusym(Cooi)

Compound Vimida ring(cZN) Usym(CC)()_) U(HZO) U(M*O) V(MfN)
L 1585 1400 3350 - -
[CoL(H,0)]CI 1602 1395 3358 510 432
[NiL(H,0)ICI 1605 1393 3360 515 420
[CuL(H,0)]Cl1 1615 1393 3355 520 450
[ZnL(H,0)]Cl 1607 1394 3360 517 425

Table 3. Electronic and magnetic moment data of metal complexes.

Electronic spectra

Compound wavelength (nm) Magnetic moment (BM) Geometry

L 270,304 - —
[CoL(H,0)]Cl1 560 4.21 Tetrahedral
[NiL(H,0)]Cl 610 3.32 Tetrahedral
[CuL(H,0)]Cl 650 1.83 Distorted square planar

3.3. IR spectra

IR spectral data are given in table 2. On complexation, the band at 1585cm™" for the
azomethine shifted to higher frequency at ~1600-1615cm ™" in the metal complexes
indicating coordination of the azomethine nitrogen to the metal ion [14]. For the free
ligand the band at 1400cm™' can be ascribed to vy (COO™) group. During complex-
ation, this shifts to a lower frequency by ca 5-7cm ™', indicating coordination between
metal ion and carboxylato oxygen. The difference between v,,(COO™) and vy (COO™)
is ~200cm ™', indicating monodentate binding of carboxylato [21, 24]. The presence of
coordinated water in the complexes is indicated by the very broad absorption
centered at ~3360cm ™! (table 2) [25]. In the lower frequency region, weak bands at
510-520 and 420-450 cm ™' have been assigned to the v(M—0) and v(M-N) vibrations,
respectively.

3.4. Electronic spectra

The electronic spectrum of tetrahedral Co(IT) complexes is reported to have only one
absorption in the visible region due to *A,(F)— *T(P) transition [26]. The present
Co(II) complex (table 3) has one band in the visible region at 560 nm, indicating
tetrahedral geometry. The spectrum of the Ni(II) complex shows an intense absorption
at 610nm [26], due to the °T,(F)— °T(P) transition for tetrahedral geometry.
The Cu(Il) complex exhibits a broad band centered at 650 nm, which can be assigned to
2B1g—> 2B2g transition corresponding to a square planar environment around Cu(Il).
The weak band at ~1000 nm in the complexes can be attributed to a bigger distortion in
molecular geometry from square planar to tetrahedral geometry [27], that is the
imidazole nitrogen tends to move apart from planarity [28].



07:29 23 January 2011

Downl oaded At:

1624 D. Arish and M.S. Nair

s | O e
~c=0 i 0

LL _:‘5\5 a Sy /E*CHz a
H0 -~ \:' ey L \ ;
U O —mm- N
YA H0 \ AN
\ -
NH = =
M = CoID), Ni(TI) and Zn(I) M= Cu(ll)

Figure 1. Proposed structure of the complexes.

3.5. Magnetic properties

The magnetic moment data of the complexes are given in table 3. Tetrahedral Co(II)
with a *A, ground state has been reported to have magnetic moments in the range
4.2-4.8 BM [29]. The present Co(Il) complex has a magnetic moment of 4.21 BM.
Generally, square planar Ni(II) complexes are diamagnetic while tetrahedral complexes
have moments in the range 3.2—4.1 BM [30]. The Ni(II) complex reported herein has a
room temperature magnetic moment of 3.32 BM, which is in the normal range for
tetrahedral Ni(II). The Cu(Il) complex exhibits room temperature magnetic moment of
1.83 BM, which is the value expected for a d’ metal ion in a magnetically dilute
environment [31]. The electronic and magnetic studies indicate that Co(II) and Ni(II)
complexes have tetrahedral geometry, while Cu(Il) complex has distorted square planar
geometry. The proposed structures of the complexes are given in figure 1.

3.6. Electrochemical studies

The cyclic voltammogram of metal(Il) complexes were recorded in MeOH at 300K in
the potential range 0-1.5V at a scan rate of 100mVs~'. The cyclic voltammogram of
Cu(II) complex is shown in Supplementary material. The Co(II) complex shows an
irreversible peak at —1.05V corresponding to ligand reduction. The irreversible ligand
reduction peak was observed at —1.03 'V for the Ni(II) complex. The Cu(Il) complex
shows an irreversible peak at —1.06V, which can be tentatively assigned to the
reduction of coordinated ligand.

3.7. Electron spin resonance

The ESR spectrum of the Cu(Il) complex is recorded in DMSO at liquid nitrogen
temperature (Supplementary material). Kivelson and Neiman [32] have reported g <2.3
for covalent character and >2.3 for ionic character of the metal-ligand bond in
complexes. For the present Cu(Il) complex, the g value is <2.3 and g,, value is >2,
indicating significant covalent character in the metal-ligand bond [33]. The observed
value of 0.77 for the bonding parameter o also indicates that the Cu(I) complex has
covalent character. The trend g; (2.26) > g (2.04) > g.(2.0023) reveals that the unpaired
electron lies predominantly in d,._,> characteristic of distorted square planar geometry in
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Table 4. Thermogravimetric data of Co(II), Ni(II), Cu(Il), and Zn(II) complexes.

Percentage
Temperature DTA peak weight loss
Complex O “C) Obs. (Caled) Process
[CoL(H,O)]CI  210-230 265 Endo 4.61 (4.53) Loss of coordinated water molecule
250-270 350 Endo 8.78 (8.94) Loss of chloride ion
400-550 540 Exo 67.21 (67.63) Loss of organic moieties
>550 620 Exo Residue 19.40 (18.88) CoO
[NiL(H,O)]Cl ~ 208-227 262 Endo 4.68 (4.54) Loss of coordinated water molecule
252-270 350 Endo 8.67 (8.95) Loss of chloride ion
410-553 550 Exo 67.71 (67.67) Loss of organic moieties
>553 625 Exo Residue 18.94 (18.84) NiO
[CuL(H,0)]Cl  214-230 260 Endo 4.56 (4.45) Loss of coordinated water molecule
251-272 354 Endo 8.78 (8.84) Loss of chloride ion
405-550 565 Exo 66.57 (66.89) Loss of organic moieties
>550 627 Exo Residue 20.09 (19.82) CuO
[ZnL(H,0)]Cl  210-268 265 Endo 4.52 (4.46) Loss of coordinated water molecule
252-274 351 Endo 8.72 (8.80) Loss of chloride ion
402-560 558 Exo 66.45 (66.61) Loss of organic moieties
>560 632 Exo Residue 20.31 (20.18)  ZnO

Cu(II) complexes [34]. The empirical factor, “f”, an index of tetragonal distortion value
of the complex is found to be 152 ¢cm, indicating significant distortion from planarity [27].
According to Hathaway [35], if exchange interaction coupling constant, G>4, the
exchange interaction is negligible, but G'<4 indicates considerable exchange interaction.
In the present Cu(Il) complex, the “G” value is >4, indicating no interaction in the
complex. Moreover, the absence of a half field signal at 1600 G corresponding
to AM==+2 transitions indicates the absence of any Cu—Cu interaction in the
complex [36]. Again, the trend of orbital reduction parameters K and K, indicates
Ky~ K, ~0.77 for pure o-bonding, K; <K, for in-plane 7 bonding and K> K, for
out-of-plane m-bonding [35]. The observed K(0.59)>K,(0.17) demonstrates the
significant contribution from out-of-plane 7-bonding in metal-ligand bonding.

3.8. Thermogravimetric studies

Thermogravimetric studies have been made in the temperature range 25-900°C
(Supplementary material); thermal stability data of the complexes are listed in table 4.
Thermal decomposition curves of the complexes show a similar sequence of three
decomposition steps. In the first step, all the complexes lost one molecule of coordinated
water between 210 and 230°C, then the second step is removal of chloride as HCI gas in
the 230-270°C range. The third step (380-700°C) corresponds to removal of organic
ligand leaving metal oxide as residue. Differential thermal analyses of the complexes have
similar properties, loss of water molecule and chloride ion as HCI are endothermic
whereas removal of organic moiety and formation of metal oxide are exothermic.

3.9. Powder XRD

Powder XRD of Co(II), Ni(I), Cu(II), and Zn(II) complexes were recorded over the
20=0—80 range and are shown in Supplementary material. From the data,
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Table 5. Antibacterial and antifungal activity of the Schiff base and its complexes.

Bacterial species Fungal species
Compound E. coli  B.subtilis  P. aeruginosa  S. aureus  A. niger  A. flavus  C. albicans
L + - - + + - +
[CoL(H,0)ICT  +++ +++ + - ++ - +
NILH0)JCl - + + - ++ -
[CuL(H,0)ICl  +++ + ++ +++ + +++ ++
[ZoLH0)Cl  — ++ ++ - + Tt -
Amikacin +++ +++ S e
Ciprofloxacin +++ +++ +++ +++
Ofloxacin +++ +++ +++ +++
Nystatin +++ +++ +++

The inhibition values: + denotes “less active” (0.1-0.5cm beyond control); ++ denotes ‘“moderate active”
(0.6-1.0 cm beyond control); and +++ denotes “highly active” (1.1-1.5cm beyond control).

Ni(II) complex does not exhibit well-defined crystalline peaks indicating that the
complex is amorphous, while Co(II), Cu(Il), and Zn(II) complexes show sharp peaks
indicating their crystalline nature. However, single crystals of the complexes could not
be obtained. The average crystallite sizes of the complexes dxrp were calculated using
Scherrer’s formula [37]. The Co(Il), Cu(Il), and Zn(II) complexes have an average
crystallite size of 29, 20, and 39 nm, respectively, suggesting that the complexes are
nanocrystalline.

3.10. Scanning electron microscopy

The SEM micrographs of the complexes are given in Supplementary material.
The surface morphology of Ni(Il) is quite different from Co(Il), Cu(Il), and Zn(II)
complexes, clearly indicating that Ni(II) complex is amorphous, in agreement with the
powder XRD results. The SEM images of Co(II), Cu(Il), and Zn(II) complexes exhibit
similar type morphology, but their particle sizes are different. The particle size of Cu(II)
complex is smaller than Co(Il) and Zn(II) complexes and the particles are glassy in
nature.

3.11. Antimicrobial activity

The antimicrobial activities are summarized in table 5. The standard error (SE) for the
experiment is +0.001 cm and the experiment is repeated three times under similar
conditions. DMSO is used as negative control and Amikacin, Ofloxacin, and
Ciprofloxacin were used as positive standards for antibacterial and Nystatin for
antifungal activities.

The Schiff base and Zn(II) complex have reduced activity against most of the
microbes. Co(Il) complex was effective against E. coli and B. subtilis with inhibitory
zone of 1.0-1.2cm, Ni(II) complex has moderate activity toward the fungal species
A. flavus whereas higher antimicrobial activity has been exhibited by Cu(Il) complex for
E. coli, S. aureus, A. flavus and moderate activity toward C. albicans and P. aeruguinosa.
The reduced antimicrobial activity of Zn(IT) complex may be due to poor solubility.
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Antimicrobial activity of all complexes at low concentration toward the microbes is
very low. The activity of the Schiff-base ligand and its complexes increases with the
increase in concentration because the concentration plays a vital role in increasing the
degree of inhibition. The antimicrobial activity also depends on the size of the particle,
because nanosized particles exhibit increasing antimicrobial activity [38]. Further,
the activities with respect to ligand and metal complexes follow the order
ligand < Zn(I1) < Co(IT) < Ni(II) < Cu(II), similar to those seen in earlier reports [39].

3.12. Nuclease activity

Gel electrophoresis experiments using CT DNA were performed with the ligand and its
complexes in the presence and absence of H>O, as oxidant. The nuclease activity of the
complexes was also investigated in the presence of a free radical scavenger DMSO.
The Cu(II) complex cleaves DNA more efficiently in the presence of an oxidant than the
ligand, Co(IT) and Ni(IT) complexes (Supplementary material). The complexes cleave
DNA into smaller fragments, but in lane 4 Cu(II) complex degrades DNA completely
so that there is no band observed. This may be attributed to formation of hydroxyl-free
radicals. The production of a hydroxyl radical [40] due to the reaction between the
Cu(IT) complex and oxidant may be explained as shown below:

Cu’*(L) + H,0, — Cu**(L) + OH™ + OH.

These OH-free radicals participate in oxidation of the deoxyribose moiety, followed
by hydrolytic cleavage of the sugar phosphate backbone [41]. The more pronounced
nuclease activity of these adducts in the presence of oxidant as compared to the parent
complexes can be due to the increased production of hydroxyl radicals. The nuclease
activity of the complexes has also been investigated in the presence of a free radical
scavenger DMSO, which diminishes the nuclease activity of the complexes, indicating
involvement of the hydroxyl radical in the cleavage process.

4. Conclusion

The Co(II), Ni(II), Cu(Ill), and Zn(II) Schiff-base complexes of cuminaldehyde-L-
histidine were prepared and characterized using different analytical techniques. The
Schiff-base ligand is tridentate, coordinating through azomethine nitrogen, imidazole
nitrogen, and carboxylato oxygen. The electronic spectral data and magnetic
measurements suggest that Co(II) and Ni(II) complexes are tetrahedral, while Cu(II)
complex has distorted square planar geometry. ESR spectrum of Cu(II) complex also
reveals that it is distorted. TG/DTA analysis indicates the presence of coordinated
water molecule in the complexes. The antimicrobial and CT-DNA cleavage studies
reveal that the complexes show higher activity than the ligand.
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