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ARTICLE INFO ABSTRACT

Keywords: The present work describes the preparation of bivalent Ni(II), Co(II) and Cu(II) complexes of [(E)-[(2-methyl-1,3-
[(E)-[(2-methyl-1,3-thiazol-5-yl)methylidene] thiazol-5-yl)methylidene]amino]thiourea (MTHC) by mixing in 1:2 ratio of corresponding metal salt and Schiff
amino]thiourea

base ligand in ethanolic medium. The prepared ligand and its complexes are confirmed using elemental analysis,
magnetic moments, FT-IR, NMR, electronic and ESR spectroscopy techniques. The spectroscopic data reveals that
metal complexes are in square planar in nature. In DNA binding studies, the higher intrinsic binding constants
(Kp) of Ni(Il), Co(II) and Cu(Il) complexes are 2.713 x 10° Mfl, 5529 x 10° M~! and 2.950 x 10° M~!
respectively, evident that complexes are avid binder with DNA base pairs. The moderate anti-bacterial activity (in-
vitro) against staphylococcus epidermidis, Bacillus subtilis, Pseudomonas aeruginosa and Escherichia coli bacterial
culture may be due to the high electron density of ligand which prevents the charge reduction of metal ion. In the
presence and absence of HoOo, it is notified that there is no appreciable DNA cleavage activity of Ni(II) and Co(II)
complexes except Cu(Il) complex which is due to aprotonation in the medium.

Transition metal complexes
DNA interactions And antibacterial activity

1. Introduction

Aromatic hetero cyclic thiazole compound containing nitrogen and
sulphur cause to act as a nucleophile. This nuleophilic characteristic of
the molecule accentuates the scientists to employ in the synthesis of not
only drugs like Sulfthiazol, Abafungin, Tiazofurin, Agrochemicals but
also in Cosmetics and Liquid crystals. Thiazoles exist in coenzyme like
thiamine (B1) and lienamycin (Figure 1) as a natural product which
shows potent antitumor activity [1, 2, 3, 4, 5, 6, 7, 8, 9].

Analog behavior of thiosemicarbazone in the fields of pharmacolog-
ical and biological activities emphasizes to condense thiazole and thio-
semicarbazide compounds in order to get its derivatives that contain
—C=N-N-C=S- and also its transition metal complexes support to employ
in a diverse applications such as antimicrobial, antitumour,anticancer,
anti-inflammatory, anti-degenerative and anti-HIV agents etc [10, 11, 12,
13].

Binding of small organic compounds with DNA alters the structure
and function of the genetic material. Amongst a plethora of such binders
like thiazole and thiosemicarbazone derivatives have exhibited their af-
finity towards DNA via. different modes of bindings or cleavage, uphold
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them as a promising antineoplastic agent and also stabilize topolI-DNA
complex in the cell that leads to apoptosis. Electrophilic (Cs) and
nucleophilic substitution (Cz) on thiazole ring along with nucleophile
system in thiosemicarbazone and its ancillary moieties contribute to their
broad spectrum of biological activities [14, 15, 16, 17]. Further, the
coordinating with the metal ions such as iron, cobalt, nickel, copper and
zinc often results to enhance biological activities of the precursor ligands
through modifying lipophilicity and the mechanism of their action within
the cell [18,19]. The metal complexes are mainly being considered due to
their wide applications in the field of electrochemical, catalysis,
biochemical and pharmacological researches including low toxicity [20,
21, 22].

Indeed, carboxylic acid, NO2 and OH [23] groups in heterocyclic
compounds release more free radicals in the medium that may cause to
damage unhealthy cells along with healthy microbial cells. Hence, in the
light of this propinquity research and continuation of our work on car-
bothioamide Schiff bases [24, 25, 26, 27, 28, 29, 30], we are herein
reporting the synthesis and characterization of [(E)-[(2-methyl-1,
3-thiazol-5-yl)methylidene]amino]thiourea and its bivalent Co(Il),
Ni(Il) and Cu(II) complexes and investigated the DNA interactions,
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cleavage and bacterial inhibition efficiency in the absence of oxygen,
hydroxyl and NO;, anicillary groups.

2. Experimental
2.1. Materials and instruments

All starting compounds were of analytical grade and double distilled
water used throughout the experiments. The commercially purchased
reagents, 1,1,3,3-tetramethoxy propane 99% (Aldrich), Ethanethioamide
99% (Spectrochem), thiosemicarbazide 99% (Aldrich)) and solvents
were used without further purification unless otherwise noted. C, H, N
and S (elemental analysis) were estimated on Thermo Scientific Flash
2000 Organic Elemental Analyzer, IISc, Bangalore. Melting points (LAB
JUNCTION, LJ-935) were determined in evacuated capillaries. All the
infrared spectra were recorded in the 4000-400cm ! region (KBr disc) on
a Nicolet protage 460 FT-IR spectrophotometer. 'H and *C-NMR spectra
were recorded in DMSO-d® at 400 and 100 MHz Bruker NMR spec-
trometer. Magnetic susceptibility of the complexes were carried at room
temperature using magnetic susceptibility balance (Sherwood Scientific,
Cambridge, England) and using CuSO4.5H0 as standard. Electronic
spectra of the complexes were recorded on ELICO SL159 UV-Visible
spectrophotometer in DMF solvent. EPR spectrum was recorded on
various E-112 X-band spectrophotometer in DMSO solvent at liquid ni-
trogen temperature. DNA cleavage abilities of the compounds were
studied using Gel Electrophoresis UVITEC, Cambridge, UK. All bacterial
strains used were collected from Department of Biotechnology, MSRIT
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and Ramaiah Medical college, Bangalore. EtBr quenching studies were
performed on F-2300 spectrofluorimeter (Hitachi, Japan) equipped with
1.0 cm quartz cell at 298k. The excitation and emission slit widths were
kept at 5 nm and the excitation wavelengths 307nm (complex 2a),
305nm (complex 2b) and 304nm (complex 2c¢) and the emission wave-
lengths were at 595 nm, 604.5 nm and 623nm respectively. The excita-
tion and emission wavelength for EB-DNA complex were fixed at 540 nm
and 600 nm respectively.

2.2. Synthesis of the Schiff base and its complexes

The ligand was prepared using the following steps and schematic
representation of the detailed path shown in Figure 2.

2.2.1. Preparation of 2-bromomalonaldehyde

2-Bromomalonaldehyde, a starting material was synthesized by
following a procedure described in the literature [31,32]. At below 35 °C,
0.15M bromine solution was added dropwise to the 1, 1, 3, 3-tetrame-
thoxypropane (0.12M) in presence of conc HCl (4.3ml) and continu-
ously stirred for another 30 min. A slurry compound obtained was cooled
below 50 °C and separated by rotary evaporation, then washed thor-
oughly with cold dichloromethane and dried in a vacuum over anhydrous
CaCly. (Yield: 65%, MP: 148 °C).

2.2.2. Preparation of 2-Methylthiazole-5-carbaldehyde(MT) (1)
The equimolar mixture of bromomalonaldehyde and ethanethioa-
mide in acetonitrile stirred vigorously for 1 h at room temperature and
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Figure 1. Thiazole containing natural molecules: (a). Vitamin thiamine (B1) and (b). Leinamycin.
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Figure 2. Synthesis of compound 1(IT) and compound 2(ITHC). (i). HCl, Bry;(ii).Imidazolidinethione, ethanol; (iii). Thiosemicarbazide, EtOH, Reflux for 2 h.



B.C. Yallur et al.

stirring continued for 2 h at 80 °C. Then, the solvent was removed under
vacuum and to maintain the alkaline medium dil. NaOH was added. The
dark yellow colour slurry formed was extracted in ethyl acetate and dried
in vacuum desiccators over anhydrous CaCly. Yield: 82%,1H-NMR
(DMSO, 400MHz): § 2.80 (s; 3H), 6 8.27 (s; 1H), 8 9.98 (s; 1H), 13C.NMR
(DMSO, 100MHz): & 20.17; 8139.46; 6151.44; 5174.83; 5182.03. IR
(ecm™1): 3431 (NH), 1596 (C=N), 1165 (C=S).

2.2.3. Preparation of the [(E)-[(2-methyl-1,3-thiazol-5-yl)methylidene]
amino]thiourea (MTHC) (2)

An ethanolic solution of 2-methyl-1,3-thiazole-5-carbaldehyde was
added to 5% aqueous acetic acid solution of thiosemicarbazide. The
resulting mixture was refluxed on water bath for 45-60 min. On cooling
to room temperature, dark yellow compound formed was collected and
washed with hot water for several times and dried in vacuum. Yield:
78%, MP: 228 °C, IH-NMR (DMSO, 400MHz): § 2.64 (s; 3H), & 7.60(s;
1H), 8 7.90 (s; 1H), 6 8.21(s; 1H), 6 8.23 (s; 1H),5 11.52 (s; 1H), 13C.NMR
(DMSO, 100MHz): & 19.25; 8134.13; 6135.37; 8144.92; §167.75;
56177.69. IR (cm_l): 3331 (NH), 1534 (C=N), 1159 (C=S).

2.2.4. Preparation of the metal complexes

The following general procedure (Figure 3) was adopted for the
synthesis of metal-MTHC complexes in 1:2 mol ratio. To an ethanolic
MTHC ligand addes ethanolic solution of metal salt in a round bottom
flask which was refluxed for about 2 h. The solid complex obtained was
collected by filtration and washed with hot aqueous ethonal (2a: Yield:
76%, MP: 223 °C. 2b: Yield: 68%, MP: 222 °C. 2c¢: Yield: 65%, MP: 223
°Q).

2.3. DNA interaction experiments

The DNA binding interaction of the synthesized compounds was
investigated unsing absorption titrations and ethidium bromide
displacement methods.

2.3.1. DNA interactions-electronic absorption spectroscopy

The DNA binding potency of newly synthesized ligand and its metal
complexes with CT-DNA was investigated using ELICO SL150 electronic
spectrometer. A stock solution of CT-DNA was prepared in 50mM
Tris—-HCl/50mM NaCl buffer solution (pH 7). The ratio of the absorbance
at 260 nm and 280nm (A260/A280) gave 1.9 was evidence proteins free
DNA. The DNA concentration was calculated by measuring the absor-
bance at 260nm taking its molar extinction coefficient
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(6600dm®mol tem™1). Absorption titrations were conducted for fixed
concentration of the compounds and varying the DNA concentration
(25-300 pL). A quantitative comparison and the intrinsic binding con-
stant (Kp) was evaluated from the following Eq. (1) [33].

[DNA] / (e, —€,) = [DNA] / (g, — &) + 1 / Ky (&, — &) (@)
where ¢, €, and g correspond to apparent, bound and free metal com-
plexes extinction coefficients respectively. A plot of [DNA]/(e,-€f)Vs
[DNA] gave a slope of 1/(ep-¢) and a Y-intercept equal to 1/Kp(ep-¢p),
where Ky, is the ratio of the slope to the Y-intercept.

2.3.2. Ethidium bromide displacement studies by Fluoresence Emission
Spectroscopy

Ethidium bromide displacement studies by Fluorescence Emission
Spectroscopy is an appropriate technique to compare the binding mode
of the medicinal molecules with DNA. The width of the slit for emission
and excitation was taken 5nm. All the other parameters of the fluo-
rescencent spectrometer like response time (0.04s), excitation voltage
(700V) and scan rate (1500 nm/min) was kept constant for each data set.
A quartz cell of one centimeter diameter was used through out the
experiment and background correction was done with an appropriate
blank buffer solution. EtBr (EB) displacement experiments were carried
out by adding metal complexes to the mixture of 10 pL of EB in Tris-HCl
buffer solution (50puM, pH,7.2) and 24 pL of DNA solution. Fluorescence
measurements were carried out at the exicitation wavelengths 307nm
(complex 2a), 305nm (complex 2b) and 304nm (complex 2c) and the
emission wavelengths were at 595 nm, 604.5 nm and 623nm respec-
tively. In EB-DNA complex spectra excitation and emission wavelengths
were fixed at 540 nm and 600 nm respectively.

2.4. DNA cleavage studies

Agarose gel electrophoresis was employed to evaluate the extent of
pUC18 DNA cleavage activity of MTHC and its Co(II), Ni(II) and Cu(II)
complexes in the presence and absence of an oxidizing agent, HoO, at pH
of 7.1. The experimental mixture (20 pL) contains 50mM of Tris-HCl
(12-19 pL of pH 7.1), pUC18 DNA (1 pL of 200 pg/ml) and 5pL of
9.5mM of metal complex was further incubated at 37 °C for 60 min and
then added 2 pL of 0.25% bromophenol blue +0.25% xylene cyanol
+30% glycerol mixture. Thereafter it was loaded on 1% agarose gel
containing 5pL ethidium bromide to carry out electrophoresis experi-
ments in Tris-acetic acid-EDTA (TAE) buffer at 100V for 50 min. The
cleavage ability of the compounds was examined using UV

Figure 3. Synthesis of metal complexes 2a, 2b, and 2c. (i). NiCl,.6H,0, EtOH, Reflux;(ii). CoCl,.6H,0, EtOH, Reflux;(iii). CuCl,.2H,0, EtOH, Reflux.
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transilluminator by measuring the capacity of conversion from super
coiled to open circular (OC) or nicked circular (NC) DNA form.

2.5. Antibacterial studies

By following Kirby-Bauer method [34], the bacterial inhibition po-
tency of newly synthesized ligand and its metal complexes were probed
over gram-positive (Staphylococcus epidermidis, Bacillus subtilis) and
gram-negative (Pseudomonas aeruginosa, Escherichiacoli) bacterial strains
by comparing with ciprofloxacin taken as standard reference. The iso-
lated strains were sub-cultured and incubated into 50 mL of nutrient
broth at 37 °C for 18 h. In well diffusion method, 100 pL of this bacterial
cultures were spread over nutrient agar and further 5Smm size wells were
developed to inject 9.5mM concentration of the compounds dissolved in
DMSO. These bacterial strains on agar plate were brooded at 37 °C for 24
h to work out antibacterial experiments. By quantifying the zone inhi-
bition around the wells in mm, the magnitude of anti bacterial activity of
all the compounds was evaluated.

3. Results and discussion
3.1. Characterization of the ligand and its metal complexes

The synthesized MTHC ligand and its Co(II), Ni(II) and Cu(II) com-
plexes were air-stable, non-hygroscopic with sharp melting point. The
less hydrophilic nature and high repulsion between the substituted
groups reduce the aggregation of molecules which leads to the poor
solubility of complexes in a polar solvents like water, methanol, and
ethanol but readily soluble in aprotic solvents like DMF and DMSO etc.
The analytical data of the ligand and its complexes are shown in Table 1.

3.1.1. Infrared spectroscopy

Infrared spectra of MTHC and its complexes were recorded in the
region 4000-400 cm ™! using KBr disc. In the IR spectrum of MTHC
(Figure 4) shows characteristic bands in 3269-3415 em™! regions are
assigned to asymmetric and symmetric stretching vibrational modes of
terminal -NH, group and a band at 1171 ecm™! region is assigned to
0(C=S) stretching vibration.

The vibrational bands between 1054-1087cm ' and 703-1102cm
are revealed to aromatic C-S and aliphatic C-S stretching modes of the
compounds. The anamolous shift of peak from 1596cm ™! region to a
lower frequency (1494-1544cm™1) in the spectra of complexes sug-
gests the involvement of azomethine (>C=N) nitrogen in chelation. In
addition, an appearance of the additional band in the region 481-
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491cm ! related to v(M-N) signifies the complexation formed through
metal and sulfur atom. The IR data of the compounds are shown in
Table 2.

3.1.2. NMR analysis

'H-NMR and *C-NMR spectra of ligands, 2-Methylthiazole-5-carbal-
dehyde(MT) (1) and [(E)-[(2-methyl-1,3-thiazol-5-yl)methylidene]
amino]thiourea (MTHC) (2) were recorded in DMSO-dg¢ (400MHz)
(Figure 5). The peak obtained at §9.98 ppm in 'H and 5182.03 ppm in
13C-NMR confirms formation of the carbonyl moiety in compound 1.
Absence of these peaks and the presence of a new peak at §11.52 ppm
corresponds to -NH proton (NH group next to C=S) that evidences the
formation of thiosemicarbazone ligand. In 'H-NMR, the disappearance of
peak at 84.00 ppm discloses that the ligand is in amide state, even in
polar solvent and is also confirmed from '3C-NMR Peak at around
8177.69 ppm.

3.1.3. Electronic absorption spectra and magnetic studies of complexes

The electronic spectra of the metal complexes were recorded in
DMF solvent in the spectral range 200-1100nm. In electronic spectra
of the metal complexes, a peak observed between 32222-33783cm !
is due to m—n* transition of the aromatic ring. The second band
appeared around 22222-23041cm ! is attributed due to azomethine
group of the ligand to metal charge transfer bands. From the elec-
tronic spectrum of complex 2a, the observed peak at 16474cm ™ is
assigned to 1A1g—>1B1g and 1A1g—>1A2g bands which suggest the
square planar geometry of the Ni(I[) complex [35]. The magnetic
moment for the square planar Ni(II) complex is expected as
diamagnetic or small paramagnetic in nature. But an abnormal
magnetic moment (1.2BM) for the complex 2a may be due to spin
orbit coupling and negligible metal-metal interactions which leads to
anti ferromagnetism [36]. In complex 2b, the d-d transition band
obtained at 14614cm™! may be due to the square planar geometrical
structure around the cobalt(II) metal ion. This can be evidenced from
its magnetic moment value 3.01BM but the square planar complexes
of Co(II) are having low spin magnetic values in the range of 2.2-2.9
[37]. Similarly complex 2c, exhibits a broad single d-d band
appeared at 13157cm ! which implies the three allowed spin tran-
sitions, 2B1g—>2A1g(v1), 2B1—>2B2g(v2) and 2B1<—2Eg, probably due to
square planar geometry around the copper(Il) ion. The magnetic
moment value of the complex (1.66BM) also coincides with the ex-
pected magnetic moment value for the square planar Cu(II) com-
plexes (1.7BM) [38]. The UV-Visible spectra of complexes are shown
in Figure 6 and data are given in Table 3.

Table 1. Analytical data of ligands and metal complexes.

Compounds Color Yield (%) Melting Point ©c) Elemental analysis Found (Cal)%

C H N S
MT (1) Brown 82 47.56 (47.23) 4.51 (4.59) 29.25 (29.02) 25.35 (25.21)
MTHC (2) Dark yellow 78 228 35.42 (35.98) 3.83 (4.03) 27.32 (27.98) 32.59 (32.02)
[Ni(MTHC),] (2a) Gold 76 223 31.81 (31.52) 3.32 (3.09) 24.9 (24.51) 28.38 (28.05)
[Co(MTHC),](2b) Dark green 68 222 31.89 (31.51) 3.52 (3.08) 24.32 (24.49) 28.87 (28.03)
[Cu(MTHC),1(2¢) Dark yellow 65 223 31.54 (31.19) 2.90 (3.05) 24.73 (24.25) 27.80 (27.75)
Table 2. FT-IR spectral data (em™) of ligands and metal complexes.
Compound v(CH) v(NH) 1(C=N) V(C-N) +v(N-N) C=S v(C-S) v(M-N)
1 2970w 3431m 1596s 1102m 1165s 1102 m -
2 2989w 3331w 1534s 1092m 1159s 1092 m -
2a 2943w 3432m 1494s 1020m - 705w 486
2b 2971w 3430w 1544s 1102w - 703w 491
2c 2969w 3431w 1544m 1103m - 706w 481
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Figure 4. FT-IR spectrum of Ligand, MTHC.

3.1.4. Electron spin resonance spectroscopy

The ESR spectrum of copper complex 2¢ was recorded in DMSO
solvent at liquid nitrogen temperature (LNT). In ESR spectrum (Figure 7),
the absence of half field signal at 1600T confirms the presence of mg = +2
transitions and absence of Cu-Cu metal interaction. The ESR data of the
complex (Table 4) corroborates axially symmetric g-tensor parameters
with g|| >g1>2.0023 which refers to an unpaired electron present in dys-
y2 ground state and is a characteristic of square-planar geometry or
square base pyramidal or octahedral geometry with D4, symmetry [39,
40]. The g|| (greater than 2.3) suggests the bonding between metal
(Cu2+) and ligand (MTHC) possess ionic character [41, 42, 43, 44]. The
calculated gay value (gay=(g||+2g1)/3) lying in the range of 2.12-2.16
suggests the square planar structure of copper complex [45].

According to Hathaway, G factor decides the presence and absence of
interaction between copper centers. The calculated G factor of the pre-
sent complex greater than 4 implies an absence of interaction between
the copper centers [46, 47, 48, 49]. The ESR parameters g|, g,, Ajand A
of the complex and the energies of d-d transitions are used to evaluate the
orbital reduction parameters (Ky, K1) [50]. Hathaway has pointed out
that, for the pure o-bonding, K| ~K ~ 0.77, for in-plane n-bonding,
K <K| and for out-of-plane n-bonding, K >K|. The orbital reduction
parameters (K, <K}) observed (Table 4) are assigned in plane n-bonding.
The reduction of P value related to free ion (0.036 cm™1) may be
attributed to the strong covalent bond between Cu(II) ion and MTHC
synthesized ligand according to Giordan and Bereman who suggests the
identification of bonding groups from the values of dipolar term P [35].
The molecular-orbital coefficients, o’ (a measure of the covalency of
in-plane o-bonding between the 3d orbital and the ligand orbitals) and p>
(the covalent in-plane n -bonding) are calculated by employing the
following Egs. (2) and (3) [51].

o = (Ay /0.036) + (g, —2.0023) + 3(g, —2.0023) /7 +0.004 )

p*=(g; —2.0023) E/ -84 o’ 3
where A = -828 cm™! for the free copper ion and E is the electronic
transition energy.

The empirical factor (f = g|/A) cm) indexes of distortion from an
idealized geometry. The value of ‘f” factor for the compound 2c is 264
which signifies large distortion of the planar structure due to rigidity of
bidentate thiosemcarbazone derivative [52].

3.2. DNA binding studies

3.2.1. Electronic absorption spectroscopy

The investigation of the interactions between synthesized complexes
(2a, 2b and 2c¢) with CT-DNA by electronic absorption spectroscopy has
paramount importance in understanding the binding mechanism. An
intense band observed around 237-350 nm (Figure 8) is attributed to
n—n* intra-ligand transition. Under the identical experimental condi-
tions on addition of CT-DNA to the complexes exhibit a negligible red
shift (1-2nm) along with hypochromism. The magnitude of hypo-
chromism and red shift determines the binding strength and intrinsic
binding constant Kj, for complexes with CT-DNA. Therefore, by consid-
ering the obtained results, hypochromism with a red shift evidences an
intercalation binding mode established between the n* orbital of the
ligand and n orbital of base pairs in DNA results in reduction of n—m*
transition energy [48,49]. On the other hand, the coupling = orbital with
partially filled electrons, thus decreases the transition probabilities,
which leads to hypochromism and further results in the red shift. The
extent of the hypochromism along with or without small red shift

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

Complex -1 (cm ™) LMCT-transition (cm ™) d—d transition (cm™1) Magnetic Moment (BM)
2a 33222 22371 16474 1.20
2b 33222 22222 14614 3.01
2¢ 33783 23041 13157 1.66
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Figure 5. (a) '"H-NMR and (b) '*C-NMR spectrum of MT (1) and MTHC(2).

commonly reflects the intercalative binding strength [53,54]. The sub-
stituent like chloride, methoxy etc neucleophilic or electrophilic nature
of the functional group slightly modifies dipole of the ligand which may
in turn changes dipole-dipole interactions in the binding sites resulting in
the increasing binding capacity of a ligand with DNA strands. However,
the skeleton of ligand plays a vital role in binding interactions than the
substituents.

The slope and y-intercept of [DNA]/(ea—ef) versus [DNA] graph
(Figure 8, inset) has been used to computate binding constant for the

A
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Figure 6. Electronic spectra of metal complexes, 2a, 2b and 2c.

metal complexes. From Table 5, the DNA binding constansts are in the
order of 10° M ! which is evidence for equal to the classical intercalators
[55].

3.2.2. EB-displacement studies by Fluoresence Emission Spectroscopy
Fluorescence emission spectral studies were carried out to ascertain
the interaction of metal complexes with DNA while displacing EB from
EB-DNA complex. EB establishes intercalative binding with DNA, thus,
increases fluorescence intensities in the formation of EB-DNA complex. A
decrease or increase in fluorescence intensity (Figure 9(i)) has been
observed in fluorescence EB displacement experiments conducted in Tris-
HCI buffer solution while enhancing the metal complexes concentration.
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Figure 7. ESR spectrum of 2c¢ for X-band in liquid nitrogen temperature (LNT)
in DMSO.
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Table 4. ESR spectral assignments for the Cu(II) complex.

Complex 8/ g Sav G A/ 1074 A(107% Agvg (1079
2¢ 2.3323 2.0825 2.165 4.10 88.18 125.30 0.00377
K, K K o? p2 y2 F
0.8928 0.4401 0.4424 0.6133 1.2996 0.3158 264
, 2
.
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16 n 3 3 16 o1
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Figure 8. Electronic absorption spectra of metal complexes 2a, 2b and 2c in the absence and presence of increasing amounts of CT-DNA. Arrow shows the change in
the absorbance with increase the DNA concentration. Inset: plot of [DNA]/(ea-€r) Vs [DNA].

Tris- HCI buffer solution (pH,7.2) is used in these experiments since EB is
non-emissive because of quenching of free EB by the solvent molecules
[56]. The Stern —Volmer quenching constant Ky, value was computed
using the classical Stern-Volmer Eq. (4)

Fy

T T KmQ=1+K [Q )

where Fy and F are fluorescence intensities in the absence and presence of
quencher, respectively; kg, is a linear Stern-Volmer quenching constant;

[Q] is the concentration of quencher and 1y is the average fluorescence
life time of the bimolecule [10~8 s] in absence of the quencher [57].
Quenching rate constant K, which suggests static and dyamic
quenching of compounds with EB-DNA complex. K is calculated from
the below equation derived from Eq. (5)
KSV

K, = (5)

The Stern-Volmer plots, i.e Fo/F vs [Q] shown in Figure 9(iii) and

Table 5. Electronic absorption data upon addition of CT-DNA to the complexes.

Complex Amax (nm) A\ (nm) %H Ky M) R
Free Bound

2a 318 320 2 41.58 2.713 x 10° 0.999

2b 310 311 1 10.39 5.529 x 10° 0.999

2¢ 321 323 2 17.83 2.950 x 10° 0.999
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Figure 9. (i) Fluorescence titration of CT-DNA and EB (intercalator) with complexes 2a, 2b and 2c (ii) Stern-Volmer plot for fluorescence quenching of metal
complexes by EB in absence and presence of CT-DNA and Plot of log (F,. F)/F as a function of log [Q] (iii) Plot of Fo/F as function of [Q].

slope of linear graph is equal to Kg,. The larger values of the quenching
rate constant Kg, implies that the quenching is due to the formation of a
complex between metal complexes and DNA, i.e static quenching. The
number of binding stoichiometry (n) has been determined from Eq. (6)
[571:

Fy —F

log =logK, + n log[Q] 6)

The slope of log (Fo-F)/F vs log [Q ] plot (Figure 9(ii)) gives the
binding stoichiometry (n) which is equal to 1.007 for 2a, 1.43 for 2b and
1.22 for 2¢ (Table 6).

Based on the fluorescence and absorption studies data, it is observed
the metal complexes are interacting with DNA through intercalative
mode.

3.3. DNA cleavage studies

Gel electrophoresis is a well advanced technique to find sequences
of RNA and DNA of the living organisms which helps to curtail the
growth of the diseased microbes with a suitable drug, including death
of the infected (cancer or tumor) cells by inhibiting topoisomerase II
(to avoid replication of damaged DNA) in the human body. It functions
on the basis of DNA migration under the presence of an electric field
employed. For comparative studies, the cleavage of DNA strands

(agarose gel electrophoresis) by ligand and its complexes were inves-
tigated with and without the addition of HyO, (Figure 10). The pre-
pared ligand and its metal complexes (except complex 2c¢) are unable
to exert appreciable cleavage efficiency under physiological experi-
mental conditions. This may be due to non-protonation of metal
complexes which leads to non formation of ROS to do cleavage of
pUC18 DNA and may be due to the concentration of solvent DMSO, O3
OH' radical scavenger [58]. However, on complexation with Cu®t ions,
the activity has been enhanced moderately due to its affinity towards
DNA strands [59, 60, 61, 62].

3.4. Antibacterial studies

Microorganisms in biosphere play a vital role to maintain an envi-
ronmental equilibrium. Among those, disease-causing microorganisms
are vulnerable to human health that must be deprived or controlled using
habitual anti-microbial agents.

In-vitro studies of newly synthesized ligand which is a basic core of
many antimicrobial drugs and its bactericidal function in presence of
metal through coordination(well diffusion method) were performed
against Ciprofloxacin, a reference, with gram-positive strains Staphylo-
coccus epidermidis, Bacillus subtilis and same as with gram-negative strains
Pseudomonas aeruginosa, Escherichia coli, shown in Figure 11 and those
results are incorporated into Table 7.

Table 6. Fluorimetric spectral data with addition of CT-DNA to complexes 2a, 2b and 2c.

Complex Stern-Volmer Quenching constant x10* (M) Ky Quenching rate constant Kq x102 (M s Number of binding site (n)
2a 1.891 1.891 1.007

2b 3.361 3.361 1.43

2¢ 8.067 8.067 1.22
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Figure 10. Gel electrophoresis diagram: Lane 1: DNA control; lane 2: DNA + H,0,; lane 3: compound 2 + DNA; lane 4: compound 2 + DNA + Hy0; lane 5:
compound 2a + DNA; lane 6: compound 2a + DNA + H50,; lane 7: compound 2b + DNA; lane 8: compound 2b + DNA + H,0,; lane 9: compound 2¢ + DNA; lane 10:

compound 2¢ + DNA + H,0,.

Bacillis subtilis

<

Ciprofloxacin

\....-/’

P.aeruginosa

\

e

Ciprofloxacin

Figure 11. Anti-bacterial activity of metal complexes 2a, 2b and 2c on Bacillus subtilis, S. epidermidis, P. aeruginosa and E. coli bacterial strains and Ciprofloxacin as

standard drug.

Overtone's and Chelation theory converses on dipole moment of the
metal complex which is a measure of metal ion polarity by partial sharing
of positive charge and over lapping Pi/d electrons of ligand in presence of
the solvent. It is used to get lipophilicity which plays a significant role in
regulating antimicrobial activity. From the antibacterial screening data,
it is observed that metal complexes have not shown better inhibiting
activity than the ligands [63,64].

Overall, comparison of bacterial inhibition growth by all the metal
complexes is not satisfactory against the tested organisms, shown in
Figure 12. The underlying causes of this ironical result are Physio-
chemical properties of the complexes like coordination of metal-ligand
(mono nuclear, neutral complex), charge distribution (dipole moment
of a molecule), ancillary methyl group at the position 2 of thiazole which
causes for the weaken the activy of thiazole compound and partition

Table 7. Antibacterial activities of the compounds (20 pg/mL).

Compound Bacterial Strain Zone of Inhibition (in mm)
Bacillus subtilis S. epidermidis P. aeruginosa E. coli

1 3 2 6 3

2 3 2 6 2

2a 0 0 1 0

2b 1 2 2 1

2c 2 3 2 2
Ciprofloxacin 25 25 25 25
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W P.aeruginosa E. coli

Figure 12. Column 3-D cylindrical chart of the anti-bacterial activity of Ligand and its Ni(II), Co(II) and Cu(II) complexes.

coefficient of the metal complexes between the solvent and bacterial
membrane. Liophilicity (log P) saturation by the metal complexes are not
attained because of absence of lipophilic groups like benzene, flavonoids
in thiazole as well as the presence of electron rich N and S in the ligand
reduces non polar nature in metal ion that leads to poor interactions with
the bacterial membrane, hence, exerts moderate antibacterial activity.
The high strength of the bond between metal and ligand provides a less
number of metal ions to diffuse by passive transport through the cell
membrane or interact with the receptor of bacterial membrane. Hence,
metal complexes show less anti-bacterial efficacy than the ligand [46,47,
65,66]. Similar observations have been noticed in previous studies with
different substituents such as cyclic amine group, p-tolyl,ethoxy carbonyl
and electron withdrawing groups like NOy respectively [17] and/or
substituents on thiosemicabazone moiety [67,68] and even in the
absence of hydrogen bond acceptor and hydrophobic portions which also
exhibits moderate inhibitory activity [14,17].

4. Conclusion

Newly synthesized [(E)-[(2-methyl-1,3-thiazol-5-yl)methylidene]
amino]thiourea and its Ni(I), Co(II) and Cu(Il) complexes were pre-
pared and investigated their anti-bacterial, DNA-binding and DNA
cleavage studies. The in-vitro antibacterial activity results indicates
moderate inhibitory activity of the metal complexes. It may be due to
high electron density in ligand which supports to get a strong bond be-
tween metal ion and ligand and also absence of methoxy, chloride etc
substituent functional groups and also absence of hydrophobic groups
cause to get low liophilicity nature by metal complexes that results in less
interaction with the bacterial memebrane. The DNA binding interactions
of the complexes by absorption and fluorescence studies shows com-
plexes are interacted through intercalation mode with DNA. It is
observed that except copper(II) complex, ligand and its Ni(II) and Co(II)
complexes shows no significant DNA cleavage activity both in presence
and absence of hydrogen peroxide due to aprotonation nature of the
metal complexes.
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