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Coordination of neutral bidentate ligand to copper ion in combination with gatifloxacin have been
focused in this article. The effect of complexation reflects antibacterial activity, DNA interaction and
SOD mimic activity of individual greatly. The geometry at the central metal ion provides a site for binding
of superoxide anion responsible for better SOD mimic behaviour.
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1. Introduction

Drugs are typically poly functional compounds, designed to
interact with specific receptors or organs. Quinolone family drugs
are frequently used to treat various bacterial infections because
of their broad spectrum antibacterial activity.1 Gatifloxacin
[(±)-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-(3-methyl-
1-piperazinyl)-4-oxo-3-quinoline carboxylic acid] (GFLH) is fourth
generation fluoroquinolone family antibacterial agent. It is a novel
extended spectrum fluoroquinolone with an improved gram-posi-
tive and anaerobe coverage compared to older agents such as cip-
rofloxacin. GFLH acts intravenously by inhibiting topoisomerase II
(DNA gyrase) or topoisomerase IV.2 It is prescribed for treatment of
acute bacterial exacerbation of chronic bronchitis, acute sinusitis,
community acquired pneumonia, complicated and uncomplicated
urinary tract infections (cystitis).3

It is evident that a variety of functional groups originate reac-
tivity toward unforeseen targets such as metal cations. The de-
sign of metal–drug complexes are of particular interest in the
pharmacological research. Metal combinations with pharmaceu-
tical agents are known to improve the drugs activity, to decrease
their toxicity and gain an ability to act as regulator for gene
expression and a tool for microbiology.4,5 Quinolone antibiotics
ll rights reserved.
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are chelating agents for a variety of metal ions well known for
their biological activity.6–10 Probably the most widely studied
cation in this respect is Cu(II) and is known to play a significant
role either in naturally occurring biological systems or as phar-
macological agents.11 A low molecular weight copper complexes
have been proven beneficial against several diseases such as
tuberculosis, rheumatoid, gastric ulcers, and cancers.12–15 Cop-
per(II) complexes behave as an efficient chemical nuclease, when
prepared by combination of drugs and nitrogen donor heterocy-
clic ligand, such as 2,20-bipyridine and 1,10-phenanthroline,
which act as NN donor ligands.16,17 In a similar vein, the DNAase
like activity of copper(II) with 1,10-phenanthroline have been
widely documented.18,19

Nature provides a metalloenzyme named superoxide dismu-
tases (SODs) to all living organism having oxygen as a part of
metabolism which control the concentration of superoxide radi-
cal ðO2

��Þ tending to cause significant cellular damage by con-
verting it to molecular oxygen and hydrogen peroxide and is
implicated in many medical disorder.20,21 A large number of
mixed ligand copper(II) complexes have been known to exhibit
superoxide dismutase like activity.21–24 This activity depends
on the Cu(II)/Cu(I) redox process, which is related to flexibility
of the geometric transformation around the metal centre.25

Herein we tends to develop a formulation of copper complexes
using drug and some NN/NO donor ligands to get a complexes
with better efficiency to act as DNA gyrase and for its enzymatic
resemblance to SODs.

http://dx.doi.org/10.1016/j.bmc.2009.12.037
mailto:jeenen@gmail.com
http://www.sciencedirect.com/science/journal/09680896
http://www.elsevier.com/locate/bmc


Figure 1. Structure of the title complex [Cu(L)(A1)Cl]�5H2O.
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2. Result and discussion

2.1. Characterization of complexes

Several instrumental techniques like IR, UV–vis. spectroscopy,
magnetic measurement and FAB-MS were used to evaluate
structure of the complexes. Elemental analysis data are in good
agreement with proposed structure. Table 1 comprises of phys-
ico-chemical parameters and Figure 1 represents the structure of
the complex 1 (Supplementary 1: Structures of the complexes).

2.1.1. Spectrophotometric titration
The amount of copper is determine by spectrophotometric titra-

tion technique.26,27 The calculated results from the equivalent end-
point (Fig. 2) reveals the metallic content of the complex (Table 2)
(Supplementary 2: The spectrophotometric titration curves for
equivalent endpoint determination of the complexes).

2.1.2. IR spectroscopy
In IR spectra of GFLH bands observed at 3437 cm�1, 1611 cm�1,

1332 cm�1 were attributed to the stretching vibration m(H–O),
m(COO)asy, m(COO)sym, respectively. On coordination with metal
ion, the three bands of carboxylic group of GFLH have been replaced
by two strong bands in the range 1563–1581 cm�1 [masym(C@O)] and
1364–1377 cm�1 [msym(C@O)]. The unidentate coordination mode of
carboxylato ligand was characterized by Dm value falling in the
range 192–212 cm�1 [Dm = masym(C@O)–msym(C@O)].28,29 Peak in
range 1618–1627 cm�1 found in case of complexes were for pyri-
done oxygen m(C@O) atom which appeared at 1718 cm�1 in gatiflox-
acin; this shift in band towards lower energy suggests coordination
via pyridone oxygen atom.30 These data were further supported by
m(M–O) which appear at �513 cm�1.31 N?M bonding was sup-
ported by m(M–N) band at�545 cm�1.32 Some of the major IR bands
are summarized in Table 3.
Figure 2. Experimental cure from the spectrophotometric determination of metal
content of 9.96 mg complex [Cu(L)(A1)Cl]�5H2O dissolved in 20 ml of D.D. water by
EDTA.
2.1.3. Electronic and magnetic behavior
Copper(II) complexes that is, d9 system with a simple ligand at

low temperature exhibit an absorption band with a large width
make them very difficult to interpret. Complexes of copper(II) with
different coordination numbers resulting in different geometry.
The copper(II) complexes exhibit a broad band at �15300 cm�133–

35 corresponding to a characteristic d–d transition in tetragonal field,
suggesting distorted square pyramidal geometry for copper(II)
complexes.
Table 1
Physicochemical parameters and elemental details of the complexes

Empirical formula for complexes Elemental analysis % required (found)

C H N C

C45H51ClCuFN5O9 (1) 58.50
(58.51)

5.56
(5.57)

7.58
(7.56)

6
(6

C33H43ClCuFN5O9 (2) 51.36
(51.35)

5.62
(5.61)

9.07
(9.08)

8
(8

C30H37ClCuFN5O10 (3) 48.32
(48. 34)

5.00
(5.02)

9.39
(9.37)

8
(8

C31H37ClCuFN5O11 (4) 48.13
(48.14)

4.82
(4.80)

9.05
(9.06)

8
(8

C31H38ClCuFN6O11 (5) 47.21
(47.23)

4.86
(4.85)

10.66
(10.67)

8
(8

C29H40ClCuFN6O9 (6) 47.41
(47.40)

5.49
(5.50)

11.44
(11.45)

8
(8

C24H35ClCuFN3O10S (7) 42.67
(42.68)

5.22
(5.24)

6.22
(6.21)

9
(9

C25H36ClCuFN4O10 (8) 44.78
(44.77)

5.41
(5.40)

8.36
(8.38)

9
(9
The magnetic moments measurement for any geometry in cop-
per(II) complexes generally results in 1.8 BM, which is very close to
spin-only value that is, 1.73 BM. The observed values in our case
are very close to the spin-only values (Table 1) expected for
S = 1/2 system (1.73 BM.) which lead to a path of conclusion that
metal centre in synthesized complexes posses five coordination
Mp (�C) % Yield leff. BM Formula weight (g/mol)

u

.88
.87)

291 71.8 1.77 922.27

.23
.24)

288 63.4 1.77 770.20

.52
.51)

277 66.9 1.77 744.15

.21
.21)

>300 68.2 1.87 772.15

.06
.05)

298 75.3 1.92 787.16

.65
. 64)

293 67.7 1.74 733.18

.41
.40)

290 64.2 1.9 674.10

.48
.46)

>300 61.5 1.85 669.14



Table 2
Spectrophotometric titration data for the complexes

Volume of 0.0005 M EDTA (mL) Absorption at 745 nm

(1) (2) (3) (4) (5) (6) (7) (8)

0.35 0 0.003 0 0 0.004 0 0 0.002
0.7 0.002 0.004 0.003 1.00E-03 0.005 0 0 0.002
1.05 0.003 0.006 0.004 0.003 0.006 0.002 0 0.004
1.4 0.005 0.007 0.005 0.005 0.007 0.004 0.003 0.004
1.75 0.008 0.007 0.006 0.006 0.008 0.005 0.005 0.006
2.1 0.009 0.009 0.008 0.008 0.009 0.007 0.007 0.007
2.45 0.01 0.01 0.009 0.01 0.009 0.008 0.01 0.007
2.8 0.01 0.011 0.01 0.011 0.01 0.009 0.012 0.008
3.15 0.01 0.011 0.01 0.011 0.01 0.01 0.013 0.009
3.5 0.01 0.011 0.01 0.011 0.01 0.01 0.013 0.009
Amount of complex dissolved

in 20 ml (g)
0.00996 0.0102 0.01006 0.01018 0.00984 0.01028 0.01004 0.01032

Equivalents volume of
0.0005 M EDTA (mL)

2.160 2.654 2.677 2.609 2.491 2.839 2.947 3.034

Equivalent Concentration of
EDTA at end point (M)

0.000108 0.000132 0.000134 0.000130 0.000125 0.000142 0.000147 0.000152

Amount of Cu in 2 mL (gm) 6.86297 � 10�5 8.4351 � 10�5 8.50563 � 10�5 8.28958 � 10�5 7.9236 � 10�5 9.01972 � 10�5 9.3645 � 10�5 9.63853 � 10�5

Amount of Cu in 20 mL (gm) 0.000686 0.000844 0.000851 0.000829 0.000792 0.000902 0.000936 0.000964
% Cu experimental 6.89 8.27 8.45 8.14 8.05 8.77 9.33 9.34
% Cu theoretically 6.88 8.23 8.52 8.21 8.06 8.65 9.41 9.48

Table 3
Characteristic absorptions bands of IR spectra of the complexes and GFLH (cm�1)

Compd m(C@O) pyridone m(H–O) carboxyl m(COO)asy m(COO)sym Dm m(M–N) m(M–O) m(M–S)

GFLH 1718 3437 1611 1332 279 — — —
1 1620 — 1576 1375 201 540 520 —
2 1626 — 1581 1373 208 544 515 —
3 1627 — 1579 1361 212 533 519 —
4 1623 — 1568 1369 199 539 509 —
5 1619 — 1563 1365 198 541 510 —
6 1622 — 1577 1377 200 537 518 —
7 1624 — 1572 1374 198 — 512 431
8 1618 — 1580 1368 212 548 514 —
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number with one unpaired electron responsible for S = 1/2
system.36,37

2.1.4. Thermogravimetric analysis
Thermogravimetric analysis was carried out using 5000/2960

SDTA, TA instrument (USA) operated at a heating rate of 10 �C
Figure 3. Thermal degradation curve of the complex 1 at h
per minute in the range of 20–800 �C under N2 atmosphere. On
interpretation of the thermogravimetric grams (Fig. 3: TG curve
for complex 1) three distinct weight losses were observed.38 First
weight loss occur between 50 to 120 �C, second between 180 to
430 �C and finally between 450 to 690 �C. Weight lost during first
decomposition step corresponds to five molecules of crystalline
eating rate of 10 �C per minute under N2 atmosphere.
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water, weight loss during second step corresponds to decomposi-
tion of neutral bidentate ligand where as third step corresponds
to decomposition of GFL leaving behind CuO as a residue.

2.1.5. FAB-mass spectra
Figure 4 represents the FAB–mass spectrum of complex 1, that

is [Cu(GFL)(A1)Cl]�5H2O, obtained using m-nitro benzyl alcohol as
matrix. Peaks at 136, 137, 154, 289 and 307 m/z value are due to
usage of matrix. Peaks at 835 and 837 in spectra are assigned to
(M) and (M+2) of complex molecule associated with three H+ ion
in absence of lattice water. There also exist a doublet at 764 and
766 for fragment of complex (m/z = 472) rid of neutral ligand asso-
ciated with matrix (m/z = 289) and four H+ ion. The doublet nature
observed for case of two fragments suggests presence of one Cl
atom. Several other fragments at 751, 576, 478, 309 and 203 m/z
value are observed, attributed to fragments associated with matrix
and H+ ions, and fragments associated with H+ ions alone. The
proposed fragmentation pattern is shown in Supplementary data
(Supplementary 3: Fragmentation pattern for complex 1).

2.2. Biological evaluation

2.2.1. In vitro antimicrobial screening
Table 4 shows in vitro antibacterial activity data of the synthe-

sized complexes (1–8), ligands (A1–A8) and some fluoroquinolones,
on a panel of bacterial strain such as Escherichia coli (E. coli),
Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus aureus (S.
aureus), Bacillus subtilis (B. Subtilis), and Serratia marcescens (S. mar-
cescens) as minimum inhibitory concentration (MIC, lM). From the
data one can note down the following things:

(1) S. aureus: Complexes 1, 3, 4, 5 and 7 are much more active
compare to all tested drugs and for said case complex 1 is
the most potent one.

(2) B. subtilis: Complexes 1, 3, 4 and 5 are active compare to all,
and complex 5 is prove to be most potent, whereas com-
plexes 2, 6, 7 and 8 are active in comparison to enrofloxacin
and gatifloxacin.

(3) S. marcescens: Except complexes 6 and 7 all are active than
tested drugs where as complexes 1, 3 and 4 are found to
be equipotent.
Figure 4. FAB-mass spectra of [Cu(L)(A1)Cl]�5H
(4) P. aeruginosa: Complexes 1, 3, 4 and 5 are potent than tested
drugs, out of which complex 4 is proved to be the most
potent.

(5) E. coil: Complexes 1, 3, 4, 5 and 8 are potent compare to
drugs tested here in, also the complex 5 is the most potent
for the said case.

From the data comprise in Table 4 one can conclude that the
complexes with phenanthroline and its derivatives are more active
than other ligands like pyridine-2-carboxyaldehyde, 2,20-bipyridyl-
amine and thiophene-2-carboxyaldehyde. It can also be concluded
that the almost all complexes possesses higher activity than GFLH
and bidentate ligands. Thus this increase in antimicrobial activity
may be studied under following five principles.17,39–41

I. The chelate effect, that is, ligands that are bound to metal
ions in a bidentate fashion, such as the quinolones and phe-
nanthroline, bipyridine or bipyridylamine show higher anti-
microbial efficiency towards complexes with N-donor
ligands.

II. Nature of the ligands.
III. The total charge of the complex; generally the antimicrobial

efficiency decreases in the order cationic > neutral > anionic
complex.

IV. The nature of the ion neutralizing the ionic complex.
V. The nuclearity of the metal center in the complex; dinuclear

centers are usually more active than mononuclear ones.

Thus, first two factors may be consider for increase in the activity
that is, chelation effect provided by drug and bidentate ligand.

2.2.2. DNA interaction study
2.2.2.1. Absorbance titration experiment. DNA can provide
three distinct binding sites for quinolone metal complexes;
namely, groove-binding, binding to phosphate group and interca-
lation.42 This behavior is of great importance with regard to the
relevant biological role of quinolone antibiotics in the body.43,44

The absorption spectra of complexes 1–8 with DNA have been re-
corded for a constant complex concentration so as to have maxi-
mum absorbance up to unity with varying concentration of DNA
so as to have different DNA:complex mixing ratios from 0 to 10.
2O at the accelerating voltage was 10 kV.



Table 5
The binding constants (Kb) of complexes with DNA in phosphate buffer pH 7.2

Complexes Kb (M�1)

[Cu(GFL)(A1)Cl]�5H2O (1) 2.45 � 103

[Cu(GFL)(A2)Cl]�5H2O (2) 3.00 � 104

[Cu(GFL)(A3)Cl]�5H2O (3) 7.14 � 104

[Cu(GFL)(A4)Cl]�5H2O (4) 7.83 � 104

[Cu(GFL)(A5)Cl]�5H2O (5) 8.75 � 104

[Cu(GFL)(A6)Cl]�5H2O (6) 8.57 � 103

[Cu(GFL)(A7)Cl]�5H2O (7) 5.00 � 104

[Cu(GFL)(A8)Cl]�5H2O (8) 6.87 � 103

Table 4
MIC in terms of lM

Compounds Gram positive Gram negative

S. aureus B. subtilis S. marcescens P. aeruginosa E. coli

CuCl2�2H2O 2698.0 2815.0 2756.0 2404.0 3402.0
Ciprofloxacin 1.6 1.1 1.6 1.4 1.4
Gatifloxacin 5.1 4.0 2.9 1.0 2.9
Norfloxacin 2.5 2.5 4.1 3.8 2.8
Enrofloxacin 1.9 3.9 1.7 1.4 1.4
Pefloxacin 2.1 2.4 5.1 5.7 2.7
Levofloxacin 1.7 2.2 1.7 1.7 1.0
Sparfloxacin 1.3 2.0 1.5 1.5 1.3
Ofloxacin 1.9 1.4 1.7 2.2 1.4
A1 194.0 169.0 272.0 255.0 278.0
A2 130.0 250.0 506.0 154.0 129.0
A3 631.0 670.0 604.0 725.0 758.0
A4 829.0 733.0 771.0 738.0 762.0
A5 578.0 631.0 609.0 658.0 591.0
A6 3212.0 3271.0 3212.0 3183.0 3154.0
A7 >10,000.0 >10,000.0 >10,000.0 >10,000.0 >10,000.0
A8 3821.0 3414.0 3333.0 2902.0 3739.0
[Cu(GFL)(A1)Cl]�5H2O (1) 0.3 0.6 0.3 0.9 0.3
[Cu(GFL)(A2)Cl]�5H2O (2) 5.6 2.8 0.9 1.9 2.8
[Cu(GFL)(A3)Cl]�5H2O (3) 0.8 0.5 0.3 0.6 0.3
[Cu(GFL)(A4)Cl]�5H2O (4) 0.8 0.6 0.3 0.3 0.3
[Cu(GFL)(A5)Cl]�5H2O (5) 0.7 0.4 0.5 0.6 0.1
[Cu(GFL)(A6)Cl]�5H2O (6) 2.8 3.7 3.7 3.7 4.6
[Cu(GFL)(A7)Cl]�5H2O (7) 0.9 2.8 6.4 2.8 1.8
[Cu(GFL)(A8)Cl]�5H2O (8) 2.7 2.7 1.4 3.4 0.7
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A representative spectrum is shown in Figure 5. The changes ob-
served in the UV spectra of the complexes after mixing it with
DNA (either the change in intensity or the shift of the wave-
length) indicate that the interaction of complexes with DNA takes
place by a direct formation of a new complex with double-helical
DNA.45 Extent of the binding strength of complexes was quantita-
tively determined by calculating intrinsic binding constants Kb of
the complexes by monitoring the change in absorbance at various
concentration of DNA. From the plot of [DNA]/(ea–ef) versus
[DNA], (Inset Fig. 5) the Kb value of complexes were determine
and were found in the range 2.45 � 103–8.75 � 104 (Table 5).
Which is much lower than the Kb value of classical intercalations
(ethidium bromide) thus there is a possibility of intercalation in
the complexes. Also, these values are closely comparable to some
Figure 5. Electronic absorption spectra of [Cu(L)(A1)Cl]�5H2O in phosphate buffer
(Na2HPO4/NaH2PO4, pH 7.2) in the absence and presence of increasing amount of
DNA. The [Cu] complex = 10 lM; [DNA] = 0–150 lM. The incubation period is
30 min at 37 �C, Inset: Plot of [DNA]/(ea � ef) versus [DNA]. Arrow shows the
absorbance change upon increasing DNA concentrations.
known complexes exhibiting covalent mode of binding,46 which
also suggests copper(II) ion prefers binding to guanine at N7 posi-
tion.47,48 Therefore, results indicate that complexes may first bind
with phosphate group of DNA, neutralize the negative charge of
DNA phosphate group, and cause the contraction and conforma-
tional change to DNA.

2.2.2.2. Viscosity titration. Interaction of DNA to complex by vis-
cosity measurement in absence of crystallographic data and NMR
data49 can be regarded as a reliable tool. Intercalation of a molecule
into DNA could result in lengthening, unwinding and stiffening of
the helix and is usually accompany by increases in solution viscos-
ity.50–52 In our case increase in viscosity was observed hence com-
plexes bind to DNA via intercalation mode and out of all, complex 5
interact more strongly compare to other (Fig. 6).

2.2.2.3. Gel electrophoresis; photo quantization techniques. Tran-
sition metal complex mediated DNA cleavage is the center of
interest.53,54 When plasmid DNA was subjected to electrophoresis
after interaction, upon illumination of gel (Fig. 7) the fastest
migration was observed for super coiled (SC) Form I, where as
the slowest moving was open circular (OC) Form II and the inter-
mediate moving is the linear (LC) Form III generated on cleavage of
open circular. The data of plasmid cleavage are presented in
Table 6. Here the complex 5 shows the maximum cleavage ability
compare to all synthesized complexes. The different DNA-cleavage
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Figure 6. Effect on relative viscosity of DNA under the influence of increasing
amount of complexes at 27 ± 0.1 �C in phosphate buffer (Na2HPO4/NaH2PO4, pH
7.2).

Figure 7. Photogenic view of cleavage of pUC19 DNA (300 lg/mL) with series of
copper(II) complexes (200 lM) using 1% agarose gel containing 0.5 lg/mL ethidium
bromide. All reactions were incubated in TE buffer (pH 8) in a final volume of 15 lL,
for 24 h. at 37 �C. Lane 1, DNA control; Lane 2, CuCl2�2H2O; Lane 3, Gatifloxacin;
Lane 4, [Cu(L)(A6)Cl]�5H2O; Lane 5, [Cu(L)(A7)Cl]�5H2O; Lane 6, [Cu(L)(A8)Cl]�5H2O;
Lane 7, [Cu(L)(A2)Cl]�5H2O; Lane 8, [Cu(L)(A1)Cl]�5H2O; Lane 9, [Cu(L)(A3)Cl]�5H2O;
Lane 10, [Cu(L)(A4)Cl]�5H2O; Lane 11, [Cu(L)(A5)Cl]�5H2O.

Table 6
Complex mediated DNA cleavage data by gel electrophoresis

Lane No. Compound Form I Form II Form III

1 Control 100 — —
2 CuCl2�2H2O 66 24 10
3 Gatifloxacin 57 24 19
4 [Cu(GFL)(A6)Cl]�5H2O (6) 45 30 25
5 [Cu(GFL)(A7)Cl]�5H2O (7) 46 35 19
6 [Cu(GFL)(A8)Cl]�5H2O (8) 44 40 16
7 [Cu(GFL)(A2)Cl]�5H2O (2) 43 36 21
8 [Cu(GFL)(A1)Cl]�5H2O (1) 45 31 24
9 [Cu(GFL)(A3)Cl]�5H2O (3) 40 44 16

10 [Cu(GFL)(A4)Cl]�5H2O (4) 41 34 25
11 [Cu(GFL)(A5)Cl]�5H2O (5) 40 36 22

0
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.5 1 1.5 2 2.5 3 3.5 4 4.5
t (min)

blank
0.25
0.5
1
1.5
2
3

A
bs

or
pt

io
n 

(A
bs

56
0)

 

Figure 8. Absorbance values (Abs560) as a function of time (t) plotted for varying
concentration of complex 1 from 0.25 lM to 3 lM for which a good straight line are
observed.
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Figure 9. Plot of percentage of inhibiting NBT reduction with an increase in the
concentration of complex 1.
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efficiency of the complexes, metal salt and drug is due to the dif-
ference in binding affinity of the complexes to DNA and the func-
tionality present on ligand.
2.2.3. SOD-like activity: decomposition of reactive oxygen
specie

NADH/PMS/NBT system was used to generate the superoxide
radical artificially in order to check SOD like behavior of the com-
plexes. The percentage inhibition of formazan formation at various
concentrations of complexes as a function of time was determined
by measuring the absorbance at 560 nm and plotted to have a
straight line obeying equation Y = mX + C (Fig. 8); with increase
in concentration of tested complexes decrease in slope (m) was ob-
served. Percentage inhibition of the reduction of nitro blue tetrazo-
lium (NBT) plotted against the concentration of the complex
(Fig. 9). Compounds exhibit SOD-like activity at biological pH with
their IC50 values ranging from 0.5 to 1.775 lM (Table 7). The best
IC50 value among synthesized complexes was observed for com-
plex 5. The higher IC50 can only be accredited to the vacant coordi-
nation site facilitating the binding of superoxide anion, electrons of
aromatic ligands that stabilize Cu—O2

� interaction and not only to
the partial dissociation of complex in solution. Plots for determina-
tion of IC50 values are placed in Supplementary data (Supplemen-
tary 4: Plots for determination of IC50 of complexes).

3. Conclusion

The complexes derived from phenanthroline derivatives are
much more active compare to others. While comparing the data



Table 7
Experimental values of IC50 obtain from non enzymatic SOD-like activities of
synthesized complexes

Complexes IC50 (lM)

[Cu(GFL)(A1)Cl]�5H2O (1) 1.037
[Cu(GFL)(A2)Cl]�5H2O (2) 0.775
[Cu(GFL)(A3)Cl]�5H2O (3) 0.925
[Cu(GFL)(A4)Cl]�5H2O (4) 0.875
[Cu(GFL)(A5)Cl]�5H2O (5) 0.5
[Cu(GFL)(A6)Cl]�5H2O (6) 1.125
[Cu(GFL)(A7)Cl]�5H2O (7) 1.725
[Cu(GFL)(A8)Cl]�5H2O (8) 1.5
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of MIC for complexes and drugs, complexes 1, 3, 4 and 5 gave good
results for all microorganisms, among which complex 5 fall out
with highest potency against E. coli. Reason behind increase in po-
tency of drug is its coordination with metal ion. From the viscosity
data of complexes and classical intercalator ethidium bromide; it is
clear that all complex show classical intercalative mode of binding,
where complex 5 binds more strongly than others complexes. The
electronic absorption data are in good accordance with viscosity
study. The DNA cleavage study of pUC19 shows that all complexes
have high cleavage ability than metal salt and drug. Upon determi-
nation of antioxidant activity in NBT/NADH/PMS system, complex
5 shows the highest scavenging ability for oxygen radical. Our
group is currently examining a range of biological interactions that
these metallointercalators may undergo inside the cell to under-
stand their biochemistry and mechanism of action in better way.

4. Experimental

4.1. Materials and reagents

All solvents, chemicals and reagents used were of analytical re-
agent grade and were used as such; double distilled water was
used throughout. 2,20-Bipyridylamine (A6) was purchased from
Lancaster (Morecambe, England). Gatifloxacin (GFLH) was gener-
ously supplied on demand by Bayer AG (Wuppertal, Germany).
Cupric chloride dihydrate was purchased from E. Merck (India)
Ltd Mumbai. Pyridine-2-carboxaldehyde (A8), thiophene-2-carbox-
aldehyde (A7), 1,10-phenanthroline, ethidium bromide, bromophe-
nol blue, agarose and Luria Broth were purchased from Himedia,
India. 2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline (A1) and
2,9-dimethyl-1,10-phenanthroline (A2), nicotinamide adenine
dinucleotide reduced (NADH), nitro blue tetrazolium (NBT) and
phenazin methosulfate (PMS) were purchased from Loba chemie
PVT. LTD.

4.2. Instrumental measurement

Infrared spectra were recorded on a FT-IR Shimadzu spectropho-
tometer as KBr pellets in the range 4000–400 cm�1. Elemental anal-
yses (C, H and N) were performed with a model 240 Perkin Elmer
elemental analyzer. Metallic content of the complex was deter-
mined after decomposing it under effect of acid mixture on heating
and titrating against EDTA solution volumetrically and spectropho-
tometrically using UV-160A UV–vis. spectrophotometer, Shimadzu
(Japan) equipped with quartz cells of 1 cm path length. MIC study
was carried out by means of laminar air flow cabinet, Toshiba, Delhi,
India, Thermogravimetric analyses data were obtained with a model
5000/2960 SDTA, TA instrument (USA). 1H NMR and 13C NMR were
recorded on a Bruker Avance (400 MHz). The electronic spectra were
recorded on a UV-160A UV–vis. spectrophotometer, Shimadzu
(Japan). Room temperature magnetic measurement for the com-
plexes was made using Gouy magnetic balance. The Guoy tube
was calibrated using mercury(II)tetrathiocyanatocobaltate(II) as
the calibrant (vg = 16.44 � 10�6 cgs units at 20 �C).55 FAB-mass
spectra were recorded on Jeol SX 102/Da-600 mass spectrophotom-
eter/Data system using Argon/Xenon (6 kV, 10 mA) as the FAB gas.
The accelerating voltage was 10 kV and spectra were recorded at
room temperature. Photo quantization of the gel after electrophore-
sis was done using AlphaDigiDoc™ RT. Version V.4.1.0 PC-Image
software.

4.3. Ligand preparation

4,5-Diazafluoren-9-one (A3), 1,10-phenanthroline-5,6-dione
(A4) and 5-nitro-1,10-phenanthroline (A5) were prepared using
reported methods.56–58

4.4. Complex preparation

[Cu(GFL)(An)Cl]�5H2O: A methanolic solution of CuCl2�2H2O
(1.5 mmol) was added to methanolic solution of neutral bidentate
ligand (An) (1.5 mmol), followed by addition of a previously pre-
pared solution of gatifloxacin (GFLH) (1.5 mmol) in methanol in
presence of CH3ONa (1.5 mmol). The pH was adjusted to 6.2 using
dilute solution of CH3ONa. The resulting solution was refluxed for
1 h on a steam bath, followed by concentrating it to half of its vol-
ume. A fine amorphous product of green color obtained was
washed with ether/hexane and dried in vacuum desiccators.

4.5. Spectrophotometric titration

Sample solutions were prepared by decomposing organic mat-
ter of complex with acid mixture and making it to total volume
of 20 mL with double distilled water. Ten different sets of solutions
were prepared by taking a fixed amount of complex solution
(2 mL), 2 mL acetate buffer solution and varying aliquots of
0.0005 M EDTA and making it to total volume of 10 mL with double
distilled water. Absorbance was measured at 745 nm using buffer
as a reference. Amount of copper was determine using the plot of
absorbance against volume of EDTA.

4.6. In vitro antimicrobial screening

In the present study, serial tube dilution technique was em-
ployed.59 These tests were performed in triplicate and activities
of the compounds were tested against E. coli, P. aeruginosa, S. aur-
eus, B. Subtilis and S. marcescens. The former three are gram-nega-
tive while later two are gram–positive organism. Selection of
E. coli, P. aeruginosa and S. aureus are of choice in preliminary
screening test organism for several reasons. They are systemic
pathogens and seem to develop antibiotic resistance more readily
than any other bacteria and laboratory animals can be readily in-
fected with it. The inhibition of growth of this organism produced
by various concentrations of the test compounds was compared
under identical conditions with inhibition of growth of the same
organism in presence of several fluoroquinolone drugs, metal salt,
and ligands.

A standard volume (10 mL) of Luria Broth that would support
the growth of the test organism was added to several labeled ster-
ile stopper identical assay tubes. Solution of each test compounds
was prepared and a series of dilution were prepared. Dilution for
metal salts, ligand and standard drugs were also prepared and a
control tube containing no test compound was also included. All
these operations were carefully performed under aseptic condi-
tions. Assay tubes were incubated at 37 ± 1 �C for 24 h. The resul-
tant faint turbidity was measured. The minimum inhibitory
concentration of a test compound is the lowest concentration
showing no visible turbidity.
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4.7. DNA interaction study

To evaluate the DNA-interaction properties of the synthesized
analogues, UV–vis. absorbance titration experiment, viscosity titra-
tion and gel electrophoresis; photo quantization techniques were
used with pUC19 DNA and were compared within.

4.7.1. Absorbance titration experiment
Binding of DNA via intercalation mode usually results in hypo-

chromism and bathchromism,60–63 due to the intercalation mode
involving a strong stacking interaction between an aromatic
chromophore and the DNA base pair.64 With a selection of an
appropriate absorbance peak by performing spectrophotometric
wavelength scans of each chelating agents and their Cu(II) com-
plexes. After addition of equivalent amount of DNA to reference
cell, kept for 10 min incubation at room temperature followed by
absorption measurement. This was specifically done to enable di-
rect comparison between the assays that was required to interpret
the results obtained. The intrinsic binding constant, Kb was deter-
mine making it subject in following equation.48

½DNA�
ðea � ef Þ

¼ ½DNA�
ðeb � ef Þ

þ 1
Kbðeb � efÞ

ð1Þ

where [DNA] is the concentration of DNA in terms of nucleotide
phosphate [NP], the apparent absorption coefficients ea, ef, and eb

correspond to Aobs./[M], the extinction coefficient for free copper
complex and the extinction coefficient for free copper complex in
fully bound form, respectively and Kb is the ratio of slope to the y
intercept.

4.7.2. Viscosity titration
Viscosity measurement is regarded as a reliable tool to deter-

mine binding mode in solution state in the absence of crystallo-
graphic structural data and NMR data.65 Viscometric titrations
were performed using Ubbelohde viscometer immersed in a ther-
mostatic bath maintained at 27 (±0.1) �C. Flow times were mea-
sured with a digital stopwatch, each sample was measured three
times, and an average flow time was calculated. Data are presented
as (g/g0)1/3 versus [complex]/[DNA], where g is the viscosity of
DNA in the presence of complex and g0 is the viscosity of DNA
alone. Viscosity values were calculated from the observed flowing
time of DNA-containing solutions (t) corrected for that of the buffer
alone (t0), g = (t � t0).65,66

4.7.3. Gel electrophoresis; photo quantization techniques
Plasmid DNA (pUC19) cleavage activity of [Cu(GFL)(An)Cl]�5H2O

was monitored by agarose gel electrophoresis. In a typical experi-
ment, total volume of 15 lL contain 300 lg/mL of super coiled
pUC19 DNA in TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0) treated
with different complex (200 lM). The samples were then incu-
bated at 37 �C for 24 h. and loaded on a 1% agarose gel containing
0.5 lg/mL ethidium bromide after quenching the reaction by addi-
tion of 5 lL loading buffer (40% sucrose, 0.2% bromophenol blue).
Electrophoresis was carried out at 50 V in 1X TAE buffer (0.04 M
Tris–Acetate, pH 8, 0.001 M EDTA). Bands were visualized by UV
light and photographed followed by the estimation of the intensity
of the DNA bands using AlphaDigiDocTM RT. Version V.4.1.0 PC-
Image software; gel documentation system.

4.8. SOD-like activity: decomposition of reactive oxygen specie

Superoxide anion (O2
��) was generated in nonenzymatic (PMS/

NADH) systems in the presence or absence of test compounds, and
scavenging of O2

�� was determined by monitoring reduction in rate
of NBT to monoformazan dye formation at 560 nm. The nonenzy-
matic system contain 30 lM PMS, 79 lM NADH, and 75 lM NBT,
phosphate buffer (pH 7.8), and 0.25–5.0 lM tested compound.48

The reactions were monitored at 560 nm with a UV-160A UV–
vis. spectrophotometer, Shimadzu (Japan), and the rate of absorp-
tion change was determined. The % inhibition of NBT reduction
was calculated using following equation:67

% Inhibition of NBT reduction ¼ ð1� k0=kÞ � 100%

where k0 and k present the slopes of the straight line of absorbance
values as a function of time in the presence and absence of SOD mi-
mic compound, respectively. The IC50 of the complex was deter-
mined by plotting the graph of percentage of inhibiting NBT
reduction against the increase in the concentration of the complex.
The concentration of the complex which causes 50% inhibition of
NBT reduction is reported as IC50.
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