
In the forefront is the recent area of glycobiology a “sweet
and safe” approach for the development of new drugs in 
medicinal inorganic chemistry.1) The use of glycosyl sub-
stituents for enhanced tissue target, improved solubility and
reduced toxicity has attracted many researchers to explore
the possibility of carbohydrate-based drug strategies.2—5)

Chen et al. have synthesized a novel carbohydrate linked 
to cisplatin analogue, cis-dichloro[(2-b-D-glucopyranosidyl)-
propane-1,3-diamine]platinum and examined selective cyto-
toxicity towards cancer cells.6) This complex exhibits specific
in vitro antitumour activity against human ovarian cancer cell
A2780S and human melanoma cancer cell MeWo. Some of
the cancer cell antigens are carbohydrates and several trials
are being carried out to develop carbohydrate derived cancer
vaccines.7) Globo H is a prominent epitope on cancer cells;
therefore a potential vaccine was prepared consisting of the
synthetic hexasaccharide chain of Globo H linked to KLH.8)

Recently, Nakase et al. have demonstrated artemisinin
tagged to transferrin via carbohydrate chain exhibits high 
potency and specificity against cancer cells.9) Carbohydrate
linked to biologically relevant molecules like pyrazole and
imidazole act as an attractive scaffold for transition metal
ions.10—12) The interaction of transition metal–saccharide
complexes with DNA is significantly important (DNA is one
of the main molecular targets in the action of anticancer
drugs), as many naturally occurring antitumour agents are
capable of modifying nucleic acids only in presence of metal
ions and oxygen.13—16) Of these antitumour agents, a vast ma-
jority usually contains sugar derivatives as their back bone.
Thus, there has been profound interest in the design, study of
DNA binding and cleavage properties of glucose-derived
transition metal complexes and development of these com-
plexes as metallo-drugs.17,18) Since there are many alterations
in the genes that code for the protein in tumor, the focus of
such studies is also on proteins which drive and control cell

cycle progression.19,20)

Herein, we describe the synthesis, characterization of D-
glucose-bis pyrazolyl metal complexes of Cu(II) 1 and Ni(II)
2 and their binding properties with CT DNA. Furthermore,
DNA cleavage of pBR322 DNA by complex 1 was carried
out by employing agarose gel electrophoresis. The “binding
study” of complex 1 towards human serum albumin (HSA),
L-tryptophan and their mixtures with DNA was studied to
recognize the most favoured biomolecule, for which it shows
highest binding affinity.

Experimental
Materials and Methods D-Glucose, CuCl2· 2H2O, NiCl2· 6H2O (Quali-

gens), pyrazole (Fluka). Tris (Tris�Tris(hydroxymethyl)aminomethane)
base (Merck), 6� loading dye (Fermental Life Science) and super coiled
plasmid DNA pBR322 (Genei) were utilized as received. Disodium salt of
calf thymus DNA, human serum albumin and L-tryptophan were purchased
from Sigma Chemical Company and stored at 4 °C. All reagent grade com-
pounds were used without further purification.

Interspec 2020 FTIR spectrometer was used for recording IR spectra 
of KBr pellets in the range of 400—4000 cm�1. Electronic spectra were
recorded on UV-1700 PharmaSpec UV–vis spectrophotometer (Shimadzu).
Data were reported in lmax/nm. Emission spectra were determined with a
Hitachi F-2500 fluorescence spectrophotometer. Microanalyses of the com-
plexes were obtained on a Carlo Erba Analyzer Model 1108. 1H- and 13C-
NMR spectra were recorded on a Bruker DRX-300 spectrometer. Chemical
shifts were reported in d scale. EPR spectrum of copper(II) complex was
recorded on Varian E 112 spectrometer at the X-band frequency (9.1 GHz) at
liquid nitrogen temperature (LNT) using tetracyanoethylene (TCNE) as field
marker. Cyclic voltammetry was carried out at CH instrument electrochemi-
cal analyzer. All voltammetric experiments were performed in single com-
partmental cell of volume 10—15 ml containing a three-electrode system
comprised of a Pt-disk working electrode, Pt-wire as auxiliary electrode and
an Ag/AgCl electrode as reference electrode. The supporting electrolyte was
0.4 M KNO3 in milli-Q water. Deaerated solutions were used by purging N2

gas for 15 min prior to measurements. Molar conductance was measured at
room temperature on Digisun electronic conductivity bridge. Interaction of
complexes with calf thymus DNA was performed in 0.01 M Tris–HCl buffer
(pH 7.2). Solutions of calf thymus DNA in buffer gave a ratio of absorbance
at 260 nm and 280 nm of ca. 1.9 indicating that DNA was free from pro-
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tein.21) Viscosity measurements were carried out using Ostwald’s viscometer
at 29�0.01 °C. Flow time was measured with a digital stopwatch. Each sam-
ple was measured three times and an average flow time was calculated. Data
are presented as h /h0 versus binding ratio [M]/[DNA].22) Where h is a vis-
cosity of DNA in the presence of complexes and h0 is the viscosity of DNA
alone. Viscosity values were calculated from the observed flow time of DNA
containing solution (t�100 s) corrected for the flow time of buffer alone (t0),
h�t�t0. The intrinsic binding constant, Kb and Stern–Volmer quenching
constant, K of the complexes 1 and 2 to CT DNA were determined from Eq.
1 by UV–vis titrations and 2 (Stern–Volmer equations) by emission titra-
tions, respectively.23,24)

[DNA]/|e a�e f |�[DNA]/|eb�e f |�1/Kb|eb�e f | (1)

I0/I�1�Kr (2)

Where [DNA] represents the concentration of DNA, e a, e f and eb are the
apparent extinction coefficient Aobs/[M], the extinction coefficient for free
metal [M] complex and the extinction coefficient for metal [M] complex in
the fully bound form, respectively. In plots of [DNA]/e a�e f versus [DNA],
Kb is given by the ratio of slope to intercept. These absorption spectral titra-
tion experiments were performed in UV-1700 PharmaSpec UV–vis spec-
trophotometer (Shimadzu), by maintaining a constant concentration of metal
complex while varying the nucleic acid concentration. This was achieved by
dissolving an appropriate amount of metal complex and CT DNA stock so-
lutions while maintaining the total volume constant (3 ml). A reference cell
contained DNA alone to nullify the absorbance due to the DNA at the meas-
ured wavelength. The absorbance of broadened band in the intraligand re-
gions of each investigated complex was recorded after successive addition of
CT DNA. I0 and I are fluorescence intensities in absence and presence of CT
DNA, respectively. K is a linear Stern–Volmer quenching constant, r is the
ratio of the total concentration of the complex to that of DNA, [M]/[DNA].
In the plot of I0/I vs. r, the Stern–Volmer quenching constant K is given by
the intercept. Emission intensity measurements were carried out using Hi-
tachi F-2500 fluorescence spectrophotometer. Preliminary adjustments were
carried out using Tris–HCl buffer as blank. The excitation wavelength was
fixed and the emission range was adjusted before measurements. DNA was
pretreated with ethidium bromide (EthBr) for 30 min at 25 °C. The metal
complexes were then added to this mixture and their effect on the emission
intensity was measured.

The cleavage of supercoiled pBR322 DNA in absence of activating agents
was observed using gel electrophoresis. In reactions using supercoiled
pBR322 DNA 300 ng in Tris–HCl (10 mmol) buffer at pH 7.4 were treated
with complex 1 (0.05—0.2 mmol). The samples were incubated for 2 h at
37 °C. A loading buffer containing 25% bromophenol blue, 0.25% xylene
cyanol, 30% glycerol was added and electrophoresis was carried out at 60 V
for 2 h in Tris–HCl buffer using 1% agarose gel containing 1.0 mg/ml ethidi-
um bromide. To identify the reactive oxygen species involved in cleavage re-
actions, the radical scavenger dimethyl sulfoxide (DMSO) (5%) was intro-
duced.

The DNA cleavage with added reductant was monitored as in case of
cleavage experiment without added reductant using agarose gel elec-
trophoresis. Reactions using pBR322 DNA in Tris–HCl buffer at pH 7.4 was
treated with complex 1 (0.025—0.1 mmol) and ascorbic acid (0.01 mmol).
The samples were incubated for 0.5 h at 37 °C.

Similarly in photocleavage studies, reaction mixture was carried out under
illuminated conditions at 365 nm (12 W) monochromatic light source. The
samples were incubated for 1 h at 37 °C and analyzed for photocleaved prod-
ucts using gel electrophoresis as discussed above. Reaction using super-
coiled pBR322 plasmid DNA in Tris–HCl was treated with complex 1
(0.05—0.2 mmol). All the gels were viewed by UVP gel doc system and

photographed.
Synthesis. D-Glucose-bis pyrazolyl Cu(II) (1) To a solution of D-glu-

cose (1.80 g, 10 mmol) in 10 ml H2O was added CuCl2· 2H2O (1.71 g,
10 mmol) in 10 ml methanol; a green colored solution obtained was stirred
for 2 h at room temperature. A solution of pryazole (1.36 g, 20 mmol) in
10 ml methanol was added slowly to the reaction mixture, a fluorescent
green colored precipitate formed was filtered and washed thoroughly with
methanol and dried in vacuo. Yield 44%. mp 180 °C. UV/VIS (H2O): 747,
295, 220. IR (as KBr disc, cm�1) 3318 n (O–H), 2964 n (C–H), 1637 d
(HOH), 1512 n (C�C, C�N), 1324—1405 n (C–C) n (C–O), 1062—1101
n(C–H), 553 n (Cu–O), 429 n (Cu–N). ESI-MS: 431 [M]�. Anal. Calcd for
C12H24N4O9Cu: C 33.37, H 5.60, N 12.97; Found: C 33.21, H 5.58, N 12.94.

D-Glucose-bis pyrazolyl Ni(II) (2) The complex 2 was synthesized with
NiCl2· 6H2O (2.37 g, 10 mmol) by a similar method as described for 1. The
green colored product obtained was filtered, washed with methanol and
dried in vacuo. Yield 38%. mp ca. 170 °C (decomp.). UV/VIS (H2O): 644,
385, 220. IR (as KBr disc, cm�1) 3346 n (O–H), 2982 d (C–H), 1635 d
(HOH), 1538 n (C�C, C�N), 1324—1405 n (C–C) n (C–O), 1062—1101
n (C–H), 590 n (Ni–O), 430 n (Ni–N). 1H-NMR (400 MHz, D2O, 25°, d
ppm): 3.2—4.8 (skeleton protons of D-glucose); 6.1—7.6 (arom. pyrazole
H). 13C-NMR (75.44 MHz, D2O, 25°, d ppm): 91, 75.9, 74.07, 72.6, 60.1
(skeletal carbon atoms of D-glucose from C1—C6); 95.79 (arom. C) ESI-MS:
499 [M]�. Anal. Calcd for C12H32N4O13Ni: C 28.88, H 6.46, N 11.23;
Found: C 28.84, H 6.44, N 11.21.

Results and Discussion
D-Glucose-bis pyrazolyl metal complexes 1 and 2 were

synthesized by in situ reaction of metal complexes of D-glu-
cose and pyrazole. These complexes were characterized by
various analytical and spectroscopic methods. The coordina-
tion geometry around metal ion (M�Cu(II), Ni(II)) in 1 and
2 is square pyramidal. Spectroscopic studies and analytical
data support proposed structure (Chart 1). All the complexes
are soluble in H2O, DMSO and DMF. The molar conductance
measurements in H2O show that 1 and 2 are non-ionic in na-
ture. The binding studies with CT DNA were performed em-
ploying various techniques. Comparative in vitro binding
study of complex 1 towards different biomolecules was also
carried out to recognize the most favoured biomolecules
which possess highest binding affinity.

IR Spectra The IR spectra of complexes 1 and 2 exhibit
characteristic broad bands of metal bound saccharide moi-
eties in comparison to corresponding simple metal ion
adducts, which generally display sharp signals.25) The broad
and intense band observed in the range 3300—3416 cm�1

was assigned to n (OH) and indicates the breakage of hydro-
gen bonding.25) The secondary interaction of free hydroxyl
groups with metal ions in these complexes was indicated by
the shape, position and width of the bands. The n (OH) of
H2O also appears in this region but was overlapped with the
n (OH) bands.26) The IR spectra of 1 and 2 are shown in Fig.
1.

The bands observed at 2964 and 2982 cm�1 were assigned
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Chart 1. Proposed Structures of 1 and 2



to n (CH) stretching vibrations.27) The characteristic bands
observed at 1637 cm�1, 1635 cm�1 were attributed to d
(HOH), however, absorption bands at 1324—1405 cm�1 and
1062—1101 cm�1 were assigned to n (C–C), n (C–O) and n
(C–H), vibrations respectively.4) Additionally, bands at ca.
1512 cm�1 and 1538 cm�1 observed in the IR spectra of 1
and 2 were attributed to n (C�N–C�C) stretching vibration
of pyrazole.28—31) The far IR spectra of these complexes 
exhibit absorption bands at ca. 553, 590 cm�1 and 429,
430 cm�1 due to n (M–O) and n (M–N) vibrations, respec-
tively (M�Cu, Ni) which reveal the binding of saccharide
and secondary ligand to the metal ion.

NMR Spectra 1H- and 13C-NMR spectra of complex 2
were recorded in D2O. Resonances arising from different sac-
charide protons generally overlap resulting in broadening of
signals, and thereby individual resonances are difficult to
identify. However, complex 2 revealed broad envelope with
fine structure at d 3.1—4.8 ppm attributed to strongly cou-
pled skeletal proton signals of saccharides.32) The signals at
ca. 6.1—7.6 ppm were attributed to the aromatic protons of
pyrazole ring, respectively.28) However, resonances due NH
of heterocyclic moiety were not observed in both the com-
plexes, indicating, the formation of complex occurs through
dissociation of NH protons. Based on the coordination in-
duced shifts Dd (CIS�d complex�d ligand), 2 exhibited maxi-
mum shifts with C-3 and C-4 carbon atoms Dd�1.7 and 1.2
respectively, indicating the favorable interaction of C-3 and
C-4 hydroxyls with the metal ions though other carbon sig-
nals shifted to different extents due to the influence of metal
ion binding.33) The Dd values indicate that the metal ions
bound to saccharide OH of C-3 and C-4 atoms, in compari-
son to saccharide O�, which gives higher Dd values.26) The
complex 2 also revealed 13C resonances at 95.79 and
126 ppm, respectively which were assigned to carbon skelton
of pyrazole ligand.25)

EPR Spectrum The X-band EPR spectrum of 1 was
recorded at liquid nitrogen temperature (LNT) in solid state
using tetracyanoethylene (g�2.00277) as field marker. The
EPR spectrum of 1 exhibited a broad band having ‘g’
isotropic values 2.09 which are characteristic for square py-

ramidal enviroment. Similar spectra having ‘g’ isotropic val-
ues were reported earlier34,35) for metal saccharide complexes
composed of different metal ions. Such isotropic lines usu-
ally result due to intermolecular spin exchange, which broad-
ens the spectral lines. This intermolecular spin exchange is
caused by the strong spin coupling, which occurs during col-
lision of paramagnetic centers.

UV–Vis Spectra The electronic spectra measurement of
freshly prepared aqueous solutions of 1 and 2 were carried
out in the region 200—1100 nm. The UV–vis spectra of 1 re-
vealed prominent bands at 747 nm attributed to dxz, dyz→dx2–y2

ligand field transitions,36,37) which are followed by a shoulder
and strong bands in the UV region at 295, 246 and 220 nm
assigned to the ligand to metal charge transfer (LMCT) and
intraligand charge transfer (IL) bands, respectively. These re-
sults are typical of square pyramidal geometry around Cu2�

metal ion.36,37) The bands at 747 nm thus confirm the square
pyramidal geometry of 1 as deduced by EPR studies.

The electronic spectrum of complex 2 displayed a similar
spin allowed transition at 644 assigned to 3B1(F)→3E(F) 
transitions. These values are consistent with pentacoordinate
geometry around Ni2� metal ion.38,39) The spectra also exhib-
ited LMCT transition at 385 and 300 nm in addition to IL
band at 220 nm, respectively.

DNA Binding Studies. UV–Vis Absorption Titration
The interaction of complexes 1 and 2 with CT DNA was 
carried out by titrating fixed amount of complexes (0.067�
10�4

M) with increasing concentration of CT DNA (R�0—
4.97, R�[DNA]/[1, 2]). The absorption spectra of complexes
reveal hyperchromism with no blue or red shift at 260 nm,
however, slight red shift (1—2 nm) at 210 nm was observed
in the intraligand (IL) charge transfer bands. A similar hyper-
chromic effect has been observed for IL bands of certain
metal complexes when interacted with CT DNA.40) The per-
centage hyperchromism observed was found to be independ-
ent of the concentration of added DNA, revealing that the
origin of hyperchromism might lie in the mechanism of in-
teraction of the complex with DNA. The percent hyper-
chromism observed for 1 and 2 is given in Table 1. Further
the “hyperchromic effect” observed on the addition of CT
DNA to 1 and 2 reflects the structural damage to the second-
ary structure of DNA duplex as a consequence of strong
binding of the complexes.41) This is attributed to the covalent
binding of the complexes to the CT DNA via N7 of guanine
nucleobase of DNA double helix. Furthermore, the presence
of heterocyclic rings can facilitate partial intercalation by in-
sertion of the complexes into the adjacent base pairs of DNA.
The binding strength of 1 and 2 has been compared quantita-
tively by calculating Kb values using Eq. 1, monitoring the
changes in IL bands with increasing concentration of CT
DNA (Figs. 2i, ii). The Kb values of 1 and 2 are shown in
Table 1. The Kb value of 1 shows multifold increase in com-
parison to Kb value of 2, which has been attributed to the
stronger affinity of copper complexes for sequence specific
binding to N7 nucleobase of DNA.42) Copper complexes are
avid DNA binders in comparison to other transition metal
complexes.42) The Kb values of the complexes are smaller
than classical intercalators ethidium bromide (where Kb val-
ues are in the order of 107

M
�1),43) therefore intercalating

mode of binding of complexes to DNA is ruled out.
Comparative Binding Studies In a drug delivery, cellu-
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Fig. 1. IR Spectra of Complexes 1 (i) and 2 (ii)



lar uptake processes aquation and interaction of drugs with
biologically relevant molecules like serum transport proteins
and DNA plays important role in its mode of action.44,45)

Tryptophan plays a fundamental role in membrane proteins.
The indole side chain has both hydrophobic and hydrophilic
character, and consequently, it partitions at the hydropho-
bic–hydrophilic interface in lipid bilayers.46) Tryptophan may
indeed play an important role in stabilizing membrane 
proteins through electrostatic interactions at the lipid bilayer
surface. Recently, it has been suggested through computa-
tional,47) electrophysiological,48) fluorescence49) and NMR50)

studies that the indole N–H groups may have hydrogen bond-
ing with the aqueous interface or directly to the lipid mole-
cules. This appears to stabilize the protein in the bilayer.48)

Furthermore, the indole possesses a substantial permanent
dipole moment. The orientation of this dipole moment may
have a significant effect on the ionic interactions of mem-
brane proteins, and in this molecular system the tryptophan
dipole moment appears to have a direct effect on the conduc-
tance of cations. Therefore, based on these reasons we can

conclude that metal complexes before encountering the DNA
has to pass through the membrane consisting of proteins rich
in aminoacids and how much binding affinity is exhibited by
metal complexes towards these aminoacids, particularly tryp-
tophan. Indole, an electron-rich aromatic moiety is known to
form a hydrophobic environment in proteins and to be in-
volved in enzymatic reactions. In addition to the redox activi-
ties and various weak interactions, it shows versatile metal
binding abilities through the nitrogen and carbon atoms. The
review focusing on the properties of the indole ring in and
around the coordination sphere and the structures and bond-
ing modes of Cu(I), Cu(II), Pd(II), and Pt(II) complexes of
indole-containing ligands has been recently published by
Shimazaki et al.51) in which they have discussed the struc-
tures, and reactivities of the indole ring as observed for the
metal complexes with various ligands including 3N-, 2N1O-,
and 2N-tripod-like ligands containing one or two proximal
indole rings. Therefore from these observations it is probable
that L-tryptophan can interact with the metal complex via co-
ordination through indole N-atom to occupy the vacant sixth
coordination site.

The comparative binding studies have been monitored by
different methods,52—55) which have emerged as important
tool in metallo-drug discovery. We have utilized absorption
spectral method to carry out an in vitro “binding study” of
complex 1 with biomolecules (HSA, L-tryptophan) and their
mixtures with CT DNA. The absorption spectral titration, at
a constant concentration of 1 (0.067�10�4

M) was carried out
with increasing concentration of biomolecules (DNA, HSA,
L-tryptophan) (R�0—4.97, R�[biomolecules]/[1], and their
mixtures). The spectral titration of 1 with HSA exhibit a hy-
perchromism with a red shift at 201, 277 nm of 14 nm and
3 nm, respectively, however no shift was observed at 260 nm.
On increasing the concentration of L-tryptophan, the absorp-
tion spectra of 1 displayed hyperchromic effect with no batho
or hypsochromic shift at 218 nm and 260 nm. The intrinsic
binding constant Kb were 3.16�105

M
�1 and 4.33�105

M
�1

for HSA and L-tryptophan, respectively.
The mixtures of HSA and CT DNA exhibited hyper-

chromism at 200 nm and 260—277 nm. A bathochromic shift
of 14 nm was observed at 260—277 nm. On increasing the
equimolar ratio of HSA and DNA mixture, a sharp decrease
in binding constant value (3.5�104

M
�1) in comparison to

that for DNA alone was observed. The absorption spectral
titration of mixtures of L-tryptophan and CT DNA revealed
hyperchromism at 218, 260—280 nm with no red shift. The
Kb value (7.14�105

M
�1) was almost half in magnitude in

comparison to that for CT DNA. Similarly, the absorption
titration of mixtures of HSA, L-tryptophan and DNA also
featured hyperchromism at 200 and 260—280 nm with a red
shift of 14 nm at 200 nm wavelength. The Kb value was more
than 100 times lower in magnitude in comparison to that of
CT DNA. The Kb values of complex 1 towards these biomol-
ecules and their mixtures are shown in Table 2. Therefore,
comparative binding study of 1 with human serum albumin,
L-tryptophan and their mixtures with CT DNA were carried
out to recognize the most favored biomolecule for which it
displays highest binding ability, further multifold decrease in
binding ability of 1 with mixtures of these biomolecules were
observed. On the basis of absorption spectral data, it was ob-
served that 1 shows highest affinity towards the main cellular
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Fig. 2. Absorption Spectral Traces of 1 (i) and 2 (ii) in Tris–HCl Buffer
upon Addition of CT DNA

Inset; plots of [DNA]/e a�e f versus [DNA] for the titration of CT DNA with com-
plexes, (�), (�) experimental data points; full lines, linear fitting data.

Table 1. Absorption Spectral and Emission Properties of Complexes 1 and
2 Bound to CT DNA

Complex Kb (105
M

�1) Kr % Hyperchromism

1 13.4 1.33 54
2 4.5 0.55 50



target DNA.
Cyclic Voltammetry Cyclic voltammetry has been used

to probe the interaction (electrostatic or intercalation) of
metal complexes with CT DNA.56) This technique has been
successfully employed to discriminate the enantioselective
interaction of metal complexes with CT DNA.57) The appli-
cation of cyclic voltammetry to the study of interaction of
redox-active metal complexes with DNA provides a useful
complement to the spectral and viscometeric studies. The
cyclic voltammetric (CV) responses of 1 and 2 in the absence
and presence of CT DNA are well defined (Figs. 3i, ii). The
cyclic voltammograms of 1 and 2 in the absence of DNA re-
veal a non-Nerstian but fairly reversible/quasireversible one
electron redox process involving Mn/Mn�1 couple (M�Cu,
Ni, n�2) as judged from peak potential separation of
0.081—0.386 V (0.59 V for a one electron transfer process).
For both complexes, the peak current ratios Ipa/Ipc are far
from unity (unity for chemically reversible redox system),
suggesting a quasireversible electron transfer. At different
scan rates (0.1—0.3 V s�1), the cyclic volatmmograms of 1
and 2 do not show any major changes. On addition of CT
DNA to the complexes, the peak potential separation DEp de-
creases. The E1/2 values of DNA-bound complexes follow the
same order as that for free complexes. The net shift in E1/2

can be used to estimate the ratio of equilibrium constants for
Mn� and M(n�1)� complexes to DNA using equation,

Eb
o��Ef

o��0.059 log(K�
(n�1)/Kn

�)

Where Eb
o�, Ef

o� are the formal potentials of Mn�/M(n�1)�

couples in the free and bound forms, respectively and Kn�1,
Kn are corresponding binding constants for the binding of
(n�1) and n species to DNA, respectively. The K�

(n�1)/Kn
�

are binding constants for respective species to DNA. Interest-
ingly K�

(n�1) and Kn
� values of complexes 1 and 2 are near

unity, which suggest that they are involved in DNA interac-
tion favoring both oxidation states equally. A similar obser-
vation has been made by Mahadaven et al.58—60) Further-
more, the significant shift in the electrode potentials and
peak current ratios on addition of CT DNA can be explained
in terms of the diffusion of an equilibrium mixture of free

and DNA bound metal complexes to the electrode surface61)

thus implying a strong binding of 1 and 2 with CT DNA. A
summary of the voltammetric results for the complexes 1 and
2 in the absence and the presence of CT DNA are given in
Table 3.

Fluorescence Spectral Studies The interaction between
complexes 1 and 2 with CT DNA was also investigated by
changes in fluorescence characteristics of the complexes
upon binding to the CT DNA. Competitive ethidium bromide
(EthBr) binding study was undertaken to understand the
mode of CT DNA interaction of 1 and 2. The molecular fluo-
rophore EthBr emits intense fluorescence in the presence of
CT DNA due to its strong intercalation between the adjacent
DNA base pairs. The addition of the second molecule, which
binds to DNA more strongly than EthBr, would quench the
DNA-induced EthBr.62) The extent of quenching of the fluo-
rescence of EthBr bound to DNA would reflect the extent of
DNA binding of the second molecule. On addition of com-
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Table 2. Absorption Spectral Properties of Complex 1 Bound to CT DNA,
HSA, L-Tryptophan, HSA�DNA, L-Tryptophan�DNA, HSA�L-Trypto-
phan�DNA

Complex 1 Kb

DNA 13.4 (105
M

�1)
HSA 3.16 (105

M
�1)

Tryptophan 4.33 (105
M

�1)
HSA�DNA 3.5 (104

M
�1)

Tryptophan�DNA 7.14 (104
M

�1)
HSA�tryptophan�DNA 1.16 (104

M
�1)

Table 3. Cyclic Voltammetric Results of Complexes 1 and 2 in the Absence and Presence of CT DNA

Complex Epc (V) Epa (V) E1/2 (V) DEp (V) Ipa/Ipc K�
(n�1)/Kn

�

1 �0.5651 �0.3718 �0.468 0.386 0.5446 1.37
1�DNA �0.539 �0.3804 �0.46 0.1595 0.25

2 �0.5707 �0.3533 �0.462 0.217 0.382 1.08
2�DNA �0.552 �0.3725 �0.46 0.179 0.3322

Fig. 3. Cyclic Voltammograms of 1 (i) and 2 (ii) at a Scan Rate 0.3 V s�1

in H2O (a) 1 and 2 in the Absence of CT DNA, (b) 1 and 2 in the Presence
of CT DNA



plexes (6.67�10�5—33�10�5
M) to DNA pretreated with

EthBr ([DNA]/[EthBr]�1) the decrease in emission intensity
was observed (Figs. 4i, ii). The emission intensity in absence
and presence of CT DNA of 1 and 2 is depicted in Fig. 5.
Two mechanisms have been proposed to account for quench-
ing of EthBr emission, the replacement of molecular fluo-
rophore and/or electron transfer. The non replacement-based
quenching has been suggested with DNA-mediated electron
transfer from the excited ethidium bromide to acceptor 1 and
2 metal complexes. If all the complexes follow any one of the

two mechanisms then the extent of replacement of EthBr
should be higher than the observed values. As there is no
complete quenching of the EthBr-induced emission intensity,
an intercalative mode of DNA-binding of 1 and 2 observed
values is ruled out. Further, the quenching extents “K” for 1
and 2 have been estimated by using Stern–Volmer Eq. 2 and
are given in Table 1. The enhanced “K” values for complexes
1 supports absorption spectral studies. A possible mode of
binding could be covalent binding of 1 and 2 with the nitro-
gen donors of purine, which might facilitate the uncoiling of
double strand, thus decreasing the DNA-EthBr fluorescence
intensity.63)

DNA Cleavage Studies The potential of metal com-
plexes to act as nuclease mimic agents and enhance the
cleavage of nucleic acids has attracted significant atten-
tion.64—66) The role of metal complexes in DNA hydrolysis
appears to include the positioning of both the substrate and
of a coordinated water to act as an activated nucleophile.67)

The DNA cleavage ability of the complex 1 was assessed 
by incubating it with supercoiled (SC) pBR322 DNA in
Tris–HCl buffer for 2 h without addition of a reductant. The
reaction mixture was subjected to agarose gel electrophoresis
and a concentration dependant DNA cleavage was observed
Fig. 6i. With increase in concentration of 1 more intense
nicked form (Form II) was observed, whereas there was no
conversion to linear form (Form III). Form I and II of
pBR322 DNA were visible on the gel indicating that 1 was
involved in DNA cleavage.

To ascertain whether any favorable reducing agent added
to the reaction mixture could account for increased super-
coiled pBR322 DNA degradation by 1, cleavage reaction was
performed in aerobic conditions by adding ascorbic acid to
the reaction mixture containing supercoiled pBR322 DNA in
Tris–HCl buffer (Fig. 6ii). In the control experiment using
ascorbic acid alone, no cleavage of pBR322 DNA was ob-
served. On increasing the concentration of 1 complete con-
version of SC (Form I) to NC (Form II) and LC (Form III)
was observed involving a double strand DNA cleavage.68)

The increased nuclease activity of 1 is apparently caused by
enhanced stabilization of Cu(I) species formed by reduction
of 1 by ascorbic acid. This suggests a probable mechanism
involving the generation of hydroxyl radicals from ascorbic
acid.69) Similar hydroxyl radical promoted DNA damages
have been reported.70) Furthermore, when the hydroxyl radi-
cal scavenger DMSO was added to the reaction mixture of 1,
the cleavage reaction was inhibited, revealing that a freely
diffusible hydroxyl radical is the reactive oxygen species di-
rectly responsible for initiation of cleavage reaction.

The DNA cleavage activity of 1 with increasing concentra-
tion were also carried out using SC pBR322 DNA in Tris–
HCl buffer and upon irradiation with UV light of 365 nm
(Fig. 6iii) and involves double strand DNA cleavage to gen-
erate nicked form through single-strand breaks,70) revealing
that 1 is an active species. Addition of hydroxyl radical scav-
enger DMSO to the reaction mixture tends to inhibit the
cleavage reaction, suggesting the involvement of hydroxyl
radical, in the photocleavage reactions. It can be suggested
that photoexcited complex would follow a mechanistic path-
way involving one or two electron reduction of the oxygen
molecule to generate hydroxyl radicals rather than conver-
sion of oxygen molecule to singlet oxygen, which is gener-
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Fig. 4. Emission Spectra of 1 (i) and 2 (ii) in the Presence of DNA in
Tris–HCl Buffer

Fig. 5. Plots of I0/I versus [M]/[DNA], [M]�[1], [2]



ally observed in the photodynamic therapy cycle.71)

Viscosity Measurements To further explore the binding
mode of complexes 1 and 2 to CT DNA, viscometric studies
were carried out by measuring the flow rate of CT DNA
through a viscometer as a function of concentration of added
complexes (1/R�[M]/[DNA], (M�1, 2). The hydrodynamic
changes are result of the changes in length of molecules, 

the diminished bending between layers and the diminished
length-specific mass.72) The decrease in relative viscosity ob-
served for 1 and 2 suggest the hydrophobic interaction be-
tween complexes with DNA surface, encouraged by partial
intercalation and covalent bonding interaction, leading to
bending (kinking) of the DNA chain.73,74) The relative spe-
cific viscosity of DNA with increasing the concentration of 1
and 2 is shown in Fig. 7.

Conclusion
New metal complexes 1 and 2 have been isolated and char-

acterized by various spectroscopic techniques with an aim to
develop robust cancer chemotherapeutic agents. Complexes
1 and 2 possess a square pyramidal geometry as diagnosed
by ligand field and EPR spectra. The DNA binding studies
reveal a covalent binding mode of 1 and 2 and to CT DNA.
In vitro model binding study of complex 1 with different bio-
molecules and their mixtures with CT DNA also support that
the DNA is the most favored biomolecule. Complexes 1 and
2 also facilitate the quenching of ethidium bromide induced
DNA emission by stabilizing the DNA conformation. Plas-
mid circular DNA (pBR322) cleavage experiments of com-
plex 1 have been carried out employing gel electrophoresis.
The complex 1 shows a unique ability to affect DNA double
strand scission by hydrolytic (in absence of a reductant), ox-
idative and photocleavage reactions. Therefore, it is proposed
that newly synthesized D-glucose-bis pyrazolyl Cu(II) com-
plex 1 can be a better DNA binding and cleaving agent.
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