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New copper(ll) complexes of anti-inflammatory drug
mefenamic acid: a concerted study including synthesis,
physicochemical characterization and their biological
evaluation.

Raj Pal Sharma,”” Santosh Kumar,’ Paloth Venugopalan,® Valeria Ferretti,”” Alketa Tarushi,®
George Psomas © and Maciej Witwicki®

Reaction of hydrated copper(ll) mefenamate in presence of diverse N-donor ligands such as
N,N,N’,N’-tetramethylethylenediamine (temed), ethylenediamine (en), f-picoline (f-pic) in
methanol:water mixture (4:1, v/v) yielded crystalline monomeric copper(ll) complexes
[Cu(temed)(mefenamato),], 1, [Cu(en),(H,0),](mefenamato),, 2 and [Cu(p-
pic),(mefenamato),]-H,0, 3. The newly synthesized complexes have been characterized by
elemental analysis, spectroscopic methods (FT-IR, UV-Vis and EPR), thermogravimetric
analyses and single-crystal X-ray structure determination in the case of complexes 2 and 3.
The ground-state geometry optimization of complex 1 was performed by DFT calculations. In
order to verify the complexes capability to get bound and possibly transported by the albumin
towards their biological targets (cells and/or tissues), the interaction with bovine (BSA) and
human serum albumin (HSA) was studied by fluorescence emission spectroscopy. The
interaction of complexes 1-3 with calf-thymus DNA (CT DNA) was monitored by UV-Vis
spectroscopy, cyclic voltammetry, viscosity measurements and via the ethidium bromide (EB)
displacement from the EB-DNA conjugate performed by fluorescence emission spectroscopy,
as a preliminary approach to evaluate their potential biological activity.

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) constitute an
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important class of compounds to alleviate inflammation and
pain associated with disease or injury etc.; they exert their
therapeutic effects by inhibiting the release of prostaglandin
and thromboxane hormone produced in human body by
enzymatic transformation.!* However, beyond certain limit,
the use of NSAIDs is associated with various side effects such
as kidney failure and gastrointestinal problems.w Synthesis,
physicochemical and structural investigations of metal
complexes with active pharmaceuticals NSAIDs in which the
drug molecules play a role of ligand when deprotonated (i.e.,
as anion) have been regarded as a research area of increasing
interest for inorganic, pharmaceutical and medicinal
chemistry.[S] In comparison with NSAIDs, the metal centre in
metal-NSAID complexes has possibility of different
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coordination numbers, geometries and oxidation/reduction
states that can be used to create structures which interact
with target in unique ways. Moreover, these metal complexes
may have lower toxicity and higher pharmaceutical effects as
compared to free drug owing to the inhibition of metal
complexation with other important biological compounds.[s’sl
Structural formulae of some common NSAIDs are given in
Scheme 1.
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Scheme 1. Structural formulae of some commonly used NSAIDs.

Most of the commonly used NSAIDs contain a carboxylic group
(—COOH) which, when deprotonated, may exhibit a variety of
coordination modes towards metal ions as shown in Fig. 1.

R R R R
)“\ )\ “\ /j\ /L
o™ Son of o o7 Jpu 07 o
\ N ] | |

M [] M M
1 helati ic bridging  syn, syn
R R
R R
" L L "

/M )\ LN )\\
T—’ AN / T" o \o-" o
] M I|l |!|

syn, anti anti, anti- syn, anti, anti- sym, sym, anii-

Fig. 1 Various possible coordination modes of carboxylate group in NSAIDs
towards metal center. Out of these most commonly observed are monodentate
(1), bidentate chelating (2) and bidentate bridging (all others).

Metal arylcarboxylates are among the most studied complexes
due to their important biological properties.[g’m] The
combination of two or more different ligands into the same
compound may bring multitherapeutic effects leading to
synergetic action of the metal residue with dissociated
molecular fragments from metal-NSAIDs inside the target
tissue. In this direction, certain biometals such as copper might
play an important role because of its presence in biological
system and furthermore, copper(ll) complexes with NSAIDs
have been found to have more pronounced biological
activities such as anti-bacterial, anti-cancer, DNA-binding, BSA-
binding and DNA cleavage activities."*

Judicious selection of mefenamic acid as complexing ligand
(Hmef, 2-[(2,3-dimethylphenyl)-amino]-benzoic acid or N-(2,3-
xylyl)anthranilic acid) is based on the fact that it is the most
effective NSAID used in clinics because of its favourable anti-
inflammatory and analgesic properties. On the other hand,
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Hmef also exhibits some side-effects (headaches, diarrhea,
vomiting and nervousness) similar to other NSAIDs 628 s
complexation with transition metal ions may reduce or
diminish completely the side-effects. In this direction eventual
isolation of copper(ll) complexes with NSAIDs and successful
lattice stabilization by exploiting the role of different non-
covalent interactions necessitates the orientation of the
interacting species (anions and cations) towards biomolecules.
The mode of coordination of arylcarboxylate group towards a
metal center can be altered to large extent by use of nitrogen-
donor ligands. Moreover, nitrogen-donor ligands enhance the
biological activities of transition metal complexes by altering
coordination modes of other ligands towards metal center e.g.
antitumor activity of the monomeric [Cu(asp),(py),] is higher
than dimeric [Cu,(asp),], where pyridine is a nitrogen-donor
Iigand.[w] In addition, nitrogen-donor ligands such as
putrescine, spermine and spermidine occur in relatively higher
concentration in the cells of all living organisms and take part
in many biochemical processes.[zol

To study the effect of different nitrogen-donor ligands, we
have chosen, beside the mefenamate as carboxylate anion, the
monodentate nitrogen-donor ligand B-picoline (f-pic) and the
bidentate N-donor ligands ethylenediamine (en) and N,N,N’,N’-
tetramethylenethylene-diamine (temed) (Scheme 2).

(a) (©

Scheme 2.Nitrogen-donor ligands used in present work: (a) temed, (b) en,
picand (d) mefenamic acid.
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The interaction of the resultant complexes with bovine (BSA)
and human serum albumin (HSA) was studied in order to
examine the possibility of such complexes to get bound and
possibly transported by the albumins towards their biological
targets (inflammated tissues and/or (cancer) cells, free
radicals, DNA) in order to design target-specific drugs. As a
part of our continuous interest in copper(ll) complexes,[21'24]
we report herein, the synthesis, characterization and biological
evaluation (interaction with BSA and HSA as well as with calf-
thymus (CT) DNA) of three novel copper(ll)-mefenamate
complexes, i.e. [Cu(temed)(mef),], 1, [Cu(en),(H,0),](mef),, 2
and [Cu(f-pic),(mef),]-H,0, 3.

Results and discussion

The hydrated copper(ll) mefenamate was obtained by reacting
hydrated copper sulfate with sodium salt of mefenamic acid as
shown in Scheme 3 (eq. (i)). The precipitated product was then
suspended in methanol-water mixture (4:1, v/v) followed by
the addition of different nitrogen-donor ligands (temed, en
and f-pic) with continuous stirring until a clear solution was
observed in each case. Upon slow evaporation of respective
resultant reaction mixtures at room temperature, three
complexes 1, 2 and 3 were isolated in good yields from

This journal is © The Royal Society of Chemistry 2012
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respective solutions as shown in Scheme 3 (equations (ii)a-

(ii)(c)).

H,O, RT

CuS04.5H;0+2NaOH + 2H-mef—————{Cu(mel),.(H,0),]+Na, SO, ------ [i]

‘L’”Im‘-‘-ﬂ-{(‘u(h'nm.’](nwi‘l:] -------------- [ii(a)]

MeOH Il O, enfexcess)

[Cu(mef),.(H,0),} [Cu(en)s(H,0),](mef)y=========== [ii(b)]

-picoling : ”
I(:iw:) [Cu(f-pic)y(mef),;](H0)--------- [ii(c)]
COOH

where H-mef" L]/L b

remed =N,N,N',N'-tetramethylethylenediamine
en =cthylenediamine.
f-pic =[-picoline

Scheme 3. Schematic representation of the synthesis of complexes 1-3 i.e.
[Cu(temed)(mef),], 1, [Cu(en),(H,0).](mef),, 2 and [Cu(S-pic),(mef),]-H,0, 3.

The elemental analyses of newly synthesized complexes
closely corresponded to structural formulae of monomeric

copper(ll) complexes [Cu(temed)(mef),], 1
[Cu(en),(H,0),](mef),, 2 and [Cu(B-pic),(mef),]-H,0, 3,
respectively. However, single-crystal X-ray structure

determination of complexes 2 and 3 revealed the presence of
different coordination modes of mefenamate ligand towards
copper(ll) ion in presence of different nitrogen-donor ligands
resulting in different packing patterns in both complexes.

The newly synthesized complexes have been characterized by
FT-IR and UV-vis spectroscopy. Infrared spectra of 1-3 were
recorded in the region 4000-400 em™ and tentative bands
assignments has been made on the basis of earlier reports in
literature.”>?* In complex 1, no significant broad peak was
observed in the region 3500-3350 cm™ indicating the absence
of water molecules. The absorption band at 3585 em™ in
complex 2 was assigned to O-H stretching vibration of
coordinated water molecules to copper(ll) centre. In complex
3, absorption peak at 3217 cm™ was assigned to O-H stretching
vibration of water molecule. The sharp absorption peak at
3128 cm™ for complex 2 was assigned to N-H stretching
frequency of mefenamate or ethylenediamine ligands. The
absorption bands in the region 3000-2900 cm™ were assigned
to C(spz)-H stretching vibration. The absorption bands in the
region 1630-1600 em™ were assigned to C=C stretching
vibration. In-plane deformation modes of NH group of
mefenamate in the region 1650-1660 and 1505-1510 em™ do
not show any significant variation upon complexation with
metal ion in all the complexes prepared as compared to the
values in free anion indicated that NH group of mefenamate
anion does not participate in bonding to copper(ll) metal
center.?”?® The sharp absorption peak at 1650 cm™ observed
in mefenamic acid disappeared on formation of sodium salt
and two new bands appeared at 1612 em™ and 1373 cm™
corresponding to v,,(COO0) and v,(COO) stretching vibrations of

This journal is © The Royal Society of Chemistry 2012
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carboxylate group.[29’3°] The parameter Av (= v,,(CO0)-v,(COO))
is an important tool in assigning the mode of coordination of
carboxylate ligand in metal-carboxylates. Amongst
coordination modes of carboxylate coordination, i) ionic, ii)
unidentate, iii) bidentate chelating are the most common. In
complex 2, the Av(COO) value of 189 cm™ falls in the range
(160 - 210 cm’l) observed for various ionic complexes e.g.
sodium formate (Av = 201 cm'l), sodium acetate (Av = 164 cm’
1), sodium mefenamate (Av = 190 cm'l) etc. The Av values of
254 cm™ in complex 1 and 129 cm™ in complex 3 indicated
asymmetric bidentate as observed in Ph,Sn(CH;-COO),: Av =
265 cm'l) and bidentate chelating coordination mode,
respectively. The symmetric deformation vibrations of the —
CH; group of mefenamate in complexes 1-3 were observed in
the region 1300-1100 cm™, while the absorption peaks
observed in the region 1000-620 cm™ might be assigned to in-
plane bending and out-of-plane deformation vibrations of
hydrogen atoms on aromatic rings. The absorption peaks
observed around 500 cm™ in complexes 1-3 are within the
range reported for Cu-O and Cu-N stretching frequencies in
the literature. The FT-infrared spectra for complexes 1-3 are
shown in Fig. S1 of the Supporting Information.

Description of crystal structures and DFT calculations. The
ORTEP diagrams of complexes 2 and 3 are given in Fig. 2 and 3,
respectively. Selected bond lengths and bond angles are
summarized in Table 1. Both structures crystallized in triclinic
crystal system with P-1 space group; in both structures, the
metal atoms lie on a symmetry centre. The coordination
geometry around the copper in complex 2 can be described as
elongated octahedral, the central atom being bonded to two
chelating ethylenediamine ligands and two water molecules in
apical position. The Cu-N/-O bond distances agree well with
those of similar reported complexes; in particular, the Cu-O,q,,
mean distance in octahedral diaquacopper complexes having
the remaining position occupied by N-ligands is 2.49(1) A (CSD
search, 231 hits). The mefenamate anions are outside the Cu-
first coordination sphere resulting into ionic complex
formation.

Fig. 2 ORTEP diagram and atom numbering scheme for the cation
{[Cu(en)z(HZO)z](mef)}1+ in complex 2. Ellipsoids are drawn at 40% probability.

J. Name., 2012, 00, 1-3 | 3
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Fig. 3 (A) ORTEPIII diagram and atom numbering scheme of the two neutral
coordination entities in complex 3 (in arbitrary orientation). The water molecule
has been omitted for clarity. Ellipsoids are drawn at 40% probability; (B) the two
complexes connected by the water molecule.

Table 1. Selected bond distances and angles (A, 2)

Complex 2 Complex 3

Cul-N1 2.018(2) Cul-N1 2.000(3)
Cul-01W 2.494(2) Cul-01 1.938(3)
Cul-N2 2.015(2) Cu2-N3 2.031(6)

Cu2-03 1.928(3)
N1-Cul-0O1W  85.77(7) N1-Cul-01 88.6(1)
N1-Cul-N2  84.75(8) N1-Cul-01' 91.4(1)
Olw—Cu-N1' 94.28(7) N3-Cu2-03 89.7(2)
O1W-Cul-N2  90.15(7) N3-Cu2-03" 90.3(2)
N1-Cul-N2' 95.26(8)

Equivalent positions:(i) -x,-y,1-z; (i) -x,-y,1-z; (ii) -x-1,-y,1-z

Conversely, in complex 3, the asymmetric unit is formed by
two half copper complexes, that are crystallographically
independent, and a water molecule located at 2.670(4) and
3.037(4) A from the two central atoms Cul and Cu2,
respectively (Fig. 3(B)). Each copper atom is linked to two B-
picoline ligands and two mefenamate ligands coordinating in
monodentate fashion. Due to the quite long Cu-Ow distances,
in both cases the coordination geometry can be formally
described as square planar; actually, taking into account only
the basal ligands, the bond valence sum®is 2.02 A and 1.96 &
for Cul and Cu2, respectively.

In both complexes 2 and 3, the crystal architecture is
dominated by the formation of N/O-H...O hydrogen bonds. In
complex 2, the scarceness of good H-bond acceptor groups in
combination with the profusion of H-bond donors makes
possible the formation of bi-or trifurcated hydrogen-bonding
interactions (as an example, see Fig. 2). Actually, each aqua
ligand as well as the -NH, or -NH groups act as donors in intra-

4| J. Name., 2012, 00, 1-3

and intermolecular O/N-H..O bonds towards the oxygen
atoms of the carboxylate group in mefenamate. The overall
structure is made of organic/inorganic layers parallel to the b
direction; besides O-H...O and N-H...O hydrogen-bonds, (see
Table S1 of the Supplementary Information) it is stabilized also
by N-H....w interactions with a H...Centroid (C4-C9) distance of
2.70A and a N1-H...Centroid angle of 146° (Fig. S2).
Conversely, in complex 3 the characteristic feature of the
packing pattern is the formation of chain as shown in Fig. S3.
The free water molecule joins the adjacent neutral copper
complexes not only through Ow...metal short contacts, but
also via the formation of Ow-H...O hydrogen bonds involving
the non-coordinated carboxylate oxygen. The junction of the
molecules in the chain is made tighter by strong N-H...O
interactions (Table S1).

The crystals of complex 1 appeared good but did not diffract X-
rays. Therefore, to find out a plausible structure for complex 1,
DFT calculations were carried out. It was disclosed that the
molecular structure of complex 1 is expected to be strongly
distorted (see dihedral angles in Fig. 4) but the distances
between Cu and axial oxygen atoms are longer than those
between the central metal ion and any equatorial donor atom.
As can be expected for such a structure of Cu(ll) complex, the
unpaired electron occupies a molecular orbital with significant

contribution of the 3d,z_, atomic orbital of copper.

distances:

CuN1 2126 A
CuN2 2.076 A
Cu~0l 19734
Cu+02 1.989 A
Cu~03 2.489 A
Cu-04 24224
dihedral angles:
O1-Cur-N1-N2 154.2°
02--CuN1-+N2  -85.6°

SOMO

Spin Density

Fig. 4 Structure, singly occupied molecular orbital (SOMO) and spin density iso
surfaces of complex 1. All predicted at the ZORA/UB3LYP/def2-TZVP level.
Hydrogen atoms were removed for clarity.

Coordination behaviour of mefenamate ligand towards
copper(ll) centre in presence of different nitrogen-donor
ligands to form complexes 1-3 was further investigated by EPR
spectroscopy.

This journal is © The Royal Society of Chemistry 2012
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EPR Spectroscopy. According to the elemental analysis (see
Experimental section) complex 1 incorporates two
mefenamato ligands and one temed ligand and, therefore,
Cu(ll) is expected to be coordinated to two nitrogen and two
oxygen donor atoms. X- and Q-band EPR spectra of powdered
complex 1 (Fig. S4) revealed g; = 2.178, g, = 2.155, and g5 =
2.035. The shape of the signals at the particular g-components
might imply their reverse relation (an indication of compressed
octahedral and {d,2}' ground state) and the observed value of
g, is relatively close to 2.0 as expected in such a case. ¥
However, the value of g, is dramatically lower than the ones
known for the Cu(ll) complexes with two N and two O donor
atoms.®¥ This fact indicates that the observed g-components
result from the coupling of g-tensors from coordination
polyhedra non-parallel aligned in the crystal structure of
complex 1 and, therefore, they are likely to sharply differ from
the molecular g,, g, and g, values.?>*® This interpretation

stays in line with the molecular structure and {dxz_yz}l
ground state predicted by DFT. In addition, the g-components
were calculated at the ZORA/UB3LYP/def2-TZVP theory level
and these theoretical values (g, = 2.201, g, = 2.064, and g, =

2.062) are a characteristic of Cu(ll) complex with a {dxz_yz}l
ground state.

The EPR spectra of powdered complex 2 are typical for axial
symmetry of Cu(ll) coordination polyhedron with a limited
rhombic distortion (g, = 2.221, g, = 2.052, and g, = 2.047). This
stays in line with the structure of complex 2 determined from
the X-Ray diffraction experiment. Although complex 3 may be
considered as Cu(ll) dimer with the two Cu(ll) cations bridged
by a water molecule, the EPR spectra of complex 3 clearly
indicate that it is not an exchange coupled system. The lack of
exchange coupling is most likely due to relatively large
distance between the Cu(ll) ions, that is 5.648 A. It is worth to
emphasize that EPR spectra of complex 3 reveal not only the g-
parameters (g, = 2.280, g, = 2.067, and g, = 2.058) but also
hyperfine coupling; approximately a,(Cu) = 170 Gauss.
Conductance measurements. Conductance measurements of
complex 2 were carried out at 25 °C in aqueous medium and a
plot of K (molar conductance) versus c? (square root of
concentration) was drawn. When the concentration was
extrapolated to zero, it gave A, = 238 S.cm”mol™. This value
falls in the range observed for 1:2 electrolytes.[37] Therefore,
conductance measurements revealed that complex 2 behaves
as 1:2 electrolyte in aqueous medium supporting ionic
formulation of this complex i.e. [Cu(en),(H,0),](mefenamate),.
A plot of K (molar conductance) versus C”° (square root of
concentration) is shown in Fig. S5. For complexes 1 and 3,
conductance measurements were not performed as these
complexes are covalent in nature and do not dissociate in
aqueous medium and other polar solvents.

Thermogravimetric analyses. Thermogravimetric studies of
complexes 1-3 were performed under nitrogen atmosphere to
study the stability of the complexes at elevated temperature.
There is no stable peak observed in the Thermogravimetric
curves for all the complexes 1-3. The temperature range from
120 °C to 270 °C corresponds to loss of water molecules in
complexes 2 and 3. Thereafter, no significant stabilization in
TGA plot has been observed for complex 1 corresponding to
loss of both the organic ligands gradually even up to 1000 °C.
Thermogravimetric stabilization was observed for complexes 2

This journal is © The Royal Society of Chemistry 2012

RSC Advances

and 3, i.e. after 400 °C for complex 2 and after 300 °C for
complex 3 corresponding to formation of stable cupric oxide in
both cases. TGA plots for complexes 1-3 have been given in
Fig. 5.

100 -

80 -
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Complex 2
Complex 3
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40

Weight(%)

20

T T T T
200 400 600 800
Temperature(°C)

Fig. 5 Thermo-gravimetric analyses plots of complexes 1-3.

Biological activity: Interaction of the complexes with CT DNA.
The structure of the metal complexes and the nature as well as
lability of the bound ligands are the most important factors
that may affect the interaction mode between the complexes
and double-stranded DNA. More specifically, one or more
labile ligands may be replaced by a nitrogen atom of DNA-base
leading to covalent binding to DNA. In the case of complexes
that keep their structure and integrity in solution, cleavage of
the DNA-helix or non-covalent to DNA (i.e. intercalation,
electrostatic interaction or groove-binding) may occur.?¥ so as
to evaluate the effect of complexes 1-3 to CT DNA, their
interaction was investigated by UV-Vis spectroscopy, cyclic
voltammetry and viscosity measurements. Furthermore, the
EB-displacing ability of the complexes was monitored by
fluorescence emission spectroscopy.

Study of the DNA-interaction with complexes 1-3 by UV-Vis
spectroscopy. UV-Vis spectroscopy is a technique able to
provide information in regard to the DNA-binding mode and
the strength of the complexes. Therefore, the UV-Vis spectra
of a CT DNA solution (1.2-1.5><10'4 M) were recorded in the
presence of complexes 1-3 at increasing amounts (for different
r values) as well as the UV spectra of the complexes (3—5><10_5
M) in the presence of CT DNA at increasing amounts. Any
changes of the CT DNA band at 257-260 nm or the intra-ligand
transition bands of the complexes during the corresponding
spectrophotometric titrations may reveal such interaction and
provide useful information in regard to the interaction.”®”

The UV-Vis spectra of a CT DNA solution in the presence of
complex 3 at increasing r values are shown representatively in
Fig. 6(A). The observed slight decrease of the absorbance at
Amax = 257 nm shows the existence of interaction between CT
DNA and the complex which results in the formation of a new
conjugate between complex 3 and CT DNA. Quite similar is the
behaviour of CT DNA in the presence of complexes 1 and 2
(data not shown).

In the UV-Vis spectrum of complex 3 (5x10™> M) (Fig. 6(B)), the
band centred at 343 nm (band 1) exhibits a significant
hypochromism of ca. 30% suggesting tight binding to CT DNA
probably by intercalation attributed to m—>m stacking
interaction between the aromatic chromophores from the
ligands and DNA-base pairs.Bg] The band shows initially a slight

J. Name., 2012, 00, 1-3 | 5
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blue-shift and is gradually eliminated with further addition of
DNA. Additionally, the band at 288 nm (band II) presents a
hyperchromism of up to 25% accompanied by a red-shift of 9
nm (up to 297 nm), suggesting tight binding and stabilization.
A distinct isobestic point at 333 nm appears upon addition of
CT DNA. The behaviour of complexes 1 and 2 upon addition of
increasing amounts of CT DNA (Fig. S6) is similar with less
pronounced hypo-/hyper-chromic effects (Table 2). Such
behaviour of metal-mefenamato complexes in the presence of
a CT DNA solution was previously observed for Co(ll), Cu(ll),
Zn(I1) and Ni(ll) mefenamato complexes with heterocyclic N,N’-
donors as co—Iigands.[40'43]

0.4
0.2 \
0.0 T T T T T T
240 250 260 270 280 290 300 310
A (nm)
®)
1.54
1.0+
<
0.5
0.0 T T T T T 7
260 280 300 320 340 360 380 400
% (nm)

Fig. 6 (A) UV-Vis spectra of CT DNA (1.45><10_‘1 M) in buffer solution (150 mM
NaCl and 15 mM trisodium citrate at pH 7.0) in the absence or presence of
complex 3. The arrow shows the changes upon increasing amounts of the
complex. (B) UV-Vis spectra of DMSO solution of complex 3 (5x107° M) in the
presence of increasing amounts of CT DNA (r' = [DNA]/[compound] = 0-0.8). The
arrows show the changes upon increasing amounts of CT DNA.

Table 2. UV-Vis spectral features of the interaction of Hmef and its
complexes 1-3 with CT DNA; UV-band (A, nm) (percentage of the
observed hyper—/hypo—chromism (AA/A,, %), blue—/red—shift of the
Amax (AN, nm)) and DNA-binding constants (K,).

The DNA-binding constants (K,) of complexes 1-3 (Table 2)
were determined by the Wolfe-Shimer equation[M] (eq. S1)
and the plots [DNA]/(ga-g¢) versus [DNA] (Fig. S7). In brief, the
complexes have relatively high K, constants which are higher
than free Hmef suggesting their tight binding to CT DNA. The
Ky, constants are also higher than that of the classical
intercalator EB (= 1.2?>(tO.O7)><105 M_l) as calculated by
Psomas and Kessissoglou.[45] Complex 3 has the highest K,
constant (= 1.90(J_r0.12)><106 M'l) among the present
compounds which is the second highest K, value among the
metal-mefenamato complexes reported so far®®*! and is
among the strongest DNA-binders when compared to the
previously reported metal-NSAID complexes.[%"ss]

The existing findings from the UV-Vis spectroscopy
experiments may suggest that the complexes can bind tight to
CT DNA and observed hypochromic effect may be considered
as first evidence of probable intercalation of the complexes to
CT DNA.39%4 Despite that and as it is known, the exact mode
of DNA-binding cannot be definitely concluded by UV-Vis
spectroscopic titration studies but more experiments including
cyclic voltammetry, viscosity measurements and EB-displacing
studies were conducted to better clarify the interaction mode.

Study of DNA-interaction with complexes 1-3 by cyclic
voltammetry. Cyclic voltammetry is a complimentary
technique that may provide useful information concerning the
DNA-interaction mode of metal ions or complexes.[SS] The
cyclic voltammogramms of the complexes in a 1/2
DMSO/buffer solution were recorded in the absence and
presence of CT DNA (Fig. S8). No new redox peaks appeared
suggesting that there is equilibrium between free and DNA-
bound complex.[ssl The cathodic (E,) and anodic (Ey,)
potentials of the redox couple Cu(ll)/Cu(l) for each complex as
well as their shifts upon addition of CT DNA are given in Table
3.

Table 3. Cathodic and anodic potentials (in mV) for the redox
couple Cu(ll)/Cu(l) of complexes 1-3 in 1/2 DMSO/buffer solution in
the absence or presence of CT DNA.

c

Complex Epqy’ EpC(b)b BEy”  Epap Epi(b)b AE,,
1 -735 -695 +40 -480 -475 +5
2 -765 -735 +30 -415 -465 -50
3 -725 -715 +10 -495 -485 +10

aEpc/a in DMSO/buffer in the absence of CT DNA (Ep¢/a)
bEpc/a in DMSO/buffer in the presence of CT DNA (E/ap)

c
AEpc/a = Epc/a(b)' EpC/a(f)

Compound Band (AA/A,°, AXY) Ky (M)

Hmef [43] 1.05(+0.02)x10°

1 338(-19.0% 0) 296 (+6.0°% +5°)  1.17(+0.13)x10°

2 340 (-8.0, 0) 292 (+10.0, +3) 5.37(+0.25)x10°

3 343 (-30.0,-3 %) 288 (+25.0,+9)  1.90(+0.12)x10°
@ “1” denotes hyperchromism, “-” denotes hypochromism
by denotes red-shift, “-” denotes blue-shift

6 | J. Name., 2012, 00, 1-3

Upon addition of CT DNA, the cathodic and the anodic
potentials of complexes 1 and 3 exhibit a positive shift (AE,./, =
(+5)-(+40) mV) leading to the conclusion that intercalation is
the most possible mode of interaction between the complexes
and CT DNA,[48‘51’ % 2 conclusion which is in agreement with
the viscosity experiments and supports the UV spectroscopic
findings. For complex 2, the cathodic potential shows a
positive shift (AE,. = +30 mV), indicating interaction via
intercalation, while the anodic potential exhibited a negative
shift (AE,, = -50 mV) revealing the electrostatic interaction of
complex 2 with DNA which may be expected for dicationic
complex 2 156571 gince cationic complexes usually interact with
anionic phosphate groups of the DNA duplex; thus, for

This journal is © The Royal Society of Chemistry 2012
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complex 2 we may suggest the co-existence of external
(electrostatic) interaction and intercalation.®®

Study of the DNA-interaction with complexes 1-3 by viscosity
measurements. The DNA-viscosity is sensitive to the DNA-
length changes in the presence of a DNA-binder since the
relative DNA-viscosity (n/no) is connected with relative DNA-
length (L/Ly) via the equation L/Ly = (n/n0)1/3.[58’59] In general,
the DNA-viscosity enhances when the DNA-length increases as
a result of separation distance of the DNA bases in order to
host an intercalating compound. In the case of non-classic
intercalation (i.e. external interaction such as electrostatic
interaction or groove-binding), the DNA-bases separation
distance remains almost stable; as a result of such interaction
a bend or kink of the DNA-helix may occur followed by a slight
decrease of DNA-length and subsequently the DNA-viscosity
will be slightly affected or even decreased. [47:33, 56]

The DNA-viscosity measurements were carried out on CT DNA
solutions (0.1 mM) in the presence of increasing amounts of
complexes 1-3 (up to the value of r = 0.35, Fig. 7). In the
presence of complexes 1-3 and up to r = 0.1, the DNA-viscosity
remained almost stable; for further addition of the complexes
(r > 0.1), a considerable increase of the relative DNA-viscosity
was observed. Such behaviour indicates initially (r < 0.1) the
interaction of the complexes via non-classical intercalation,
especially electrostatic interaction for complex 2, which is
followed by intercalation of each complex between the DNA-
bases. Such conclusions are in good agreement with the
findings from cyclic voltammetry experiments.

1.6+

144 —*2
+3

0.00 0.05 0.0 0.15 020 025 030 035
r = [complex]/[DNA]

Fig. 7 Relative viscosity (r]/r]o)ll3 of CT DNA (0.1 mM) in buffer solution (150 mM
NaCl and 15 mM trisodium citrate at pH 7.0) in the presence of complexes 1-3 at
increasing amounts (r = [compound]/[DNA]).

Study of the DNA-interaction of the complexes by ethidium
bromide-displacement. The ability of complexes 1-3 to
displace ethidium bromide (EB) from the EB-DNA conjugate
may further verify their intercalating ability. The classic DNA-
intercalator EB intercalates to CT DNA via its planar
phenanthridine ring with the resultant EB-DNA conjugate
exhibiting an intense fluorescence emission band at 592 nm,
when excited at 540 nm."*® % The complexes did not show any
fluorescence emission bands at room temperature in solution
or in the presence of CT DNA or EB under the same
experimental conditions (A.c = 540 nm). Thus, it was possible
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to monitor the competition between the complexes and EB for
the intercalation sites of DNA by fluorescence emission
spectroscopy with A, =540 nm.

A solution of EB ([EB] = 20 puM) was pre-treated with DNA
(IDNA] = 26 uM) in order to form the EB-DNA conjugate. Thus,
the fluorescence emission spectra (Ao = 540 nm) of EB-DNA
were recorded in the presence of increasing amounts of
complexes 1-3 up to the r value of 0.24 (representatively
shown for complex 3 in Fig. 8(A)). The addition of the
compounds resulted in a significant decrease of the intensity
(Fig. 8(B)) of the emission band of the EB-DNA system at 592
nm (the final quenching is up to 79.8% of the initial EB-DNA
fluorescence intensity, Table 4) which verified the competition
of the complexes with EB in binding to DNA. The significant
quenching of EB-DNA fluorescence by the complexes may
reveal the ability of the complexes to displace EB from the EB-
DNA conjugate and may indirectly indicate that the complexes
may bind to CT DNA possible by an intercalative mode.*
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Fig. 8 (A) Fluorescence emission spectra (Aexc = 540 nm) for EB-DNA ([EB] = 20
UM, [DNA] = 26 uM) in buffer solution in the absence and presence of increasing
amounts of complex 3 (up to the value of r = 0.25). The arrow shows the changes
of intensity with increasing amounts of 3. (B) Plot of relative EB-DNA
fluorescence emission intensity (I/10, %) at Aem = 592 nm vs r (=[complex]/[DNA])
in buffer solution (150 mM NacCl and 15 mM trisodium citrate at pH 7.0) in the
presence of complexes 1-3 (up to 20.5% of the initial EB-DNA fluorescence for 1,
21.5% for 2 and 20.2% for 3).
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Table 4. Percentage of EB-DNA fluorescence quenching at A,,= 592
nm (Al/lo, %) and Stern-Volmer constants (Kgy).

Compound Al/l, (%) K, (M)

Hmef [43] 80.0 1.58(+0.06)x10°
1 79.5 3.75(0.08)x10°
2 78.5 3.02(0.06)x10°
3 79.8 2.11(+0.04)x10°

The Stern-Volmer plots of the EB-DNA fluorescence (Fig. S9)
may confirm that the complexes induce the quenching of the
EB-DNA fluorescence in good agreement (R = 0.99) with the
linear Stern-Volmer equation (eq. S2); thus, the quenching
may be considered a result of the displacement of EB from EB-
DNA conjugate by the complexes.[62] The Kgy constants of the
complexes (Table 4) were calculated by the Stern-Volmer
equation (eq. S2), are relatively high verifying tight binding to
DNA and are within the range reported for other metal-NSAIDs
complexes.[45’52] The complexes have higher K, constants than
free Hmef, with complex 1 bearing the highest K, constant (=
3.75(i0.08)><105 M'l) among complexes 1-3.

Interaction of complexes 1-3 with serum albumins. The role
of the serum albumins (SAs) is the transfer of ions and drugs
through the bloodstream towards their biological targets, i.e.
cells, tissues and free radicals.%>24 Thus, the interaction of
SAs with compounds of tentative biological interest (such as
complexes 1-3 in the present case) should be studied as a first
evaluation of the biological activity; during such binding, the
biological properties of the system may change or novel
possible transportation mechanisms may occur.®! Within this
context, the study of complexes 1-3 interacting with two SAs
(HSA and BSA which, as homologue of HSA, is the most studied
SA) was performed. The solution of albumins exhibits an
intense fluorescence emission, with excitation wavelength at
295 nm, which is attributed to the existence of tryptophans. In
particular, HSA with a tryptophan at position 214 presents an
emission band at Aenmax = 352 nm while BSA has two
tryptophans at positions 134 and 212 with Agp max = 343 nm. %
In addition, the inner-filter effect was calculated with eq. S3,
was too low and may not affect the measurements. "

The fluorescence emission spectra of HSA exhibited in the
presence of complexes 1-3 a significant quenching of the
fluorescence (quenching of the initial HSA fluorescence
emission is up to ca. 84.3%) while the quenching observed in
the fluorescence emission spectra of BSA was much more
pronounced (up to ca. 97.7% of the initial BSA fluorescence)
(Fig. S10 and Fig. 9). Thus, the addition of complexes 1-3 in a
SA solution may induce a significantly high quenching which
may be assigned to changes of the SA-tryptophan environment
due to SA secondary structure changes resulted from the
binding of the complexes to the albumins.'®”
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Fig. 9 (A) Plot of relative HSA-fluorescence intensity at Aem = 352 nm (I/lo, %) vs r
(r = [complex]/[HSA]) for complexes 1-3 (up to 16.0% of the initial HSA
fluorescence for complex 1, 21.5% for 2 and 15.7% for 3) in buffer solution (150
mM NaCl and 15 mM trisodium citrate at pH 7.0). (B) Plot of relative BSA-
fluorescence intensity at Aem = 343 nm (I/lo, %) vs r (r = [complex]/[BSA]) for
complexes 1-3 (up to 2.3% of the initial BSA fluorescence for complex 1, 3.0% for
2 and 2.4% for 3) in buffer solution (150 mM NaCl and 15 mM trisodium citrate
at pH 7.0).

The quenching constants (k) for the interaction of the
compounds with SAs were calculated with the Stern-Volmer
quenching equation (egs. S4 and S5) using the corresponding
Stern-Volmer plots (Fig. S11 and S12) and their values are cited
in Table 5. The kq constants show the significant SA-quenching
ability for the complexes and they are significantly higher than
10" M7 suggesting that the quenching takes place via a
static mechanism.®® The kq constants of the complexes are
higher than those of free Hmef, with complex 1 showing the
highest k, constant for BSA and complex 3 for HSA. The
derived kg constants are within the range found for a series of
metal-complexes bearing NSAIDs as Iigands.[31‘43'47'53]

This journal is © The Royal Society of Chemistry 2012
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Table 5. The albumin constants for complexes 1-3.

Compound kq (M'ls'l) K (M'l)

BSA

Hmef [43] 2.78(+0.20)x10"™ 1.35x10°

1 1.91(+0.09)x10" 1.80(+0.07)x10°
2 1.19(0.06)x10" 5.63(+0.16)x10°
3 1.40(0.06)x10" 5.32(+0.22)x10°
HSA

Hmef [43] 7.13(+0.34)x10" 1.32x10°

1 1.65(£0.05)x10" 2.85(+0.11)x10°
2 1.62(+0.05)x10" 2.72(+0.07)x10°
3 2.35(+0.09)x10" 1.97(+0.09)x10°

The values of K constants of complexes 1-3 (Table 5) were
determined with the Scatchard equationml (eq. S6) using the
Scatchard plots (Fig. S13 and Fig. S14). The K constants of the
complexes are relatively high and similar to those calculated
for a series of metal complexes with NSAIDs as Iigands.[“’“'”’
> n general, the complexes exhibit higher affinity for the
albumins than free Hmef with complex 1 exhibiting the highest
affinity for BSA and the lowest affinity for HSA among the
complexes (Table. 5)

The K constants of complexes 1-3 are in the range 1.97x10° -
1.80x10° M™ and are relatively high, showing the tentative
ability of the complexes to bind to SAs so as to get transported
by them towards their biological targets such as cells or
tissues. Additionally, they are significantly lower than the value
of 10 M™ (this is the value of the association constant of
diverse compounds with avidin which are considered among
the strongest known non-covalent interaction[sgl) showing that
the compounds are reversibly bound to the SAs and may get
released when they arrive at their biological targets.[ssl

Conclusions

The three novel copper(ll)-mefenamate complexes,
[Cu(temed)(mef),], 1, [Cu(en),(H,0),](mef),, 2 and [Cu(pf-
pic),(mef),]-H,0, 3 have been characterized by diverse
physico-chemical studies and single-crystal X-ray
crystallography. The interaction of these complexes 1-3 with
CT DNA was monitored by diverse techniques (UV-Vis
spectroscopic methods, viscosity measurements, cyclic
voltammetry and EB-displacing studies) which revealed the
ability of the complexes to bind to CT DNA, probably via
intercalation. Based on the DNA-binding constants, complex 3
is among the strongest DNA-binders when compared to the
previously reported metal-NSAID complexes. The BSA- and
HAS-binding constants of complexes 1-3 suggest not only that
they can bind to these albumins so as to get transferred by
them, but also that they may get released when they arrive at
their biological targets.

Experimental

Material and Physical measurements

Analytical grade reagents were used throughout this work
without any further purification. C, H and N were estimated
micro analytically by automatic Perkin Elmer 2400 CHN

This journal is © The Royal Society of Chemistry 2012
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element analyzer and copper was determined by standard
literature methods.®®”® Fourier transform infrared spectra
were recorded on Perkin ElImer Spectrum RX FT-IR system in
solid state. UV-visible (UV-Vis) spectra were recorded using
Hitachi 330 Spectrophotometer or a Hitachi U-2001 dual beam
spectrophotometer. The EPR spectra at 9.6 GHz (X-band) and
34 GHz (Q-band) were measured at 77 K and 100 K,
respectively, using a Bruker Elexsys ES500 spectrometer
equipped with a NMR teslameter and frequency counter. The
simulations of the experimental spectra were performed using
a computer program employing full diagonalization of the spin
Hamiltonian matrix, written by Dr. A. Ozarowski (National High
Magnetic Field Laboratory, Florida State University). All the
theoretical calculations were carried out with the ORCA 3.0.3
suite of programsm] using the uB3LYP*74 hybrid functional,
together with the ZORA"! method for the scalar relativistic
effects and the def2-TZVP basis set in its scalar relativistic
variant.’® The g-tensor calculations were performed using
Neese’s coupled perturbed Kohn-Sham method.””"® The
RIJCOSX approximationml was used only for geometry
optimizations, hence in these calculations the appropriate
auxiliary basis set was employed. Each of the stationary points
was fully characterized as a true minimum through vibrational
analysis.

CT DNA, HSA and BSA were purchased from Sigma-Aldrich Co.
and the solvents were purchased from Merck. All the
chemicals and solvents were reagent grade and were used as
purchased.

DNA stock solution was prepared by dilution of CT DNA by
buffer (containing 15 mM trisodium citrate and 150 mM NacCl
at pH 7.0) followed by exhaustive stirring for three days, and
kept at 4°C for no longer than two weeks. The stock solution of
CT DNA gave a ratio of UV absorbance at 260 and 280 nm
(Ay60/Asg0) Of 1.87, indicating that the DNA was sufficiently free
of protein contamination.®” The DNA concentration was
determined by the UV absorbance at 260 nm after 1:20
dilution using € = 6600 Mem ™. B yv-visible (UV-vis) spectra
were recorded on a Hitachi U-2001 dual beam
spectrophotometer. Fluorescence spectra were recorded in
solution on a Hitachi F-7000 fluorescence spectrophotometer.
Viscosity experiments were carried out using an ALPHA L
Fungilab rotational viscometer equipped with an 18 mL LCP
spindle and the measurements were performed at 100 rpm.
Cyclic voltammetry studies were performed on an Eco
chemieAutolab Electrochemical analyzer. Cyclic voltammetric
experiments were carried out in a 30 mL three-electrode
electrolytic cell. The working electrode was platinum disk, a
separate Pt single-sheet electrode was used as the counter
electrode and a Ag/AgCl electrode saturated with KCl was used
as the reference electrode. The cyclic voltammograms of the
complexes in the presence of CT DNA were recorded in 0.4
mM 1/2 DMSO/buffer solutions at v = 100 mV s where the
buffer solution was the supporting electrolytes. Oxygen was
removed by purging the solutions with pure nitrogen which
had been previously saturated with solvent vapors. All
electrochemical measurements were performed at 25.0+0.2
°C.

Synthesis of [Cu(temed)(mef),], 1. CuSO,.5H,0 (0.50 g, 2
mmol) was dissolved in 10 mL of distilled water. Sodium salt of
mefenamic acid was prepared in situ by dissolving NaOH (0.16
g, 4 mmol) and Hmef (0.99 g, 4 mmol) in the minimum amount
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of water. On mixing the two solutions, precipitated product of
copper(ll) mefenamate resulted immediately. The precipitated
product was filtered through a fine filter paper, washed with
water followed by methanol and dried at room temperature
(yield 85 %). Copper(ll) mefenamate was then suspended in
methanol-water mixture (4:1 v/v) and temed was added
dropwise with stirring till a clear bluish green-coloured
solution was obtained. The solution was allowed to evaporate
slowly at room temperature and bluish-green shiny crystals of
complex 1 started appearing after few days, which were
separated from the mother liquor and dried in air. Complex 1
is soluble in methanol and DMSO and insoluble in water and
decomposes at 157 °C. FT-IR (neat) (Vmax cm'l): 3307(s),
3273(s), 3120(w), 2986(m), 2947(m), 1602(w), 1580(s),
1446(s), 1326(m), 1276(s), 1143(s), 1040(s), 760(s), 534(s),
473(m). UV-vis in DMSO, Anm (¢/M‘cm™): 660(85),
338(shoulder (sh)) (9800), 296 (20100). Anal. Calcd. for
CisHaqCUN,O, (MW = 660.14): Cal. C, 65.44; H, 6.66; N, 8.48;
Cu, 9.61 %; Found: C, 65.38; H, 6.72; N, 8.42; Cu, 9.54 %.
Synthesis of [Cu(en),(H,0),]l(mef),, 2. Complex 2 was
synthesized in a similar manner as complex 1 with the use of
en instead of temed till a clear violet-colored solution was
obtained. When the solution was allowed to evaporate slowly
at room temperature, violet crystals appeared after a few
days, which were separated from the mother liquor and dried
in air. Complex 2 is soluble in methanol, DMSO, water and
decomposes at 170 °C. The crystals for the complex obtained
in good vyield, i.e. 80 %. FT-IR (neat) (Vimax cm’l): 3585(s),
3138(w), 2917(w), 1608(m), 1574(s), 1496(s), 1385(s), 1370(s),
1146(m), 1042(w), 1019(m), 672(m), 751(s), 718(s), 567(w),
524(m). UV-vis in DMSO, A/nm (g/ M™* cm™): 620 (45), 340 (sh)
(11000), 292 (19500). Anal. Calcd. for C34H43CuNgOg (MW =
700.32): C, 58.26; H, 6.85; N, 11.99; Cu, 9.06 %; Found: C,
58.12; H, 7.05; N, 11.85; Cu, 8.97 %.

Synthesis of [Cu(B-pic),(mef),'H,0, 3. Complex 3 was
synthesized in a similar manner as complex 1 with the use of f-
picoline instead of temed till a clear bluish green-colored
solution was obtained. The solution was allowed to slow
evaporation at room temperature, and dark green crystals
suitable for determination of the structure with X-ray
crystallography appeared after few days, which were
separated from the mother liquor in good vyield (76 %) and
dried in air. Complex 3 is soluble in methanol and DMSO but
insoluble in water and decomposes at 170 °C. FT-IR (neat)
(Vmaxe cm'l): 3217(m), 3064(w), 2941(m), 2860(w), 1609(s),
1575(s), 1364(s), 1151(m), 1064(w), 917(m), 794(s), 659(m),
569(m), 524(m), UV-Vis, A/nm (/M cm™): in 4:1 (v/v) MeOH-
H,0: 747 (52), DMSO: 750 (80), 343 (11200), 288 (20500).
Anal. Calcd. for C4,H4CuN,O5 (MW = 748.32): C, 67.35; H, 6.14;
N, 7.48; Cu, 8.48 %, Found: C, 65.97; H, 6.13; N, 7.14; Cu, 8.42
%.

Crystallography. Single-crystal X-ray diffraction data for
complexes 2 and 3 were collected on a Nonius Kappa
diffractometer equipped with a CCD detector with graphite-
monochromatized MoKa radiation (A = 0.71069 A). Intensities
were corrected for Lorentz, polarization and absorption
effects.®™ The structures were solved by direct methods with
the SIR97 suite of programs[83] and refinement was performed
on F? by full-matrix least-squares methods with all non-
hydrogen atoms anisotropic. In both structures, hydrogen
atoms were included on calculated positions, riding on their
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carrier atoms, apart from those belonging to water molecules
or to NH group of mefenamate ion, that were found in the
difference Fourier map and refined isotropically. In complex 3,
the elongated thermal ellipsoids of the N3-C27 ring and of the
terminal methyl groups indicated possible disorder; however,
efforts to model the disorder did not succeeded in improving
the reliability factors. The structure is reported without
modeling the disorder. All calculations were performed using
SHELXL-97®"  implemented in the WINGX system of
programs.[SS] Experimental details are given in reference [86].
DNA-binding studies by UV-Vis spectroscopy. The interaction
of complexes 1-3 with CT DNA was studied by UV-Vis
spectroscopy in order to investigate the possible binding
modes to CT DNA and to calculate the DNA-binding constants
(Kp). The UV-Vis spectra of CT DNA were recorded for a
constant DNA concentration (1.2-1.5x10_4 M) in the presence
of each complex at diverse [complex]/[DNA] mixing ratios (= r).
The DNA-binding constant of the complexes (K, in M'l) was
determined by the Wolfe-Shimer equation (eq. S1) 42 and the
plots [DNA]/(ga-g¢) vs [DNA] using the UV-Vis spectra of the
complex recorded for a constant concentration (3—5x10'5 M) in
the presence of DNA for diverse r values. Control experiments
with DMSO were performed and no changes in the spectra of
CT DNA were observed.

Cyclic voltammetry studies. Cyclic voltammograms of a 0.40
mM 1:2 DMSO:buffer solution of complexes 1-3 upon addition
of DNA at diverse r values were complimentary used to
evaluate the DNA-binding mode. The buffer was also used as
the supporting electrolyte and the cyclic voltammograms were
recorded at v = 100 mV s,

Viscosity measurements. The viscosity of DNA ([DNA] = 0.1
mM) in buffer solution (150 mM NaCl and 15 mM trisodium
citrate, pH 7.0) was measured in the presence of increasing
amounts of complexes 1-3 (up to the value of r = 0.35). The
obtained data are presented as (n/no)l/3 versus r, where n is
the viscosity of DNA in the presence of the compound and nyg is
the viscosity of free DNA in buffer solution. All measurements
were performed at room temperature.

EB competitive studies with fluorescence emission
spectroscopy. The competitive studies of complexes 1-3 with
EB were monitored by fluorescence emission spectroscopy so
as to investigate whether the complexes can displace EB from
its DNA-EB conjugate. The DNA-EB compound was prepared by
pre-treating 20 uM EB and 26 uM CT DNA in buffer (150 mM
NaCl and 15 mM trisodium citrate at pH 7.0). The possible
intercalating effect of the complexes was studied by adding
stepwise a certain amount of a complex in solution into a
solution of the DNA-EB complex till r = 0.25, and the
fluorescence emission spectra were recorded with excitation
wavelength at 540 nm. The complexes do not show any
fluorescence emission band at room temperature in solution
or in the presence of EB or CT DNA under the same
experimental conditions; therefore, the observed quenching of
the initial EB-DNA fluorescence may be assigned to the
displacement of EB from its EB-DNA compound. The data are
depicted as the percentage of EB-DNA (l/lo, %) fluorescence
versus r. The Stern-Volmer constants (Ksy, in Mfl) have been
calculated according to the linear Stern-Volmer equation (eq.
S6) %81 3nd the plots lo/1vs [Q].

Albumin-binding studies. The study of the binding of the
complexes with serum albumins was performed by tryptophan
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fluorescence emission quenching experiments using BSA (3
UM) or HSA (3 uM) in buffer (containing 15 mM trisodium
citrate and 150 mM NaCl at pH 7.0). The quenching of the
emission intensity of tryptophan residues of BSA at 343 nm or
HSA at 352 nm was monitored using complexes 1-3 as
quenchers with increasing concentration.'®” The fluorescence
emission spectra were recorded in the range 300-500 nm with
an excitation wavelength of 295 nm. The fluorescence
emission spectra of the free complexes were also recorded
under the same experimental conditions, i.e. excitation at 295
nm and the compounds did not show any appreciable
fluorescence emission band."" Additionally, the influence of
the inner-filter effect’®” on the measurements was evaluated
by eq. S3. The Stern-Volmer and Scatchard equations (eq. S4-
56)[67] and graphs were used in order to calculate the dynamic
quenching constant Ksy (in M_l), the approximate quenching
constant kg (in M™*s™), the SA-binding constant K (in M) and
the number of binding sites per albumin.
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The interaction of three newly synthesized copper(Il) mefenamate complexes with bovine/human

serum albumin was studied by fluorescence emission spectroscopy.




