Mol Cell Biochem (2013) 376:53-61
DOI 10.1007/s11010-012-1548-8

Cu(Nor),-5H,0, a complex of Cu(II) with Norfloxacin: theoretic
approach and biological studies. Cytotoxicity and genotoxicity

in cell cultures

A. L. Di Virgilio - I. E. Leon - C. A. Franca -
I. Henao + G. Toboén - S. B. Etcheverry

Received: 7 September 2012/ Accepted: 6 December 2012/ Published online: 14 December 2012

© Springer Science+Business Media New York 2012

Abstract Norfloxacin is a fluoroquinolone antibiotic used
in the treatment of bacterial infections. In this article, we
studied the potential antitumoral action of a complex of
Norfloxacin with Cu(II), Cu(Nor),-5H,O on osteosarcoma
cells (UMR106) and calvaria-derived cells (MC3T3-E1),
evaluating its cytotoxicity and genitoxicity. We have also
elucidated the more stable conformation of this complex
under physiologic conditions by Molecular Dynamic simu-
lations based on the model of the canonical ensemble and
PMB6 force field. When solvent effect was taken into account,
the complex conformation with both carbonyl groups in
opposite sides displayed lower energy. Cu(Nor),-5H,0
caused an inhibitory effect on the proliferation on both cell
lines from 300 pM (P < 0.01). Nevertheless, the decline on
cell proliferation of UMRI106 cells was more pronounced
(45 % vs basal) than in MC3T3-E1 cells (20 % vs basal) at
300 pM (P < 0.01). Cu(Nor),-:5H,O altered lysosomal
metabolism (Neutral Red assay) in a dose-dependent manner
from 300 pM (P < 0.001). Morphological studies showed
important transformations that correlated with a decrease in
the number of cells in a dose-dependent manner. Moreover,
Cu(Nor),-5H,O caused statistically significant genotoxic
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effects on both osteoblast cell lines in a lower range of
concentrations (Micronucleus assay) (P < 0.05 at 10 pM,
P < 0.001 from 25 to 50 uM). UMR106 cells displayed a
dose-related genotoxic effect between 5 and 25 pM while
the MC3T3-El cells showed a narrower concentration
dependent range. Altogether, these results suggest that
Cu(Nor),-5H,0 is a good candidate to be further evaluated
for alternative therapeutics in cancer treatment.

Keywords Copper - Norfloxacin - Cytotoxicity -
Genotoxicity - Osteoblast cells

Introduction

Norfloxacin (1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-pip-
erazinyl)-3-quinolinecarboxylic acid) is a member of the
fluoroquinolone group of antibiotics. It is a wide-ranging
drug used in the treatment of bacterial infections of the skin,
the urinary, and respiratory tracts, among others [1]. Many
drugs possess modified toxicological and pharmacological
properties when they are in the form of metal complexes [2].

Metals are essential cellular components that function in
several indispensable biochemical processes for living
organisms. Relevant metal properties include redox activity,
variable coordination modes, and reactivity toward organic
substrates. Owing to the importance of their functions in
living organisms, metals are tightly regulated under normal
conditions and aberrant metal ion concentrations are asso-
ciated with various pathological disorders, including cancer.

The most widely studied metal in this context is copper(1I)
which, due to its anti-inflammatory properties, has proved to
be beneficial in diseases with an inflammation base such as
tuberculosis, gastric ulcers, rheumatoid arthritis, and cancers
[3-6]. Moreover, copper is a biometal found in all living

@ Springer



54

Mol Cell Biochem (2013) 376:53-61

organisms and is a crucial trace element in redox chemistry,
cell growth, and development. On the other hand, copper is
also a necessary component to support angiogenesis, that is,
the formation of new blood vessels in tumors, increasing
their metastatic potential, the major cause of morbidity in
cancer patients. So, to some extent, lowering copper con-
centration reduces the risk to develop tumors [7].

One of the main goals of the Medicinal Chemistry is to
obtain metal-based drugs with different mechanisms of
action to improve or promote the healthy status of the
living organisms. Based on the assumption that endoge-
nous metals may be less toxic, several researchers have
investigated copper compounds of fluoroquinolones [8, 9].

Norfloxacin was considered the best of the second
generation Quinolone family for its antibacterial properties
[10]; as a N-heterocyclic compound, Norfloxacin easily
interacts with metal ions and forms complexes. Quinolone
antibiotics can participate in the formation of complexes in
a number of ways [11-15]. In the case of isolated drugs,
these complexes in acidic media usually contain singly
and/or doubly protonated Quinolones that are incapable of
bonding to the metal ions and in these cases only electro-
static interaction was observed between the drug and the
metal ions [11-13]. On the other hand, it was found that
neutral Quinolones in the zwitterionic state are capable of
forming simple complexes (bidentate chelating). The
Quinolones can also act as bridging ligands and thus are
capable of forming polynuclear complexes [15, 16]. There
are several reports about Norfloxacin complexes with
metals [17-19]. In the form of metallic complexes, Nor-
floxacin and related compounds possess modified phar-
macological properties [9]. Various studies showed that
antibacterial activity of many Norfloxacin—-metal com-
plexes is different from Norfloxacin [9, 20, 21]. In addition,
the studies on the interaction between Quinolone—metal
complexes and DNA exemplify the importance of the
metal ions for the biological activity of these drugs [22,
23]. This interaction with DNA contributes to the main
pharmacological antibacterial activity of the antibiotics
[24], and it can also be responsible, at least in part, for
other pharmacological effects on mammalian cells such as
antiproliferative actions. Therefore, the investigation of the
biological properties of these complexes is important for a
better understanding of their therapeutic efficacy.

The synthesis and physicochemical characterization of a
complex of Norfloxacin with Cu(Il), Cu(Nor),-5H,0 have
been previously reported by Ruiz et al. [17]. In order to
obtain a deeper insight into the putative conformation of
this complex, which its X-ray structure could not be
determined, we report herein a theoretic approach by the
semiempirical quantum method PM6 for optimize all
geometries obtained and calculate heats of formation for
compounds of interest in biochemistry. This method is
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somewhat better than Hartree—Fock (HF) or B3LYP DFT
methods using the 6-31G(d) basis set. For a representative
set of compounds, PM6 gave an average unsigned error
(AUE) of 4.4 kcal mol~!; for the same set, HF and B3LYP
had AUE of 7.4 and 5.2 kcal mol ™', respectively [25].
Moreover, as a part of a project devoted to the development
of transition metal complexes with potential pharmaco-
logical properties, the cytotoxic and genotoxic effects of
this complex have been tested in two osteoblast cell lines of
murine origin (MC3T3-El preosteoblast cells of normal
phenotype and UMR106 osteosarcoma cells).

Materials and methods
Materials

Norfloxacin was purchased from Provefarma S.A. (Colom-
bia). Other chemicals such as Metanol and Cu(NO3),-3H,0
were obtained from Merck. Dulbecco’s Modified Eagles
Medium (DMEM) was purchased from GBO Argentina and
fetal bovine serum (FBS) from Internegocios SA (Buenos
Aires, Argentina); trypsin—-EDTA was provided by Gibco
(Gaithersburg, MD, USA); Neutral red (NR) and Cytocha-
lasin B were purchased from Sigma Chemical Co. (St. Louis,
MO, USA).

Methods
Theoretic approach

The theoretic study was performed using the semiempirical
quantum chemical PM6 method [25].

Experimental

Synthesis of Cu(Nor),-5SH,O Cu(Nor),-5H,0 (Cu—Nor-
floxacin) was synthesized according to literature [17].
Briefly, 0.15 mmol of Cu(NO3),-3H,0 in 15 mL of distilled
water was poured with continuous stirring into an aqueous
NaOH solution (0.3 M) of Norfloxacin (0.3 mmol). Final pH
9.4. The green solid obtained was filtered and washed with
methanol: water 50:50 (2 x 25 mL) and air dried. Infrared
spectroscopy (IR) and Differential Scanning Calorimetry
(DSC) were used to identify Norfloxacin raw material as
Norfloxacin dihydrate [26]. Besides, the same methods were
employed to identify the powder obtained in the chemical
synthesis of the complex. The IR spectrum of the complex
exhibited a broad band at 3400 cm ™' which can be assigned
to the O—H stretching vibrations of water molecules and also
includes the N-H stretching vibration of the ligand. Besides,
the IR spectrum presented a very strong band around
1624 cm™! which can be assigned to v(CO) of the ketone
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group and to va(OCO) of the carboxylate group, indicating
the deprotonation of this moiety and its interaction with the
metal ion. Besides, the intense band at ca 1385 cm ™ can be
assigned to vs(OCO). These results agreed to those previ-
ously reported by Ruiz et al. [17].

Preparation and stability of Cu(Nor),-5H>0 solutions  Fresh
stock solutions of the complex and the free ligand were
prepared in DMSO at 20 mM and diluted according to
the concentrations indicated in the legends of the figures. The
stability of the complex solution in DMSO was followed by
UV-vis spectroscopy between 200 and 800 nm. The
absorption band at 285 nm remains unchanged after 48 h.
This band has been assigned to the coordination of
copper ions to the carboxylic group and ketone groups of
Norfloxacin [27].

Cell culture and incubations Two osteoblastic cell lines
were used for the culture experiments: MC3T3-E1l cells
derived from mouse calvaria and UMR106 osteoblast-like
cells derived from a rat osteosarcoma [28]. Both UMR106
and MC3T3-El cell lines were grown in DMEM contain-
ing 10 % FBS, 100 IU/mL penicillin and 100 pg/mL
streptomycin at 37 °C in 5 % CO, atmosphere. Cells in a
75-cm? flask were grown until reach 70-80 % of conflu-
ence. Then, the cells were subcultured using 0.1 % trypsin—
1 mM EDTA in a Ca**—Mg>"-free phosphate buffered
saline (PBS). For experiments, cells were grown in multi-
well plates. When cells reached the desired confluence, the
monolayers were washed with DMEM and were incubated
under different conditions according to the experiments.

Cell proliferation: crystal violet assay A mitogenic bio-
assay was carried out as described by Okajima et al. [29]
with some modifications. Briefly, the cells were grown in
48-well plates (30.000 cells/well) for 24 h and incubated
with medium alone (basal) and different concentrations
(50-500 pM) of the complex for 24 h at 37 °C. After this
treatment, the monolayers were washed with PBS and fixed
with 5 % glutaraldehyde/PBS at room temperature for
10 min. After that, they were stained with 0.5 % crystal
violet/25 % methanol for 10 min. Then, the dye solution
was discarded and the plate was washed with water and
dried. The dye taken up by the cells was extracted using
0.5 mL/well 0.1 M glycine/HCI buffer, pH 3.0/30 %
methanol and transferred to test tubes. Absorbance was
read at 540 nm after a convenient sample dilution.

Cell morphology Cells were grown on glass coverslips and
incubated under control conditions (without complex addi-
tion) or with different concentrations of Cu(Nor),-5H,0 in
serum-free DMEM for 24 h. Then, the cells were fixed with

methanol at —20 °C and stained with Giemsa 5 % [30, 31].
Samples were observed under light microscopy.

Cytotoxicity: neutral red (NR) assay The NR accumula-
tion assay was performed according to Borenfreund and
Puerner [32]. Cells were plated in 96-well culture plates
(2.5 x 10* cells/well). Cells were treated with different
Cu(Nor),-5H,0 concentrations for 24 hat37 °Cin5 % CO,
in air. After treatment, the medium was replaced by one
containing 100 pg/mL NR dye and cells were incubated for
other 3 h. Then, NR medium was discarded, the cells were
rinsed twice with warm (37 °C) PBS (pH 7.4) to remove the
non-incorporated dye, and 100 pL of 50 %ethanol and 1 %
acetic acid solution was added to each well to fix the cells
releasing the NR into solution. The plates were shaken for
10 min, and the absorbance of the solution in each well was
measured in a Microplate Reader (7530, Cambridge tech-
nology, Inc, USA) at 540 nm, and compared with wells with
untreated cells. Optical density was plotted as percentage of
control.

Genotoxicity:  cytokinesis-block  micronucleus  (MN)
assay Cytokinesis-block micronucleus technique was set
up with cultures in the log phase of growth. Cells were
seeded onto pre-cleaned coverslips in 35-mm Petri dishes
at a density of 3 x 10* cells/dish and incubated at 37 °C
for 24 h. Then, the cells were treated with different con-
centrations of the complex with cytochalasin B (4.5 pg/mL).
After 24 h, the cells were rinsed and subjected to hypotonic
conditions with 0.075 % KCI at 37 °C for 5 min, fixed with
pure methanol at —20 °C for 10 min and stained with 5 %
Giemsa solution. After staining, the coverslips were air
dried and placed down onto pre-cleaned slides using Depex
mounting medium.

For MN assay, 500 binucleated (BN) cells were scored
at 400x magnification per experimental point from each
experiment. The examination criteria employed were reported
before [33]. Briefly, the criteria employed in identifying
micronuclei (MNi) were diameter smaller than 1/3 of that of
the main nuclei, non-refractibility, same staining intensity as
or lighter than that of the main nuclei, no connection or link
with the main nuclei, no overlapping with the main nuclei,
and MNi boundary distinguishable from the main nuclei
boundary.

Results

Cu(Nor),-5H,0O was synthesized according to literature
[17]. Infrared spectroscopy (IR) and Differential Scanning
Calorimetry (DSC) were used to identify Norfloxacin raw
material as Norfloxacin dihydrate [26]. Besides, the same
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the chemical synthesis of the complex.
Theoretic approach

To elucidate the more stable conformation of this complex
under physiologic conditions (aqueous solution and pH
7.4), Molecular Dynamic simulations of Norfloxacin were
carried out based on the model of the canonical ensemble
and PM6 force field, using a Berendsen thermostat at
900 K. This method was successfully used to reproduce
atomic distances in many copper species of importance in
biochemistry [25]. Run total time was 40 ps with equili-
bration time of 10 ps and time step of 1 ps. Conformations
were saved every 2 ps obtaining a total of twenty which
were then optimized at the level of the semiempirical
method PM6 [25]. Besides, the 20 conformations were also
optimized with DFT BLYP functional and cc-pVTZ basis
set for C and H atoms and cc-aug-pVTZ basis set for N, O,
and F atoms for validating the semiempirical method. The
lowest energy conformation of Norfloxacin was used for
binding to the copper atom to build the complex.

Two possible conformations for the complex Cu(Nor),-
5H,O were tested and both optimized at PM6 level.
Molecular modeling was done considering Norfloxacin with
its carboxylate group deprotonated because it corresponds to
synthesized complex in solid state. Crystallization water
molecules were not considered for modeling. We called
conformation 1 (C1) to that which has both carbonyl groups
in the same side, and conformation 2 (C2) the one which
presents those groups in opposite side of the complex mol-
ecule (Fig. 1). Optimization was performed in vacuum and,
under this condition, the calculated heat of formation of C1
for Cu(Nor), was 3.98 kcal more stable than C2. This
geometry is in agreement with x-ray crystallographic struc-
ture reported for the binary complex [Cu(HNor),]Cl,-2H,0
[17]. When solvent effect was taken into account setting
the dielectric constant of water, C2 resulted 1.51 kcal lower
than C1.
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Effect of Cu(Nor),-5H,0 on cell proliferation

Figures 2 a and 2b show the effect of the free ion, Cu (II), the
free ligand (Norfloxacin), and the complex on osteoblast-like
cell proliferation. As can be seen from Fig. 2a, in UMR106
osteosarcoma cells, Norfloxacin slightly decreased cell
proliferation (ca 20-30 %) at the higher concentrations (300
and 500 pM), while the complex produced a stronger
decrease (ca 45-50 %) at the same concentrations. More-
over, Cu(Il) did not exert any significant action in the whole
range of concentrations.

On the other hand, as can be seen from Fig. 2b, in MC3T3-
El cell line, Norfloxacin displayed a different behavior than in
the tumoral cells since it stimulated cell proliferation in the
whole range of tested concentrations (P < 0.01). Besides,
copper(Il) and the complex acted in a similar way, causing a
slight decrease of cell proliferation at 300 M (ca 15 %), while
at 500 pM, the inhibitory action was similar to that observed
for the tumoral cell line (ca 55 %, P < 0.01). Comparing the
effect of the complex, both cell lines were affected from
300 uM. Nevertheless, the decline on cell proliferation of
UMR106 osteosarcoma cells (Fig 2a) was more pronounced
than in the MC3T3-El calvaria-derived cells (Fig 2b)
(P < 0.01), which makes Cu(Nor),-5H,0 a good candidate to
be further evaluated as a potential antitumoral drug.

Effect of Cu(Nor),-5H>0 on cell morphology

From Fig. 3, it can be seen that as the complex concentration
increases, a reduction in the cell number per field can be
observed for both cell lines. Besides, at 500 pM, UMR106
osteosarcoma cells only show well stained although pyknotic
nuclei, while MC3T3-E1 osteoblasts display fairly well-
maintained morphological features. These results are in
agreement with the experiments on cell proliferation since
from a morphological point of view, the complex was also
more deleterious in the tumoral osteoblasts.
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Fig. 2 Crystal violet assay. UMR106 cells (a), MC3T3-El cells (b).
Effect of Cu(Nor),-5H,0, Norfloxacin, and Cu®>" on osteoblast-like
cell proliferation. Cells were incubated in serum-free DMEM without
(0 represents basal condition) or with different concentrations of
Cu(Nor),-5H,0 at 37 °C for 24 h. Results are expressed as % basal
and represent the mean £ SEM (n = 9) * Significant differences
versus control, P < 0.01. Triangle correspond to Cu’t, square
represent Norfloxacin, circle correspond to Cu(Nor),-5H,0

Effect of Cu(Nor),-5H>0 on cell cytotoxicity

The Neutral Red uptake assay is suitable for the assessment
of lysosome metabolic activity. A complex concentration-
dependent decrease in both cell lines can be observed from
Fig. 4a, b. UMRI106 cells showed a significant reduction
from 300 uM (P < 0.001), while MC3T3-E1 displayed this
decrease only at 500 uM. These results agree with the
effect of the complex on cell proliferation (Fig 2a, b) since
it was more deleterious for the tumoral cell line on the
basis of both determinations. Moreover, the effects of
Norfloxacin and CuCl, were also evaluated. None of them
showed any effect in MC3T3-E1 cells in the studied con-
centration range, and both compounds produced a slight,
but significant, decrease in UMR106 cells at 500 uM. The
cytotoxic effects of the complex on osteoblast-like cells

may be due to the functional disruption of organelles like
the lysosomes.

Induction of micronuclei by Cu(Nor),-5SH>,O

The genotoxic effect was studied by the assessment of
micronuclei induction. The micronucleus assay (MN) is a
test used in toxicological screening for potential genotoxic
compounds. A micronucleus is the erratic (third) nucleus
that is formed during the anaphase of mitosis or meiosis.
Micronuclei are cytoplasmic bodies having a portion of
acentric chromosome or the whole chromosome which
were not carried during the anaphase to the opposite poles,
finally resulting in missing of part or whole chromosomes
for the daughter cell. These chromosome fragments or
whole chromosomes normally develop nuclear membrane
and form the micronuclei as a third nucleus [34]. Since the
genotoxicity is a process that can begin before the altera-
tions at the cytoplasm level could be detected, we inves-
tigated the effect of Cu(Nor),-5H,O at the cell nuclear
level by the MN assay in the range of 5-50 uM. The effect
of Cu(Nor),-5H,O on the induction of micronucleus in
binucleated cells can be observed from Fig. 5. The com-
plex induced micronuclei formation from 10 pM concen-
tration (P < 0.05) with a great increment in the damage
from 25 pM (P < 0.001) in both cell lines compared with
control conditions. Besides considering the effects of dif-
ferent doses in each cell line, the results indicate that the
increase in MN frequency on MC3T3-E1 cells treated with
Cu(Nor),-5H,0 showed a concentration-related manner
from 5 to 10 pM. At the latter concentration, the effect
reached a plateau. On the other hand, the effect on
UMRI106 cells showed a concentration-response curve
from 5 to 25 pM without any further variation. Bleomycin
was used as positive control. It demonstrated a similar
effect compared to the complex at the highest concentra-
tion (50 uM) in both cell lines.

Discussion

A very high significant number of compounds derived from
Quinolone family have been developed up to now [35, 36].
The coordination chemistry of these drugs of biological and
pharmaceutical importance with metal ions such as copper is
of considerable interest. Antibiotics of the Quinolone family
can participate in the formation of metal complexes in dif-
ferent ways [19]. The zwitterionic state of neutral Quino-
lones is the chemical form predominant under physiologic
conditions (pH 7.4). This Quinolone zwitterion form is able
to chelate metal ions forming simple metal complexes by the
coordination of the deprotonated carboxylate group at
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MC3T3-E1 cells

Fig. 3 Morphological study. Effect of Cu(Nor),-5H,0 on osteoblast-
like cells (UMR106 cells: upper panel and MC3T3-El cells: lower
panel). Cells were incubated with Cu(Nor),-5H,0 for 24 h. Then, the
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Fig. 4 Neutral Red uptake assay. UMRI106 cells (a), MC3T3-El
cells (b). Cells were incubated with different doses of
Cu(Nor),-5H,0, Norfloxacin and Cu®** for 24 h at 37 °C. After
incubation, cell viability was determined by the uptake of NR. The
dye taken up by the cells was extracted and the absorbance read at
540 nm. Results are expressed as % basal and represent the
mean = SEM (n = 16), *P < 0.001
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cells were stained with Giemsa and observed by light microscopy
(magnification x100)
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Fig. 5 Micronuleus assay. Micronuclei (MNi) induction in osteo-
blast-like cells (UMR106 and MC3T3-El) after 24 h exposure to
Cu(Nor),-5H,0. Significant difference at *P < 0.05, ***P < 0.001,
(a) is the significant difference. BLM stands for bleomycin, it is used
as positive control

position 1 and the oxygen of the ring carbonyl group at
position 3 [19, 21, 37].

The accuracy of PM6 method used to predict the heats
of formation for compounds of interest in biochemical
systems is somewhat better than HF or B3LYP DFT
methods using the 6-31G(d) basis set [38, 39]. Because of
its construction and parametrization for more than 80 ele-
ments, PM6 is superior to other similar methods [25]. PM6
has been successfully used to reproduce atomic distances in
many copper species of importance in biochemistry [25].
The more stable conformation under vacuum (C1) presents
a coordination sphere around the copper atom that matches
with the x-ray crystallographic structure previously repor-
ted for another binary copper complex of Norfloxacin
[Cu(HNor),]Cl,-2H,0 [17]. The fact that C2 displays
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lower energy than C1 when taking into account the solvent
effect for the two conformations could mean that in
aqueous solution the presence of water molecules would
allow the approach of fluorine atoms, which stabilizes the
structure by hydrogen bonding. We can suggest that
Cu(Nor),-5H,0 complex could have a structure as Cl in
the solid state because the energy barrier of 3.8 kcal is high
to convert to C2. On the other hand, it is probably that the
complex adopts a structure similar to C2 when it is in
aqueous solution even though a significant contribution of
Cl1 is also possible considering the little difference in the
heat formation of both conformations.

Metal-based antitumor drugs play arelevantrole in cancer
treatment. One of the most effective drugs in this group is
Cisplatin even though severe toxicity and drug resistance has
been reported [40]. Therefore, in recent years, there has been
arapid expansion in research and development of new metal-
based anticancer drugs to reduce the toxicity and to improve
clinical effectiveness [41]. Among non-Pt compounds, copper
complexes are potentially attractive as anticancer agents in
Medicinal Chemistry [8, 42, 43]. Copper compounds are very
attractive based on the assumption that endogenous metals
may be less toxic. It has been established that the properties of
copper-coordinated compounds are largely determined by the
nature of ligands and donor atoms bound to the metal ion
Cu(Nor),-5H,0 [8]. Norfloxacin is a synthetic antibacterial
agent of the Quinolone group used to treat different infections,
mainly complicated urinary tract infections [1]. Recently, it
has been an increased interest in antibacterial and antitumoral
actions of Quinolones. These effects are based on their
inhibitory action on DNA gyrase and topoisomerase II in
bacteria and mammals, respectively [44]. It is well known that
the interaction of metal ions with antibiotics may change the
pharmacological and toxicological properties of both com-
ponents [6]. Besides, many drugs exhibit or modified their
pharmacological and toxicological properties when they are in
the form of metallic complexes.

A deleterious effect of the complex on the proliferation of
UMRI106 and MC3T3-El osteoblast-like cells in culture
could be seen with a stronger effect on the tumoral cells. This
finding is in agreement with previous papers reporting the
antitumoral action of copper—Norfloxacin complexes in other
tumoral cell lines [9, 45]. Cu(Nor),-5H,0 exhibited a better
inhibitory effect on the osteosarcoma cells comparing to the
organic moiety of the molecule, Norfloxacin, and to copper
(1) ion, demonstrating the usefulness of the complexation.

Very few data concerning the cellular mechanisms
underlying the antitumoral activity of copper compounds
are available. The results obtained in the proliferation and
the morphological studies point to the importance to search
the toxicity of the complex in osteoblast-like cells in cul-
ture. For this reason, we focused our investigation on the
cytotoxicity and genotoxicity of the Cu(Nor),-5H,0.

The uptake of the supravital dye NR is a good method to
measure lysosome functionality. It is one of the mostly
used cytotoxicity tests with many biomedical and envi-
ronmental applications. This test is based on the ability of
viable cells to incorporate and bind the supravital dye
neutral red in the lysosomes [46]. Viable cells will take up
the dye so any decrease in the uptake will serve as an
indicator of cytotoxicity. Changes of the cell surface or the
sensitive lysosomal membrane lead to lysosomal fragility
and other changes that gradually become irreversible. Such
alterations brought about by the action of xenobiotics result
in a decreased uptake and binding of NR. [47]. After 24-h
incubation with different concentrations of the complex, a
reduction in this important metabolic function could be
determined in both cell lines. The results of the cytotoxicity
test are in accordance with that of the Crystal Violet bio-
assay since the dose related cytotoxic effect is higher for
the tumoral cell line than for the normal osteoblasts.
Besides, this effect is also stronger in UMR106 osteosar-
coma derived cell line than the effects of the free ligand
and free ion. Antitumoral actions of another Cu(Il) with a
Quinolone derivative in different tumoral cell lines were
previously reported by [48]. An in vitro cytotoxicity study
of copper(Il) mixed-ligand complexes with 2-phenyl-3-
hydroxy-4(1H)-quinolinone, has shown significant activity
against human osteosarcoma (HOS) and human breast
adenocarcinoma (MCF7) cell lines with ICsq near 2 pM.

Copper compounds cause genotoxicity since they may
exert antiproliferative effects via interactions with DNA.
The strong interactions of copper(I) mixed-ligand com-
plexes of Quinolinone derivatives with calf thymus DNA
and their high ability to cleave pUC19 DNA plasmid have
been previously reported [48]. These authors found a good
correlation between the in vitro cytotoxicity and genotox-
icity with DNA cleavage studies of the complexes. MN is a
test used in toxicological screening for potential genotoxic
compounds. The assay is one of the most successful and
reliable tests for genotoxic carcinogens, i.e., carcinogens
which act by causing genetic damage according to OECD
[49] (Organization for Economic Co-operation and
Development). In our study, alterations in the nuclei of the
cells began at low concentration in both cell lines. Nev-
ertheless, UMR106 tumoral cells displayed a dose-related
effect between 5 and 25 puM, while the normal osteoblasts
showed a narrower concentration-dependent range. The
increment in the MN frequency may be due to an effect
displayed by the Norfloxacin. It is well known that Nor-
floxacin disrupts topoisomerase II activity in bacteria and
in mammalian cells [50, 51]. Moreover, the increase in MN
frequency can also be related to the effect of copper(Il)
complexes on DNA cleavage as it has been previously
reported for other organic copper compounds [37, 52, 53].
In addition, a third possibility for the genotoxicity of
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Cu(Nor),-5H,0O could be attributed to the action of both
moieties on DNA.

Conclusions

In conclusion, from a physicochemical point of view, the
IR spectrum of Cu(Nor),-5H,O confirms that the carbox-
ylate group COO™ and the ring carbonyl of Norfloxacin are
involved in the complexation of copper(Il). Moreover, the
observed biological responses may be mainly attributed to
the species with C2 conformation, the predominant lower
energy form under physiologic conditions.

The results of the biological cell culture study demon-
strate the stronger antiproliferative effect of the complex
Cu(Nor),-5H,0 in the osteosarcoma UMR106 cells than in
the normal cell line MC3T3-El. These results are in agree-
ment with the NR uptake cytotoxicity assay and with the MN
assay, the test chosen to determine the genotoxicity.

Altogether, taking into consideration that all the performed
tests show the more deleterious action of the complex on
tumoral osteoblasts than on the normal cells, further studies
are of great interest in the field of Medicinal Chemistry for the
potentiality of this complex for clinical treatment of cancer.
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