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Abstract

Context: Characterization of the pro-oxidant activity of QNACR.

Objectives: Reactive oxygen species (ROS) induce cellular damage and represent.unique opportunities to kill
malignant cells. In this study, we synthesized and evaluated the new compound, (E)-methyl 2-(7-chloroquinolin-4-
ylthio)-3-(4-hydroxyphenyl) acrylate (QNACR) as potential pro-oxidative agent against breast cancer.

Methods: Oxidative stress biomarkers such as ROS, thiobarbuturic acid reactive species (TBARs) and different
antioxidant enzyme activities were determined in cell lysates.

Results: QNACR showed cytotoxic and.-more selective effects to tumour MCF7 cells (IC,; < 25 uM) compared to
antitumour controls, inducing ROS-and TBARs parallel to:inhibitions of catalase (CAT), glucose-6-phosphate
dehydrogenase (G6PDH) and 6-phosphogluconate dehydrogenase (6PGDH). Longer exposures to QNACR triggered
adaptive effects increasing the overall activities of CAT, glutathione reductase, GG6PDH and 6PGDH, but eventually the
adaptation changes faded and cells died:

Conclusion: QNACR led to remarkable modifications in the oxidative status of tumour cells, proposing this compound

as potential alternative for antitumour therapy.

Keywords: Reactive oxygen species, antioxidantenzymes, oxidative stress, antineoplastic

Introduction

The search of new compounds targeting diverse human
cancers represents an important key combating this dis-
ease. Over the last years, there has been a strong interest
in the development of new heteroaromatic compounds
derived from quinolines due to their wide range of phar-
macological properties. Indeed, quinoline derivatives
have shown effects as antineoplastics such as tasquini-
mod (ABR-215050) which is one of the main quinoline
compounds that is currently in clinical research whose
effects are related to the inhibition of angiogenesis in
patients with tumour metastasis'. On the other hand,
substitutions with an acrylate group on organic structures

such as benzofuranes improves the antitumour activity
in vitro®, being proposed as potential DNA-intercalating
compounds, inhibitors of angiogenesis and apoptosis
inducers*! confirming the multi-target effects of these
structures.

Reactive oxygen species (ROS) are well known to
produce oxidative stress and cause damage to lipids, DNA
and other cellular molecules in vitro and in vivo. These
effects could be taken for the design and development
of new possible structures as antineoplastics and
could be related to a direct/indirect inhibition of
antioxidant enzymes or by chemical production of ROS
inside the cells. Indeed, the therapeutic potential of
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abietyl-Isothiocyanate (ABITC) to treat endometrial
cancer is related to its actions on cell-cycle progression
and apoptosis as well as on the ROS generation®.

Pro-oxidative compounds are being considered
as potential novel antitumour therapies. Indeed,
(-)-Epigallocatechin-3-gallate (EGCG), the major poly-
phenol in green tea, has been shown to inhibit tumouri-
genesis and cancer cell growth in animal models by a
time-dependent production of intracellular ROS, effect
that was reversed in the presence of superoxide dis-
mutase and catalase®.

In this study, we characterized the dose and time-
response relationship of the new quinoline acrylate com-
pound (E)-Methyl 2-(7-chloroquinolin-4-ylthio)-3-(4
hydroxyphenyl) acrylate (QNACR) in human breast can-
cer cells, as well as its involvement on the oxidative status
in vitro.

Methods

Synthesis of (E)-methyl 2-(7-chloroquinolin-4-
ylthio)-3-(4 hydroxyphenyl) acrylate (QNACR)

The synthesis and physicochemical evaluations of
QNACR (Figure 1) were performed according to a pre-
vious procedure’. Briefly, the melting point was deter-
mined on a Thomas micro hot stage apparatus and
infrared spectra as KBr pellets on a Shimadzu model 470
spectrophotometer. The '"H NMR, *C NMR spectra were
recorded using a Jeol Eclipse 270 (270 MHz/67.9 MHz)
spectrometer using DMSO-d,, and are reported in ppm
downfield from the residual DMSO. Elemental analyses
were performed on a Perkin Elmer 2400 CHN analyzer,
results were within +0.4% of the predicted values for all
compounds. Chemical reagents were obtained from
Aldrich Chemical Co, USA. All solvents were distilled and
dried in the usual manner.

A mixture of methyl 2-(7-chloroquinolin-4-ylthio)
acetate (0.37 mmol), appropriate benzaldehyde (0.45
mmol), piperidine 0.02mL, glacial acetic acid (0.05mL)
in benzene dry (10mL) was refluxed overnight. After
cooling, the mixture was washed with a solution of HCI
0.1M (3 times), water (3 times), brined and dried over
MgSO,, filtered, and concentrated. The crude product
was purified by flash chromatography n-hexane:ethyl
acetate (7:3).

OH

S CO,-CH,
S

Cl N/

Figure 1. Chemical structure of (E)-methyl 2-(7-chloroquinolin-4-
ylthio)-3-(4 hydroxyphenyl) acrylate (QNACR).
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Cell cultures

Breast adenocarcinoma cell line (MCF7) and non-tumour
retinal pigment epithelium (RPE) cells were obtained from
European Collection of Cell Cultures, Salisbury Wiltshire,
UK. Cells were grown in RPMI medium supplemented
with 10% fetal bovine serum (FBS), L-glutamine 1%,
penicillin (50 units/mL) and streptomycin (50 pg/mL), in
a humidified atmosphere of 95% air and 5% CO, at 37°C.
Cell culture medium was from HyClone Laboratories, Inc.
South Logan, Utah, USA. Reagents were purchased from
Sigma-Aldrich (St. Louis, MO).

Effect of QNACR on cell viability and cell growth

5x10®* MCF7 or 5x10° RPE cells were cultured in a
96-well microtiter plate containing 0.1mL of RPMI
growth medium/well for 24 h. Cells were incubated with
the compound dissolved in dimethylsulfoxide (DMSO)/
medium 0.02% (5-100 pg/mL, 72h) and evaluated for
their cytotoxicity. The dose-dependent effects of each
compound on cell viability were assessed using the
Alamar Blue test (Invitrogen’) according to” and the IC,,
values obtained were defined as the concentration of
tested compounds resulting in a 50% reduction of the cell
viability compared to vehicle-treated cells. Further evalu-
ations of QNACR were performed using its IC, value. The
time-dependent effects of this compound on cell growth
were measured according to a previous procedure®. All
experiments were carried out in triplicates.

Effect of antioxidants on QNACR cytotoxicity

5x10% MCF?7 cultured for 24 h in a 96-well microtiter plate
containing 0.1mL of RPMI growth medium/well were
incubated with either vehicle, QNACR at its cytotoxic IC,,
N-acetyl-Cysteine (0.5 mM) or TROLOX (0.1 mM) in differ-
entincubation combinations (37°C x 72h). Cells were then
incubated with Alamar Blue (37°C x 4 h) and resorufin was
measured at 570/600nm. The results were expressed as
percentage of cell viability compared to control vehicle.

Intracellular ROS determinations

The determination ofintracellular reactive oxygen species
(ROS) after QNACR incubations over the time was mea-
sured with the non-fluorescent probe 2’,7’-dichlorofluo-
rescein diacetate (DCFH-DA) as described previously?,
measuring the fluorescence of DCFH at 480/530 nm.

Sample preparation and compound incubations

For the determination of lipid peroxidation, enzyme activ-
ities and total glutathione, 2 x 10° MCF7 cells were treated
either with vehicle or QNACR at its cytotoxic IC,, (37°C x
3, 6, 12 and 24 h), were trypsinized and 1 x 10° cells were
suspended in PBS and centrifuged (1000rpm x 5min).
Samples were subjected to different protocols, depending
on the enzyme activity/metabolite determinations®.

Lipid peroxidation evaluation
To determine lipid peroxidation induction by the com-
pound, we measured the production of thiobarbituric

RIGHTS LI MN Kiy



Journal of Enzyme Inhibition and Medicinal Chemistry Downloaded from informahealthcare.com by Univ Victor Segalen Bordeaux 2 on 01/09/14
For personal use only.

1302 J.R.Rodrigues et al.

reactive oxygen species TBARs at 535/580nm'. Results
are expressed as nmol TBARs/mg.

Activities of superoxide dismutase and catalase
Superoxide dismutase (SOD) and catalase (CAT) activi-
ties were measured by tracking the reduction of cyto-
chrome C at 550nm and of H,0, at 240 nm, respectively,
following previous protocols®. For SOD, results were
expressed as U/mL-mg, while for CAT activity results
were expressed as U/mg.

Glutathione cycle determinations

To determine the total glutathione levels in cells treated
with the compound, we followed a previously modified
protocol®. To evaluate the glutathione reductase activity
(GR), we followed a modification of a procedure previ-
ously reported!!. For glutathione-S-transferase (GST)
activity, we followed a procedure previously described'.

Activities of dehydrogenase enzymes from the
hexose-phosphate pathway

To determine the activities of glucose-6-phosphate dehy-
drogenase (G6PDH) and 6-phosphogluconate dehydro-
genase (6PGDH), we followed a microplate modification
of a procedure previously described®, measuring the
NADPH fluorescence detected as 460nm emission
excited at 340nm. To obtain the accurate activities of
both enzymes, 6PGDH and total dehydrogenase activity
(G6PDH + 6PGDH) were measured separately. GGPDH
activity was calculated by subtracting the activity of
6PGDH from total enzyme activity®.

Protein levels were determined", and data were pre-
sented as the average of four independent experiments
(n = 4) and tested for statistical significance using
unpaired f-tests for specific group comparisons and
ANOVA for multiple data sets, assuming 95% confidence
limits using GraphPad Prism 4.02 software.

Results

A new quinoline acrylate derivative, the (E)-methyl
2-(7-chloroquinolin-4-ylthio)-3-(4 hydroxyphenyl)
acrylate (QNACR, Figure 1) was synthesized and evalu-
ated for its potential antineoplastic activity in vitro. The
parameters of QNACR purity and structure confirmation
were as follows:

Yellow solid. Yield 75%. mp. 210-212°C. IR (KBr) cm™:
3456 (OH), 1698 (CO), 1601 (C=C). 'H NMR, DMSO-d,,
& ppm: 3.69 (s, 3H, OCH,); 6.79 (d, 2H, H, _, J: 8.9 Hz);
7.09 (d, 1H, H, J:5.0 Hz); 7.73 (dd, 1H, H, J:9.1,2.2 Hz);
7.87(d, 2H, H,, , J:8.9 Hz); 8.09 (d, 1H, H,, J: 2.2 Hz); 8.22
(d, 1H, H,, J: 9.1 Hz); 8.49 (s, 1H, =CH); 8.66 (d, 1H, H,, J:
5.0 Hz); 10.33 (s, 1H, OH). *C NMR, DMSO-d,, 6 ppm:
53, 114, 116, 117, 121, 125, 126, 128, 129, 134, 135, 139,
146, 148, 152, 153, 161. Anal. Calcd. for C ;H ,CINO,S. C:
61.37, H: 3.79, N: 3.77. Found C: 61.36, H: 3.73, N: 3.61.

The evaluation of this compound on cell viability in
the cell lines demonstrated that QNACR is cytotoxic to

tumour MCEF?7 cells in a dose-dependent manner, show-
ing an IC, | < 25 uM. The results also remarked the more
toxic effect on this cell line compared to non-tumour
cells and additionally, demonstrating a higher specific-
ity rate compared to cisplatin and doxorubicin controls
(Table1). In this context, the effect of QNACR on cell
viability also showed a time-dependency fashion (n = 3,
p < 0.01; Supplemental Figure 1).

This cytotoxic effect was partially reversed by addition
of two functionally unrelated antioxidants N-acethyl-
cysteine (NAC), a compound that reduces thiol groups
and is a substrate for the synthesis of glutathione, and
trolox, a vitamin E water-soluble analogue that scavenges
free radicals. This suggests the involvement of increased
oxidative stress in the cytotoxic actions of QNACR
(Figure 2).

In the next step, we investigated whether QNACR
increases oxidative markers in MCF?7 cells. Thus, we used
the oxidant-sensitive fluorescence probe DCFH-DA to
determine ROS levels. As shown in Figure 3a, this quino-
line acrylate compound significantly increased the reac-
tive oxygen species compared to control vehicle over the
time, suggesting that the toxic effects of QNACR might
be due to an oxidative burst on tumour cells. To confirm
the oxidative effect of QNACR, we determined lipid per-
oxidation in these tumour cells. Results showed that this
compound increased TBARs levels in a time-dependent
manner (Figure 3b).

Table 1. Comparison of the cytotoxic effect of QNACR with
cisplatin and doxorubicin.

MCF7 RPE Specificity rate
Compound (IC,, pM) (IC,, pM) (RPE/MCEF7)
QNACR 24.8+1.04**t  50.59+2.51 2.04
Cisplatin 23.87+£0.47 25.31+£0.01 1.06
Doxorubicin 114.27+3.5 9.14+0.08 0.08

Results are expressed as the mean + SEM of the IC, values in four
independent experiments.

**p < 0.001 compared to doxorubicin; *p < 0.05 compared to RPE
cells.

1004

Viability (% of control)

Control QNACR QNACR+NAC QNACR+TRX

Treatments

Figure 2. Effect of antioxidants on the cytotoxicity of QNACR (24.8
pUM) on MCF7 cells. NAC (0.5 mM) and Trolox (0.1 mM) themselves
resulted in the cell viability of 99.75+2.2% and 103.12+2.67,
respectively, compared to untreated control. Results are expressed
as the mean + SEM. **p < 0.001.
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Figure 3. Effect of QNACR (24.8 pM) on oxidative markers in
MCEF7 cells over the time. a) Reactive-oxygen species (ROS) levels.
b) Thiobarbituric acid reactive species (TBARs) levels. Results
are expressed as the mean + SEM. (a) *p < 0.05 and ***p < 0.001.
(b) **p < 0.001 compared to control vehicle.

Defence against oxidative stress represents a very
important pathway for the detoxification of free radicals
and a compound able to increase ROS in tumour cells
could modify the different antioxidant mechanisms,
making the cells more vulnerable to the oxidant species
and resulting in cell death. The effects of QNACR on the
several antioxidant enzymes are shown in Table 2. SOD
and CAT by removing superoxide radical and the oxidant
hydrogen peroxide respectively, constitute a first-line of
defence against ROS. SOD activity was slightly affected
by QNACR while CAT was strongly affected and interest-
ingly in a non-monotonous manner: at 3-6h occurred a
50% inhibition, at 12h a two-fold increase, and at 24h a
near 50% inhibition. This non-monotonous behaviour
was observed for many of the enzymes studied (see
below) indicating that in these studies it is critical to per-
form time-dependent studies.

The glutathione system is the most important redox
buffer essential for maintaining the redox balance on
cells. Thus, the modification of the glutathione cycle
in MCEF7 cells, as shown in Table 2, is highly relevant.
The activity of glutathione reductase (GR) was strongly
increased after 12 h of incubation, as it occurred with cat-
alase. Detoxification enzyme GST was initially increased
by 15%, however decreased by 25% after 24 h. The results
on the glutathione-dependent enzymes are paralleled

© 2013 Informa UK, Ltd.
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with an initial 30% decrease followed by 50% increase in
the total glutathione levels (Table 2).

The pentose phosphate pathway (PPP) is a main route
for glucose catabolism and biosynthesis of nucleic acids
and aromatic aminoacids. In an oxidative phase, the PPP
generates nicotinamide adenine dinucleotide phosphate
(NADPH), by the enzymes glucose-6-phosphate dehy-
drogenase (G6PDH) and 6-phosphogluconate dehy-
drogenase (6PGDH). NADPH is the main intracellular
reductant that is required for the normal function of the
fatty acid synthesis and antioxidant systems such as the
glutathione and thioredoxin cycles. Activities of GGPDH
and 6PGDH were affected by QNACR due to overall
decreases in short-time incubations and strong increases
after longer periods of time compared to untreated con-
trols (Figure 4a and 4b). Of notice, the 60% increase in the
activity of 6PGDH (Figure 4b).

Discussion

Breast cancer represents the most common cause of can-
cer death among women worldwide while the incidence
of and mortality rates are higher in more developed
countries, rates in less developed countries are increas-
ing' and since available therapies are limited, expensive
and with remarkable toxicological effects, new alterna-
tive drugs are needed to fight this disease.

The effects of quinolines and acrylates as potential
anticancer agents have been previously demonstrated**;
however, there are few data available about the effect of
these combined structures on tumour cells. It has been
recently reported the potential antitumour properties
of different quinoline acrylate derivatives’, and especial
attention has been paid to (E)-Methyl 2-(7-chloroquino-
lin-4-ylthio)-3-(4-hydroxyphenyl) acrylate (QNACR),
due to its ability to inhibit cell adhesion, migration,
invasion, angiogenesis matrix metalloproteases in vitro
and tumour growth in vivo’. Thus, in the present study
we addressed the cytotoxic and pro-oxidative effects of
QNACR in breast cancer cells.

Preferential killing of tumour cells (therapeutic
selectivity) is one of the most important considerations
in developing new cancer chemotherapies. Results of
this study showed a more specific cytotoxic response of
QNACR in MCF7 compared to non-tumour RPE cells
with an increased rate of specificity compared to cis-
platin and doxorubicin controls. Our results also showed
that the effects of this compound on the cell lines are
dose and time-dependent.

Previous evidences have suggested that neoplastic
cells are under increased oxidative stress associated to
a generation of reactive oxygen species (ROS)'*. Since
ROS are prone to induce cellular damage, they are con-
sidered an unique opportunity to kill malignant cells
based on their susceptibility to lead to oxidative insults
(Supplemental, Figure 2a). Further exogenous ROS dam-
age by potential antitumour agents may increase the ROS
stress to a point that triggers cell death with therapeutic
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Table 2. Effect of QNACR (24.8 uM) on different antioxidant parameters over the time in breast cancer MCF7 cells.

3h 6h 12h 24h
Parameter CTR QNACR CTR QNACR CTR QNACR CTR QNACR
SOD (U/mL mg) 0.66+0.01 0.77+0.02** 0.66+0.01  0.53+0.01***  0.65+0.03 0.54+0.03* 0.66+0.02 0.53+0.03*
CAT (U/mg x 100) 7.22+0.59 3.55+0.22%* 7.19+0.78 4.3+0.01** 7.20£0.52  15.65+0.39*** 7.20+0.72 4.22+0.30*
GR (U/mg) 4.91+0.10 4.43+0.49 4.81+0.30 4.82+0.18 4.76+0.28 6.82+0.29** 4.65+0.32 5.20+0.24
GST (U/mg) 0.66+0.01 0.77+0.01**  0.67+0.01  0.75+0.01"**  0.64+0.01 0.71+0.01*** 0.64+0.01 0.50+0.03**

GSH+GSSG (mM/mg) 79.06+0.94 61.14+1.26** 78.01+1.11 68.83+2.16*

Results are expressed as the mean + SEM of four independent experiments.
CAT, catalase; GR, glutathione reductase; GST, glutathione-S-transferase; GSH, reduced glutathione; GSSG, oxidized glutathione; SOD, superoxide

81.35+0.88  97.84+0.68™*  79.16+0.98 112.28+4.39™*

dismutase.
*p < 0.05, *p < 0.01 and ***p < 0.001 compared to vehicle control (CTR).

implications®. In this context, QNACR was able to induce
ROS levels over the time suggesting that the toxicological
effects of this compound could be due to the induction
of oxidative stress. To confirm that the cytotoxic actions
of QNACR involved the ROS production, we also dem-
onstrated that two unrelated antioxidant compounds
such as NAC and TROLOX protected cells from the toxic
effects of this compound.

Due to the highly reactive nature of ROS, increased
generation of these species in tumour cells often leads
to the accumulation of oxidative products, such as lipid
peroxides. The increase of ROS levels by QNACR is
indeed associated with higher levels of TBARs over the
time, confirming the damage effects of this compound
on cell membranes as we also previously reported with a
benzothiazole compound® and once lipid peroxidation is
initiated, it would form membrane damage end products
resulting in a possible decrease in membrane fluidity and
increase in the membrane permeability, contributing to
apoptosis'”.

The oxidative status regulates the expression and
activity of superoxide dismutase (SOD), catalase (CAT),
and glutathione-S-transferase (GST), as well as other
antioxidant enzymes, leading to adaptive effects of
these proteins. In this context, adaptation is an event
in which oxidants triggered an antioxidant response
in the cells resulting in higher levels of antioxidant and
repair enzymes and lower membrane permeability,
making cells more resistant to subsequent doses of oxi-
dants'®. Thus, QNACR showed non-monotonous effects
in several enzymes revealing a complex response. Most
enzymes analysed were inhibited within the first 3h
of incubation, which may be consistent with a damage
exerted by ROS-derived QNACR in an acute oxidative
challenge (Supplemental, Figure 2b). In fact, cellular
membranes were also damaged within this short time
window. Since the function of G6PDH and 6PGDH is to
lead the production of NADPH for antioxidant defence,
we hypothesized that the decrease in both enzyme
activities during the beginning of QNACR effects may
contribute to a decreased antioxidant defence that is
exacerbated by the inhibition of CAT and thus leading to
an accumulation in ROS in this acute initial phase. The
dehydrogenase enzymes are possible targets for antican-
cer therapy and could lead to a profound decrease in the

A 45
|-+-CTR
| -m- QNACR | "
. ] . __+
. i
E
_EI /
B A= —
z\ i
s
l‘I-.; L |
< 3 1
T ]
o 1
8
2,5 4
2 . v .
] L] 12 18 24
Time (h)
B .
| -+ CTR
127 .= anacr o ]
- 9 -~ =
E e
5 “
> &
£ 1
:‘n 08 4
z S - e
2 + ———
o o 4
06 4 ™
04 T T T v
] 6 12 18 24
Time (h)

Figure 4. Effect of QNACR (24.8 uM) on the activity of the
dehydrogenase enzymes of the penthose phosphate pathway. (a)
G6PDH: glucose-6-phosphate dehydrogenase activity; (b) 6PGDH;
6-phosphogluconate dehydrogenase activity. Results are expressed
as the mean + SEM. *p < 0.05; **p < 0.01 and **p < 0.001 compared
to control vehicle.

total glutathione level enhancing cellular damage. Thus,
the initial inhibition of G6PDH and 6PGDH activities
by QNACR compared to vehicle support the anticancer
potential of this compound.

Two exceptions to the initial decrease at 3h were a
slight increase of SOD activity and an increase in GST
activity. GST is an important detoxification enzyme, and
QNACR being a xenobiotic may have triggered an imme-
diate detoxification response. In addition, QNACR may
have produced strong toxicants since ROS and TBARs are
greatly elevated from the beginning of incubations, these
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toxicants could represent other types of compounds
that need to be detoxified by GST, using large amounts
of glutathione and suggesting that the levels of this free
metabolite is decreased when GST in strongly increased,
as we have observed in this study.

After 3h, QNACR increased the activity of most
enzymes, which is consistent with an adaptive response
against the increase in ROS. In the present case, cata-
lase, GR, glutathione levels and hexose-monophosphate
enzymes responsible for NADPH production had their
levels increased at 6h. Again, GST and SOD were the
exception to this behaviour having activity levels at 6h
lower than at 3h. The decrease in GST activity may have
helped spare glutathione. Of note, the large increase, up
to two-fold, in catalase activity observed at 6 h. This could
be indicative that H,0, production triggered by QNACR
may have been a key ROS mediator for the observed
cellular effects, and that catalase was specifically up-
regulated to counteract H,O,. This is consistent with the
increase in DCFH signal, a probe often used to detect
H,0,, and it is also consistent with the protective effect
observed for Trolox and NAC.

Atlonger incubation times, glutathione levels and hex-
ose-monophosphate enzymes were the only parameters
that were still higher than control. All other antioxidants
were inhibited, or similar to control as in the case of GR,
indicating probably a failed antioxidant response that
resulted in cell-death. This failed antioxidant response is
a critical parameter for the anticancer potential of a com-
pound (Supplemental, Figure 2b).

In this context, ROS overproduction could be consid-
ered as potential alternative for novel anticancer therapy
developments leading to irreversible cell injury which
may exhaust the capacity of SOD and other antioxidant
enzymes®’. Thus, the quinoline derivative, FBA-TPQ,
exerts its activity through ROS-associated activation of
apoptosis in ovarian cancer in vitro®. In addition, it has
been demonstrated that epigallocatechin gallate (EGCG)
induces ROS leading to DNA oxidative damage, which
could be responsible for its antitumour actions®. QNACR
could also inhibits angiogenesis, as we already reported
recently in another study” and this effect could be due to
its pro-oxidative properties besides its actions inhibiting
MMP9; indeed neovascularization suppression in vivo
and in vitro could be a response of augmenting ROS gen-
eration®. The involvement of QNACR on angiogenesis
inhibition and apoptosis should be addressed in further
studies to understand the more specific molecular mech-
anism of this analogue. However, a therapeutic strategy
could be using agents that cause ROS accumulation to
preferentially kill cancer cells and/or inhibiting the anti-
oxidant enzymes as we demonstrated in this study.

Conclusions

QNACR was able to trigger ROS levels and lipid peroxi-
dation as well as inhibited catalase and dehydrogenase
enzymes of the pentose phosphate pathway in short

© 2013 Informa UK, Ltd.
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periods of incubations. The adaptive response that fol-
lowed this acute oxidative injury was not sufficient to
spare MCF-7 cells from the toxic effects of QNACR. These
results suggest that besides its effects on the inhibition
of matrix metalloproteases and its ability to decrease
tumour growth in animal models’, the antitumour activ-
ity of this compound could be also involved in the distur-
bance of the oxidant/antioxidant status.
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