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Abstract—The use of doxorubicin (DOX) in the treatment of solid tumors is limited by cardiotoxicity essentially due to oxidative
stress generation. The aim of this study was to identify coumarin derivatives displaying a protective antioxidant activity without
affecting DOX antitumoral efficiency. A set of eighteen coumarinic derivatives was synthesized. Their antioxidant power was eval-
uated in vitro with the FRAP (ferric reducing ability of plasma) method and in human breast adenocarcinoma MCF7 cells using
H,DCFDA (2',7'-dichlorodihydrofluorescein diacetate) in a cytometric analysis. 4-Methyl-7,8-dihydroxycoumarin was found to
exhibit an important antioxidant strength, a low cytotoxicity, and could decrease ROS (reactive oxygen species) production gener-
ated by DOX treatment without affecting DOX cytotoxicity in MCF7 cells.

© 2007 Elsevier Ltd. All rights reserved.

Coumarins are a vast group of natural compounds
essentially found in green plants. As substitutions can
occur at any of the six available sites of their basic
molecular moiety (1,2-benzopyrone), these compounds
are extremely variable in structure. This structural diver-
sity leads to compounds displaying multiple biological
properties that promote human health and help reduc-
ing the risk of diseases. In a recent review, Kostova' re-
ports that coumarin itself and 7-hydroxycoumarin have
provided evidence of in vitro antiproliferative and
in vivo antitumor activities. Moreover, coumarins pos-
sess, among others, anti-oxidant activities, probably
due to their structural analogy with flavonoids and
benzophenones.” Indeed, this structure type could bind
transition metal ions, such as Fe(IIl), and thus inhibit
hydroxyl radical and hydrogen peroxide formation pro-
duced by Fenton’s reactions. Furthermore, their hydro-
xy functions are potent H' donors for free radical
acceptors, due to electron delocalization across the mole-
cule.’* Thus, coumarin derivatives could be potent ROS
scavengers and metal chelating agents. A large number
of structurally novel coumarin derivatives have been
synthesized in order to improve this antioxidant activity.
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Doxorubicin (DOX), an anthracycline antibiotic, is a
potent chemotherapeutic agent, often used in the treat-
ment of solid tumors, especially breast and ovarian can-
cer. However, its therapeutic use is limited by its
cardiotoxicity. DOX-induced cardiomyopathy mecha-
nisms are not completely understood but they include
formation of oxygen free radicals.” The semiquinone
form, produced by the DOX reduction by several
endogenous enzymes, generates superoxide radicals
which rapidly generate other ROS species, such as hy-
droxyl radical and hydrogen peroxide; these radicals
are able to induce apoptosis in cardiomyocytes.® Several
strategies, which decrease ROS quantity, have been
studied to reduce the cardiac toxicity of anthracyclines
without affecting their therapeutic efficacy. Different
antioxidants such as vitamins A, E, and C, probucol
or N-acetylcystein, and S-allylcystein do not interfere
with anthracycline activity in tumor cells but their car-
dioprotective efficacy was limited.” The iron chelator
IRCF-187 was found to be effective against DOX car-
diotoxicity but its use is limited by an hematological tox-
icity.® Flavonoids have also showed cardioprotective
effects® but it is well established that there is, at the mo-
ment, no universal ideal antioxidant.

The purpose of this study was to investigate the
antioxidant effects of some known and new coumarin
derivatives on oxidative stress induced by DOX in
MCEF7 cells.
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The synthesis of these compounds was carried out as de-
scribed earlier using sulfated zirconia (compounds 1-
5)'9 or zirconyl chloride octahydrate (compounds 6—
9" as catalysts. Compound 10 was synthesized in
69% yield in the same manner as 6-9.'2

Preparations of 11 and 12 were carried out using 3 as start-
ing material; in the first case as reported by Campos et al.
with results matching those reported in the literature. '3 In
the second one, previous acetylation of the hydroxy
groups of 3'* allowed us to obtain the diacetyl derivative
(3a) in 58.4% yield. Subsequent substitution of chlorine
by the mercaptan group gave 12 in 38.8%' yield.

New compounds 13-15, 17, and 18 were prepared by the
classical Pechmann’s reaction!® from the corresponding
naphthol derivatives with yields between 25 and 85%,!”
while 16'8 was prepared in 97% yield from 13 by the pro-
cedure of Campos et al.!3
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First, these eighteen compounds were characterized for
their antioxidative strength and for their cytotoxicity.
Their ability to reduce ferric ions in vitro (FRAP test)!®
was compared to that of Trolox, used as reference. Only
four derivatives, 2, 3, 4, and 11, were more potent than
Trolox, with, respectively, 4.52£0.13; 5.53 £0.13;
5.76 + 0.04; 5.19 + 0.21 FRAP units (moles of Fe** pro-
duced by mole of compound) versus 1.84 = 0.06 for
Trolox (Fig. 1a).

These results were confirmed by assessing the ROS pro-
duction in MCF7 cells by flow cytometric analysis using
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Figure 1. Antioxidant power of coumarinic derivatives. Antioxidant
strength of coumarinic derivatives was evaluated, in vitro, with FRAP
method (a) and, in MCF7 cells, by intracellular ROS detection using
H,DCFDA detection by flow cytometry (b). (b) MCF7 cells were
treated for 24 h with the compounds at the concentration of 100 pM.
The final DMSO concentration (0,5% v/v) was the same in all
treatments. Significant differences between control and treated sam-
ples: P <0.05, (n = 3).

H,DCFDA (2’,7'-dichlorodihydrofluorescein  diace-
tate).?’ Five compounds, 2, 3, 4, 11, and 12, used at
the concentration of 100 uM for 24 h, were able to sig-
nificantly reduce (more than 3-fold) the H,O, produc-
tion in these cells (Fig. 1b).

Interestingly, derivative 12 did not show in vitro antiox-
idant properties whereas it displayed this activity in
MCF7 cells. We postulate that it could be metabolized
by intracellular enzymes to an active antioxidant form.
Indeed, the OCOCHj; functions in R5 and R6 positions
could be cleaved in hydroxy functions which seem to be
more reactive with ROS. Hoult and Paya?! have shown
that 7,8-dihydroxy coumarinic derivatives can trap
superoxide radical. Our experiments confirm these re-
sults because the most active compounds of our series,
2, 3, 4, and 11, bear this 7,8-dihydroxy function. More-
over, we synthesized a derivative of 12 in which the two
OCOCH; functions in Rs and Rg were replaced by hy-
droxy groups. Using the FRAP method, this compound
displayed an antioxidant power comparable to Trolox
(1.88 = 0.08 for the derivative of 12).

Next, the cytotoxicity of the antioxidant compounds
previously identified was tested in MCF7 cells using a
flow cytometric analysis with H,DCFDA and PI (propi-
dium iodide). PI is a polar, highly fluorescent (red color)
compound which can only enter cells that lack mem-
brane integrity. H;DCFDA is nonpolar and enters via-
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Figure 2. Cytotoxicity of antioxidant coumarinic derivatives. MCF7
cells were treated for 24 h with coumarinic derivatives at the
concentration of 100 uM. Cells were stained by PI (propidium iodide)
and H,DCFDA. The viability was assessed by flow cytometry. The
final DMSO concentration (0.5% v/v) was the same in all treatments.
“Significant differences between control and treated cells: P < 0.05;
n=3.

ble cells freely where it is converted to fluorescent
dichlorofluorescein (green color). Thus, when using both
substances, viable cells are identified with a high green
and a low red fluorescence.?? Figure 2 shows that 3,
11, and 12 used at the concentration of 100 uM for
24 h, led to nearly 70% of cell death, while 2 and 4 were
poorly cytotoxic. Thus, 2 and 4 could be selected for fur-
ther studies, and 2 was chosen because of its easy
synthesis.

In the second part of this biological evaluation, we
tested the protective potentiality of 2 against oxidative
stress induced by doxorubicin (DOX) in MCF7 cells.
At the concentration of 5 pM (ICsg), DOX generated a
significant production of ROS in MCF7 cells treated
for 24 h. A pre-treatment with 2 at the concentration
of 25 uM lowered the ROS levels generated by DOX
to that of control cells (Fig. 3). This effect was not obvi-
ous with short treatments (up to 12 h). This protective
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Figure 3. Effects of DOX and 2 on ROS generation in MCF7 cells.
The cells were pre-treated with compound 2 at the concentration of
25 uM for 24 h and then DOX at the concentration of 5 uM (ICs() was
added for the indicated times. Cells were stained with H,DCFDA and
analyzed by flow cytometry. "Significant differences between DOX and
2+ DOX treated cells: P <0.002; n=3 °Significant differences
between control and 2 treated cells: P <0.05; n = 3.
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Figure 4. DOX and 2 toxicity in MCF7 cells. Cell viability was
assessed by flow cytometry with PI and H,DCFDA. Significant
differences between control and treated cells: “P < 0.002, °P < 0.05;
n=3.

action of 2 was also shown in similar experiments using
H>0, instead of DOX (not shown).

Finally, as several mechanisms, including oxidative
stress, underlie DOX efficacy in cancer treatments, it
was important to know if the antioxidant properties of
2 were able to impair DOX toxicity in MCF7 cells. Fig-
ure 4 shows that it is not the case from a 12-h treatment.

In conclusion, the new coumarinic derivative 2 was syn-
thesized and characterized in this work. This compound
displayed evident antioxidant properties which were
evaluated in vitro and in MCF7 cells. Interestingly, this
compound was able to reduce the oxidative stress in-
duced by DOX in the cancerous MCF7 cells without
affecting the cytotoxic efficacy of this anthracycline.
Further studies are needed to evaluate the protective ef-
fects of 2 in non-cancerous cells, and especially in car-
diac cells, in order to determine its relevance as an
adjuvant in DOX treatments.
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