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Natascha Chavain,† Hervé Vezin,‡ Daniel Dive,§ Nadia Touati,‡

Jean-François Paul,† Eric Buisine,‡ and Christophe Biot*,†
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Abstract: Ferroquine (FQ or SR97193) is a unique ferrocene antimalarial drug candidate which
just entered phase IIb clinical trials in autumn 2007. FQ is able to overcome the chloroquine
(CQ) resistance problem, an important limit to the control of Plasmodium falciparum, the principal
causative agent of malaria. However, as for other therapeutic agents such as chloroquine (CQ)
and artemisin, its mechanism of action remains partially unknown. Most investigations have so
far focused on comparing the activity of FQ to that of CQ in order to understand how the ferrocene
core contributes to a stronger antiplasmodial activity. Studies have already shown that the
ferrocene altered the shape, volume, lipophilicity, basicity and also electronic profile of the parent
molecule and, hence, its pharmacodynamic behavior. However, few investigations have been
undertaken to probe the real contribution of redox properties of the ferrocene (iron(II))/ferricinium
(iron(III)) system in FQ as reported in this article. In our experimental and theoretical approach,
we considered the redox profile of the ferrocene core of FQ in the specific conditions (acidic
and oxidizing) of the parasitic digestive vacuole as a possible discriminating property from CQ
in the antimalarial activity.
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Introduction
Ferroquine (FQ, SR97193, Figure 1) is a new antimalarial

drug candidate developed by Sanofi-Aventis, currently in

phase IIb of clinical trials.1,2 This unique ferrocenic com-
pound is able to overcome the chloroquine (CQ) resistance
problem.1,3–6 Drug resistance became effectively an impor-
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tant limit to the control of Plasmodium falciparum.7 In this
respect, FQ was revealed to be equally active on CQ-sensitive
and CQ-resistant P. falciparum laboratory strains and field
isolates.1,4,5 Moreover FQ showed low toxicity1 and had no
cross-resistance to CQ.8 With regard to their primary
mechanism, both FQ and CQ molecules are paradoxically
assumed to act by concentrating in the parasite digestive
vacuole (DV), preventing thus the formation of hemozoin
and finally leading to parasite death. So, the antimalarial
properties of these two drugs have been compared in an effort
to understand how the presence of the ferrocene core can
contribute to a stronger antiplasmodial activity.1,3,4,6,8,9

The singularity of the ferrocene unit lies of course in
its shape, volume, lipophilicity, and basicity but also
electronic profile.10 Ferrocene unsurprisingly affects the
pharmacodynamic behavior of the parent molecule in
which it is inserted.9 The supposed lower affinity of FQ
for the postulated transporter linked to CQ resistance has
been recently attributed to these atypical physicochemical
properties.1,6 The ferrocene has also been grafted to
tamoxifen, an archetypical selective estrogen receptor
modulator. The hydroxyferrocifen compounds obtained
revealed interestingly antiproliferative activity on breast
cancer cells which are normally resistant to tamoxifen.
As proposed by the authors, the ferrocene could act as an
intramolecular oxidation “antenna” and facilitate the
oxidative production of the putative quinone methide
species responsible for the cytotoxic effect.11,12 As also
reported for a series of ferrocenyl chalcones, the ferrocene
unit contributes to the antiplasmodial activity by redox

cycling.13 More hypothetically, in the acidic parasite DV
the release of free heme is accompanied by the production
of superoxide anion, which rapidly dismutates to H2O2.14

Under such oxidizing conditions, the ferrocenyl moiety
present in FQ as iron(II) could also catalyze a Fenton-
like reaction, thereby yielding hydroxyl radicals. In this
context, we undertook investigations to probe the contri-
bution of the ferrocene core to the antiplasmodial activity
of FQ as a possible differentiation factor from CQ. In the
present article, we report our efforts to characterize the
redox profile of FQ by means of cyclic voltammetry, EPR
spectroscopy, spin trapping experiments, and theoretical
calculations.

Materials and Methods
Chemistry. FQ (218 mg, 0.5 mM) was diluted in dried

CH2Cl2 (25 mL). After its complete dilution, AgBF4 (98 mg,
0.5 mM) was added.15 The reaction mixture was stirred at
room temperature during 1 h. The green precipitate of
[FQ][BF4] (256 mg, 0.49 mM, 98% yield) was then filtered,
and washed twice with dried diethyl ether (2 × 50 mL).

Cyclic Voltammetry. Electrochemical measurements were
carried out on ferrocene, FQ (free base and dihydrochloride),
CQ diphosphate and N,N-dimethylaminomethylferrocene free
base (DMAF) and hydrochloride (DMAF ·HCl). Ferrocene
was recrystallized in ethanol-water before use, but the other
compounds were used as received. DMAF ·HCl was prepared
in dry ether with ethanolic HCl (1 M), filtered, washed with
dry ether, and dried before use. Cyclic voltammetry mea-
surements were performed with a VoltaLab 40 system with
a PGZ 301 Radiometer Analytical potentiostat. Working and
auxiliary electrodes were a platinum CTV 101T and a
platinum wire, respectively. The standard calomel reference
electrode (SCE) was separated from the bulk of the solution
by a KCl saturated solution with a glass frit. The voltam-
mogram was recorded from a low to high potential and then
reversed to the starting potential, and the scan rate in the
range of 25 to 200 mV s-1 was measured for each
compound. The electrolyte support salt was tetraethylam-
monium perchlorate (0.1 N). All solutions were prepared with
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Figure 1. Chemical structure of ferroquine, diprotonated
form.
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HPLC grade acetonitrile. The compounds (1 mM) were
deoxygenated by means of a stream of dry Argon.

EPR Spectroscopy. The CW X-band EPR spectra were
recorded on a Bruker ELEXYS 580-FT spectrometer. The
HYSCORE measurements were carried out with the se-
quence π/2-τ-π/2-t1-π-t2-π/2-τ echo, and a four-step
phase cycle. The pulse lengths of the π/2 and π pulses in
these experiments were 12 and 24 ns, respectively. All the
experiments have been performed at different τ values, which
have been chosen to optimize the sensitivity and to minimize
the blind spot effect on the shape of the ridges. Prior to
Fourier transformation of the HYSCORE data, the back-
ground decay was removed by a polynomial fit and apodized
with a Hamming function. 2D FT magnitude spectra were
calculated and presented as contour plots.

Spin Trapping. EPR spectra were simulated by using
Winsim 2002.16 EPR spin trapping measurements were
carried out on a Bruker ELEXYS 580-FT spectrometer
operating at room temperature under the following param-
eters: 8 mW microwave power and 1 G amplitude modula-
tion. The sample solutions were analyzed in a flat quartz
cell inserted in a standard cavity. 5,5-Dimethyl-1-pyrroline
N-oxide (DMPO) was purchased from Fluka and used after
Kugelrohr vacuum distillation to remove paramagnetic
impurities. H2O2 aqueous solutions were freshly prepared
before EPR experiments with an initial H2O2 solution (30%)
purchased from Aldrich. A stock solution of FQ dihydro-
chloride (1 mM) was prepared by dissolving 12.7 mg of
FQ ·2HCl in 25 mL of water ACS reagent. Twenty micro-
liters of 8 M DMPO was diluted in 1 mL of 1 mM FQ ·2HCl
solution before the addition of 50 µL of H2O2 aqueous
solution. Final H2O2 concentrations of 1 mM and 15 mM
were obtained.

Mass Spectrometry. FQ ·2HCl (12.7 mg) was diluted in
HPLC grade water (25 mL) with a final concentration of 1
mM. H2O2 stock solutions (50 mM, 500 mM, and 5 M) were
prepared by diluting a commercial solution of H2O2 (30%)
in HPLC grade water. Samples were then prepared by adding
20 µL of H2O2 stock solution to 1 mL of FQ solution. The
final concentrations of H2O2 were 1 mM, 10 mM and 100
mM. Reactions between FQ and H2O2 were monitored up
to 31 h. 0.5 µL of reaction mixture was spotted after 0, 0.5,
1, 5, 6, 7, 24 and 31 h on a MALDI target with 1 µL of
2′,4′,6′-trihydroxyacetophenone (THAP)/ammonium citrate
9/1 v/v matrix (THAP 10 mg/mL in H2O/acetonitrile, v/v,
and ammonium citrate 50 mg/mL in water) using the dried
droplet method. Matrix-assisted laser desorption ionization/
time-of-flight (MALDI-TOF) mass spectra were acquired
using a Voyager DE-STR instrument (Applied Biosystems)
equipped with a nitrogen laser operating at a wavelength of
337 nm in reflector positive ion mode. 100-125 laser shots
were accumulated for each spectrum.

Computational Details. All calculations were performed
with the Amsterdam Density Functional (ADF) program.17,18

Molecular orbitals (MOs) were expanded using a large
triple-� (TZP) basis set,19 augmented by one set of polariza-
tion functions. Scalar relativistic corrections were included
self-consistently using the zeroth order regular approximation
(ZORA).20 Geometries were optimized using the Perdew-
Wang 1991 (PW91) correlation functionals21 in singlet,
triplet and quintet spin states for iron(II) and in doublet,
quartet and sextet spin states for iron(III).

Results and Discussion
Chemistry. The “ferriquinium salt” [FQ][BF4] was pre-

pared in good yield by chemical oxidation of FQ with AgBF4

in dichloromethane (DCM) at room temperature. [FQ][BF4]
is green in color and is stable as a solid. AgBF4 is among
the most widely used one-electron oxidants. As the formal
potential of Ag+/Ag is solvent dependent, three different
solvents were tried: acetonitrile (E°′ ) 0.04 V), acetone (E°′
) 0.18 V) and DCM (E°′ ) 0.65 V).15 Whereas all solutions
turned green when adding the silver (I) ion, only the solid
isolated from DCM was pure [FQ][BF4]. The other two
contained a mixture of iron(II) and iron(III) as revealed by
EPR spectroscopy (data not shown). This indicates that FQ
is relatively difficult to oxidize as confirmed by the CV
studies (see below).

In aqueous solution, the paramagnetic FQ+ cation rapidly
evolves toward the diamagnetic neutral FQ, as evidenced
by NMR and EPR studies. To fully characterize the fer-
riquinium salt, solid EPR spectra were recorded.

Cyclic Voltammetry. Table 1 lists the changes in elec-
trode potential (∆Ep) and half-wave potential E1/2 of the tested
compounds as the difference between the oxidation and
reduction potential, ∆Ep, reflects the reversibility of the
reaction. With regard to E1/2, a large value of this redox
parameter indicates resistance to electron loss.
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Schreckenbach, G.; Snijders, J. G.; Solà, M.; Swart, M.; Swerhone,
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The ∆Ep values obtained for all the compounds studied
were in the range 62.0-75.5 mV, indicating a reversible
single electron transfer mechanism. A linear dependence was
moreover observed between the electrode current required
for the oxidation/reduction reaction of each compound and
the square root of scan rate. These results provide strong
support for the reversibility of the electron transfer process.

In the potential range investigated, all ferrocenyl com-
pounds showed the presence of one diffusion-controlled
redox couple (Figure 2). In comparison with CQ which is
totally devoid of redox properties, the electron transfer
observed for FQ and other ferrocenyl compounds arises
specifically from the iron core of the ferrocene moiety as
confirmed by the DFT calculations. The reference E1/2 value
measured versus SCE for a single ferrocene unit is 393.5
mV. This value is very close to the 400 mV previously
measured for ferrocene with platinum wires as working and
auxiliary electrode versus SCE.22 Markedly, except for the
DMAF molecule, this value is the lowest, thus suggesting
that all other ferrocenyl derivatives in which ferrocene is
substituted exhibit higher resistance to electron loss, e.g.
oxidation mechanisms take place at higher potential. In this
respect, the propensity for electron loss from ferrocene was
known to be strongly influenced by the type of substituents
attached to its cyclopentadienyl rings.23–28 The value of E1/2

was 387.5 mV for DMAF, close to the ferrocene standard
half-potential, whereas it was significantly increased to 461.5
mV for FQ. Furthermore, when these two species became
protonated, their resistance to electron loss was exacerbated.
The values of E1/2 for DMAF ·HCl and FQ ·2HCl increased
significantly to 551.0 and 651.0 mV respectively. These
higher E1/2 values result from the strong electron withdrawing
effect exerted by the positive charges of protonated side
chains. In the case of FQ, this withdrawing effect is due not
only to the positively charged alkylamino side chain of
ferrocene as in DMAF ·HCl but also to the protonated
quinoline ring. Hence, diprotonated FQ gave the highest E1/2

value compared to the other compounds.
EPR Experiments. The CW-EPR spectrum of paramag-

netic ferriquinium salt [FQ][BF4] presented a broad line of
150 G centered at g ) 2.01 as previously described.29 These
signals arose from the iron(III) in its doublet spin state (S )
1/2). These results are consistent with theoretical calculations
for which the doublet state for iron(III) is predicted as the
most stable (see below).

Additional pulse EPR experiments have been performed
using two-dimensional four-pulse ESEEM (HYSCORE),
which is a very useful sequence to measure the superhyper-
fine interactions between the nuclei environment coupled to
the electron spin of iron(III) (Figure 3). The spectrum
revealed weak coupling only in the (+,+) quadrant with
essentially proton pattern cross peak ridge. These cross peaks
coordinated 20.2-9.8 and 9.8-20.2 MHz and were centered
at 15.2 MHz along the diagonal ω1 ) ω2. These result from
a vertical shift of 0.7 MHz from the proton Larmor frequency
of 14.5 MHz. Such coupling values arise from the dipolar
part of hyperfine tensor of the distributed protons of the
cyclopentadienyl ring. Additional features were also observed

(22) Lemoine, P.; Gross, M.; Braunstein, P.; Mathey, F.; Deschamps,
B.; Nelson, J. H. Electrochemistry of Phosphaferrocenes. 1.
Comparison of the redox properties of ferrocene diphosphafer-
rocene, 3,4-dimethyl-1-phosphaferrocene, and 3,3′,4,4′-tetram-
ethyl-1,1′-diphosphaferrocene. Organometallics 1984, 3, 1303–
1307.
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L.; Janiak, C.; Rausch, M. D. The redox behaviour of ferrocene
derivatives: VI. Benzylferrocenes. The crystal structure of deca-
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Organometallics 1989, 8, 816–821.
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crystal structure of ferrocene. Acta Crystallogr. 1979, B35, 1068–
1074.

(28) Freyberg, D. P.; Robbins, J. L.; Raymond, K. N.; Smart, J. C.
Crystal and molecular structures of decamethylmanganocene and
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(29) Prins, R.; Reinders, F. J. Electron spin resonance of the cation of
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Table 1. Reversible Half-Wave Potentials E1/2 and
Changes in Electrode Potential ∆Ep Values of Tested
Ferrocenyl Compounds (1 mM, 100 mV/s)

compound E1/2 (mV) ∆Ep (mV)

ferrocene 393.5 62.1
DMAF 387.5 65.0
DMAF ·HCl 551.0 63.0
FQ 461.5 63.0
FQ ·2HCl 651.7 75.5

Figure 2. Cyclic voltammograms of ferrocene (green line),
DMAF (black line), DMAF ·HCl (dark blue line), FQ (blue
line), and FQ ·2HCl (red line) recorded at 1 mM in
acetonitrile (0.1 M TEAP) and at a scan rate of 100 mV/s.
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with 13C Larmor nuclear frequency at 3.7 MHz and double
quantum transition of 14N. Both coupling constants were too
small to be measured but indicated that a fraction of spin
density was delocalized on the nitrogen atom.

DFT Calculations. Density functional theory (DFT)
calculations were performed on ferrocene, neutral and
diprotonated FQ molecules. For FQ, crystal structures were
used as starting point.9 For diprotonated FQ, the chloride
ion bridging the nitrogen atom of the dimethylaminomethyl
side chain and the nitrogen atom at position 4 were kept for
calculations. Molecular geometries have been fully optimized
for both the iron(II) and iron(III) species. The optimized
structures of diprotonated FQ are given in the Supporting
Information.

First, energy calculations indicated that the lowest energy
spin states were always the singlet (spin multiplicity S ) 0)
for the iron(II) and the doublet (S ) 1/2) for the iron(III).
For iron(II) ferrocene and neutral FQ molecules, the energy
difference between their singlet and triplet spin states was
around 33 kcal/mol. For iron(III) molecules, the energy
difference between their doublet and quartet spin states were
around 26 and 20 kcal/mol for ferrocene and neutral FQ
respectively. The energies of formation for iron(III) doublet
states from their iron(II) singlet states have been also
estimated and revealed to be in good agreement with the
variation trends in E1/2 potential values as obtained by cyclic
voltammetry. The energy differences between the iron(III)
and iron(II) electronic ground states were estimated to be
152, 160 and 209 kcal/mol for ferrocene, neutral FQ and
diprotonated FQ respectively. Diprotonated FQ is here clearly

confirmed as the most difficult to oxidize as evidenced by
cyclic votammetry due to its highest E1/2 potential value.

The calculation of the spin population on the iron(III) of
diprotonated FQ gave a value of 1.09 electrons occupying
mainly the d shell. This result is coherent with the increased
distances between the iron(III) atom and the carbon atoms
of the cyclopentadienyl rings in comparison to those observed
with iron(II). Similar trends were observed for isolated
ferrocene. The overlap population between the iron atom and
all the hydrogen atoms of the cyclopentadienyl rings were
almost equivalent. The coupling with these nuclear spins
were similar and cannot be individualized. Indeed, computa-
tion of anisotropic hyperfine tensor showed a small aiso Fermi
contact term value of 0.45 MHz whereas the dipolar
components were in the range of 2 to 5 MHz. Such values
were consistent with the proton pattern observed in the
HYSCORE spectrum.

Spin Trapping. Under oxidizing conditions, iron(II) either
free or present in ferrocene11 has been reported for its ability
to give a Fenton-like reaction, thereby yielding hydroxyl
radicals (HO•):

Fe2++H2O2f Fe3++HO-+HO•

Logically, we set out to test whether the ferrocene core
present in FQ could also catalyze this kind of reaction:

FQ(II)+H2O2f FQ(III)+HO-+HO•

In this regard, EPR spin trapping experiments were carried
out. The spin trap agent used to observe the formation of

Figure 3. 2D HYSCORE spectrum recorded at 4 K for τ ) 196 ns.
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hydroxyl radicals was DMPO. Oxidizing conditions were
induced by adding H2O2 solutions at two different concentra-
tions, 1 mM and 15 mM respectively. The latter is supposed
to be the concentration at which H2O2 is found in the food
vacuole of the parasite.14 In this respect, the pH in the food
vacuole of the parasite being acidic, around 5, only the
diprotonated FQ species was tested for its ability to form
radicals.

The EPR spectra given in Figure 4 displayed a typical
quartet with an intensity ratio of 1:2:2:1 and hyperfine
splitting coupling constants, aH ) aN ) 14.9 G. These
spectroscopic results unambiguously evidenced the formation
of hydroxyl radical spin adduct DMPO-OH•.

The HO• radicals formed by FQ ·2HCl during the Fenton
reaction were quantified by double integration of EPR
spectra. 2,2,6,6-Tetramethylpiperidinyl-1-oxyl (TEMPO) was
used as intensity reference at a concentration of 0.1 mM in
methanol. A hydroxyl production of 0.47 µM and of 2.55
µM was then measured for FQ ·2HCl in the presence of 1
mM and 15 mM H2O2, respectively. These results are clearly
in accordance with the low efficiency of oxidation of
diprotonated FQ, as evidenced by cyclic voltammetry and
also predicted by theoretical calculations.

Stability of Ferroquine in the Presence of H2O2. The
stability of FQ was investigated in oxidizing conditions
mimicking the parasite food vacuole (acidic pH and micro-
molar concentrations in H2O2). During the erythrocytic phase
of the malaria parasite, the formation of hydrogen peroxide
only occurs during stages when the parasite is degrading
internalized red blood cell content. Indeed, the degradation
of hemoglobin in the food vacuole is accompanied by the
release of free heme, and then by production of superoxide
anion, which dismutates into H2O2.

MALDI-TOF mass spectrometry has been used to inves-
tigate the stability of FQ in water in the presence of H2O2.
The FQ degradation products were assessed at different
concentrations of H2O2: 1 mM, 10 mM and 100 mM. Final
solutions of 1 mM FQ with H2O2 in water were spotted after
different reaction times.

FQ, the initial chemical structure,was clearly detected on
the MALDI-TOF spectrum at m/z 434 (35Cl) and 436 (37Cl)
with an isotopic distribution corresponding to the presence
of Fe and Cl (Figure 5). Analyses of MS data showed then
that oxidation of FQ occurred but was detected only after

6 h with an H2O2 concentration of 100 mM or only after
31 h with a H2O2 concentration of 10 mM. This slow
oxidation led to the formation of 7-chloro-4-(2-(N,N-dim-
ethylaminomethyl) ferrocenylmethylaminoquinoline oxide
unambiguously detected at m/z 449 (35Cl) and 451 (37Cl)
and already reported as a minor metabolite of FQ (Met D).6

Finally, to observe a complete disappearance of the MS peak
attributed to FQ, it was necessary to incubate FQ during 31 h
at the high H2O2 concentration of 100 mM. The degradation
of FQ was linked with the detection of the fragment at m/z
389 (35Cl) and 391 (37Cl) resulting from the loss of the
dimethylamino group (Figure 5).

Redox Activity of FQ in Chemical Conditions of Plas-
modium falciparum Digestive Vacuole: Implications for
Antimalarial Activity. Under oxidizing conditions mimicking
the parasite DV, FQ shows a reversible one-electron redox
reaction. This leads to the formation of ferriquinium and
generation of hydroxyl radicals, with kinetics which are
relevant for an antimalarial activity on P. falciparum. CQ
has been shown to induce reactive oxygen species (ROS)
production in astroglial cells via a signaling pathway
involving NFκ-B.30,31 In the red blood cell devoid of a
nucleus, such a pathway cannot occur. The present spin
trapping experiments demonstrate that CQ is not able to
produce OH• radicals by itself in the presence of hydrogen
peroxide at the pH of the parasite DV. On the contrary, using
the same experimental conditions, hydroxyl radicals are
produced by FQ at micromolar concentration. Nevertheless,

(30) Park, J.; Kwon, D.; Choi, C.; Oh, J.-W.; Benveniste, E. N.
Chloroquine induces activation of nuclear factor-B and subsequent
expression of pro-inflammatory cytokines by human astroglial
cells. J. Neurochem. 2003, 84, 1266–1274.

(31) Park, J.; Choi, K.; Jeong, E.; Kwon, D.; Benveniste, E. N.; Choi,
C. Reactive oxygen species mediate chloroquine-induced expres-
sion of chemokines by human astroglial cells. Glia 2004, 47, 9–
20.

Figure 4. EPR spin trapping spectra at room temperature:
(a) FQ ·2HCl (1 mM), H2O2 (1 mM); (b) FQ ·2HCl (1 mM),
H2O2 (15 mM); (c) simulated spectrum with hyperfine
coupling constants aH ) aN ) 14.9 G. The final DMPO
concentration was 0.16 M.

Figure 5. MALDI-TOF spectrum of the FQ solution in
presence of 100 equiv of H2O2 at t0 and after 6, 24 and
31 h.
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this weak production of hydroxyl radicals should be sufficient
to induce significant damage, due to the very high reactivity
of these radicals.

According to our results, FQ might thus strike the parasite
not only Via direct inhibition of hemozoin formation but also
by production of lethal hydroxyl radicals. Indeed, these
radicals are known to be particularly aggressive toward
unsaturated fatty acids present in membrane phospholipids
and to promote an extensive chain reaction of their peroxi-
dation products.32 The parasite DV contains lipid bodies and
membrane complexes33,34 whose lipid/aqueous interfaces
were suspected to promote a rapid sequestration of heme
into hemozoin.35 These interfaces are also thought to be a
site of concentration of FQ which is much more lipophilic
than CQ.1,9 The alteration or the destruction of these
structures should then influence heme detoxification pro-
cess(es) and could result in a complementary harmful effect
on the parasite. Since the toxic action of hydroxyl radicals
occurred very quickly, FQ may induce severe damages to
the parasite and amplify inhibition of hemozoin formation,
before intervention of resistance mechanisms. Hence, FQ
could remain active on CQ resistant parasites.

Further experiments will be necessary to provide answers
to these hypotheses. Hydroxyl radical attack of fatty acids
results in the production of byproduct such as malonaldehyde
and hydroxynonenal which can be titrated.32,36 Malonalde-

hyde reacts with free NH2 functions of basic amino acids,
resulting in amino-imino-propene bridges which can be
recognized by specific antibodies37,38 in ELISA, Western or
dot blots, and by indirect immunofluorescence examination
of cells.39 Comparison of CQ and FQ action on parasites
would provide complementary information on the relevance
of the complementary ROS mechanism we propose here for
FQ.

Conclusion
If the major contribution to the activity of the new

antimalarial FQ should maintain its effects upon heme
catabolism, by binding to hematin and thus preventing its
aggregation into hemozoin,1,9 another contribution could also
arise from its redox properties. Indeed, the results described
in this article reveal, that owing to its ferrocene moiety, FQ
is able to generate small amounts of hydroxyl radicals from
H2O2 Via a Fenton-like reaction. Upon such specific oxidizing
conditions (parasitic DV), this production of ROS appears
not sufficient to affect the stability of FQ. On the other hand,
it should be sufficient to promote significant damage on
membranes of the parasite DV, also suspected to be a site
of concentration of FQ. By specific in situ production of
hydroxyl radicals, FQ might induce severe damage to the
parasite before intervention of resistance mechanisms.
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