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A B S T R A C T

Drugs bearing metal-coordinating moieties can alter biological metal distribution. In this work, a complex be-
tween iron(II) and diflunisal was prepared in the solid state, exhibiting the following composition: [Fe
(diflunisal)2(H2O)2], (Fe(dif)2). The ability of diflunisal to alter labile pools of both plasmatic and cellular iron
was investigated in this work. We found out that diflunisal does not increase the levels of redox-active iron in
plasma of iron overloaded patients. However, diflunisal efficiently carries iron into HeLa or HepG2 cells, in-
ducing an iron-catalyzed oxidative stress.

1. Introduction

Diflunisal (dif, Dolobid®; Fig. 1) is a nonsteroidal anti-inflammatory
drug (NSAID) derived from salicylic acid, displaying a prolonged an-
algesic effect, requiring usually a single daily dose administration.
Despite being used in the management of postoperative dental, ortho-
pedic and gynecological pain [1], diflunisal has been suggested for the
treatment of amyloidogenic transthyretin amyloidosis [2] and resistant
strains of Staphylococcus aureus [3].

Thalassemias are genetic disorders associated to the abnormal
production of hemoglobin. Depending upon the mutation, one or more
hemoglobin subunits are affected, giving rise to a range of clinical
manifestations from the mild thalassemia trait (thalassemia minor,
often asymptomatic) to thalassemia major, which requires frequent
blood transfusions [4]. Organ damage due to iron overload is an un-
avoidable side effect of this intervention, as labile iron (highly reactive
and potentially redox-active forms of iron) rapidly overwhelms the
storage capacity of the body [5]. Iron overload must therefore be
treated by iron chelators such as desferrioxamine, deferiprone or de-
ferasirox [6,7]. In addition, chronic pain is a well-documented effect of
thalassemia complications. While the precise cause is not generally
known, skeletal changes and expansion of the bone marrow, which may
be associated to side effects of chelation therapy, as well as low levels of
hemoglobin prior to the transfusion may all trigger pain. This can be
managed in many patients by the administration of NSAIDs [8].

Being an analog of salicylic acid, diflunisal is a good metal ion

chelator, and a number of mononuclear or dinuclear metal-diflunisal
complexes has been reported [9,10]. However, to the best of our
knowledge, complexes of diflunisal with ferrous iron have not been
described yet. This observation has prompted the investigation of the
subject, starting from the synthesis and characterization of the complex
Fe(dif)2.

The administration of a NSAID which is also a good iron chelator
may have a significant impact on the biological redistribution of the
metal [7]. For this reason, as a second objective we studied the effect of
diflunisal on the properties of reservoirs of labile iron, both plasmatic
(LPI, labile plasma iron [11]) and cytosolic (LCI, Labile Cell Iron [6]).

2. Materials and methods

2.1. Materials and instruments

2.1.1. Chemicals
Hepes, NaCl, dimethyl sulfoxide (DMSO), nitrilotriacetic acid

(NTA), diethylenetriaminepentaacetic acid (DTPA), calcein, ascorbic
acid, ferrous ammonium sulfate (FAS) and FeSO4.7H2O were from
Sigma-Aldrich. 2′,7′-Dichlorofluorescin diacetate (DCFDA) was avail-
able from Invitrogen. Dihydrorhodamine 123, dihydrochloride salt
(DHR) was supplied by Biotium. 2′,7′-dichlorodihydrofluorescein dia-
cetate (H2DCFDA) was obtained from ThermoFisher. Desferrioxamine
(DFO) was provided by Cristália (Brazil). Diflunisal (dif) and defer-
iprone (def) were a gift from Apotex (Canada). Salicylaldehyde
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isonicotinoyl hydrazone (SIH) was a gift from Dr. Prem Ponka, McGill
University. Hepes Buffered Saline (HBS) was used throughout the work
and consisted of Hepes 20mM, NaCl 150mM, washed with Chelex®100
(1 g/100mL) and pH adjusted to 7.4.

2.1.2. Serum samples
Frozen serum samples from patients undergoing hematopoietic stem

cell transplantation from a previous study [12] tested for Labile Plasma
Iron (LPI) were used. Patients gave their informed consent and the
study protocol received approval from the local ethics committee.

2.1.3. Instruments
Elemental analyses (C,H) were performed using a PerkinElmer 2400

series II analyzer. Electronic spectra were recorded on a SpectraMax M4
equipment (Molecular Devices). Fluorescence intensities in microplate
experiments were registered with a FluoStar Optima device (BMG).
FTIR spectra were registered using a Frontier equipment (PerkinElmer)
with samples dispersed in KBr pellets. Thermal analysis coupled with
mass spectrometry (TGA-DSC-MS) was performed on a Netzsch ther-
moanalyser model TGA/DSC 490 PC Luxx coupled to an Aëolos 403 C
mass spectrometer using alumina crucibles under synthetic air flow
(50mL/min) and a heating rate of 10 °C/min. All fluorescence mea-
surements were conducted in a FluoStar Optima equipment (BMG) at
485/515 nm (excitation/emission). Magnetic susceptibility was de-
termined by using an experimental Lego® setup as showed previously
[13] and a conventional Faraday’s method [14]. Electrochemical
measurements were obtained using a PGSTAT 101, Potentiotat/Galva-
nostat from Metrohm AUTOLAB. The data treatment was performed
with 1.10.4. version of NOVA and Origin 8.0 softwares.

2.2. Solid state studies

2.2.1. Synthesis of [Fe(dif)2(H2O)2], Fe(dif)2
The procedure was adapted from the literature for the preparation

of a copper(II)-diflunisal derivative [9]. An aliquot of FeCl2 0.4 M in
methanol was allowed to react under stirring with 15mL of a solution
of diflunisal (0.267M) and KOH (0.16M). Immediately it was observed
the development of a deep blue color. The mixture reacted ∼1 h at
room temperature and transferred to a refrigerator in order to obtain
the crystals of the complex (∼ 3 weeks). The crystals were removed and
washed with a minimum amount of cold methanol under dry ice. Fi-
nally, they were dried under vacuum at room temperature for 3 h.

2.2.2. Computed geometry and molecular vibrations
Molecular modeling calculations were performed using Orca 4.0.1

software. The ground state geometries and the vibrational spectra were
carried out employing density functional theory (DFT) [15,16] with
B3LYP hybrid functional [17] with def2-SVP basis set for C, O, S and H
atoms and def2-TZVP for the Fe atom, with their pseudopotential for
the inner shell electrons. The assignment of the Infrared spectra and
supposed structures were carried out using Gabedit 2.4.0 and Avogadro
1.2.0 softwares respectively. Unfortunately, in spite of our many at-
tempts, the structure determination has not yet been successful,

presumably because of the poor crystal characteristics, sensitive to
moisture and dryness, and the presence of labile water molecules which
can be randomly oriented.

2.3. Solution studies

2.3.1. Spectrophotometric titration
In flat bottom, transparent 96-well microplates, 168mL aliquots of

aqueous ferrous ammonium sulfate (FAS) 2.4 mM were treated with
32mL of diflunisal (0–50mM in DMSO). Final concentrations were
2mM in iron and 0–8mM in diflunisal (16% DMSO). After 24 h at room
temperature in the dark, the electronic spectra were registered.

2.3.2. Electrochemical studies
Cyclic voltammograms were recorded to evaluate the iron oxidation

state of the complex obtained in solution. All voltammograms were
obtained in DMSO solutions containing 0.1 M tetrafluoroborate tetra-
butylammonium (supporting electrolyte) using glassy carbon, Pt and
Ag/AgCl, KCl(sat) as working, auxiliary and reference electrodes, re-
spectively. The glassy carbon electrode was previously polished using
diamond spray (from Buhler), 1.0 and 0.3 particle sizes on a TexMet C
polishing Pad (also from Buehler). Briefly, 500 μL of 10mM diflunisal;
10mM (Fe(dif)2 or 10mM iron(III) salicylate complex (Fe(Saly)3) so-
lutions in DMSO were individually added to the electrochemical cell
containing 9.5mL of supporting electrolyte solution, previously dea-
erated during 15min by N2 bubbling.

2.3.3. Effect of diflunisal in Labile Plasma Iron (LPI)
Duplicate plasma samples from either iron overloaded or iron

normal patients were treated with ascorbic acid (40 μM) and the probe
DHR (50 μM) in HBS, according to a described protocol to assess the
amount of LPI in iron overloaded patients [11]. The samples were
treated with diflunisal, the standard chelator deferiprone, or a mixture
of both. The concentration of each chelator was always 100 μM. After
mixture the fluorescence was registered for 1 h at 37 °C in a BMG mi-
croplate reader set for fluorescein reading. The slopes of the oxidation
rate curves were obtained after fluorescence stabilization (∼ 15min).

2.4. Cell studies

2.4.1. Cell lines and culture
Human cervical carcinoma cell line HeLa was obtained through

donation. Human hepatoma cell line HepG2 was purchased from Banco
de Células do Rio de Janeiro (BCRJ Catalogue Number 0103). Both
were cultivated under 5% CO2 atmosphere at 37 °C in DMEM
(Dulbecco’s Modified Eagle’s medium containing high glucose), sup-
plemented with 10% fetal bovine serum, 1% L-glutamine and 1% an-
tibiotics (penicillin 10,000 U.I.mg.mL−1, streptomicin 10mg.mL-1 and
amphotericin B 1mg.mL−1). Medium and supplements were purchased
from Vitrocell/Embriolife, Brazil. After attaining 80–90% confluence,
the cells were tripsinized (Tripsin/EDTA 250mg.L−1) and seeded (5000
per well) in 96-well microplates coated with 2% clear commercial
source gelatin [18] to improve adhesion. The microplates were kept for
48 h in the incubator, prior to the experiments. Then, the medium was
removed mechanically from the microplate and the wells were washed
twice with 100 μL HBS in order to remove traces of the phenol red
indicator.

2.4.2. Cell delivery of iron mediated by diflunisal
Cells received 100 μL of acetomethoxy calcein (CAL-AM; 3 μM in

indicator-free growth medium) and were kept for 20min in the in-
cubator. The wells were washed once with 100 μL HBS and treated with
100 μM of warm probenecid (0.5 mM in HBS) to reduce cell leakage of
the fluorescent probe. The microplate was carried into the BMG reader
and fluorescence was registered for ∼60min (37 °C; λexc/λem=485/
520 nm). At specified times, 2 μL of stock solutions of the iron

Fig. 1. Structure of diflunisal (dif).
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compounds were added, and fluorescence reading was continued until
signal stabilization. Demetallation of intracellularly chelated iron was
achieved by the addition of 2 μL of SIH 2.5mM. This experiment was
performed in duplicates [19].

2.4.3. Intracellular increase of redox-active iron
Cells received 100 μL of HBS and 6.4 μL of the solution of iron

compound to attain the desired final concentration of 7.5 μM. These
plates were incubated for 20min, and during this time it was prepared a
fresh H2O2 solution 50 μM in HBS supplemented with 10mM glucose.
Plates were washed once with DTPA 100 μM to remove excess iron and
treated sequentially with 100 μL of the peroxide solution and 2 μL of
DCFDA 1mM in DMSO. The microplate was carried into the BMG
reader and fluorescence was registered (37 °C; lexc/lem= 485/520 nm).
After 20min, 2 μL of SIH 2.5mM was added to stop the generation of
redox-active species catalyzed by iron. The slopes (fluorescence rate/
iron concentration) before and after SIH addition were obtained. This
experiment was performed in duplicates [20].

3. Results and discussion

3.1. Solid state studies

The complex Fe(dif)2 was obtained in solid state as a deep blue,
hygroscopic compound. Elemental analysis indicate the formation of
1:2 (metal:ligand) diaqua compound [Fe(diflunisal)2(H2O)2] or Fe(dif)2
(%C, %H theoretical: 52.91; 3.07. %C, %H experimental: 52.09; 2.83),
and further stoichiometric confirmation was attained by means of
thermogravimetric analysis.

DTG/DSC analysis under synthetic air, followed by mass spectro-
metry identification of the volatiles (Fig. 2), shows that water molecules
are lost until T1= 150 °C. At this temperature, 95% of the initial mass
remains, which agrees with the calculated for the loss of two water
molecules from [Fe(diflunisal)2(H2O)2] (calculated mass% remaining:
94%). A major decomposition of the organic moiety is observed at
∼400 °C as evolution of CO2. At the higher temperature T2=600 °C
only 15% of the initial mass are present, which agrees with Fe(dif)2
being calcined to Fe2O3 (calculated mass% remaining: 14%). Despite
the synthesis of Fe(dif)2 being conducted in methanol, no signal of this
solvent was detectable in our experiment. Finally, the ionization source
probably was not strong enough to produce positively-charged fluorine
fragments (HF or F2), which explains their absence from the mass
spectra.

The binding mode of diflunisal to Fe(II) was studied by means of
infrared (IR) spectroscopy. The experimental IR spectra of diflunisal
and [Fe(dif)2(H2O)2] complex are shown in Fig. 3. Diflunisal exhibits a
broad and intense band (2500-3500 cm−1) associated with carboxylic
and phenol OH groups presumably involved in intramolecular and in-
termolecular hydrogen bonding. The asymmetric stretching mode of the
−COOH group is prominent at 1689 cm−1, while the corresponding
symmetric mode can be located at 1588 cm-1. The remaining bands are
associated with the vibrational modes of the aromatic rings and C–F
groups and are not particularly relevant for the discussion of the
complex structure. In the case of the Fe(dif)2 complex, an additional
strong peak is observed in the (2500-3500 cm−1) region, corresponding
to the OeH stretching modes of coordinated water molecules. The
HeOeH bending modes are located at 1615 cm−1. In contrast with the
diflunisal spectrum, the ν(COOH) peak at 1689 cm−1 disappears, and a
careful comparison with the two spectra allows to locate the νas(−COO)
and νs(−COO) peaks at 1594 and 1504 cm−1. The frequency separation
(Δν) of these two vibrational peaks has been used to assign the binding
modes of the carboxylate group in coordination compounds. Generally,
there are three basic modes of coordination of the carboxylate group to
the metal ions: a) monodentate binding, b) bridging and c) bidentate
binding. In the monodentate coordination mode, Δν is usually large
(200 – 320 cm−1), and for the bridging mode Δν is typically around

150 cm−1. In the case of the bidentate binding, Δν is usually small,
around 110 cm−1, as observed for the Fe(dif)2 complex (Δν=90
cm−1). Most of the vibrational peaks of the aromatic groups are pre-
served in the FTIR spectra of diflunisal and the iron complex. Additional
band observed for the complex are related to the changes in the bending
and torsion modes of the coordinated carboxylate groups at 716 and
662 cm-1 as well as to the metal-ligand, M−OH2 vibrations at 432 cm-1.

This peculiar carboxylate bidentate binding mode of diflunisal in
the complex seems to promote a greater stabilization of the Fe(dif)2
geometry in a nearly planar trans configuration, as evidenced by the
DFT theoretical simulations carried out in this work (Figures SI-1 and
SI-2, see Supplementary Information). The alternative chelating mode,
involving the binding of the carboxylic and phenol groups to the iron
(II) ion leads to a greater distortion, associated with the formation of a
six membered ring, also reflecting the relatively large radius of the
metal ion. This situation is expected to change in the case of the iron
(III) complex, which is known to form very stable complexes with the
salicylate group, because of its smaller size, and strong acidic char-
acteristics.

To confirm the presence of Fe(II) in the complex, we performed
some basic magnetic susceptibility measurements. In brief, when an
object is placed in a magnetic field, the induced a magnetic moment can
be parallel to the external field, if the material is paramagnetic. If the
moment is antiparallel to the external field, the material is diamagnetic.
In that way, if the magnetization is induced by an external magnetic
field, the determination of the volume magnetic susceptibility, allows to
estimate the number of unpaired electrons.

The measured magnetic susceptibility for [Fe(dif)2(H2O)2] is
1.9036×10−5 cgs. g-1 at 23.4 °C, using [Ni(en)3]S2O3 as a standard
sample. It means that its molar magnetic susceptibility is 1.12362×10-
2 cgs. mol-1. In that way, the paramagnetic susceptibility of the iron in
the complex, considering all diamagnetic contributions of twenty four
aromatic carbons, two water molecules, two aliphatic carbons, four
fluorine atoms, two hydrogen atoms, four oxygen from hydroxyl groups
and two other oxygens coordinating Fe(II) is 1.13274× 10-2 cgs. By
using the spin-only approximation, which is valid for the 3d elements,
the effective magnetic moment is 5.20 and, corresponding to four un-
paired electrons as expected for Fe(II), d6, in a high spin configuration.

3.2. Solution studies

For biological systems, ferrous iron is the most bioavailable form,
and as such it is absorbed from the intestinal lumen, exported to the
bloodstream via ferroportin or internalized into the stock protein fer-
ritin for conversion into more stable ferric forms [21,22]. On the other
hand, diflunisal is a very insoluble molecule with long plasma half-life
and non-linear pharmacokinetics, making it required to be loaded
usually in relatively high doses in order to quickly attain steady-state
levels [23]. Depending upon the initial prescribed doses, plasma peak
levels can be as high as 350–760 μM after an 11-day treatment. Since
levels of labile plasma iron (LPI) in iron-overloaded patients can be as
high as 20 μM [11], it stands to reason that the interactions between
metal and drug may occur in vivo.

In this section and in the cell testes, we simulated the formation of
iron-diflunisal compounds in biological fluids by promoting the reac-
tion, in buffered medium, of FAS and diflunisal in different stoichio-
metric proportions (1:1 or 1:2, metal:ligand). FAS was selected since it
is more readily soluble and cause less interference with pH than FeCl3
or other simple ferric salts.

A spectrophotometric titration of Fe(II) with diflunisal in DMSO
solution is presented in Fig. 4. The λmax of 500 nm, for the 1:1 me-
tal:ligand ratio, was used to monitor the progress of the titration. The
maximum metal:ligand ratio attained was 1:2 which agrees with the
solid state findings above. Even in the presence of a significant amount
of DMSO as a co-solvent, the complex Fe(dif)2 presented itself as a deep
blue aqueous solution.
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Fig. 2. Upper panel: Thermogravimetric profile and Differential Scanning Calorimetry of Fe(dif)2 under synthetic air. Middle and bottom panels: mass spectra for
H2O and CO2 emissions, respectively, as a function of temperature.

Fig. 3. (A) Experimental diflunisal and [Fe(dif)2(H2O)2] IR spectra. (B) Zoom in from 2000 cm−1 to 400 cm−1 highlighting 1), 2), 3) and 4) big similar regions from
both spectra. (C) Proposed structure for Fe(dif)2 using Avogadro 1.2.0.
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Cyclic voltammetry was used to evaluate the iron oxidation state in
the complex obtained in solution. Initially, cyclic voltammograms were
performed in the diflunisal solution to assess the potential window to be
used in the Fe(dif)2 solution to guarantee the integrity of the iron oxi-
dation state in the complex during the electrochemical measurements.
Fig. 5 shows the results obtained in 0.5mM of the ligand and complex
solutions.

As can be seen from Fig. 5A, diflunisal presents a main oxidation
peak, Ep,a, at +1.18 V and no peak at 0.0 V, and therefore this po-
tential was used as an initial potential to perform the voltammogram of
both Fe(dif)2 and ferric salycilate complexe solutions (Fig. 5B).

Fig. 5B shows that Fe(dif)2 presents a very well defined oxidation
peak (Epa,1) at +0.306 V, attributed to the oxidation of Fe(II) to Fe(III)
in the complex, and a very well defined reduction peak Epc,1
(+0.145 V) in the reverse sweep. The ΔEp (Ep,a – Ep,c) value of
+0.161 V characterizes the process as a quasi-reversible [24]. On the
other side, the ferric salycilate complex, Fe(saly)3 does not present
electrochemical activity on the same applied potential range. In con-
clusion, the electrochemical results corroborate the spectroscopic data,
which indicated that the complex is formed with Fe(II).

The chemical speciation of iron in the bloodstream of iron-over-
loaded patients is not completely known, involving probably (hydr)oxo
derivatives and/or albumin, citrate or hormone complexes [6,25] of
mainly iron(III). This collective of iron species is termed Non-Transferrin
Bound Iron (NTBI), and it may reach levels higher than 10 μM in the
plasma of transfused beta-thalassemic patients [6]. However, usually
only a fraction of the NTBI is able to engage into redox-active processes
leading to oxidative damage, prompted by the reduction of the iron(III)
species by endogenous ascorbate and subsequent oxidation of iron(II)

by molecular oxygen with concomitant production of reactive oxygen
species [11]. This redox-active fraction of NTBI is known as Labile
Plasma Iron (LPI) [6,11] and is therefore considered an important target
of iron-overload chelation therapy. Approved, high affinity chelators
(DFO, deferasirox or deferiprone) are all able to bind and keep iron in
redox-inactive forms thus reducing the levels of LPI. However, low af-
finity chelators (such as diflunisal) might inadvertently increase the
native levels of LPI by solubilizing and mobilizing NTBI species that
were hitherto inert. This has been observed for the relatively mild
chelator nitrilotriacetate [26].

In a preliminary study (Fig. 6), it was confirmed that the gold
standard deferiprone successfully decreased the levels of LPI in the
plasma of iron-overloaded patients, without mobilizing iron from iron-
normal patients. This agreed with our previous findings [12]. Diflunisal
alone has minor effects on the decrease of LPI (samples # 4 and 6),
which do not seem to be additive to the effect of deferiprone. In no
instance we observed increased LPI levels after the exclusive adminis-
tration of diflunisal, which would suggest it is not a good mobilizing
agent for NTBI.

3.3. Cell studies

The access of LPI/NTBI to cells is a subject of great medical interest,
since these iron species elude normal cell controls (e.g., transferrin
receptor-mediated absorption) and quickly overcome the ability of cell
proteins to stock the surplus metal under safe forms. Several mechan-
isms by which LPI/NTBI can access cells have been suggested, including
hijacking divalent metal transporters (which opens the possibility of
using ion channel blockers as an innovative therapy for iron overload

Fig. 4. (A) Electronic spectra for the system Fe(II)–diflunisal. (B) Titration curve. Iron concentration=2mM.

Fig. 5. Cyclic voltammograms of 0.5 mM of diflunisal (A, curve 2) or 0.5 mM of Fe(dif)2 complex (B, curve 3); 0.5 mM Fe(salyc)3 (B, curve 2). (1) is the supporting
electrolyte solution (DMSO containing 0.1 mol L−1 of tetrabutylammonium tetrafluoroborate). Experimental conditions: (A) Ei= 0 V; *Eλ1= 1.4 V; Eλ2 = -0.55 V
and Efinal = 0.0 V. (B) Ei = -0.1 V; Eλ1 = +0.6 V; Eλ2 = -0.15 V and Efinal = -0.1 V. at ν=100 mVs−1. *Eλ = sweep inversion potential.
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[22,27]) or simply following passive diffusion. This could be an im-
portant route for highly hydrophobic species such as the iron-diflunisal
derivatives under study.

Two cell lineages were chosen to study the permeation of iron, HeLa
(as a general model for rapid metabolism) and HepG2 (as a bona fide
model for liver function, which is one of the first important targets of
iron overload [6]). Iron was administered as “free” (as in FAS), chelated
with different stoichiometric proportions of diflunisal, or as ferric hy-
droxyquinoline (FeHQ), which is a standard for rapid, intense iron
overload [19]. None of these compounds caused loss of cell integrity
after the ∼60min duration of the experiment, assessed by visual in-
spection of the microplates after the end of each run.

The profiles for cell iron absorption are depicted in Fig. 7 as dis-
turbances in the fluorescence signals. Since calcein concentration is
directly proportional to calcein fluorescence, and this in turn is pro-
portional to iron concentration, a calibration curve (Figure SI-3) was
used to convert the drop of fluorescence into intracellular iron

concentrations (Table 1). These values agree with previous findings for
murine hepatocytes, where basal levels of 0.25mM intracellular iron
were almost doubled after exposure to exogenous iron [28].

Different cell types have different metabolic rates and requirements
for iron, along with possibly different membrane permeability. In
general, HeLa cells were more iron-avid, which is expected considering
its high metabolic rate. Diflunisal was able to carry iron to both cell
types without meaningful differences between the complexation

Fig. 6. Oxidation rates of DHR catalyzed by iron in the plasma of both iron-overloaded (# 1–7) and iron-normal (# 8–9) samples, under the effect of combinations of
deferiprone (def) or diflunisal (dif) at 100 μM. r.u.: relative units of fluorescence.

Fig. 7. Fluorescence profiles of calcein loaded into (A) HepG2 or
(B) HeLa cells. At time point i, iron compounds were added at
20 μM (125 μM for FeHQ) iron concentration. At time point ii, the
high affinity, cell permeant chelator SIH (50 μM; final concentra-
tion) was added to recover the fluorescence as a means to verify
the integrity of the fluorescent probe. r.u.: relative units of fluor-
escence.

Table 1
Intracellular iron concentrations (μM) after loading into HeLa or HepG2 cells.

Compound in HepG2 in HeLa

FAS 0.05 0.42
Fe(dif) 0.11 0.36
Fe(dif)2 0.12 0.30
FeHQ >0.36 > 0.55
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stoichiometry. Curiously, in HepG2 all the iron complexes were more
absorbed than FAS, which has probably a controlled absorption. This
suggests that plasmatic iron-diflunisal species could be a real iron
source for the liver in iron overloaded patients.

Intracellular peroxide may be a trigger for oxidative stress catalyzed
by the presence of iron. Indeed, the increase of labile pools of in-
tracellular iron has long been accepted as a major source of tissue da-
mage in iron overloaded patients [29]. The extent of oxidative stress
can be inferred by the oxidation rate of fluorescent probes such as
DCFDA (Fig. 8). The rationale is that the compounds that mostly carry
iron ions to the cell might induce the greater extent of oxidative damage
to the probe, and this effect is halted by the administration of exo-
genous high affinity hexadentate chelator SIH [20]. In HeLa (Fig. 8A)
treated with Fe(dif)2 there was a significant decrease of iron-catalyzed
oxidative stress after the addition of SIH. In HepG2 (Fig. 8B), despite a
similar trend is observed, the results did not attain statistical sig-
nificance. Combined with the permeability results, this would suggest
that diflunisal may ferry redox-active iron to cells. Even though di-
flunisal, as several other anti-inflammatory drugs, is able to scavenge
hydroxyl radicals in solution [30], this effect may be of little beneficial
use if the drug itself causes metal overload into tissues.

In conclusion, at therapeutic doses, diflunisal may form iron com-
plexes that are cell-permeant and redox-active.
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