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Abstract: The efficacy of a novel tetradentate iron(III) ligand for the in vitro mobilisation of ferritin-bound iron
is measured in direct comparison to the clinically approved agents, 1,2-dimethyl-3-hydroxypyridin-4-one and
desferrioxamine. © 1998 Elsevier Science Ltd. All rights reserved.

Desferrioxamine Bl (DFO, 1), a linear trishydroxamic acid siderophore is the most widely studied
iron(III) chelating ligand. Although it binds a number of different metal(III) ions, it exhibits a high specificity for
iron(IIT) forming a very stable hexacoordinate complex (formation constant, K = 3 x 1030).2 Since DFO was
first demonstrated to increase iron excretion, it has become the current drug of choice for transfusional iron
overload therapy# in the form of the methane sulphonate salt (Desferal®, Ciba-Geigy). Unfortunately, DFO is
beset with disadvantages namely oral inactivity, rapid degradation in the hepatobiliary system, and poor patient
compliance.>
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In response, a number of N-alkyl-3-hydroxypyridin-4-one bidentate chelators have been developed as
potential substitutes. The specific chelator, 1,2-dimethyl-3-hydroxypyridin-4-one (deferiprone, 2) also
coordinates iron(III) with a formation constant which is five times the order of magnitude of DFO.7 Ligand 2 has
been extensively tested for in vitro iron(III) mobilisation in mammalian cell systems and in vivo in animals
although some toxic effects are known.8
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Bis(5-hydroxy-2-hydroxymethyl-pyran-4-one-6-yl)methane? 5§ was prepared from kojic acid 4 in an improved
single facile step by a modification of the Mannich reaction in which the aminomethylation reaction was
suppressed in favour of a dimeric, Bakelite-type structure (Scheme 1).
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Scheme 1: Reagents and conditions: Kojic acid (1 equiv), formaldehyde (37 wt. % in water, 0.5 equiv),
dimethylamine (40 wt. % in water, 0.5 equiv), 96% EtOH, room temperature, 24 h.10

The potential of ligand § as a suitable ligand for the in vitro mobilisation of ferritin-bound iron in the
mammalian cell system was assessed by the application of a hepatocyte cell system assay used to permit the
simultaneous comparison of cellular iron uptake and toxicity.ll Whereas the assay has been used acutely,12 it
is now considered that a more reaningful result may be attained if the cultured cells are exposed to the chelator
over a number of days.

Hepatocytes were isolated by collagenase perfusion of the livers of adult male Wister rats.13 The cells
were subsequently established in culture on collagen coated Petri dishes at around 2 x 100 cells per dish in a
serum-free culture medium.14 Viable hepatocytes were labelled and iron loaded by incubation with radio-
labelled 39Fe-ferritin for 24 h.15 The resultant preparations were incubated subsequently with the following
chelators: (a) DFO, 1; (b) deferiprone, 2; (c) 3-hydroxy-2-methyl-pyran-4-one (maltol, 3) and the test compound
5 at a concentration of 50 mM in fresh medium for 2, 4, 6, 8, or 10 days and the intracellular iron determined
and compared with control incubations containing no chelator. The concentration of 50 mM was chosen since 1
is known to be fully effective at this level. At this concentration, ligand 3 is only partially effective and is used
to test the sensitivity of the system. In order to measure the time course of 59Fe efflux in the presence of the
chelators, the media was removed for S9Fe counting and replaced with fresh medium.

At 50 mM, the hexadentate chelator 1 mobilised 90% of the intracellular iron in 10 days whereas the
control bidentate chelators 2 and 3 mobilised 100% and 20% respectively (Fig.1). These results were expected
and acted as good controls for tests with the experimental chelator. Tetradentate 5 also achieved 100% cell
depletion of iron following the same time course as 1 and 2 suggesting that the tetradentate chelator is
efficacious in the in vitro system. It is likely that the free ligand and its iron(III) complex(es) cross the cell
membrane. The data also suggests that 5 may have a flatter, and from a clinical viewpoint, more manageable
dose-response relationship. Although not reported here, the more lipophilic chelators have been shown to
enhance the rate of iron mobilisation and this explains their apparent potency in short term tests. However, over
a longer test period, less lipophilic chelators would be expected to be at least as effective.
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Figure 1: Cellular iron mobilisation. Iron-59 radio-labelled hepatocytes incubated with 50 mM concentrations
of the following chelators: (a) desferrioxamine, 1 (T ); (b) 1,2-dimethyl-3-hydroxypyridin-4-one, 2 (0); (c) 3-
hydroxy-2-methyl-pyran-4-one, 3 (¢) and (d) bis(5-hydroxy-2-hydroxymethyl-pyran-4-one-6-yl) methane, 5
(A). Each value is the mean of three observations. Standard deviations less than 10% of the mean.

The results of this preliminary in vitro study support the case that more hydrophilic chelators may be

interesting as iron(III) mobilisation agents. The test employed here does not address whether ligand S has

acceptable bioavailability or toxicity in vivo. This would need to be investigated in a more appropriate model

system.
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