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Abstract

The hypothesis that two known chelators deferiprone (1,2-dimethy1-3-hydroxypyrid-4-one, L1) and
desferrioxamine (DFO) might be more efficient as combined treatment than as monotherapies in removing
thallium from the body was tested in rats. Six-week-old male Wistar rats received chelators: L1 (p.o.), DFO
(i.p.) or L1 + DFO as 110 or 220 mg/kg dose half an hour after a single i.p. administration of 8 mg Tl/kg
body weight in the form of chloride. Serum thallium concentration, urinary thallium and iron excretions
were determined by graphite furnace atomic absorption spectrometry. Both chelators were effective only at
the higher dose level, while DFO was more effective than L1 in enhancing urinary thallium excretion, L1

was more effective than DFO in enhancing urinary iron excretion. In the combined treatment group, L1 did
not increase the DFO effect on thallium and DFO did not increase the effect of L1 on iron elimination. Our
results support the usefulness of this animal model for preliminary in vivo testing of thallium chelators.
Urinary values were more useful because of the high variability of serum results. Result of combined
chelators treatment should be confirmed in a different experimental model before extrapolation to other
systems.

Introduction

Thallium is a toxic heavy metal with lethal dose of
15–20 mg/kg for human and it is quickly distrib-
uted from the blood to the tissues. One of the
possible toxic mechanisms of thallium includes
ligand formation with blood proteins (Xiao et al.
2004; Peter & Viraraghavan 2005). People are
poisoned by intake of rat poisons (homicidal and
suicidal attempts) by chronic exposures in occu-
pations to T1 such as the workers in cement fac-
tories or workers handling pyrites and by contact
to ash from coal-combustion power plants
(Thompson 1981; Ewers 1988). Thallium is a
cumulative poison and the retention in various
tissues increases with age. Symptoms of T1

intoxication in humans include nausea, vomiting,
abdominal pain, hair loss, alopecia, tachycardia
and cardiac arrhythmias. Death may result from
cardiac failure (Anderson 1984) or respiratory
failure (Mayfield et al. 1983). It is also a neuro-
toxin which causes tremor, ataxia, ptosis of the
eyelids, painful lower extremities, paresthesias of
hands and feet after a few days of intoxication
(Heim et al. 2002).

Thallium excretion via the kidney can be
increased upon dosage of potassium chloride or
employment of diuretics. Hemodialysis and forced
diuresis can be an effective means of decreasing the
body burden (Schoer 1984). Activated charcoal,
British antilewsite (BAL), calcium salts, cystine,
dithiocarb, dithizone, histamine and theophylline
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were recommended as antidotes against acute
thallium poisoning (Zitko & Carson 1975).
Hoffman et al. (1999) demonstrated that activated
carbon could adsorb thallium in vitro, and the
similarity between thallium and potassium has led
some authors to consider the use of sodium
polystyrene sulfonate as a potential adsorbent.

A study by Ghezzi and Marrubini (1979)
showed that the patients, including a newborn
baby with transplacentar intoxication, were
successfully treated with Prussian blue. Moeschlin
(1980) recommended Berlin-blue (ferrihexacya-
nate) and sodium iodine in 1%.

Desferrioxamine (DFO) has been the most
widely used chelator for the treatment of iron
overload. Its use is restricted due to its oral inac-
tivity and therefore subcutaneous administration
is usual but intravenous is also possible. It has
numerous side effects and a high production cost.
DFO was also found to be a maternal, embryo and
terato-toxic agent in some animal species (Bosque
et al. 1995; Kontoghiorghes 1995). Kontoghiorg-
hes and Sheppard (1987) described the simple
synthesis of a new chelator L1 for iron overload.
Although the stability constant to bind iron is
higher than that with thallium, L1 was also tested
in thallium overload (Clarke & Martell 1992).
These human studies showed that L1 efficiency was
comparable to that of DFO (Kontoghiorghes
1995). L1 is water soluble and can be given
orally. These two chelators have different trans-
port abilities through the organism (Berdoukas
et al. 1993).

This kind of therapy by combining two chela-
tors is based on the assumption that various
chelating agents mobilize toxic element from
different tissue compartments and therefore better
results in mobilizing are expected. Recent studies
with chelators having different lipophilic proper-
ties given in combination have shown favorable
efficiencies to mobilize lead (Flora et al. 1995),
mercury (Kostial et al. 1997) and cadmium
(Kostial et al. 1996).

The aim of this study was to test the chelation
potency of DFO and L1 in combination given to
animals after thallium loading. Testing was
performed by using an acute experimental model
on rats with single or combined chelators given
shortly after thallium application. Thallium and
iron urinary excretion and serum thallium

concentration were measured after single treat-
ment with chelators.

Material and methods

Maintenance of the animals

Wistar rats bred at department of biology animal
house in Shahid Bahonar University were main-
tained under a controlled light:dark (12:12 h)
schedule at 23± 1 �C. The animals were kept in
well cleaned sterilized cages. The rat feed was
purchased from Karaj Institute, Tehran.

Material

Deferiprone (1,2-dimethyl-3-hydroxypyrid-4-one,
L1) was synthesized using a previously described
method (Kontoghiorghes & Sheppard 1987). DFO
and other material were obtained from Sigma
Chemicals, St. Louis, Mo.

Methods

In our model, we used a single i.p. administration
of thallium follow by an early administration of
chelating agents similar to experiments performed
by Gomez et al. (1998b). Our experiment lasted
only 24 h and urinary elimination of thallium and
iron and serum concentrations of thallium were
determined. Experiments were performed on male,
six weeks old wistar rats. Body weights of animals
were between 102 and 125 g with mean ± S.E.M.
of 113.5± 0.9 g.

Two experiments were performed, E1 and E2,
with two different doses of chelators. In each
experiment animals were divided into four groups,
Control, L1, DFO and L1 + DFO of 10–15 ani-
mals in each case. Chelators were given half an
hour after thallium application and animals were
immediately placed into individual glass metabolic
cages for 24 h urine collection. Animals were given
deionized water ad libitum and no food to avoid
possible contamination of urine with thallium
originating from food. Before placing the animals
into metabolic cages deionized water was splashed
and collected as a blank sample of each cage sep-
arately. Blank and urine collected samples were
analyzed for thallium and iron.
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Thallium chloride was given in a single i.p. dose
of 8 mg/kg to all groups in a volume of 0.5 ml.
Chelators were given orally (L1) or intraperitone-
ally (DFO) in the volume of 1 ml as single or
combined therapy. Dose of L1 and DFO was
110 mg/kg and 220 mg/kg body weight in experi-
ments E1 and E2, respectively. These were dis-
solved in deionized water or saline solution.
Control group received vehicle. After collection,
urine was acidified by adding one drop of con-
centrated nitric acid to each sample and total
volume was measured. Thallium was analyzed by
graphite furnace atomic absorption spectrometry
(GT AAS) on a Shimadsu instrument. Results are
expressed as lg/24 h urine. After this step, animals
were killed by exsanguination from the abdominal
aorta and blood samples were collected for serum
thallium determination. Thallium was measured as
described above for urine. The data were statistical
analysis by student’s t test (Pillai & Sinha 1968).
p < 0.05 was considered significant.

Results

Results of thallium and iron elimination in urine
and serum concentrations of both control groups
from E1 and E2 experiments were not statistically
different. Therefore, the results of thallium and
iron urinary excretion and serum thallium from
two control groups were pooled and presented as
one control value (Tables 1 and 2). At the lower
chelator dose in experiment E1 urinary thallium
elimination in treated groups were not statistically
different from the control groups (Table 1). At
higher dose in experiment E2, L1 group was about

four times higher and DFO and L1 + DFO
groups about six to seven times higher than the
control group. Thallium urinary excretion of
treated animals at higher dose was significantly
higher in all experimental groups than the corre-
sponding groups at lower dose.

Serum thallium concentrations showed rela-
tively high variability especially in the control
group and therefore although lower in all treated
groups, significantly lower values were only found
in the DFO and combined DFO + L1 groups
given at higher dose (Table 2). In the E2 experi-
ment the highest excretion of iron in urine was
found in L1 and L1 + DFO groups five to six
times higher than in control.

Discussion

In this investigation, a short-term experimental
model was used in order to speed up the
preliminary testing procedure. When comparing
individual efficiencies of chelators in this experi-
ment DFO was more efficient in enhancing urinary
thallium excretion than L1. One of the possibilities
to explain this higher efficiency of DFO is the
direct chelation of DFO and thallium in the
intraperitoneal cavity. However, similar results,
i.e. higher efficiency of DFO as compared to L1 in
enhancing urinary elimination of other metals such
as aluminum has been also obtained by Gomez
et al. (1998a) in a different experimental model in
which DFO was administered subcutaneously and
L1 orally. This indicates that our finding is not an
artefact second to the mode of DFO administra-
tion. The effect of chelators on iron urinary

Table 1. Excretion of thallium and iron in urine (lg/24 h) after chelation treatment of Rats with DFO and/or L1.

Experiment Treatment (mg/kg b.w.) Thallium Iron

E1 + E2 Control 10.51±0.61 (20) 3.10±0.53 (15)

E1 L1 16.01±2.21 (9) 4.90±0.79 (9)

DFO 22.51±5.80 (10) 3.21±0.81 (9)

L1 + DFO 18.61±3.21 (9) 5.90±0.77 (8)

E2 L1 43.21±4.14 (9) 15.84±2.52 (9)

DFO 65.49±8.41 (9) 9.12±2.51 (8)

L1 + DFO 77.02±10.31 (9) 18.41±2.91 (8)

Chelators (L1, DFO or L1 + DFO) were given either p.o. (L1) or i.p. (DFO) in two doses (110 mg/kg in experiment E1, 220 mg/kg in
E2) 0.5 h after thallium administration (8 mg/kg b.w., given i.p in the form of chloride). Results are presented as arithmetic mean-
s ± S.E.M., number of animals in parenthesis. Significant at p < 0.05 when compared with control.

161



excretion was more different than thallium since L1

more efficiently enhances urinary iron excretion
than DFO. This can be explained by different
stability constant of L1 with iron than DFO or by
the different in vivo distributions of L1 and DFO.

Our results indicate that this procedure might
be useful for preliminary testing of the efficiency of
chelating agents in removing thallium in vivo for
several reasons. We obtained dose related
increases in thallium excretion and decreases in
serum thallium concentration for the two known
chelating agents L1 and DFO as expected. We
observed a higher efficiency of L1 than DFO in
enhancing urinary iron excretion as expected in
relation to their stability constants for iron (Clarke
& Martell 1992). It should be also mentioned that
in this experimental model urinary values of thal-
lium showed less variation than serum thallium
values. This testing procedure, of course does not
provide all the relevant answers for evaluating the
efficiency of chelating agents in thallium toxicity
like, kinetic data, mobilizing thallium from deeper
compartments, thallium dosing etc. In spite of
these shortcomings, it does provide results indi-
cating whether a new chelating agent or chelating
agent mixtures deserve further testing.

In conclusion, the above results show that the
addition of L1 did not increase the DFO effect on
thallium and that the addition of DFO to L1 did
not increase the effect of L1 on iron elimination.
Therefore, these results do not support the
hypothesis that DFO and L1 could be used inter-
actively permitting lower doses of chelators to be
effective. However, when given together as com-
bined treatment, a simultaneous increase in both
thallium and iron elimination was observed. This
applies especially to testing our hypothesis at later
time intervals after thallium administration, when

differences in lipophylic properties between these
two chelates might cause higher thallium tissue
depletion than after monotherapies which were
not noticeable in urinary elimination in this acute
experiment. This might provide additional infor-
mation on the potential usefulness in using com-
bined chelation treatment of thallium or iron
overload.

Acknowledgements

The authors are thankful to the head and director
of International Center for Science, High Tech-
nology and Environmental Science.

References

Anderson O. 1984 Clinical evidence and therapeutic indication
in neurotoxicology examplified by thallotxilosis. J Acta
Neurol Scand 70(Suppl. 100), 185–192.

Berdoukas V, Bentlev P, Frost H, Schnebli HP. 1993 Toxicol of
oral iron chelator L1. Lancet 341, 1088–1093.

Bosque MA, Domingo LI, Corbella J. 1995 Assessment of the
developmental toxicity of deferrioxamine in mice. Arch
Toxicol 69, 871–872.

Clarke ET, Martell AE. 1992 Stabilities of 1,2-dimethyl-3-hy-
droxypyrid-4-one chelates of divalent and trivalent metal
ions. Inorg Chim Acta 191, 57–63.

Ewers U. 1988 Environmental exposure to thallium. J Sci Total
Environ 71, 285–292.

Flora SJS, Bhattacharyan R, Vijayaraghavan R. 1995 Com-
bined therapeutic potential of meso-dimercaptosuccinic acid
and calcium edentate on the mobilization and distribution of
lead in experimental lead intoxication in rats. Fund Appl
Toxicol 25, 233–240.

Ghezzi A, Marrubini BM. 1979 Prussian blue in the treatment
of thallium intoxication. Vet Hum Toxicol 21, 64–66.

Gomez W, Esparza JL, Domingo JL, Singha PK, Jones MM.
1998a Comparative aluminium mobilizing action of defer-
rioxamine and four 3-hydroxypyrid-4-ones in aluminium-
loaded rats. Toxicology 130, 175–181.

Gomez W, Esparza JL, Domingo JL, Singha PK, Corbella J,
Jones MM. 1998b Aluminum distribution and excretion: a
comparative study of a number of chelating agent in rats.
Pharmacol Toxicol 82, 295–300.

Heim M, Wappelhorst O, Market B. 2002 Thallium in terres-
trial environments occurrence and effects. Ecotoxicology 11,
369–377.

Hoffman RS, Stringer JA, Feinberg RS, et al. 1999 Compara-
tive efficacy of thallium adsorption by activated charcoal,
prussian blue, and sodium polystyrene sulfonate. J Chem
Toxicol, 37(7), 833–837.

Kontoghiorghes GJ, Sheppard L. 1987 Simple synthesis of the
potent chelators l-alkyl-3-hydroxy )2-mehylpyrid-4-ones.
Inorg Chim Acta 136, 111–112.

Kontoghiorghes GJ. 1995 New concepts of iron and aluminium
chelation therapy with oraly L1 (deferiprone) and other
chelators. Analyst 120, 845–851.

Table 2. Serum thallium concentration after chelation treat-
ment of rats with DFO and/or L1 (see method under Table 1).

Experiment Treatment

(mg/kg b.w.)

Thallium

(lg/l)

E1 + E2 Control 84.37±14.1 (15)

E1 L1 62.37±18.2 (7)

DFO 77.10±12.2 (7)

L1 + DFO 67.20±14.1 (7)

E2 L1 67.24±14.1 (7)

DFO 47.63±4.5 (7)

L1 + DFO 52.47±14.2 (7)

162



Kostial K, Piasek M, Blanusa M, Schonwald N, Jones MM,
Singh PK. 1996 Combined treatment with a new
biscarbodithioate C9G2DTC and BGDTC for mobilizing
cadmium deposits in rats. J Appl Toxicol 16, 157–158.

Kostial K, Restek-samarzija K, Blanusa B, Piasek M, jones
MM, Singh PK. 1997 Combined oral treatment with racemic
and meso-2,3 dimercaptosuccinic acid for removal of
mercury in rats. Pharmacol Toxicol 81, 242–244.

Mayfield SR, Morgan DP, Roberts RJ. 1983 Acute thallium
poisoning a 3-years- old child. J Clin Pedial 23, 461–462.

Moeschlin S. 1980 Thallium poisoning. J Clin Toxicol 17(1),
133–146.

Peter ALJ, Viraraghavan T. 2005 Thallium: a review of public
health and environmental concerns. Environ Int 31, 493–501.

Pillai SK, Sinha HC. 1968 Statistical Methods for Biological
Workers. Agra, India: Ram Prasad and sons.

Schoer J. 1984 Thallium. In: Hutzinger O (Ed.), Handbook of
Environmental Chemistry 3 (C). New york: Springer-Velag,
pp. 143–214.

Thompson DF. 1981 Management of thallium poisoning. J Clin
Toxicol 18, 972–990.

Xiao T, Guha J, Boule D, et al. 2004 Naturally occurring
thallium: a hidden geoenvironmental health hazard. Environ
Int 318, 223–244.

Zitko V, Carson WG. 1975 Thallium: occurrence in the envi-
ronment and toxicity to fish. Bull Environ Contam Toxicol
13(1), 23–30.

163



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


