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Development of an in vitro test
for screening of chelators of uranium
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Abstract. This work deals with am vitro spectrophotometric method to evaluate the chelating ability of various organic ligands
for uranyl ion. In this way, an uranium complex formed with a peculiar ligand is chosen as a reference. Any modification of the
UV-Visible absorbance of the U(VI) reference complex, owing to its dissociation upon the addition of a new ligand, permits to
compare the affinity of the latter ligand for U(VI) with that of the reference ligand. This test allows to screen easifylig-lot

ands before to evaluate théir vivo uranium chelating property.
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Introduction therapy proposed after uranium contamination is still an

intravenous injection with a 250 mL sodium bicarbonate

Uranium under several chemical forms is widely used in ths_olutlon (1'-4%) [1] However, because of the limited effi-
8|ency of bicarbonate treatment, the development of more

nuc[ear_ fuel cy_cle facilities. After an acc!dental_ human CONaffective substances therefore remains an important aspect of
tamination, which may be due to a dust inhalation or an urgz,

: . . X dioprotection [2].
nium salt ingestion, an appropriate treatment could be nec-
essary to accelerate uranium excretion and to reduce itsThe screening of new compounds able to chelate uranyl
deposition in affected organs, therefore preventing manifesn and to permit its body elimination involves a lotiof
tation of related adverse effects. At the present time, thavo tests. Studies were conducted using rats and mice on
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multidentate catecholate and hydroxypyridonate [3,4], phoszhromotrope 2R. In this case, the complex between uranyl
phonic acid derivatives [5], phenolic agent like Tiron [6],and Chromotrope 2R is destroyed by the new ligand.
biphosphonates [7] and tripode phosphorylated [8] com-

pounds. These studies are rather fastidious and expensive. AtVhen the affinity of the ligand for uranium is in the same
this step of screening of new compounds,immitro test level than that of the Chromotrope 2R, the absorbance

should be sufficient to determine its ability to complex uraShould range from the value of the pure Chromotrope 2R

nium with a higher affinity than bicarbonate, for example. (0-25) to the absorbance of the complexed Chromotrope 2R
(0.5). If this variation is considered as linear and if the stoe-

The aim of this study was to settle amvitro test for chiometry of the U(VI)/Ligand complex is the same for the
screening the affinity for uranium of new compounds. Thaew ligand as for the Chromotrope 2R, the complexation
accuracy of the test has been checked in measuring thiength (i.e. the conditional stability constant) of the ligand
chelating affinity of different molecules considered as refereould be estimated, compared to the reference molecule
ences and chosen according to their known ability in chelat-

ing uraniumin vivo. When the affinity of the ligand for uranium is clearly

weaker than that of the Chromotrope 2R, the equilibrium
This technique allowed a very fast and inexpensive deteraust remain undisturbed and the absorbance-measured (0.5)
mination of the chelating ability of various compounds. corresponds to that of the complexed Chromotrope 2R.

When the ligand tested displaces the Chromotrope 2R
Method complex, it can be assumed that the new complex formed is
stronger and that it would be interesting to test this com-

poundin vivo.

Principle Such a method could be generalised to various metal ions

The complexation property of these compounds with urdf @ chromophore compound well-known for its chelating
nium was evaluated in an aqueous buffered solutioproperties can be used as a reference.

(pH = 7), using a technique based on competitive complex- OH OH

ation [9] and spectrophotometry. N_N_©
When a metallic ion is complexed with a chromophore ©©

chosen as a reference, a measurable modification of its UV- HO3S SOsH

visible absorption spectrum occurs. The absorption differ-

ence between the free form of the chromophore and the Chromotrope 2R

cation complexed form can be used to specify a chelating
property. Indeed, the addition of another complexing agent,
which does not absorb in UV at the same wavelength as the

reference chromophore, should induce a significant modifirotocol
cation of the UV absorption intensity of the chromophoreC
related to their respective chelating ability. In these condi-

tions, the complexation ability of a compound can easily ang 0.1 mm stock solution of the Chromotrope 2R was pre-
quickly be compared to that of the reference moleculéyareq in saline and the pH was adjusted at 7. The absorp-
Moreover, the result obtained with this chosen referencgon gpectrum of the solution was measured between 200 and
could be referred to those measured with another one  gog nm. When a solution of uranyl nitrate (\R0),) was

The choice of this reference molecule has to comply witgdded, a modification of the colour of the solution due to
a few constraints: solubility and stability in water at physihe formation of the complex was observed. The difference

ological pH, high complexation strength of the metal ion anl.%e"""een the absorption spectrum of the Chromotrope 2R and
reaction kinetic as fast as possible, great intensity of tH&€ Spectrum of the complex was measured. The resulting
absorption spectrum in the UV-visible field and above alfPectrum exhibited a maximum wave at 580 nm (Fig. 1).

measurable modification of the spectrum associated to tHg'® PH was adjusted with 20 mM HEPES buffer which did

complexation in a wavelength field different from those of/0t complex uranium and did not absorb at 580 nm. The
the chosen metal ion. intensity of the absorbance peak was correlated to the degree

of complexation of the Chromotrope 2R.
In the case of the uranyl ion, the reference compound is
derived from chromotropic acid, which was described to It is noteworthy that a neutral solution of uranyl nitrate
have a strong affinity for uranium (VI) [6]. The absorptiondoes not present any absorption at 580 nm.
spectrum of this compound lies in the UV-visible field [6].

omplexation between uranium and Chromotrope 2R:

The reaction and the measure were made in saline (NaCl

When the affinity of the ligand for uranium (VI) is sub- 0.9% in Milli-Q distilled water). This also set the ionic
stantially higher than that of the reference ligandstrength of the medium & 0.15). The spectra were mea-
Chromotrope 2R, the absorbance measured after addition sfred with Beckman DU 7500 using single use cells at room
a stoechiometric amount of ligand must be that of the putemperature.
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Fig. 1. Difference spectrum of Chromotrope 2R complexed Fig. 2. Variation of the absorbance at 580 nm of Chromotrope 2R
U(VI) at 20 °C between: — sample: Chromotrope 2R: 0.166 m versusincreasing concentrations of uranium (VI) (pH = 7) at
U(vl): 0.083 mM, Hepes: 3.3 mM, pH = 7 — reference 20 °C. Chromotrope 2R: 0.166 mM, U(VI): ranging from 0 to
Chromotrope 2R: 0.166 mM, Hepes: 3.3 mM, pH = 7. 100 pM, pH = 7; Hepes: 3.3 mM.

Destruction of the complex between uranium andChromotrope, HEPES, U{NO,), and at last the ligand.
Chromotrope 2R by a ligand: Moreover, at this pH and for U(VI) concentrations higher
than 0.1 mM, the appearance of uranyl microprecipitates

The following reagents were added in this order: 1 mL ofnhould disturb the measure of absorbance [10,11].
a 1 mM solution of Chromotrope 2R (Aldrich), 3 mL of 20

mM HEPES buffer (Aldrich) at pH 7, 1 mL 0.5 mM uranyl Whe_n a ligand tis added into a solution _containing an
nitrate solution (Prolabo). The solution was mixed, then prother ligand £ (Chromotrope 2R) and the cation ¥Q the
tected from direct sunlight and left for 15 min. One mL offollowing reaction takes place:

the compound to assay was added,; its final concentrations 2. 11 24 102 A 24

in the vial was ranging from 1®to 107 mM. The LE+ L2UG™ = L+ UG

absorbance of the solution was measured at 580 nm 30 Mifxe protocol described here was applied to some molecules

utes later. known for theirin vivo complexation ability: bicarbonate,
Tiron, citric acid and 3,4,3-Li-(1,2-HOPO) [4]:
Results and discussion The results are presented in figures 2 and 3 and call for the

following comments:

The Chromotrope 2R is a dye derived from the chromotro~’
acid. It presents a chelating power for U(VI) [6]. This cor \
plexation results in a change of the colour of the soluti 3 OH
The highest difference between the spectra of the f H Z°
Chromotrope and the U(VI) complex is observed at 580 HO_J;/>_<

(Fig. 1).

OH
) —\_L§ o aTRIC ACD
When the variation of the absorbance of a 0.166 n _/~\ *» (_T{“
%0 3 HO;$ 0;H
,N
HO

Chromotrope 2R solution versus the amount of added 1

nium is plotted, the maximum of absorbance is reached ¢~ ° TIRON
the addition of 0.0833 mM of uranium (Fig). This result LIHOPO
indicates that 1 wuranyl ion is complexed with
Chromophore 2R molecules. This concentration o,
0.0833 mM has been retained for the test in order to be ¢
tain that the reaction was complete and that there was
free uranium in the solution. As the values of absorban
remain stable during the time, one admits that the equili
rium is reached in all cases.

HO

p.— our results show that the bicarbonate ion, which is
%8own asin vivo strong complexing compound, exhibits a
Crélther weak chelating power. The shift of the complex is
t}iny obtained with a bicarbonate concentratiom{M) 100
imes higher than that of the Chromotrope 2R (Fig. 3). The
complexing strength observed vivo could be explained

At the concentration used, uranyl nitrate may precipitatéhrough the mass effect of bicarbonates: indeed the level of
at a pH higher than 5. It is therefore necessary to respd¥earbonate administered is very high towards the uranium
the order of addition of the reactant in the solution@&mount.
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0,55 The aim of this work was to design a simple test in order
. to perform a screening of potential uranyl ligands while lim-
051 A7 Ng _._ﬁ'ii’t:‘;"a‘e iting, as far as possible, the vivo studies. The idea was to
* ,\% - % = Tron find a good complexing agent of uranium like the
045 1 ‘1- —0 = LHOPO Chromotrope 2R, with relevant spectrophotometric proper-
8 ' ‘ ties and to test different ligands already known for their
§ 047 ’\\ vivo properties. When the ligand tested displaces the com-
2 \ plex, it can be assumed that the new complex formed is
< 03 - stronger and that it is interesting to test that compdand
R 0,08mM| vivo. In most of the cases, this test does not allow the direct
0.3 determination of the stoechiometry of the complexation, and
m the comparison between the complexation power of ligands
0257 do has to be done very carefully.
02+———F——————— However, the ranking of potential chelating agents would

need the use of a set of different reference compounds hav-
ing a complexation constant closer to that of the tested
ligands.

Fig. 3. Variation of the absorbance at 580 nm of Chromotrope 2R

. Finally, it is obvious that this test could be used with
at 20 °C. Chromotrope 2R: 0.166 mM.; uranyl nitrate: 0.0833 mM:; ' . - . .
Hepes: 3.3 mM and Tiron 3,4,3-LI(1,2-HOPO), sodium bicarbon_bther metals since the formation of the complex with a lig-

ate or citrate at various concentrations (pH = 7). and chosen as a reference disturbs the absorption spectrum.

Ligand concentration (mM)

_ Citric acid, Tiron and 3,4,3-Li-(1,2-HOPO) exhibit References
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Conclusion

After the complexation of uranium with a chosen chro-8'
mophore, herein the Chromotrope 2R, any modification of
the absorption spectrum observed in the solution will be dug
to a dissociation of the complex. This will be obtained by,
the addition of a compound having an affinity for uranium
at least equivalent to that of the reference ligand. In these
conditions, the complexation ability of the added compound
can easily and quickly be compared to that of the referenag.
molecule.
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