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Free-ion selective radiotracer extraction (FISRE) is a technique combining ion exchange and the use of radiotracers in order
to determine labilities of metal complexes. The aminocarboxylate chelates 90Y-EDTA, 90Y-DTPA as well as 90Y-DOTATOC, a
radiopharmaceutical for neuroendocrine tumor treatment have been studied by FISRE using Chelex cation exchanger
within the pH range 5.0–7.4. Time-dependent speciation and dissociation rate constants have been determined in a time
frame of 0.6 s–648 h. As indicated by thermodynamic constants, the lability decreases significantly with higher ligand
denticity, cyclic coordination and upon peptide coupling resulting in the lability order Y-EDTA4Y-DTPA4Y-DOTA4
Y-DOTATOC. Besides, studies of the effects of the metal/ligand ratio on FISRE suggest that – in contrast to EDTA and
DTPA – cyclic ligands DOTA and DOTATOC tend to shield the ion exchanger from free yttrium ions after complex
dissociation even at slight excess of metal ions.
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Introduction

Target-specific metalloradiopharmaceuticals are extraordinary
important tools for diagnostic and therapeutic applications in
current nuclear medicine. These molecules usually consist of a
metallic radionuclide, a high-affinity targeting biomolecule (BM)
attached to a metabolizable linker, as well as a bifunctional
chelator (BFC) binding radioactive metal and the linker.1–4

Ideally, the radiopharmaceutical delivers cytotoxic doses of
radiation and/or a diagnostic marker specifically to the disease
site. Nevertheless, following administration, the transport of the
radionuclide to the target tissue may be reduced by e.g.
clearance via liver and kidneys, metabolism, extrinsic protein
binding, metal/chelate competition reactions (e.g. with Fe31 or
transferrin) or, particularly, dissociation of the metal-BFC
complex releasing the free radioactive metal ion. Hence, in
addition to biological affinity and pharmacokinetic behavior, the
thermodynamic and kinetic stability of the metal-BFC complex
at physiological pH is a crucial criterion for the applicability of a
radiopharmaceutical.

Owing to remarkably high thermodynamic equilibrium con-
stants K, polyaminocarboxylates as e.g. EDTA (ethylenediamine-
tetraacetic acid), DTPA (diethylenetriaminepentaacetic acid) and
DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid)
are of particular interest as BFCs for 90Y and lanthanide
radiopharmaceuticals (Figure 1).5–9 The inertness of the metal
complexes – a feature that cannot be derived by thermodynamic
data – was shown to be decisive for their in vivo release of free
radioactive metal ions. For instance, in contrast to its 111In-
analogue, 90Y-DTPA is characterized by an unacceptably high

in vivo lability despite of its excellent thermodynamic stability,10

which may result in haematopoetic toxicity due to bone marrow
irradiation, while 90Y-DOTA is both kinetically and thermodyna-
mically stable and, for that reason, the basis of applied
radiopharmaceuticals like e.g. 90Y-DOTATOC, an analogue
modified by [Tyr3]-octreotide (Figure 1) and used for treatment
of neuroendocrine tumors.11–14 Prior to clinical applications,
90Y-DOTATOC has been extensively studied in terms of labelling,
in vitro receptor binding and tissue distribution in both human
and in rat studies.11,12,14 Quantitative information on kinetic
properties of radiopharmaceuticals at physiological pH is,
however, scarce and difficult to obtain, especially in view of
the low metal concentrations (10�8–10�6 M) present in typical
radiopharmaceutical compositions.1

The free-ion selective radiotracer extraction (FISRE) is a
technique developed to assess the dissociation kinetics and
speciation of metal complexes applying Chelex metal/radio-
tracer extractions from carefully equilibrated complex mixtures
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even at tracer levels. Beside copper and cobalt polyaminocar-
boxlates, complexes of environmental interest, Ho-DTPA, Ho-
DTPA-bispropylamide, Lu-DOTA and Lu-DOTA-[Tyr3]-octreotate
were studied by FISRE.15–18 Recently, the dissociation kinetics of
90Y-DOTA were analyzed by a modified FISRE method extending
the detection limit to be primarily dependent of the half-life of
the applied radiotracer and thus allowing the determination of
dissociation of inert species.19 Complementing the latter study,
the focus of this work is laid on the analysis of the kinetic
stability of 90Y-EDTA, 90Y-DTPA and 90Y-DOTATOC.

First FISRE studies on copper complexes indicated that the
presence of free ligand ions potentially disturbs the quantitative
adsorption of the metal species due to re-association phenom-
ena.16 Thus, in addition to the kinetic analysis of the yttrium
chelates, we studied the impact of different metal/ligand ratios
on the FISRE experiment.

Figure 2 depicts the principle of the FISRE technique. In
general, FISRE involves the charge-dependent extraction of free
ions. An HPLC pump delivers mobile phase consisting of a
buffered aqueous solution of free non-radioactive metal ions to
the cation exchange column. A sample containing a carefully
equilibrated mixture of ligand, non-radioactive metal ions (in

molar excess in relation to the ligand in order to prevent
significant amounts of free chelator ions) and the corresponding
radiotracer is introduced into the system via loop injection.
While flowing through the Chelex column metal complexes
dissociate with the free metal ion being bound onto the cation
exchanger. Provided that the radiotracer is present in the metal
complex form quantitatively prior to the injection of the sample,
the relative amount of adsorbed radiotracer equals the fraction
of dissociated metal complex.

If a (pseudo-) first-order metal complex (ðMLÞmþn) formation
equilibrium is considered, where Mm represents the metal ion
with charge m, Ln the ligand with charge n Equation (1),

Mm þ LnÐ
KA

KD

ðMLÞmþn ð1Þ

the net dissociation rate can be expressed by the term

�
d½ðMLÞmþn�

dt
¼ kD½ðMLÞmþn� � kA½Mm�½Ln� ð2Þ

The dissociation rate constant kD (s�1) and the (physico-
chemical) complex activity [ðMLÞmþn] determine the ability of a
complex to remain intact within an experimental time scale3

4

Figure 1. Structural formulas of polyaminocarboxylate ligands.

Figure 2. Schematic representation of the FISRE technique.
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(considering relative values only, physicochemical activity,
concentration and radioactivity can be considered equal). Since
FISRE uses non-radioactive metal ions in molar excess relatively
to the radiotracer and thus a re-association of radiotracer
and ligand is statistically disfavored, the association term of
Equation (2) can be neglected, resulting in a first-order
exponential function as solution

½ðMLÞmþn�t ¼ ½ðMLÞmþn�0 � e
�kD t ð3Þ

with t being the contact time of the complex with the extracting
agent, ½ðMLÞmþn�0 the initial and ½ðMLÞmþn�t the complex activity
at a given contact time. The dissociation rate constant can be
determined by plotting the relative activity present in the eluent
½ðMLÞmþn�t=½ðMLÞmþn�0 against the contact time t. If two or more
kinetically distinguishable complex species are present disso-
ciating independently from each other, the function has to be
augmented with i terms that account for the contribution of i
species to the detected dissociation profile:

½ðMLÞmþn�t ¼
X

i

½ðMLÞmþn
i �0 � e

kDi
t ð4Þ

Consecutive dissociation reactions of two complex species
with a rate determining step are given as

ðMLÞmþn
A !

kDðAÞ
ðMLÞmþn

B !
kDðBÞ

Mm þ Ln ð5Þ

requires an additional term that accounts for the formation of
ðMLÞmþn

B from ðMLÞmþn
A :

½ðMLÞmþn�t ¼ ½ðMLÞmþn
A �0 � e

�kDðAÞt þ ½ðMLÞmþn
B �0 � e

�kDðBÞt

þ
kDðAÞ � ½ðMLÞmþn

A �0
kDðBÞ � kDðAÞ

� ðe�kDðAÞt � e�kDðBÞtÞ ð6Þ

The resulting dissociation curves can be fitted and analyzed
by iterative deconvolution methods to assess the rate constants
and initial concentrations of species detected. Since the kinetic
constants obtained by FISRE are possibly of a pseudo-first-order
nature, they are treated as observed rate constants kobs prior to
the assignment to a certain species.

Depending on the acquisition time frame, FISRE may be
employed in two different modes. The continuous FISRE mode is
based on varying the contact time (0.6–60 s) of metal complex
and extracting agent by adjusting the sample flow rate through
the column and thus allows short-term dissociation studies. The
batch mode is especially suitable for studies on kinetically inert
species and requires a different sample preparation. Here, the
ligand is equilibrated with the radiotracer first, then non-
radioactive metal ions are added followed by Chelex extractions
at different time intervals after addition of non-radioactive metal
ions at a constant mobile phase flow rate. Provided that equal
concentrations of metal, ligand, NaCl and buffer are employed,
both FISRE modes can be adjusted to complement each other.

Materials and methods

Materials

All chemicals were of analytical reagent grade. Millipore (MQ)
water (Millipore, Schwalbach, Germany) was used for solution
preparation. Yttrium(III)-chloride hexahydrate (99.99%), EDTA
(ethylenediaminetetraacetic acid, 99.995%), DTPA (diethylenea-
minepentaacetic acid, X99%), MES (b-morpholino-ethanesulfonic
acid monohydrate), HEPES (4-(2-Hydroxyethyl)piperazine-1-
ethane-sulfonic acid, X99.5%), Piperazine (X99%), 1-Methylpi-

perazine (X99.5%), nitric acid (65%), hydrochloric acid (37%) and
sulphuric acid (96%) were purchased from Sigma-Aldrich
(Munich, Germany). DOTA (1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid), sodium chloride and sodium hydroxide
were obtained from Fluka Chemie (Buchs, Switzerland). Ion
extracting agents Chelex-100 (200–400 mesh) and Dowex 50 WX
8 as well as the Poly-Prep columns were purchased from BioRad
Laboratories (Munich, Germany). Instant thin layer chromatogra-
phy (ITLC) silica gel strips were obtained from Pall (Dreieich,
Germany). DOTATOC (DOTA-[Tyr3]-octreotide, X99% deter-
mined by LC-MS) was provided by the Klinik und Poliklinik für
Nuklearmedizin, Ludwig-Maximilians-Universität München and
synthesized by common procedures.19 No-carrier added 90Y31

was obtained from a 90Sr/90Y-generator. Details of the purifica-
tion and transformation into the chloride form have been
outlined previously.20 ITLC tests according to previously de-
scribed procedures in 0.1 M NaHCO3 solution resulted in radio-
chemical purities higher than 96% for each radiotracer sample.21

Sample preparation

In order to avoid precipitates in the mobile phase and the
samples under study the thermodynamic equilibrium yttrium
speciation was calculated using the software CHEAQSPro prior
to solution preparation.22 Thermodynamic equilibrium con-
stants not present in the database were adopted from NIST
database 46.23

Stock solutions were prepared by dissolving NaCl and buffer
(MES, HEPES, Piperazine) in Millipore water. The pH was adjusted
by a 10 M NaOH solution to either 5.0 (Piperazine), 6.0 (MES), 7.0
or 7.4 (HEPES). The mobile phase was prepared by dissolving
yttrium(III)-chloride in stock solution (c(Y31) = 1� 10�6 mol L�1),
the ligand solution by dissolving the corresponding ligands in
stock solution. The pH of the solutions was checked regularly.
The final samples were prepared by mixing ligand solution,
mobile phase and stock solution and spiking the mixture with
90YCl3. The final total concentrations of yttrium, ligand and
buffer were 1� 10�6, 7.5� 10�7 and 5� 10�3 mol L�1. Each
sample was heated mildly at 601C for 18 h and equilibrated at
least 2 h at room temperature prior to the start of the
measurements in order to assure thermodynamic equilibrium.
The preparation of yttrium-saturated Chelex-100 columns was
described previously.20 The solvent pathway of Class-LC10Ai
HPLC pump (Shimadzu Corporation, Kyoto, Japan) used for
solvent delivery as well as the system parts (pump heads,
tubing, injection valve, etc.) were mainly constructed of inert
materials (PEEK, Tefzel). Additional PEEK tubing and loop
material were purchased from Alltech Grom GmbH (Rotten-
burg-Hailfingen, Germany). In order to allow the column to
equilibrate, Chelex was rinsed with the corresponding mobile
phase at a constant flow rate of 0.1 mL min�1 for 1 h prior to the
actual experiments. Although the analysis of the short-term
dissociation reactions by continuous FISRE required an equili-
bration of the radiotracer with all yttrium species present in the
sample and subsequent extractions at different flow rates, in
batch FISRE mode the radiotracer was equilibrated with the
ligand solution and the extractions were performed at different
time intervals after Y31-addition at a constant flow rate of
1 mL min�1. The effect of different metal/ligand ratios was
studied by performing continuous FISRE extractions on samples
with constant ligand and buffer concentrations of 7.5� 10�7

and 5� 10�3 mol L�1, but Y31-concentrations varying between 3
5
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4� 10�6 and 1.68� 10�5 mol L�1. Generally, for each extraction
20mL sample was introduced into the system via loop injection.
Eluents with a total volume of 1 mL were collected.

A PerkinElmer Tri-Carb 2800 TR LSC-counter was employed
to measure the C̆erenkov radiation caused by high-energy
b-particles emitted by 90Y. The extraction procedures were
conducted three times for reproducibility purposes; total
C̆erenkov radiation per sample was determined by carrying
out measurements in absence of the column. All measurements
were performed at room temperature (201C).

Data processing

The concentration of recovered yttrium species was derived by
the ratio of the sample C̆erenkov radiation to the total C̆erenkov
radiation measured within each 20 mL aliquot introduced to the
system. Plots of recovered yttrium concentration against either
contact time with the extracting agent or time elapsed after
addition of non-radioactive yttrium solution were used for data
analysis. Initially, iterative deconvolution methods based on
non-linear regression analysis were applied to assess the
number of kinetically distinguishable species.24–26 Correspond-
ing rate constants kobs and initial concentrations of yttrium
species were determined by the fit functions (Equations (3), (4)
and (6)) generated with the curve fitting software LABFit.27

Results and discussion

Yttrium-EDTA

The short- and long-term dissociation patterns of Y-EDTA are
depicted in Figures 3 and 4. A single species fit according to
Equation (3) is in good agreement (R2

YYðxÞ0:998) with the
dissociation pattern indicating the highly pH dependent dissocia-
tion of one species. At pH 5.0, the complex is already completely
dissociated after 40 s Chelex contact time, whereas at pH 7.4 the
complex requires 8 h to quantitatively exchange the yttrium
ions. Below pH 7, dissociation of Y(EDTA)� is known to occur
predominantly via proton-assisted pathways. Indeed, the double-
logarithmic plot of kobs against the proton concentration as
depicted in Figure 10 reveals a linear dependence consistent with
a pseudo first-order rate constant being

kobs ¼ kD0 þ kD1½Hþ� ð7Þ

Although 1H-NMR studies by Laurenczy et al. indicate a
spontaneous dissociation rate of the non-protonated species kD0

of 1�10�4 s�1, which is close to the value calculated in our study

3
6

Figure 3. Dissociation profiles of Y-EDTA as detected by the continuous FISRE
experiment in dependence of pH with the corresponding first-order curve fit
functions (I = 0.01, N = 3).

Figure 4. Dissociation profiles of Y-EDTA as detected by the batch FISRE
experiment in dependence of pH with the corresponding curve fit functions
(I = 0.01, N = 3).

Figure 5. Dissociation profiles of Y-DTPA as detected by the continuous FISRE
experiment in dependence of pH with the corresponding second-order curve fit
functions (I = 0.01, N = 3).

Figure 6. Dissociation profiles of Y-DTPA as detected by the batch FISRE
experiment in dependence of pH with the corresponding curve fit functions
(I = 0.01, N = 3).
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(Table 3), the proton-assisted dissociation rate constant of
YH(EDTA) kD1 exceeds the literature data by orders of
magnitude.28,29 For instance, isotopic exchange reactions
studied by Glenthworth et al. give kD1 values of
3071.5 M�1 s�1.29 Different methodological approaches and
experimental conditions may partly contribute to this discre-
pancy; nevertheless, a detailed explanation is still to be found
since common experimental error sources could be ruled out.
No pH changes were detected, thus, deviations caused by
disturbances in the FISRE experiment due to the formation of
double protonated [YH2(EDTA)]1 in the course of the dissocia-
tion are not likely. The fact that Chelex-metal binding becomes
less efficient at low pH could implicit higher dissociaton rates as
well, but no reduction in yttrium sorption has been observed in
the pH range 4.5–7.4 either.

Y-DTPA

Phenomenologically similar to Y-DOTA,20 two kinetically distin-
guishable species are detected during the dissociation of
Y-DTPA ((R2

YY ðxÞ0:996). Since the numeric differences are margin-
al, the pattern can be interpreted in terms of two species
dissociating independently from each other (Equation (4)) or a
consecutive reaction with the relatively inert species Y-DTPAB

being formed by a labile precursor Y-DTPAA (Equations (5) and
(6)). The labile component Y-DTPAA cannot be assigned
unambiguously and could, for instance, represent an additional
species originating from complex isomerism (Figures 5 and 6).
The speciation data obtained by continuous FISRE (Table 1)
indicate an increase in the Y-DTPAA:Y-DTPAB ratio with higher
proton concentrations (Figure 7) and suggest a saturation
behavior similar to the earlier studied Y-DOTA. Although no
significant pH-dependence of kobsðAÞ is observed (Table 1), the
kinetically stable species dissociates with a pseudo first-order
rate constant according to Equation (7). Besides of a direct
attack of endogeneous metal ions, lanthanide-DTPA complexes
are, under physiological conditions, considered to predomi-
nantly dissociate through proton-assisted processes.30 The

proton-assisted dissociation – characterized by a kD1 of
11179 M�1 s�1 – exceeds the contribution of the spontaneous
dissociation in the considered pH range and corresponds well to
an acid-catalyzed kD of 144 M�1 s previously determined by
stopped-flow spectrophotometry (0.2 M NaClO4; 251C).30,31

Y-DOTATOC

The short- and long-term dissociation progress of the radio-
therapeutic complex depicted in Figures 8 and 9 indicate that, at
physiological pH 7.4, no measurable amounts of free 90Y31 are
released within 27 days. In the same time frame, less than 5% of
the total complex dissociate at pH 7.0. A further increase in the
proton concentration leads to significantly higher dissociation
rates originating from two kinetically distinguishable species
each at pH 6.0 and 5.0 (Table 2). The total concentration of the 3

7

Table 1. Kinetic parameters determined by the continuous FISRE mode at different pH values (I = 0.01, N = 3)

Complex pH cY-L(A) cY-L(A) kobsðAÞ cY-L(B) cY-L(B) kobsðBÞ

(10�7 mol L�1) (%) (s�1) (10�7 mol L�1) (%) (s�1)

Y-EDTA 7.4 – – – 7.4470.02 9970.3 o3�10�5710�10�5�

7.0 – – – 7.6170.02 10270.3 o1.1�10�370.1�10�3�

6.0 – – – 7.6470.05 10271 2.35�10�270.06�10�2

5.0 – – – 7.5670.13 10072 1.76�10�170.08�10�1

Y-DTPA 7.4 1.6370.44 2276 1.370.4 5.8070.04 7771 o1�10�473�10�4�

7.0 2.5170.32 3474 1.370.2 5.0170.03 6770.4 o1�10�472�10�4�

6.0 4.2170.98 56713 1.570.3 4.0570.08 5471 o8�10�477�10�4�

5.0 5.1570.55 6977 1.870.2 3.5770.03 4870.4 o2�10�373�10�3�

Y-DOTA-
TOC

7.4 – – – 7.5170.003 100.170.04 o6�10�6713�10�6�

7.0 – – – 7.6370.004 101.770.05 o8�10�575�10�5�

6.0 1.4770.52 2077 7.2�10�273.3�10�2 6.1170.54 8277 o9�10�472�10�4�

5.0 2.5070.22 3373 9.8�10�271.4�10�2 5.1570.24 6973 o6�10�479�10�4�

The errors represent the standard deviations (S. D.) of three measurements. The kinetic constants marked with asterisks are not
justified since the overall uncertainties of the analytical method exceed the S. D. These had to be determined via batch FISRE
(Table 2).

Figure 7. Acid-dependent speciation of Y-DTPAA and Y-DTPAB determined by
continuous FISRE (N = 3).

D. Jurkin et al.

J. Label Compd. Radiopharm 2009, 52 33–40 Copyright r 2008 John Wiley & Sons, Ltd. www.jlcr.org



relatively labile species increases with lower pH. The presence of
two Y-DOTATOC species suggests that two cis-/trans-conforma-
tion isomers are involved in the dissociation process. Deshmukh
et al. identified these conformers in aqueous solution at pH 6 by
2D-NMR in the quantitative ratio 67:33, which is basically in
agreement with the speciation results listed in Table 1.32 The
kinetic constants kobsðBÞ obtained by the batch FISRE experiment
indicate a linear correlation with the proton concentration
according to Equation (7) (Figure 10).

Effects of metal/ligand ratio on FISRE experiments

The assumption that once a metal complex dissociates, the
free metal ion is immediately retarded on the Chelex column
was examined by performing continuous FISRE measurements
at constant pH 6.0 and different yttrium/ligand ratios with
EDTA, DTPA, DOTA and DOTATOC. Figure 11 depicts the
dissociated fraction of yttrium species after 60 s Chelex contact
time in dependence of the metal/ligand ratios. In case of the
complexes of acyclic ligands EDTA and DTPA, constant
dissociation and speciation are observed until a sharp decline
at a metal/ligand ratio of 1. The decline detected with
complexes Y-DOTA and Y-DOTATOC is moderate, but already
setting in at a metal/ligand ratio of approximately 0.8.
Assumably, the cyclic ligand framework of DOTA is able to
partly shield the extracting agent off from free yttrium ions even
under surplus of metal ions. The fact that the measured
dissociation decreases despite of the introduction of additional
yttrium ions via the mobile phase (c(Y31) = 1� 10�6 mol L�1)
leads to the conclusion that the mixing of mobile phase and
sample is incomplete at the given experimental conditions and
the initial sample composition is decisive for the unidirectional
dissociation progress. In general, it is evident that the presence
of free ligand ions interfere with Chelex FISRE experiments and
may potentially result in dissociation rates lower than they
actually are. The metal/ligand ratio of 0.75 applied for all kinetic
measurements presented here was shown to be appropriate,
however (Table 3).

3
8

Figure 9. Dissociation profiles of Y-DOTATOC as detected by the batch FISRE
experiment in dependence of pH with the corresponding curve fit functions
(I = 0.01, N = 3).

Figure 8. Dissociation profiles of Y-DOTATOC as detected by the continuous FISRE
experiment in dependence of pH with the corresponding curve fit functions
(I = 0.01, N = 3).

Table 2. Kinetic parameters determined by the batch FISRE mode at different pH values (I = 0.01, N = 3)

Complex pH cY-L(A) cY-L(A) kobsðBÞ

(10�7 mol L�1) (%) (s�1)

Y-EDTA 7.4 7.5670.02 100.870.3 1.39�10�470.07�10�4

7.0 7.2170.04 96.170.5 9.2�10�470.1�10�4

6.0 – – –
5.0 – – –

Y-DTPA 7.4 5.8070.01 77.370.1 5.9�10�670.3�10�6

7.0 4.9070.05 65.370.7 1.2�10�570.1�10�5

6.0 3.7470.12 5072 1.2�10�470.1�10�4

5.0 3.5870.17 4872 1.1�10�370.1� 10�3

Y-DOTATOC 7.4 7.5070.01 100.070.1 o5�10�10713�10�10�

7.0 7.3770.02 98.370.3 o8�10�10719�10�10�

6.0 5.6170.02 74.870.3 5.3�10�970.3�10�9

5.0 5.0270.01 66.970.1 3.3�10�870.2�10�8

The errors represent the S. D. of three measurements. In case of Y-DOTATOC, the kinetic constants determined at pH 7.0 and 7.4
fall below the detection limit of batch FISRE with the overall uncertainties of the analytical method exceeding the S. D.(�).
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Comparison between the dissociation kinetics of Y-EDTA,
Y-DTPA, Y-DOTA and Y-DOTATOC

Except for Y-EDTA, within a time frame of 0.6 s–648 h two
species were detected to contribute to the dissociation patterns
of considered yttrium polyaminocarboxylates. As expected,
the acid-dependent rate constants confirm that kinetic lability

of the complexes decreases with higher ligand denticity from
the hexadentate EDTA to the octadentate DTPA. Compared to
the open-chain ligands, the cyclic octadentate DOTA forms a
kinetically inert yttrium complex. A significant kinetic stability
gain is achieved upon peptide coupling. The kinetic stability
order Y-DOTA4Y-DTPA4Y-EDTA (Figure 10) is in accordance
with the thermodynamic equilibrium constant order (KY-

DOTA = 24.0, KY-DTPA = 22.05, KY-EDTA = 18.08 (251C, I = 0.1)).33–35

Conclusions

Dissociation rate constants and time-dependent speciation of
yttrium polyaminocarboxylates were sucessfully determined.
FISRE proved to be a suitable technique to experimentally
determine kinetic data within high acquisition time frames if a
good control of interacting parameters is upheld and the results
are interpreted carefully. Low costs in equipment and main-
tenance could make FISRE attractive for the use in pre-clinical in
vitro kinetic stability screenings and allow complementation
with numerical data, especially in the view of fast growing
numbers of nuclide (e.g. 68Ga, 177Lu, 111In) and ligand
(DOTATATE, DOTANOC, etc.) combinations used in nuclear
medicine. For sophisticated solution compositions, additional
FISRE improvements are desirable. For instance, charge-depen-
dent kinetics analysis could be enhanced by the application of
anion exchangers, while diffusion techniques potentially allow
size-dependent speciation. Ideally, the species under study have
to interact or be retained quantitatively and selectively; thus, the
search for suited exchange material and/or experimental
conditions is indispensable for future FISRE developments.
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Figure 10. Double logarithmic plot of the proton-assisted dissociation rate
constants of Y-EDTA, YDTPA, Y-DOTA20 and Y-DOTATOC in dependence of proton
concentration/pH (I = 0.01, N = 3) and the corresponding linear fits.
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