
Keywords: Iodine-124; Tellurium (IV); HPLC; UV-Vis spectroscopy; 
Speci�c activity

Introduction 
Positron Emission Tomography (PET) is a highly sensitive imaging 

modality that provides functional information about pathologically 
relevant processes. �e procedure generally involves the injection 
of a positron-emitting radiotracer and further detection/image 
reconstruction of the gamma rays produced upon electron-positron 
annihilation [1,2]. Currently the most used radionuclides for PET 
applications have relative short half-lives, for instance 11C (20.4 min 
half-life), 13N (9.97 min) and 18F (110 min). �e use of radiotracers 
with longer half-lives involves a range of potential bene�ts, such as an 
increased time available for synthesis and quality control, imaging of 
long metabolic/physiologic processes, etc. [3,4].

Iodine-124 (124I-) is an attractive isotope of iodine due to its 
complex radioactive decay scheme and convenient half-life (4.18 d). 
�ere are several modes for the production of Iodine-124, but the 
nuclear reaction 124Te(p,n)124I o�ers the highest purity (with only few 
other radionuclidic impurities, <0.1%) and also the most convenient 
one, since the maximum cross-section for the reaction is below 14 MeV 
placing it within the capacity of most available cyclotrons [5,6].

With the increasing use of positron emission tomography (PET) 
in nuclear medicine, medical oncology, pharmacokinetics and drug 
metabolism, 124I-labeled radiopharmaceuticals could be most useful 
for PET imaging [7-9]. Furthermore, the 4.18 d half-life would permit 
their use in PET facilities far away from the radionuclide production 
centers (satellite concept). Sodium [124I] iodide is already reportedly 
used for diagnosis and treatment planning in thyroid disease [10,11]. In 
addition to the growing number of [124I]-labeled small molecules studied 
in recent years, notably [124I]m-iodobenzylguanidine ([124I]MIBG) [12] 
and [124I]2’-�uoro-2’-deoxy-5’-iodo-1β-D-arabinofuranosyl-uracil 
([124I]FIAU) [13]. �ere is also a strong interest in the high selectivity/
sensitivity features from [124I]-labeled antibodies [14,15]. Limited 
availability of this radionuclide so far has been a hindrance to its wider 
development and clinical use, for example its commercially available 
from just a couple of producers worldwide (IBA Molecular, Perkin 
Elmer, etc.). 

�ere are two key quality attributes that need to be determined in 
124I- solutions to be used in radiotracer synthesis: 

1) Speci�c Activity (SA), it is de�ned as the radioactivity per unit

mass of a radionuclide or a radiotracer. In practice, the radioactivity 
and mass of a sample are determined by di�erent methods in order to 
get the �nal SA expressed as a ratio, where the radioactivity is expressed 
in Curies (Ci) or Becquerels (Bq), and the mass can be expressed in 
grams or moles.

2) Amount of tellurium present in the form Te(IV), potentially
coming from the staring material (enriched Tellurium oxide), it can 
potentially interfere with labelling reactions and also reC 
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We adapted an analytical approach that has been used for SA 
determination in solutions of 123I- and 131I-, and modi�ed the procedure 
to customize the quality control in non-carrier added 124I- [20]. In order 
to assess the potential of this derivatization method for 124I- solutions, 
the reference compound 1-iodo-2-naphthol (1) was �rst prepared 
and characterized by 1H-NMR spectroscopy and HPLC. �e linearity, 
accuracy and repeatability of the method was tested using solutions 
in the concentration range of 22.5-0.15 µg/mL or actual 450 to 3.0 ng 
analyzed. From the results obtained in Table 1 it can be seen that the 
method was linear in the tested range, with a limit of quanti�cation 
(LOQ) of 9.3 ng and limit of detection (LOD) of 2.6 ng. �e method 
was linear, accurate (recovery % 90-110, n=9) and repeatable (Relative 
Standard Deviation <5%, n=18) in the working range, which was 
appropriate for the iodine concentrations expected. 

A�er the method was validated with the compound 1, additional 
calibration curves were obtained in which 1 was produced in situ via 
the derivatization reaction of 2-naphthol, from known amounts of 
potassium iodine and either oxidation agent chloramine-T (C-T) or 
Iodogen (IG) (Figure 2). Usually the latter is considered milder since it 
does not need the presence of strong acids such as tri�uoroacetic acid. 
A comparison between the linearity values and working ranges for all 
the calibration curves found is presented in Table 1. It can be observed 
that all three methods are equivalent, in terms of response obtained vs. 
concentration of iodine, independently of compound 1 being prepared 
in situ.

Optimization for the derivatization reaction in the SA method 
was made for the following variables: time of injection a�er mixing (2 
to 15 min), amount of oxidation agent used (5 to 25 µg, total mass) 
and temperature (25°C to 45°C). Iodine was introduced as potassium 
iodine. �e derivatization reaction to produce 1 in situ was fast, the 
time was set to 5 minutes a�er mixing, for both oxidation agents, by 
comparing the peak areas obtained to the reference compound 1. In 
the case of chloramine-T the time for injection mixing was important 
since it was observed that the peak for 1 was not stable with time, 
eventually decreasing in favor of the specie 1-chloro-2-naphthol (2) 
which is also formed in excess given the concentration of C-T and 
presence of tri�uoroacetic acid (see structure of both oxidation agents 
used in Figure 2). No signi�cant change in the peak for 1 was observed 
up to 15 minutes a�er mixing when IG was used as an oxidant, and 
negligible amounts of 2 were also noted, possibly due to the milder 
nature of this reagent and the absence of tri�uoroacetic acid in the 
matrix mixture. Finally temperature was found to not modify results 
obtained in the range tested, 25°C to 45°C, as a default 25°C was chosen 
due to convenience. Blanks for both methods without potassium iodide 
as a source of iodide did not produce any peak in the window for 
compound 1. 

In a typical chromatogram the peak for the specie of interest 1 was 
in a very consistent window, determined from speci�city experiments 
(n=6), eluting between 11.0 to 11.3 min. �e elution of this peak using 
the reference compound was generally seen later compared to the 
production of 1 in-situ for both C-T and IG methods, possibly because 
of the absence of organic solvents in the matrix, although for all cases 
the peak for 1 remained inside the aforementioned window. For 
chromatograms obtained using dilutions of the reference compound 
there was only one peak present for 1, for the other methods peaks 
identi�ed with unreacted 2-naphthol and other negligible and 
unidenti�ed peak was detected. 

As seen in Figure 3, the chromatogram for the chloramine-T 
method exhibited the greater amount of peaks, although given the 

resolution with the peak of interest (Resolution of 1 and 2 was Rs
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changes in �ow rate (10%) and mobile phase composition (10%), these 
changes caused the peak for 1 to go out of the speci�ed window obtained 
from speci�city experiments. It is therefore demonstrated that such 
variations in either mobile phase composition or �ow would impact 
the result of the method. An appropriate generic System Suitability 
Test was used at the beginning and end of day of experiments to assure 
consistency of results.

A�er validation of both methods for SA determination, twelve 
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