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ABSTRACT 

 
The quality control of [

18
F]Fludeoxyglucose (

18
FDG) has received attention due to its increasing clinical use. 

Although the quality requirements of 
18

FDG are established in various pharmacopeia, the suitability of all 

testing methods used should be verified under actual conditions of use and documented. The aim of this study 

was to develop a high pressure liquid chromatography (HPLC) method for radiochemical purity evaluation of 
18

FDG, based on pharmacopeia references, and to verify its suitability for routine quality control in our centre.
 

HPLC analysis was performed with an Agilent HPLC. 
18

FDG and impurities were separated on an anion-

exchange column by isocratic elution with 0.1 M NaOH as the mobile phase. Detection was accomplished with 

refractive index and NaI (Tl) scintillation detectors. The flow rate of the mobile phase was set at 0.8 mL/min 

and the column temperature was kept at 35°C. Specificity, linearity, precision and robustness were assessed to 

verify if the method was adequate for its intended purpose. Retention time of 
18

FDG was not affected by the 

presence of other components of the formulation and a good peak resolution was achieved. The analytical curve 

of 
18

FDG was linear, with a correlation coefficient value of 0.9995. Intraday repeatable precision, reported as the 

relative standard deviation, was 0.11%. Analytical procedure remained unaffected by small variations in mobile 

phase flow rate.  Results evidenced that HPLC is suitable for radiochemical purity evaluation of 
18

FDG, 

considering operational conditions of our laboratory.  

 
 

1. INTRODUCTION 

 

[
18

F]Fludeoxyglucose (
18

FDG) is a glucose analog which was first synthesized in 1978 [1]. It 

has become the most commonly used radiopharmaceutical for PET imaging of cancer and 

also for the study of normal functions and diseases of the brain and heart [2]. The quality 

control of 
18

FDG has received attention due to its increasing clinical use [3]. 

 

The quality requirements of 
18

FDG are established in various pharmacopeia, including the 

United States Pharmacopeia [4] and the European Pharmacopoeia [5]. According to these 

references, quality control of 
18

FDG should include the evaluation of various parameters, 

such as: appearance, pH, radionuclidic identity and purity, radiochemical identity and purity, 

chemical purity, residual solvents, bacterial endotoxins and sterility. Although Good 

Manufacture Practice (GMP) guidelines state that analytical methods which are included in 

pharmacopeia do not need to be validated, the suitability of all testing methods used should 

be verified under actual conditions of use and documented [6].  

 

In this context, the aim of this study was to develop a HPLC method for radiochemical purity 

evaluation of 
18

FDG, based on pharmacopeia references, and to verify its suitability for 

routine quality control in our centre. Once the method does not need to be validated, but 

evaluated, analytical validation parameters which were considered more critical - specificity, 
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linearity, precision and robustness - were studied. Accuracy may be inferred once precision, 

linearity and specificity are established [7]. Therefore, it was not determined in this study. 

 

 

2. EXPERIMENTAL 

 

 

2.1. Materials 

 

The reference standard of FDG was obtained from the manufacturer ABX. 
18

O-enriched 

water was acquired from Center of Molecular Research. Reagent kits containing eluent 

solution, acetonitrile, ethanol, NaOH solution 2.0 M, buffer solution, water for injections and 

mannose triflate for 
18

FDG synthesis were purchased from ABX. NaOH used in HPLC 

mobile phase was purchased from Sigma-Aldrich. The Carbopac PA 10 column was acquired 

from Dionex. 

 

2.2. Preparation of 
18

FDG 

 
18

FDG was synthesized in our laboratory using an automated synthesizer (TRACERlab MX 

FDG
TM

, GE) as reported previously [8].  

 

2.3. Instrumentation and chromatographic conditions 

 

HPLC analysis was performed with an Agilent HPLC. 
18

FDG and impurities were separated 

on an anion-exchange column (Carbopac PA 10, 4.0 mm id x 250 mm) by isocratic elution 

with NaOH 0.1 M as the mobile phase. Detection was accomplished with refractive index 

(Agilent) and NaI (Tl) scintillation (Gabi, Raytest) detectors. Once 
18

Fluor is a positron-

emitter, 511 keV-gamma rays resultant of electron–positron annihilation were measured in 

order to determine radiochemical purity of 
18

FDG, based on the area under the curve calculus 

of 
18

FDG peak. The flow rate of the mobile phase was set at 0.8 mL/min, with a total run of 

10 minutes and a 20 µL sample volume per injection. The column temperature was kept at 

35°C.  

 

2.4. Evaluation of HPLC method 

 

Specificity, linearity, precision and robustness of HPLC method were assessed to verify if the 

method was adequate for its intended purpose, based on International Conference on 

Harmonization guideline for validation of analytical procedures [7]. 

Specificity was assessed to verity if HPLC method was able to discriminate 
18

FDG in the 

presence of impurities and excipients. It was evaluated by comparing the chromatograms 

obtained, in triplicate, from FDG standard solution 0.1 mg/mL with those obtained from 
18

FDG final product. Retention times were compared. Resolution was determined on a 

mixture of 
18

FDG spiked with its impurity [
18

F]Fluoride 1:1 in order to verify the separation 

of these peaks.   
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Linearity was determined to check if HPLC results were directly proportional to the amount 

of 
18

FDG in the sample. Five solutions with different percentage of 
18

FDG (Table 1) were 

analysed in triplicate on HPLC. The correlation coefficient value was calculated. 

 

Table 1.  Solutions with different percentage of 
18

FDG 

 

Solutions 
% of 

18
F 

(800 MBq/mL) 

% of 
18

FDG 

(800 MBq/mL) 

A 80 20 

B 60 40 

C 40 60 

D 20 80 

E - 100 

 

 

 

Precision was measured as repeatability, i.e., the precision under the same operation 

conditions over a short interval of time. Six successive HPLC analyses were performed with 

the same analyst and the same instrumentation. Relative standard deviation (RSD %) was 

calculated.  

 

Robustness was essayed to verify if the analytical procedure was resistant to small, but 

deliberate variations in method parameters. It was evaluated through small variations in 

mobile phase flow rate. HPLC analysis of 
18

FDG were performed, in triplicate, with higher 

(0.9 mL/min) and lower (0.7 mL/min) flow rates than the standard condition (0.8 mL/min). A 

sample of 
18

FDG was spiked with 
18

F
-
 (1:1) to allow better visualization of peaks and the 

comparison of results obtained for each condition. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1. Specificity 

 

Chromatograms showed similar retention times of FDG standard solution and 
18

FDG:       

6.86 ± 0.03 and 6.74 ± 0.10, respectively (Fig. 1, 2). The peak of 
18

FDG could not be 

visualized on refractive index chromatogram, as it is present in tracer amounts. The small 

difference (<2%) observed between retention time of the analyte with or without other 

components of the formulation demonstrated that this method is specific for FDG.  
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Figure 1. HPLC chromatogram of FDG standard solution 

 

 

 

 
 

Figure 2. HPLC chromatogram of 
18

FDG 
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The chromatogram obtained after spiking 
18

FDG with [
18

F]Fluoride demonstrated that these 

substances could be properly separated (Fig. 3). The resolution was 4.1, which is in 

agreement with EP recommendation (>1.5) [5]. 

 

 

 

 
 

Figure 3. HPLC chromatogram of 
18

FDG spiked with [
18

F]Fluoride (0.8 mL/min)   

 

3.2. Linearity  

 

The analytical curve was constructed by plotting the % area under the curve of 
18

FDG peak 

versus % of 
18

FDG in the solution (Figure 4). A linearity relationship was observed across the 

range of 20, 40, 60, 80 and 100% of 
18

FDG. A correlation coefficient value (r) of 0.9995 was 

achieved, which is in accordance to acceptance criteria (0.99) [9]. 
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Figure 4. Assessment of the linearity of the method  
 

 

 

Methodological aspects of linearity evaluation need to be discussed. The solutions used to 

construct the analytical curve were not prepared with reference 
18

FDG, as desirable, once 

there is no radioactive standard of this short-life radiopharmaceutical available. As a result, 

solutions were prepared from an ordinary batch of 
18

FDG which was approved by quality 

control. On the other hand, the linearity of the radiochemical purity method would not be 

properly evaluated using a curve based on standard non-radioactive FDG. 

  

3.3. Precision  

 

Intraday precision was calculated from an average of six determinations of an 
18

FDG sample. 

Mean radiochemical purity of 
18

FDG was 98.92% and the relative standard deviation was 

0.11%, indicating that this method presents a good precision. RSD < 5% is considered an 

acceptable value [9]. 

 

3.4. Robustness 

 

Higher flow rate (0.9 mL/min) decreased the retention time of both 
18

FDG and [
18

F]Fluoride, 

while lower flow rate (0.8 mL/min) increased them, as shown in Figures 3, 5, 6.  
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Figure 5. HPLC chromatogram of 
18

FDG spiked with [
18

F]Fluoride (0.7 mL/min) 
 

 

 

 
 

Figure 6. HPLC chromatogram of 
18

FDG spiked with [
18

F]Fluoride (0.9 mL/min) 
 

 

 

Although the retention times of 
18

FDG and [
18

F]Fluoride were displaced after variations in 

mobile phase flow rate, peaks kept well resolved. Besides, radiochemical purity of 
18

FDG in 

spiked samples remained unaffected, as shown in Table 2. 
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Table 2. Effect of mobile phase flow rate on the detection of 
18

FDG and [
18

F]Fluoride 

 

Mobile phase 
flow rate 

Retention time of 
[
18

F]Fluoride            
(mean ± SD)  

Retention time 
of 

18
FDG   

(mean ± SD) 
Resolution 

Radiochemical 
purity of 

18
FDG 

(mean ± SD) 

0.8
* 
mL/min 4.66 ± 0.01 min 6.78 ± 0.05 min 4.1 48.39 ± 0.32 % 

0.7 mL/min 5.24 ± 0.01 min 7.57 ± 0.03 min 4.4 48.45 ± 0.36 % 

0.9 mL/min 4.08 ± 0.03 min 5.87 ± 0.07 min 3.8 48.47 ± 0.43 % 
*
 Standard chromatographic condition. 

 

 

 

4. CONCLUSION 

 

Results evidenced that the proposed HPLC method is suitable for radiochemical purity 

evaluation of 
18

FDG considering operational conditions of our laboratory, owing to its 

adequate specificity, linearity, precision and robustness. 
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