2011 International Nuclear Atlantic Conference - INAC 2011
Belo Horizonte,MG, Brazil, October 24-28, 2011
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN
ISBN: 978-85-99141-04-5

EFFECT OF THE DILUTION FACTOR ON 18FDG AND NA18F
SAMPLES FOR BACTERIAL ENDOTOXIN TEST USING PTS
Marina B. Silveira, Flávia M. Costa, Soraya Z. Ferreira
Unidade de Pesquisa e Produção de Radiofármacos
Centro de Desenvolvimento da Tecnologia Nuclear, CDTN - CNEN/MG
Avenida Presidente Antônio Carlos, 6627
31270-901 Belo Horizonte, MG
mbs@cdtn.br

ABSTRACT
18

FDG and Na18F are radiopharmaceuticals produced as sterile solutions suitable for intravenous administration,
which must contain no more than 175 EU/V. The most commonly used approach to detect endotoxins is the gelclot technique that requires 60 minutes for results. For radiopharmaceuticals containing short-life radionuclides,
such as 18F, there is an increasing interest for faster quality control methods. FDA licensed the Endosafe®- PTS,
a kinetic chromogenic endotoxin detection system that takes about 15 minutes for results. As other techniques,
PTS test is susceptible to interferences which can be solved by product dilution. The aim of this study was to
establish the best dilution of 18FDG and Na18F for PTS analysis. Two different dilution factors for 18FDG and
Na18F were essayed: 1:10 and 1:100. 18FDG and Na18F solutions were prepared by the addition of LAL reagent
water. Considering the assay acceptance criteria, the best dilution factor was 1:100 for 18FDG and 1:10 for
Na18F. The recovery of the product positive control was 98-112% for 18FDG 1:100 and 104-120% for Na18F
1:10, which were, in both cases, within the specification (50-200%) and very close to 100%. Results obtained
with these dilution studies were important to establish the most appropriate and non-interfering dilution factor
for 18FDG and Na18F routine endotoxin test.

1. INTRODUCTION
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[ F]Fludeoxyglucose ( FDG) and [18F]Sodium fluoride (Na F) are radiopharmaceuticals
produced as sterile solutions suitable for intravenous administration, which must contain no
more than 175 EU/V, where EU is endotoxin units and V is the maximum administered total
dose at the expiration time [1]. The most commonly used approach to detect endotoxins
consists of Limulus Amoebocyte Lysate (LAL) reaction and the assay can be performed
either by gel-clot or photometric techniques.
The most used technique for endotoxin testing of injectable preparations is based on gel clot
formation. It is simple and measures even minute levels of endotoxin. However, it requires the
incubation of LAL reagent with sample at 37 ± 1 °C for 60 ± 2 min [1,2], what limits its
application in quality control of radiopharmaceuticals containing short-life radionuclides, such as
[18F] (109,7 minutes) [3].
The Portable Test System, Endosafe® - PTS, is an endotoxin detection system that utilizes
kinetic chromogenic methodology and allows rapid product release. The PTS instrument is an
incubating spectrophotometer that provides results in about 15 minutes. The technique
applied is sensitive and is based on the activation of a protease in LAL reagent that cleaves a

synthetic substrate releasing the chromophore which is measured photometrically. The color
intensity is directly related with endotoxins concentration in the sample. PTS has been
licensed by the US Food and Drug Administration (FDA) for final product quality control of
pharmaceutical products [4]. Various centers which produce radiopharmaceuticals are
implementing this automated chromogenic technique for routinely endotoxin determination,
including some facilities in Brazil [5,6].
It is known that most LAL-test interferences are concentration dependent and the use of
permissible dilution have minimized inhibition problems. However, gel-clot interferences
data rarely can be applied directly to quantitative systems. Although PTS is an efficient pointof-use test system, it is an enzymatic assay and some factors such as color, turbidity, pH,
protein concentration, chelating compounds and detergents can interfere on the results. These
sources of inhibition may disturb enzyme activity, color measurement or positive control
dispersion. The use of a minimum permissible dilution has minimized
inhibition/enhancement problems [4,7]. Furthermore, it was reported that the formulation
active itself can give false-positive results when performing gel-clot technique for endotoxin
assay [8].
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The aim of this study was to establish the best dilution factor for FDG and Na F produced
at the Radiopharmaceutical Research and Production Facility (UPPR) of CDTN, considering
PTS test parameters and possible inhibition or enhancement reaction.
2. EXPERIMENTAL
2.1 Materials
The bacterial endotoxin assay was performed using the Portable Test System, Endosafe®PTS. The equipment was accurately calibrated and the internal temperature was kept within
37.0 ± 0.8 °C. All the glassware used was sterile and endotoxin-free. The LAL reagent water
was purchased from Charles River Laboratories. Tests were carried out with licensed
Endosafe® PTS cartridges (Charles River Laboratories), with sensitivity of 0.05 - 5.0 EU/
mL. A calibration code is provided for each batch of cartridges that relates a batch-specific
with a two-log standard curve constructed using the log of reaction time vs. the log of the
endotoxin concentration (Fig. 1).
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Figure 1. Standard curve for specific PTS cartridge.
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2.2 MVD Calculation
The Maximum Valid Dilution (MVD) was previously calculated, using the following
equation [1]:
MVD = (Endotoxin limit x Concentration of sample solution)/ (k)

(1)

The endotoxin limit is 175 EU/V, where V is the maximum recommended dose equal to 15
mL. Concentration of sample solution is 1 mL/mL and k is the labeled sensitivity (0.05
EU/mL) of the LAL Reagent. Considering cartridge sensitivity used in this work, the MVD is
18

approximately 230, which means that the products
1:230 to solve potential inhibition or enhancement.

18

FDG and Na F could be diluted up to

2.3 Preparation of 18FDG and Na18F samples
18
18
The radiopharmaceuticals FDG and Na F were produced as reported [9,10]. Three batches
of each product were tested using two dilution factors selected, 1:10 and 1:100. The samples
were prepared by the dilution with LAL reagent water (Charles River Laboratories,
Endosafe®) and the pH of each one was measured using a pHmeter (S20, Mettler Toledo) to
confirm that pH value of the solutions were within the range 6.0 to 8.0 [11].
2.4 PTS Testing
All assays were performed applying four 25 ^L aliquots of the samples into the reservoirs of
the PTS cartridge. Each cartridge contains duplicate channels for sample analysis and for
positive product control (spike). The sample and spike endotoxin concentration are calculated
by interpolation of the standard curve. The results are displayed in about 15 minutes and
downloaded using the EndoScan-VTM v4 software.

2.5 Acceptance Criteria
At the completion of the assay, the endotoxin measurement and the parameters that assure the
test validity are displayed on the PTS screen. For data analysis, the limits for each parameter
evaluated during PTS test are shown in Table 1.
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Table 1. Acceptance criteria for each parameter evaluated
Parameters

Specifications

Endotoxin level on final product (EU/mL)

< 11.6 *
< 25 *

Sample of Coefficient Variation (CV1) (%)

0.305 and 1.22**

Positive product control (spike) recovery (EU/mL)

< 25 *

Spike Coefficient Variation (CV2) (%)

50 to 200 *

Spike recovery (%)
* USP 32 (2009) and Charles River's acceptance criteria for a valid assay.
** Established for the PTS cartridge batch used for the tests.

Intravenous radiopharmaceuticals must contain no more than 175 EU/V [1]. The maximum
administered total dose (V) of 18FDG and Na18F produced at UPPR/ CDTN is 15 mL.
Therefore, the endotoxin limit for the radiopharmaceuticals is 11.6 EU/mL. The coefficients
of variation (CV1 and CV2) represent a statistical measurement of how far apart are the
replicates. The CV1 is the difference between the sample replicate and the CV2 is the
coefficient for the spike replicate. If they are more than 25%, the test is considered invalid
and should be repeated.
Positive product control (PPC) allows the identification of potential interfering factors in
sample which could inhibit or enhance LAL reaction. According to [1], a gel-clot sample
must be positive when spiked with a standard endotoxin (2 k) and spike recovery must be
within 50 to 200% for kinetics methods. The election of the best dilution factor is based,
mostly, on this parameter.

3. RESULTS AND DISCUSSION
18
Results of endotoxin analysis of 18FDG samples with different dilution factors were obtained
in triplicate from PTS and were summarized in Table 2.

Table 2. Data of PTS test for 18FDG diluted samples
18

18

FDG (1:10)

Parameters

FDG (1:100)

1

2

3

1

2

3

Endotoxin level on final product (EU/mL)

< 0.5

< 0.5

< 0.5

< 5.0

< 5.0

< 5.0

CV 1 (%)
Positive product control (spike) recovery (EU/mL)

0.0
1.19

0.0
2.42

0.0
1.42

0.0
0.596

0.0
0.727

0.0
0.751

CV 2 (%)

14.3

11.2

0.7

2.5

3.7

5.3

Spike recovery (%)

160

328

192

112

98

102

Valid

Invalid

Valid

Valid

Valid

Valid

Final Result
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The main impact of dilution factor was observed in spike recovery, which is important in the
evaluation of potential interfering factors on the essay. Results obtained for 1:10 diluted
18
samples of 18FDG suggested that this dilution factor may not be appropriate for this
radiopharmaceutical. One of the three 1:10 diluted samples presented recovery out of the
acceptable range and the test was not considered valid. The other two showed satisfactory
spike recovery percentage (160% and 192%) and valid results. However, the values are not
very close to 100%, which probably indicates that some test interference was not completely
solved.
When 1:100 dilution factor was tested, the results were favorable with a spike recovery
within the range 98-112%, in accordance with the specification (50-200%) and close to
100%. Recovery results close to 100% mean that the sample reacts with dry LAL reagents
and forms the chromogenic compound without or with minimum interference. All
coefficients of variation for reaction times for both the sample and the product positive
control replicates were less than 25% as specified.
18
More concentrated 18FDG solutions are susceptible to interference with gel formation, given
that inhibition and enhancement are usually concentration dependent. Hung and colleagues
18
(2005) concluded that unknown factors in diluted FDG samples interfered with gel
formation in positive product control samples [11]. When performing PTS test, 1:10 diluted
samples presented higher values for spike recovery (1.19 - 2.42 EU/ mL) than for 1:100
diluted samples. Because of 18FDG synthesis route, there is a possibility of multivalent
cations interference which was not evaluated in this work but highlighted by some authors
[7,11].
It is important to point out that when entering the dilution factor into the PTS reader it
automatically corrects for the dilution multiplying the raw endotoxin factor for the dilution
factor. This is the reason why the endotoxin level found for 1:10 dilution is different from the
one for 1:100 dilution for both products analyzed.
18
Results obtained for endotoxin tests of Na F samples are shown in Table 3.

Table 3. Data of PTS test for Na18F diluted samples
Parameters

Na18F (1:10)

Na18F (1:100)

1

2

3

1

2

3

< 0.5

< 0.5

< 0.5

< 5.0

< 5.0

< 5.0

0.0

0.0

0.0

0.0

0.0

0.0

0.768

0.785

0.637

1.07

1.05

1.77

CV 2 (%)

0.0

10.8

0.0

0.6

1.8

19.4

Spike recovery (%)

104

106

120

145

142

239

Valid

Valid

Valid

Valid

Valid

Invalid

Endotoxin level on final product (EU/mL)
CV 1 (%)
Positive product control (spike) recovery (EU/mL)

Final Result
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All Na 18F samples diluted 1:10 met the PTS test requirements with satisfactory coefficients
of variation and spike recovery. The recovery percentage was within the range 104-120%, in
accordance to the specification and very close to 100%. Although two of the three results
obtained for 1:100 diluted samples were valid, the recovery values were not as close to 100%
as the 1:10 diluted samples.
18

The evaluation of PTS data indicated that the most appropriate dilution factor for Na F
18
(1:10) is different from that established for FDG (1:100). This difference cannot be
attributed to the active ingredient of the formulation, as for other medicines, once
radiopharmaceuticals are present in tracer amounts [8,12]. Singular components of the final
products formulation may be responsible for this fact. Ethanol has been already considered a
possible interfering factor, once it can inhibit LAL reaction [7]. However, it was not used in
18
•
.
.
.
.
.
Na F production and remained just as residual impurity (<0.005%) in FDG final
formulation. Another source of interference related with the final formulation is the pH. The
18

endotoxin test of 18 FDG becomes more difficult when the pH value deviated from neutral
level. This fact was reported for gel-clot method and turbidimetric methods [7]. PTS also
requires neutral pH for optimum LAL reactivity [4]. In Fig. 2 it is shown the pH values
measured for 18 FDG and Na18F samples.

Figure 2. pH values for 18FDG and Na18F samples tested with PTS.

Diluted solutions of the radiopharmaceuticals were obtained in acceptable pH range for the
assay and did not need pH adjustment to acquire valid PTS results. For the dilution factors
evaluated, the pH values were within the range of 6.0 - 8.0 (represented in the graphic per
18
two dashed lines) [12]. It was verified that pH values of Na F diluted samples were higher
18

than those of 18 FDG diluted samples, what could explain the different dilution factors elected
for each radiopharmaceutical.
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4. CONCLUSION
10

10

Endotoxin test of FDG and Na F was successfully performed with Endosafe® PTS, which
18
provided fast results and allowed the study of non-interfering dilutions for F-labelled
18
18
radiopharmaceuticals. The best dilution essayed for FDG was 1:100 and for N a F was
1:10.
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