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H I G H L I G H T S

• We performed radiofluorination with
a pyridyl trialkyl substituted ammo-
nium salt derivative.

• Pharmaceutical quality of
[18F]AV1451 was determined.

• We observed plasma protein binding
of [18F]AV1451.
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A B S T R A C T

In this study, we describe the radiosynthesis of [18F]AV1451 in terms of its pharmaceutical quality and char-
acterise its physical and biological properties. We performed an in vitro serum stability study in fresh human
plasma and a plasma protein binding study. The radiochemical yield was 24% (decay corrected), and the product
met all regulatory quality requirements. We found that this compound is stable in fresh human plasma and binds
tightly to plasma proteins, especially lipoproteins.

1. Introduction

Alzheimer’s disease (AD) is the most frequently presenting neuro-
degenerative diseases, affecting nearly 35 million people worldwide
(James et al., 2015; Ariza et al., 2015). The diagnosis of AD can only be
confirmed post mortem on the basis of the evidence of specific brain
lesions. These neuropathological lesions are a combination of β-amy-
loid peptide deposits (APs) within plaques and hyperphosphorylated
tau (tau-PHF) in neurofibrillary tangles (NFT), in neuropil threads and

around amyloid deposits in neuritic plaques (Braak and Braak, 1995;
Delacourte, 2006; Hardy and Selkoe, 2002; Dietmar R. Thal et al.,
2002). However, over the last 10 years, biomarkers (including research
on amyloid, tau and phospho-tau in the CSF) have become useful in the
diagnosis of this pathology (Jack et al., 2011; McKhann et al., 2011).

Molecular imaging with positron emission tomography (PET) or
single-photon emission computed tomography (SPECT) has demon-
strated its ability to be a complementary technique for exploring neu-
ronal and metabolic changes in AD. [18F]fluoro-D-glucose can be used
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to highlight decreased glucose metabolism in hippocampal and tem-
poroparietal cortical areas in patients, while the development of
radiotracers that bind to APs has allowed for the non-invasive in vivo
assessment of AD brain lesions. Several AP-selective PET radioligands
have been assessed in recent years, including [11C]PIB (Agdeppa et al.,
2001), [18F]-florbetapir (Henriksen et al., 2008), [18F]-Florbetaben
(Lister-James et al., 2011) and [18F]-Flutemetamol (Dietmar Rudolf
Thal et al., 2015).

These amyloid tracers are very useful to describe brain amyloid
peptide distribution. However, amyloid deposits are known to occur
without any detectable clinical symptoms.

With regard tau-PHF, Braak and Braak (Braak and Braak, 1995)
have shown that the density and distribution of NFT depend on the
stage of the disease, following a progressive course that ends with a
major invasion of the cortex. They identified six stages correlated with
cognitive dysfunction. Molecular imaging using a tracer targeting tau-
PHF is a new tool for assessing the process of neurodegeneration in AD
as the level of this abnormal tau is correlated with the severity of the
disease (Buée et al., 2000; Delacourte, 2006; Jicha et al., 2012; Shah
and Catafau, 2014).

Several PET radiopharmaceuticals have recently been developed to
target abnormal tau conformations. To date, seven imaging agents have
been described and are regarded as very promising TAU radioligands
(Table 1).

[18F]AV1451 is the same compound as [18F]T807 but is referred to
as [18F]AV1451 throughout this publication. This compound belongs to
Lilly pharmaceutical®.

[18F]AV1451 binds tau-PHF with nanomolar affinity and is 25 times
more selective for the tau-PHF than for Aß, proving its high specificity
(Chien et al., 2013).

PET studies have shown a rapid penetration into the brain and rapid
clearance in mice (Xia et al., 2013). Kidney elimination was a sig-
nificant clearance pathway. Four metabolites were detected, all with a
shorter retention time (RT) than [18F]AV1451. In mice, 60% of
[18F]AV1451 remained intact 30 min after radiotracer injection
(Declercq et al., 2016). To predict possible metabolism in humans, the
tracer was incubated with human liver microsomes and was found to be
much more stable than when incubated with mice liver microsomes
(Xia et al., 2013). However, in vitro plasma stability of [18F]AV1451
has not been tested on human plasma, and inter-species variability
could exist. Plasma degradation could lead to the presence of metabo-
lites causing a nonspecific signal that can damage the specificity and
quality of PET imaging. To conduct quantification studies, it is im-
portant to have free fraction plasma data. This may not be a problem as
long as the free fraction is constant throughout the experimental setting
and the correction can be disregarded. However, it becomes a serious
problem when the free fraction of the ligand in plasma is subject to
change in pathological conditions (Turkheimer et al., 2015).

This article includes the description of [18F]AV1451 preparation
using Raytest® fluorination module and quality control of this experi-
mental drug for human use (pre-validation run for clinical trials). In the
second part, to have a better knowledge of [18F]AV1451′s biological
properties, the lipophilicity, plasma stability and plasma protein
binding of this radioligand were evaluated.

2. Materials and methods

2.1. Radiochemical synthesis

2.1.1. Reagents and apparatus
We obtained a preconditioned Sep-Pak® Light QMA cartridge with

carbonate as counter ions and elution reagent (600 µL with 22 mg
cryptand 222, 7 mg potassium carbonate, 300 µL acetonitrile, 300 µL
water for injection) from Advanced Biomedical Compounds (ABX
GmbH, Heinrich-Glaeser-Strasse 10, 14 01454 Radeberg, Germany).
C18 Sep-Pak® Plus cartridges were obtained from Waters (Milford, MA,
USA). These cartridges were then conditioned with 5 mL ethanol and
5 mL sterile water. Radioactivity was determined using a dose cali-
brator (Capintec® CRC-25). Automated synthesis was carried out in a
Raytest® SynChrom R&D unit.

High-performance liquid chromatography (HPLC) for [18F]AV1451
purification was carried out in a Raytest® synthesis module with a built-
in HPLC system featuring a semi-preparative column and a C18 Sep-Pak
precolumn. The semi-preparative HPLC was equipped with a UV de-
tector (Knauer K-200 miniaturised UV detector) and a radioactivity
detector (Raytest® Ramona star). Semi-preparative HPLC purification
was conducted in a reverse column (Zorbax Eclipse XDB-C18, 9.4 ×
250 mm, 5 µm). HPLC data acquisition and analysis were performed
using Gina Star software.

For quality control, HPLC analysis was conducted on a modular
HPLC system (Bischoff pump 3350) equipped with a reversed-phase
analytic C18 column (4.6 × 150 mm, Luna® Phenomenex). The AV1622
(Xiong et al., 2015) and [19F]AV1451 reference standards were ob-
tained from Avid Radiopharmaceuticals (3711 Market Street, 7th Floor
Philadelphia, PA 19104 phone: 215-298-0700, fax: 413-826-0416)

This HPLC system was coupled with two detectors: Detector 1
measured the radioactivity (NaI crystal, Raytest GABI detector) and
Detector 2 measured the UV signal at 270 nm (ICS Lambda 1010
UV–VIS Detector). Acquisition and data analyses were performed using
AQUIS® ICS software.

2.1.2. Automated synthesis of [18F]AV1451
2.1.2.1. Manufacturing process. [18F]- fluoride is obtained through the
nuclear reaction 18O (p, n) 18F by the irradiation of> 97% 18O-
enriched water (Eurisotop®) target (2.1 mL) with a 10-MeV proton
beam in an IBA 10/5 cyclotron. We typically produce on average 25
GBq per cyclotron beam for these experiments. The typical condition
for irradiation was a single beam at 40 µA for 60 min. One synthesis
module [18F] is collected in a Sep-Pak QMA cartridge, and H2

18O is
collected for recycling. A total of 600 µL eluent-reagent solution is
passed through the Sep-Pak QMA cartridge, from which the trapped
[18F] is sent to the reaction vessel. The solvent is evaporated under
helium blanketing at 115 °C. After complete removal of the solvent by
azeotropic drying, the precursor AV1622 (2 mg), diluted with DMSO
(1.5 mL; Dimethyl sulphoxide dried Merck 1.02931.0161), is added to
the reactor vessel. The solution is heated at 110 °C for 5 min to perform
the nucleophilic substitution (Fig. 1). To remove protecting groups,
hydrolysis is performed with 3 N HCl solution (0.9 mL; Merck), and the
mixture is heated at 100 °C for 5 min. The reaction mixture is then

Table 1
Characteristics of PHF-tau [18F] radioligands: Affinity (represented by dissociation constant (Kd)), lipophilicity (represented by octanol-water partition coefficient) and information on
their use (preclinical and clinical).

Compound Kd for PHF-tau (nM) Lipophilicity Information

[18F]FDDNP 65 3.9216 Lack of specificity: Kd for Aβ= 5 nM 17

[18F]THK-523 86 2.40 18 Lack of specificity: Kd for Aβ = 30 nM 17

[18F]THK5105 2.63 3.03 18 Tested on AD patients 19

[18F]THK5117 5.19 2.32 18 Tested on AD patients20

[18F]AV1451 also called ([18F]T-807) 14.6 1.67 21 Clinical trials (AD, Traumatic brain injury, etc.)
[11C]PBB3 100 3.92 22 Lack of specificity for NFT
[11C]N-methyl-lansoprazole 0.7 2.18 23 No fluorine derivative yet
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cooled and neutralised by adding 3 N NaOH (350 µL; Cooper) and
0.5 M trisodium citrate solution (1 mL; Cooper).

The reaction mixture is trapped in a Sep-Pak C18 Plus and washed
with 10 mL water, which removes the free fluoride. The lipophilic
compound trapped in the cartridge is then eluted using 2 mL absolute
ethanol. HPLC purification is performed in a semi-preparative column
eluted with ethanol/sodium acetate 0.1 M (45/55) at a 2-mL/min flow
rate. [18F]-AV1451 RT is 16–18 min.

The fraction isolated from the HPLC purification containing
[18F]AV1451 is filtered in an Elumatic® flask (first filtration). Then
2 mL of this filtered solution is filtered through a 0.22-μm sterile
membrane filter into a sterile vial containing 8 mL sterile saline (second
filtration) to get a final concentration of ethanol less than 10%.
Elumatic vials, empty, sterile pyrogen-free vials with a 15-mL capacity
that are made of clear glass in accordance with the European
Pharmacopoeia. These vials conform to the monography (‘Glass vial for
pharmaceutical use’, chapter 3.2.1 of the European Pharmacopoeia).
They are closed by a bromobutyl rubber stopper with an aluminium
cap. The rubber stoppers are crimped on the vial with the aluminium
caps. The rubber stopper and vial are provided by the Cis Bio
International Company, Saclay, France.

The final solution was obtained 60 min after the start of synthesis.

2.1.3. Quality control and stability
2.1.3.1. Radiochemical purity. First, the radiochemical purity was
evaluated by analytical HPLC. The final solution (20 µL) was injected
onto the HPLC system. Components of the solution were separated on
the HPLC column and detected by a radioactive detector. [18F]AV1451
purity was determined from the ratio of the area corresponding to the
[18F]AV1451 peak under the sum of the area of all the detected peaks.

2.1.3.2. Identification test. Co-injection of the final product (20 µL) and
cold reference [20 µL at 1 mg/mL diluted in a mixture of acetonitrile
and 0.1 M sodium acetate solution (40/60)] allowed us to demonstrate
that the synthesised compound corresponded to [18F]AV1451. We
verified that the synthesised compound and cold reference have the
same RT. The mobile phase was a mixture of acetonitrile and 0.1 M
sodium acetate solution (40/60). The flow rate was 1.5 mL/min, and
AV1451 RT was 5–6 min.

2.1.3.3. Stability. The same experiment was repeated at T0 + 4 h and
T0 + 6 h to verify the in vitro stability of radiolabelling.

2.1.3.4. Chemical purity. Kryptofix was detected by a comparative
colour test with iodoplatinate reagent following the method described
by Mock et al. (1997).

Fig. 1. Synthesis of [18F]AV1451 using a radiochemistry module. A: Nucleophilic substitution in azeotropic condition in DMSO. B: Hydrolysis of BOC group with hydrochloric acid.

Fig. 2. A: Purification chromatogram using a semi-preparative column. Retention time of [18F]-AV 1451 in the semi-preparative column was 16–18 min. B: Quality control chromotagram
using an analytic column. Radiochemical purity was 99%. Cold impurities detected were cold AV1451 (0.041± 0.011 µg and hydrolysed AV1622 1.83± 1.19 µg. Amounts were
calculated from internal calibration ranges. No cold AV1622 peak was detected. The total amount of these two compounds in batches did not exceed 7.11 μg.
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Studies on and determination of acetonitrile, acetone, ethanol and
DMSO were performed by gas chromatography following the European
Pharmacopoeia for residual solvent analyses in an approved toxicology
laboratory (Limoges toxicology laboratory).

Other chemical impurities can be detected by analytical HPLC (same
as described in the quality control section). Qualified impurities may be
calibrated against the cold reference and assayed in production batches.
The first step was the injection of the formulation matrix, which showed
no large interference peaks. Every possible impurity (precursor
AV1622, deprotected but non-fluorinated precursor, and cold AV1451)
was characterised separately to establish the RT of 8–9 min for AV1622,

3–4 min for deprotected but not fluorinated precursor, and 5–6 min for
AV1451. We applied a calibration range for each of these compounds.
Calibration of the model used a signal model determined by the linear
least squares method without weighting. The value of the limit of de-
tection was obtained by the approach of 3 ( =xd σ(3 ) ks0

b ), with k = 3,
which is equivalent to that considered when a = 5%. S0 was estimated
by repetition of independent measurements of whites. Seven measures
of whites allowed us to determine the limit of detection. The limit of
quantification was calculated using the equation LOQ = 3.3 × LOD.
For cold AV1451 and hydrolysed precursor, LODs were 0.012 and
0.009 µg, respectively, and LOQs were 0.040 and 0.030 µg, respec-
tively.

Specific activity was calculated as activity of the sample injected in
the HPLC/quantity of cold compound in the sample calculated in µmol
(calculated from AV1451 cold reference calibration range).

2.1.3.5. Half-life. Calculation of the half-life provides information on
the radionuclidic purity. The radioactivity of a volume of the final
solution is measured using a dose calibrator at two different times. The
measures of radioactivity at t1 and t2 give their corresponding activities
A1 and A2. The following formula allows the calculation of the half-life,
T½:T½ = ln2/(t2 – t1)/ln(A2/A1), where A1 is the first value of
radioactivity measured at t1 in MBq and A2 is the second value of
radioactivity measured at t2 in MBq. The result must be between 105
and 115 min.

2.1.3.6. Microbiological purity. Sterility testing was performed by the
Toulouse Institut Federatif de Biologie. Sterility testing was conducted
according to the requirements of the European Pharmacopoeia
(Parenteral preparation, 07/2005, No. 0520, p. 3144–3146 and
Biological test, 01/2005, No. 20601, p. 145–149). The culture was
carried out on specific media for aerobic, anaerobic and mycological
organisms. One millilitre of the final solution was cultured in each
medium: a thioglycolate tube at 37 °C (aerobes), a trypticase soy tube at
30–35 °C (anaerobes under CO2 atmosphere) and a fungal media tube at
ambient temperature. No growth should be observed after 14 days.
Control culture with PPI water was carried out following an identical
method. This test is called a delayed test as the result is known after the
solution has been injected into the patient.

The Limulus amoebocyte lysate (LAL) test measures the bacterial

Fig. 3. HPLC traces for the confirmation of identity after co-injection of the manufactured
[18F]AV1451 with the cold reference [19F]AV1451. (gray: UV detection; black: gamma
detection).

Table 2
Quality control specifications.

Tests Methods Specifications Batch 1 Batch 2 Batch 3

Character
Solution appearence Visual inspection Colourless to slightly yellow

and free of particles
Colourless to slightly yellow
and free of particles

Colourless to slightly yellow
and free of particles

Colourless to slightly yellow
and free of particles

Half-life Fluorine
radioactive decay

105–115 min 110 min 111 min 110 min

Assay
pH pH strip 6–8 6 6 6
Sterility Direct Inoculation Sterile Sterile Sterile Sterile
Bacterial Endotoxins LAL Test < 175 IU/10 mL <0.25 IU/mL <0.25 IU/mL <0.25 IU/mL
Radiochemical purity HPLC >95% 99.967% 100% 100%
Radiochemical purity

T+6 h
HPLC >95% 99.187% 99.308% 99.985%

Chemical purity:
1. Kryptofix 222
2. Acetonitrile
3. DMSO
4. Ethanol
5. Acetone
6. Impurities

1. Colour
2. GC
3. GC
4. GC
5. GC
6. HPLC

1. ≤22 µg/mL
2. ≤410 ppm
3. < 5000 ppm
4. < 10%
5. < 5000 ppm
6. < 10 µg/dose

1. ≤22 µg/mL
2. 32.2 ppm
3. < 200 ppm
4. < 7.8%
5. < 1.7 ppm
6. < 10 µg/dose

1. ≤22 µg/mL
2. 22.3 ppm
3. < 200 ppm
4. < 5.9%
5. 4.3 ppm
6. < 10 µg/dose

1. ≤22 µg/mL
2. 27.6 ppm
3. Not detected
4. 7.3%
5. 2.4 ppm
6. < 10 µg/dose

Radioactivity
Radioactive

concentration
Ionisation chamber ≥0.054 GBq/mL at calibration

time (Tcal)
229 MBq/mL 135 MBq/mL 421 MBq/mL

Specific activity HPLC. Ionisation
chamber

> 200 GBq/µmol 264 GBq/µmol 426 GBq/µmol 245 GBq/µmol
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endotoxins in a solution sample. The result of the assay should be less
than 17.5 IU/mL. (IU = infectious unit). In this report, the LAL test was
performed by the Toulouse Institut Federatif de Biologie; the equipment
used was Lonza QCL-1000®Limulus Amebocyte Lysate U.S.

2.2. Determination of the partition coefficient

Three samples of 30 kBq [18F]AV1451 were diluted with 0.6 mL
TRIS buffer (pH = 7.4) and spiked with 0.6 mL 1-octanol, vortexed for
5 min and then centrifuged at 4000×g for 5 min. The layers were then
separated (top: organic; bottom: aqueous) and collected in separate
glass tubes. All these tubes (TRIS fraction and octanol fraction) were
analysed using a Wizard gamma counter. After each count, the layers
were mixed again and the processes were repeated twice. We conducted
the experiment in triplicate to obtain total 18 measurements (9 buffer
TRIS fractions and 9 fractions of octanol). Then we calculated logD7.4

as =

−

−
( )LogD Log Bqof organicfraction Background

Bqof buffer fraction Background . Nine values of logD were
calculated (three per sample).

2.3. In vitro serum stability test

Four samples of 500 µL fresh human plasma were incubated with
30 kBq (100 µL) [18F]AV1451 at 37 °C for 10 min, 30 min, 1 h and 2 h.
After incubation, the proteins were precipitated by the addition of
500 µL acetonitrile. The tubes were vortexed for 5 min and centrifuged
for 10 min at 4000×g. The supernatant was then injected into an HPLC
column (4.6×250 ProntoSil C18). The isocratic mobile phase was a
mixture of acetonitrile and water (60/40) and injected at a flow rate of
3 mL/min. The RT of the reference compound [19F]AV1451 in those
conditions was 10–11 min. Each incubation time process was repeated
three times.

2.4. Plasma protein binding

The plasma protein binding of [18F]AV1451 was measured in the
plasma of heparinised blood samples. Plasma was prepared from fresh
blood by centrifugation (15 min, 4000×g) at room temperature and
handled thereafter at 37 °C. Samples (800 µL) of fresh human plasma
were incubated at 37 °C for 10 min, 30 min, 1 h or 2 h with 15 µL of a
solution containing [18F]AV1451 (30 kBq, 100 µL). The plasma was
mixed with 200 µL 1-octanol, vortexed for 30 s and centrifuged for
10 min at 4115×g. The 1-octanol layer was then removed and counted.
The amount of radioactivity in the 1-octanol was considered the lipo-
protein-bound fraction of [18F]AV1451. The remaining plasma was
then mixed with 200 µL acetonitrile, vortexed for 30 s and centrifuged
as before. The acetonitrile layer was collected and counted. The amount
of radioactivity in the acetonitrile fraction was considered the protein-
bound fraction of [18F]AV1451. The remaining plasma was counted,
and the value obtained was considered the unbound or free fraction.
Three samples were tested for each incubation time. We analysed total
12 samples. This experimentation was performed as indicated pre-
viously (Sethi et al., 2014). A control was also maintained by incubating
our tracer in physiological saline to evaluate the affinity of the free
fraction for the solvents used.

3. Results

3.1. Radiochemical synthesis

3.1.1. HPLC purification and yield balance
HPLC purification revealed two radioactive peaks (Fig. 2): the first

one matched the free fluorine and the second one (at 16 min) corre-
sponded to [18F]AV1451. Three syntheses for batch validation were
successfully performed. The radiochemical yield was 24%±16%
(decay corrected), with a maximum yield of 37% (n = 3) and an
average activity of 4316 MBq. The minimum required radioactive
concentration of the solution is 54 MBq/mL at the calibration time. The
recommended dosage for this drug is 240 MBq at injection time.

We can observe in Fig. 3 that the radioactive peak of AV1451 was
broad. This could be because of the pH of our basic buffer (sodium
acetate) that tends to retain our compound, which possesses a longer
amino group. A small peak was detected in UV wavelength at the same
time as the peak of [18F] AV1451, and we analysed this fraction in
quality control HPLC.

3.1.2. Quality control and stability
More than 99% radiochemical purity (Fig. 2B) was obtained, and

the co-injection of cold reference allowed us to confirm that we pro-
duced [18F]AV1451 (Fig. 3).

We observed no significant difference in radiochemical purity until
6 h after radiosynthesis.

Three analytical HPLC were performed for each batch (10 mL) to
identify impurities. Average values of 0.041 μg (± 0.011 µg) for cold
AV1451 and 1.83 µg (± 1.19 µg) for the hydrolysed precursor were
calculated from the standard ranges. No AV1622 peak was detected.
The total amount of these two compounds in batches did not exceed
7.11 μg.

The specific activity of [18F]AV1451 was 312 GBq/µmol

Fig. 4. Plasma protein binding of [18F]AV1451 was measured in the plasma of hepar-
inised human blood samples.

Table 3
Comparison of radiosynthesis data obtained by using different chemical precursors.

Shoup et al. (2013) Chien et al. (2013) Xia et al. (2013) Gao et al. (2015) Xiong et al. (2015) Holt et al. (2016) Salabert et al.

Precursor Nitro Nitro Nitro Nitro Ammonium salt Ammonium salt Ammonium salt
Radiosynthesis duration 60 min 93 min 90 min 60 min 45 min 48 min 60 min
Yield (decay corrected) 20% 31% 47% 20–30% 45–55% 44% 24%
Specific activity 216 GBq/µmol > 37 GBq/µmol 356 GBq/µmol 370 GBq/µmol / 4.4TBq/µmol 312 GBq /µmol
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(± 89 GBq/µmol).
A Kryptofix colour test determined that the concentration of these

impurities never exceeded 0.22 µg/mL. The residual solvent dosage
showed that the amount of these solvents met the specifications re-
commended by the pharmacopoeia. (Table 2)

The results of qualification tests are summarised in Table 2:

3.2. Partition coefficient

The measured distribution coefficient (logD) for [18F]AV1451 was
1.088± 0.22 ( n = 9). It is slightly lower than the log P = 1.67 ob-
served previously by Xia et al. (Xia et al., 2013). The values were lower
than the expected log P-values, 2.66± 0.88, calculated using A-
CDChemsketch® software. This is probably because this radiotracer
contained ionisable groups.

3.3. In vitro serum stability test

All HPLC chromatograms contained only one peak, corresponding
to [19F]AV1451 RT. No degradation of AV1451 occurred within 2 h of
contact between human plasma and [18F]AV1451.

3.4. Plasma protein binding

As shown in Fig. 4, [18F]AV1451 seemed to bind strongly to lipo-
protein (62%±8%). This compound also bound with protein
(34%±8%), and the free fraction was low (4.2%). AV1451 seemed to
have a higher affinity for lipoproteins than for protein. The total
binding fraction was 95%, so we can conclude that this tracer binds
tightly to plasma proteins. This binding, tested at 10, 60 and 120 min
after incubation, remained stable and close to 95% of plasma protein
binding. However, in the control experiment, we observed that 54% of
the activity was in the octanol fraction after incubation and cen-
trifugation under the same conditions as that of plasma. The octanol
fraction of our experiment is not only a reflection of plasma protein
binding. It not only contains the bound forms but is also a part of the
free fraction.

4. Discussion

We successfully synthesised [18F]AV1451 using the Raytest®
SynChrom module. This synthesis was reproducible, and the mean yield
was 24% (decay corrected), with a maximum yield of 37%. This makes
it compatible with the manufacture of doses not only for preclinical
studies but also for clinical trials. The target tracer was isolated and
purified by a semi-preparative HPLC combined with solid-phase ex-
traction (SPE) in relatively high radiochemical yields, high specific
activity, and radiochemical and chemical purity. In the literature, the
first description of synthesis (Shoup et al., 2013) reported a 20% yield
(using a nitro derivative as a precursor). Some other teams have re-
cently used a pyridyl trialkyl substituted ammonium salt derivative
with a good radiochemical yield (44%), as described in a previous ar-
ticle [19] (Holt et al., 2016). Our yield performance is not as high as
those observed by Holt and Xiong et al. The Holt team used microwave
heating, which could explain an increase in efficiency. The Xiong team
also obtained high yields using traditional heating; however, the
starting activity, the amount of precursor and the type of synthesis
module used were not mentioned, which makes it difficult to compare
with our results. The specific activity we observed in our manufacturing
conditions was close to that reported in the literature (Table 3).

The purification method allowed us to use ethanol and 0.1 M so-
dium acetate solution, which is compatible with solvents for in-
travenous injections in humans after pharmaceutical formulation. After
HPLC purification, other teams added SPE to remove any traces of
acetonitrile because their HPLC semi-preparative mobile phase con-
tained acetonitrile as the organic compound (Gao et al., 2015).

Cartridges were rinsed with water and eluted with ethanol. Because SPE
is time consuming, we did not follow this process and validated the
safety of HPLC purification by measuring residual solvents in our batch
to allow a synthesis duration of 60 min. We always observed that the
concentration of acetonitrile was below the maximum standards set by
the International Conference on Harmonisation.

To validate our process, we synthesised three batches, all of which
underwent regulatory control steps. Quality control was essential for
validating the process and ensuring the safety and quality of the man-
ufactured product for clinical trials. Compliance with European
Pharmacopoeia acceptance tests was observed.

The calculated logD was 1.1, which is slightly lower than that
previously described by Xia et al. (Xia et al., 2013). This value seems to
be low for a lipophilic drug, but we observed that this compound bound
significantly to lipoprotein. This result is to be qualified because the
extraction method does not make it possible to verify whether AV1451
is binding to plasma proteins or to the free lipophilic fraction that
would have been attracted to the extraction solvent. A study on this
particular octanol fraction should be conducted. However, this suggests
that the plasma’s lipid composition may influence the amount of radi-
olabelled compound present as a free fraction and therefore change its
pharmacokinetics. Accordingly, there may be pharmacokinetic differ-
ences in older patients or patients with a high level of cholesterol.
Further studies would be necessary to evaluate the effect of lipoprotein
level and drug displacement on free fractions of [18F]AV1451. In vitro
stability in human serum was established (100%); metabolisation of
this compound in humans does not originate from plasmatic en-
zymes—it was hepatic degradation that produced the metabolites de-
scribed by other teams (Liang et al., 2014; Xia et al., 2013; Declercq
et al., 2016).

5. Conclusion

Radiosynthesis of [18F]AV1451 using a Raytest® module is re-
producible, with a good radiochemical yield. This lipophilic compound
tightly binds to plasma proteins. [18F]AV1451 is a radiotracer whose
development research is advanced, and we have developed and vali-
dated its production in the laboratory. Our production centre will be
able to recruit patients and carry out new investigations on AD.
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