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Introduction: Current small-animal PET instrumentation provides sufficient
resolution, sensitivity, and quantitative accurate information on the radiotracer
distribution within the whole body. However, most preclinical imaging studies
focus on the disease-related organ of interest and do not use the total body
information provided by small-animal PET. In this study, we investigated the
distribution of [18F]THK-5317 (also referred to as (S)-[18F]THK-5117), a
radiotracer initially developed to visualize tau deposits in the brain, in two
transgenic mouse models of tau overexpression and littermate controls at
different ages and of both sexes. We compared multiple quantitative
parameters of radiotracer uptake in multiple organs of mice to investigate sex,
age, or strain-related differences.

Methods: After intravenous administration, 60-min dynamic PET scans were
acquired, followed by venous blood sampling, organ harvesting, and
metabolite analysis by radio-thin-layer chromatography.

Results: Blood pharmacokinetics and metabolism of [18F]THK-5317 significantly
differed between males and females across all strains. Sex-related differences in
organ VTs were identified from two-way ANOVA analysis. Organ-to-blood
concentration ratios correlated well with organ VTs in all investigated organs.

Conclusion: Following our workflow, a straightforward multiple-organ analysis of
[18F]THK-5317 uptake in mice was easily achievable. From the derived quantitative
parameters, the organ-to-blood values correlate best with the calculated VTs.
Given the active incorporation of 3R principles into preclinical quantitative
imaging, we propose that this workflow might be suitable to select novel
radiotracer candidates before more complex kinetic models, comprising
invasive methods such as full arterial blood sampling, for radiotracer
quantification are applied.
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1 Introduction

Quantitative, non-invasive imaging technologies utilizing small
laboratory animals are essential for research on the biodistribution
of new drugs, disease progression, or response to novel therapeutic
approaches. The availability of specifically bred or genetically
modified mouse disease models, as well as technological advances
in small-animal imaging instrumentation and methodologies, have
led to significant discoveries on the molecular origins of these
illnesses and triggered research on various novel therapeutic
approaches [1–4].

Among the non-invasive imaging modalities, especially positron
emission tomography (PET), utilizing radiolabeled compounds
(radiotracers) offers considerable versatility in studying diseases
from multiple perspectives and at different disease stages. Despite
numerous species differences between rodents and humans, PET
studies usually enable a high degree of translatability as many
correlative and longitudinal study designs utilized in basic
research can be modified to match current clinical safety
requirements with reasonable effort [5–8].

Current small-animal PET instrumentation offers sufficient
spatial resolution, high sensitivity for dynamic imaging, and,
provided sufficient efforts are directed toward standardized
protocols, a high degree of quantitative accuracy for rodent brain
studies. Moreover, multimodal preclinical PET/CT scanners are
available with an axial field of view (FOV) large enough to
acquire whole-body mouse images in a single scan. As such,
total-body positron emission tomography (TB-PET) scans, which
are now increasingly emerging in clinical imaging, are easily
achievable in mice. Such total-body scans provide holistic and
dynamic information on radiotracer distribution within the
scanned subject during the whole acquisition time. However,
most preclinical imaging studies only focus on the disease-related
organ of interest and do not use total body information. This is
especially true for neurological diseases or disorders, where the brain
is the focus [9–13].

TB-PET enables the quantification of radiotracer
pharmacokinetics throughout the entire body or multiple organ
systems in a single scan acquisition. These data form the basis for
subsequent kinetic modeling where the distribution of radioactivity
in the target organ and the input function (the time course of the
radiotracer in the blood or plasma) are used to determine the local
tissue concentration(s). Further graphical evaluation methods to
quantify the organ uptake in terms of the distribution volume (VT)
provide non-invasive, quantitative measures that can then be
observed in a systems biology approach [14–17].

The challenge in using whole-organ (blood/plasma-based)
kinetic modeling in small-animal imaging lies in the requirement
for an arterial blood input function and the determination of
radioactive metabolites. In mice, however, arterial blood sampling
is often impossible and limited by the small total blood volume. Even
when arterial blood sampling is performed, the study design is
limited to non-recovery imaging procedures, rendering longitudinal
studies in aged animals or comparative studies of different
therapeutic interventions in the same animal impossible. Closed-
loop systems to avoid blood loss during such imaging procedures
require long pre-scan preparation times, surgically skilled personnel,
and are not feasible in a high-throughput manner [18].

Alternatively, a whole-blood based, non-invasive image-derived
input function (IDIF), derived from small-animal total-body
images, can be obtained, an approach that has been shown to be
feasible in multiple preclinical radiotracer evaluations [19]. Using
modern small-animal PET scanners, IDIF can be accurately derived
bymeasuring the time–radioactivity concentration curves (TACs) in
the left ventricle or a major vessel in mice [20]. For certain
radiotracers, using population-based IFs and metabolization data
has shown to be feasible in rodents [21–23].

Another aspect of adding total body information to small-
animal PET might be the identification of sex differences in
radiotracer pharmacokinetics, response to therapies, or metabolic
changes during disease progression. Consequently, putative sex
differences may be identified and addressed accordingly. It is
commonly recognized that organ size and function change
during aging and are sex-dependent. However, such differences
are not reflected by changes in the whole-body weight of the
respective animals [24]. This is particularly relevant for the
excretory organs such as the liver and the kidneys, which directly
influence radiotracer metabolism and elimination kinetics.

We recently reported one such sex difference in an APP/h Tau
rat model so far as the plasma pharmacokinetics and metabolism of
the putative tau radiotracer [18F]THK-5317 (also referred to as (S)-
[18F]THK-5117) were different between male and female rats [22].

In the present study, our goal is to investigate the multi-organ
distribution of [18F]THK-5317 in the brain and peripheral tissues in
two transgenic mouse models of tau overexpression, as well as their
littermate controls, across various age groups and both sexes.
Peripheral tau accumulation has been reported recently and has
not yet been explored with dynamic PET [25,26]. We further aim to
introduce a systematic workflow for performing quantitative
analysis on multiple organs in mice. Lastly, we compared
different quantification measures other than the Logan volume of
distribution (VT) as outcome parameters for [18F]THK-5317 uptake.

2 Materials and methods

2.1 Chemicals

Chemicals were purchased from Sigma-Aldrich Handels GmbH
(Vienna, Austria) and used without further purification.
Radiosynthesis of [18F]THK-5317 was performed, following the
established protocols [22,27]. For this study, [18F]THK-5317 (n =
15) was synthesized with a decay-corrected radiochemical yield of
12% ± 4% and a radiochemical purity of 95% ± 3% in a synthesis
time of 76 ± 4 min. Molar activity at the end of synthesis was 498 ±
281 GBq/µmol.

2.2 Animals

We examined hTau (B6.Cg-Mapttm1(EGFP)Klt Tg(MAPT)8cPdav/
J) [28] and TMHT (Thy-1-mutated human tau) [29], as well as non-
transgenic hTau littermates (as ntg-control), in this study. In total,
86 mice purchased from QPS Austria GmbH (Grambach, Austria)
were used. Mice were scanned at 20, 44, or 68 weeks of age, including
both sexes. A detailed study summary is provided in Supplementary
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Table S1. Mice were housed in a temperature- and humidity-
controlled facility under a cycle of 12/12 h of light/dark with free
access to standard laboratory animal diet (ssniff R/M-H, ssniff
Spezialdiäten GmbH, Soest, Germany) and water ad libitum. An
acclimatization period of at least 1 week was allowed before animals
were used in the experiments. Of the 86 mice, 14 mice, especially of
the 44- and 68-week age groups, were lost during imaging (e.g.,
technical problems with the scanner and breathing arrest under
anesthesia while scanning), yielding 72 PET datasets available for
analysis. In one mouse, blood sampling and tissue harvesting were
not possible. The study was approved by the national authorities
(LF1-TVG-48/028-2016; Amt der Niederösterreichischen
Landesregierung, Austria), and study procedures followed the
European Communities Council Directive 2010/63/EU. The
animal experimental data reported in this study comply with the
ARRIVE (Animal Research: Reporting of in Vivo Experiments)
guidelines 2.0 [30].

2.3 Small-animal PET imaging

PET imaging was performed on a small-animal PET scanner
(Focus 220™, Siemens Healthineers, Knoxville, TN, United States)
with 7.6 cm axial and 19 cm transaxial field-of-view [31]. Two mice
(side by side) were imaged during one PET acquisition using a dual-
mouse imaging cradle (m2m Imaging Corp, Cleveland, OH,
United States). Before initiating PET acquisitions, anesthesia was
induced in an induction box with isoflurane [concentration: 1.5%–
3.0% (v/v)] in medical air as carrier gas. Afterward, animals were
positioned on the dual-mouse imaging cradle, and isoflurane
concentration levels were adjusted [range: 0.8%–1.5% (v/v)] to
maintain the respiratory rate of the animals between 60 and
80 breaths/minute during the scan procedure. Then, the lateral
tail veins were catheterized after warming the tails using pre-heated
(~38°C) pads. Animals were warmed throughout the experiment,
and the body temperature and respiratory rate were constantly
monitored (SA Instruments Inc., Stony Brook, NY,
United States). All animals underwent a 60-min dynamic [18F]
THK-5317 scan. Data acquisition was initiated at the start of
intravenous injection (0.15 mL as slow bolus over ~ 40 sec), and
list-mode data were acquired with an energy window of
250–750 keV and a 6-ns timing window. A 10-min transmission
scan was performed using a rotating 57Co-point source before each
PET scan for attenuation correction. At the end of the scan, a blood
sample was collected into a small tube (Microvette CB 300 LH,
Sarstedt AG & Co, Nümbrecht, Germany) by puncture of the
retrobulbar plexus, and animals were euthanized by cervical
dislocation under deep anesthesia. Afterward, the organs of
interest were extracted for gamma counting.

2.4 Ex vivo analysis of samples

Blood was centrifuged to obtain plasma (17,000 g, 4°C, 1 min),
and radioactivity concentrations in blood, plasma samples, and
organs were measured in a gamma counter (HIDEX AMG
automatic gamma counter, Turku, Finland). Data from the
gamma counter were decay-corrected to the time of radiotracer

injection. Then, data were corrected by animals‘ injected activity,
and expressed as percentage of injected dose per gram (%ID/g).
Individual plasma-to-blood concentration ratios (P/B ratio) at
60 min after [18F]THK-5317 administration were calculated by
dividing the radioactivity concentration measured in the plasma
by the radioactivity measured in the blood of the respective animal.

2.5 Metabolite analysis

The percentage of unchanged (unconjugated) [18F]THK-5317
was analyzed by radio-thin-layer chromatography (radio-TLC).
Blood was centrifuged to obtain plasma, and proteins were
precipitated with acetonitrile (1 µL per µL plasma). Tissues were
homogenized using an Ultra Turrax T10 instrument (IKA
Laboratory Equipment, Staufen, Germany), and proteins were
precipitated with acetonitrile (0.2 mL per brain). All solutions
were vortexed and centrifuged (12,000 × g, 1 min, 21°C).
Approximately 5 µL of the supernatant and diluted radiotracer
solution as references were spotted on silica gel 60F 254-nm TLC
plates (10 × 20 cm; Merck, Darmstadt, Germany), and plates were
developed in dichloromethane/methanol (95/5, v/v). Detection was
performed by exposing the TLC plates to multi-sensitive phosphor
screens overnight. The screens were then scanned at 300 dpi
resolution using a phosphor imager (Cyclone® Plus, PerkinElmer,
Waltham, MA, United States). The retardation factor (Rf) of [18F]
THK-5317 was 0.58, as assessed using unlabeled reference
standards.

2.6 PET image analysis

Dynamic list-mode data from the 60-min scans were sorted into
three-dimensional sinograms, according to the following frame
sequence: 8 × 5 s, 2 × 10 s, 2 × 30 s, 3 × 60 s, 2 × 150 s, 2 ×
300 s, and 4 × 600 s. PET images were reconstructed by Fourier
rebinning of 3D sinograms, followed by two-dimensional filtered
back projection with a ramp filter, resulting in a voxel size of 0.4 ×
0.4 × 0.8 mm3. The standard data correction protocol was applied to
the data, including normalization, attenuation, and decay
correction. Before each measurement series, the PET scanner was
cross-calibrated with the activimeter by imaging a phantom with a
known activity concentration of an 18F-radiotracer solution.

On the dynamic PET images, organs of interest (the brain, heart,
lung, liver, left kidney, and muscle) were defined by delineating pre-
defined volumes of interest (VOIs) using the software program
AMIDE [32]. Then, TACs of these VOIs were extracted, and the area
under the curves (AUCs) from 0 to 60 min were calculated.

The heart curve was used as an IDIF. First, the heart curve was
scaled to the blood curve using the blood activity from the gamma
counter. Then, a sex-specific (male or female) plasma-to-blood ratio
(P/B ratio) was applied to obtain the plasma input function. For
metabolite correction, a simple linear regression was performed,
assuming a parent fraction of 1 (100%) at 0 s and the measured
parent fraction at 3,600 s, separate for the male and female animals.
The sex-specific plasma input function was then corrected by the
resulting linear equation. The final obtained metabolite-corrected
plasma input function Cp(t) was used for calculating the volumes of
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distribution (VT) for different organs derived from the slope of the
linearized Logan graphical analysis [33]:

∫T

0
CROI t( )dt
CROI T( ) � VT ×

∫T

0
Cp t( )dt

CROI T( ) + Int,

where AUCROI for each organ from 0-T was used as a measure of
∫T

0
CROI(t)dt. For all assessed organs, the plot became linear after

10 min.
In addition, radiotracer clearance from the plasma was

performed on decay- and metabolite-corrected plasma
radioactivity data from all animals. Plasma clearance was
calculated as the quotient of the injected activity divided by the
AUC and corrected by the body weight of the animal [34]:

Clearance mL/h/g BW[ ] � InjActivity kBq[ ]
AUC kBq

mL*h[ ]
*BW−1 g−1[ ].

Moreover, we calculated the organ-to-blood ratio by dividing
the organ activity values derived from the last PET frame
(50–60 min) by the corresponding blood activity values measured
with the gamma counter of the respective animal.

2.7 Statistics

Statistical testing was performed using GraphPad Prism
9.1.0 software (GraphPad Software, La Jolla, CA,
United States). Differences between groups were analyzed by
two-way ANOVA using a full model for assessing the effects of
sex, strain and age, and the interaction between them, followed by
Tukey’s multiple comparison test. Alternatively, two-tailed,
unpaired t-tests were used to compare groups in the
biodistribution experiments. The level of statistical significance
was set to p < 0.05. Unless stated otherwise, all values are given as
mean ± standard deviation (SD).

3 Results

VOI-based analysis of the dynamic small-animal PET data
was performed to determine the brain, liver, lung, kidney, and
muscle retention of [18F]THK-5317. PET images, as well as the
derived organ TACs for the investigated mouse strains, are
shown in Supplementary Figures S1–S7. In all investigated
organs, [18F]THK-5317 showed a peak uptake within the first
5–10 min after intravenous administration, followed by a fast
washout from the organs until the end of the PET scan. The
highest organ uptake (%ID/g) was observed in the liver and
kidney, followed by the lungs and brain, and was lowest in
muscle tissue. No distinct differences in radiotracer
pharmacokinetics were observed in TACs, irrespective of the
mouse strain, age group, and sex, except for the kidney.

Biodistribution performed at the end of the PET scans showed
no significant age dependency of [18F]THK-5317 uptake in the
investigated organs (Supplementary Tables S2–S4). Data from
different age groups within the investigated mouse strains were
pooled to further focus on sex-related issues. After data pooling,
blood pharmacokinetics of [18F]THK-5317 showed significant

differences between male and female individuals across all strains
(Table 1). In general, female mice showed higher blood radioactivity
at 60 min after radiotracer injection (0.50 ± 0.21; 0.43 ± 0.15; 0.36 ±
0.09 %ID/g in ntg-control, hTau, and TMHT mice, respectively)
compared to male mice (0.29 ± 0.15; 0.25 ± 0.08; 0.27 ± 0.07 %ID/g
in ntg-control, hTau, and TMHT mice). In addition, in plasma,
female mice showed higher radioactivity concentration levels at
60 min after radiotracer injection (0.62 ± 0.25; 0.51 ± 0.01; 0.50 ±
0.13 %ID/g in ntg-control, hTau, and TMHT mice, respectively)
when compared to male mice (0.45 ± 0.24; 0.37 ± 0.12; 0.35 ± 0.09 %
ID/g in ntg-control, hTau, and TMHT mice). The derived plasma/
blood ratios at 60 min, however, were not different between males
and females. Radiotracer clearance from plasma was not
significantly different between the investigated age, strain, or sex
groups (Supplementary Figure S8). Further significant sex-related
uptake differences were found for the liver, which was higher in
female ntg-control (2.39 ± 0.92 vs. 1.33 ± 0.65 %ID/g) and hTau
(2.53 ± 1.53 vs. 1.52 ± 0.41 %ID/g) mice but lower in TMHT mice
(0.26 ± 0.36 vs. 0.93 ± 0.69 %ID/g) compared to male mice.
Additional significant differences in the organ uptake between
male and female ntg-control and hTau mice but not in TMHT
mice were found in the urinary bladder and bone (Os femoris)
(Table 1).

For the plasma and brain, no significant differences in
metabolism of [18F]THK-5317 were identified between ntg-
control, hTau, and TMHT mice, regardless of age. However, a
trend of more extensive metabolism in female compared to male
mice was observed (Supplementary Table S5). When pooled, female
mice showed a significantly higher fraction of radiometabolites of
[18F]THK-5317 in plasma (22.1% ± 5.9% unchanged parent)
compared to male mice (26.0% ± 7.7% unchanged parent).
Additionally, in some animals, liver metabolization of [18F]THK-
5317 was assessed, showing a higher fraction of radiometabolites
(2.2% ± 0.6% vs. 3.9% ± 1.9% unchanged parent) in female vs. male
mice. In the brain, the percentage of the unchanged radiotracer did
not differ between female and male mice (Table 2). For the
determination of brain VTs as the outcome parameter for [18F]
THK-5317 distribution, we generated an image-derived blood input
function (IDIF) by placing a spherical VOI over the heart of the
individual animals. For validation, we compared such derived PET
blood radioactivity measurements in the last PET frame (50–60 min
after radiotracer administration) with the radioactivity measured in
the venous blood sample taken at the end of the PET scan in the
gamma counter. In line with our previous experiences [35], heart
radioactivity concentrations measured in PET showed a good
correlation with the respective gamma counter values (r = 0.704,
p < 0.0001, Supplementary Figure S9).

Based on individual blood IDIFs and the population-based
metabolite correction, we derived the organ uptake of [18F]THK-
5317, expressed as Logan VT in the investigated mouse groups
(Figure 1). In the brain, two-way ANOVA analysis revealed a
statistically significant effect of sex on brain VTs (F1,54 = 7.462,
p = 0.009, η2 = 0.123) and an effect of strain and age (F8,54 = 3.302,
p = 0.004, η2 = 0.333). In contrast, in the liver, no significant effect
between the investigated study groups was found. Further significant
sex-related differences in organ VTs were identified from the two-
way ANOVA analysis in the lung (F1,54 = 4.662, p = 0.035, η2 =
0.079), kidney (F1,54 = 16.52, p = 0.002, η2 = 0.169), and muscle
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(F1,54 = 4.923, p = 0.031, η2 = 0.084). Alternative organ analysis given
as organ-to-blood ratios revealed similar effects of sex in the
identical organs such as the brain/blood (F1,54 = 12.02, p = 0.001,
η2 = 0.182), lung/blood (F1,54 = 13.37, p = 0.001, η2 = 0.198), kidney/
blood (F1,54 = 6.399, p = 0.014, η2 = 0.106), and muscle/blood (F1,54 =
8.052, p = 0.006, η2 = 0.130) but not in the liver/blood (F1,54 = 0.562,
p = 0.457). Interestingly, organ AUC values exhibited a significant
effect of sex on the brain (F1,54 = 12.68, p = 0.0008, η2 = 0.190), liver
(F1,54 = 42.29, p < 0.0001, η2 = 0.439), and lung (F1,54 = 9.482, p =
0.033, η2 = 0.149) but not on the other organs. The individual organ
AUC values, as well as organ-to-blood ratios for ntg-control, hTau,

and TMHT mice, are shown in Supplementary Figures S10, S11.
Individual comparisons obtained with Tukey’s multiple
comparisons test showed significant differences between certain
individual groups for some organs (e.g., the kidney). However,
these differences did not follow a general trend and varied
between the organs.

Correlation analysis of different organ uptake measures of [18F]
THK-5317 such as AUCorgan, organ-to-blood ratio, and measured
concentration in the last PET frame (%ID/g) to the respective VTs is
shown in Figure 2. Organ-to-blood ratios showed a statistically
significant correlation to the respective organ VTs for all analyzed

TABLE 1 Biodistribution of [18F]THK-5317 in male and female (pooled over the investigated age groups) non-transgenic hTau littermates (ntg-control), hTau
(B6.Cg-Mapttm1(EGFP)Klt Tg(MAPT)8cPdav/J), and TMHT (Thy-1 mutated human tau) mice obtained at 60 min after intravenous administration. Data are presented as
mean percent of injected dose per gram tissue (%ID/g) ± standard deviation. Significance indicates differences between male and female individuals of the
respective study groups.

Study group ntg-control hTau TMHT

Male Female Significant* Male Female Significant* Male Female Significant*

n = 11 n = 11 n = 13 n = 11 n = 11 n = 14

Blood 0.29 ± 0.15 0.50 ± 0.21 p = .004 0.25 ± 0.08 0.43 ± 0.15 p = .028 0.27 ± 0.07 0.36 ± 0.09 p = .011

Plasma 0.45 ± 0.24 0.62 ± 0.25 p = .031 0.37 ± 0.12 0.51 ± 0.1 p = .033 0.35 ± 0.09 0.50 ± 0.13 p = .003

Brain 0.27 ± 0.08 0.29 ± 0.14 n.s. 0.24 ± 0.10 0.24 ± 0.06 n.s. 0.24 ± 0.09 0.28 ± 0.09 n.s.

Heart 0.34 ± 0.13 0.47 ± 0.15 n.s. 0.39 ± 0.17 0.38 ± 0.04 n.s. 0.32 ± 0.08 0.37 ± 0.08 n.s.

Lung 0.52 ± 0.22 0.68 ± 0.25 n.s. 0.67 ± 0.32 0.54 ± 0.22 n.s. 0.53 ± 0.15 0.55 ± 0.13 n.s.

Liver 1.33 ± 0.65 2.39 ± 0.92 p = .011 1.52 ± 0.41 2.53 ± 1.53 p = .044 0.93 ± 0.69 0.26 ± 0.36 p = .028

Kidney 0.72 ± 0.26 0.86 ± 0.26 n.s. 0.88 ± 0.33 0.77 ± 0.15 n.s. 1.25 ± 0.89 0.95 ± 0.28 n.s.

Spleen 0.52 ± 0.22 0.52 ± 0.13 n.s. 0.53 ± 0.27 0.67 ± 0.42 n.s. 1.33 ± 0.79 1.40 ± 0.78 n.s.

Stomach 2.07 ± 1.44 2.25 ± 1.37 n.s. 2.39 ± 1.34 1.46 ± 0.24 n.s. 2.12 ± 0.88 1.52 ± 0.41 n.s.

Small intestine 2.37 ± 1.64 2.36 ± 1.53 n.s. 5.46 ± 5.20 3.58 ± 2.5 n.s. - - -

Large intestine 0.82 ± 0.36 1.17 ± 0.38 n.s. 1.49 ± 2.28 0.89 ± 0.21 n.s. 1.48 ± 0.65 1.24 ± 0.36 n.s.

Gall bladder 83.08 ± 50.6 83.57 ± 61.02 n.s. 102.77 ± 83.78 58.69 ± 58.09 n.s. 80.27 ± 79.87 41.76 ± 44.19 n.s.

Urine 17.74 ± 13.5 21.11 ± 20.93 n.s. 15.89 ± 10.39 10.47 ± 5.51 n.s. 17.00 ± 18.69 19.72 ± 12.95 n.s.

Urinary bladder 5.21 ± 1.54 1.25 ± 0.78 n.s. 6.22 ± 2.38 3.39 ± 1.58 p = .021 6.02 ± 3.37 5.24 ± 3.34 n.s.

Bone 0.33 ± 0.12 0.15 ± 0.11 p = .008 0.20 ± 0.12 0.19 ± 0.08 p = .044 0.22 ± 0.06 0.20 ± 0.04 n.s.

Muscle 0.26 ± 0.08 0.30 ± 0.13 n.s. 0.23 ± 0.09 0.22 ± 0.05 n.s. 0.21 ± 0.05 0.23 ± 0.06 n.s.

*Statistical significance was determined using a two-tailed, unpaired t-test. The level of significance was set to p < 0.05. n.s. : not significant.

TABLE 2 Levels of the unchanged parent of [18F]THK-5317 determined at 60 min after radiotracer injection in male and female individuals of the investigated
mouse study groups. Data show pooled values for male and female individuals, irrespective of the age group or strain.

Study group

Male Female Significant*

n = 35 n = 36

Plasma 26.00 ± 7.67 22.08 ± 5.94 p = .032

Brain 47.26 ± 12.35 48.90 ± 11.77 n.s.

Liver 3.86 ± 1.94 # 2.19 ± 0.60 # p = .020

# the number was lower for the liver analysis; n = 8 for male and n = 10 for female.

Statistical significance was determined using a two-tailed, unpaired t-test. The level of significance was set to p < 0.05. n.s. : not significant.
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organs: the brain (r = 0.707, p < 0.0001), liver (r = 0.798, p < 0.0001),
lung (r = 0.751, p < 0.0001), kidney (r = 0.337, p = 0.0038), and
muscle (r = 0.679, p < 0.0001). In addition, a positive correlation
between kidney VT and AUCkidney (r = 0.4655, p < 0.0001), and
kidney %ID/g at 60 min after radiotracer administration (r = 0.2527,
p = 0.0322) was identified.

4 Discussion

We were interested in identifying the sex, age, or strain-related
differences in the distribution and kinetics of tau-radiotracer [18F]
THK-5317 on a whole-organ level. We, therefore, quantitatively
analyzed PET images obtained in three different mice strains at three

FIGURE 1
Whole-organ volume of distribution (VT) of [

18F]THK-5317 obtained with Logan graphical analysis in the (A) brain, (B) liver, (C) lung, (D) kidney, and (E)
muscle in male and female non-transgenic hTau littermates (ntg-control), hTau (B6.Cg-Mapttm1(EGFP)Klt Tg(MAPT)8cPdav/J), and TMHT (Thy-1 mutated
human tau) mice aged 20 weeks (black, closed symbols), 44 weeks (red, open symbols), and 68 weeks (blue, half-open symbols). *p < 0.05, **p < 0.01,
and ***p < 0.001; two-way ANOVA followed by Tukey’s multiple comparison test.
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different ages using both sexes in terms of percent of injected dose
per gram tissue (%ID/g). Moreover, we were interested if alternative
quantitative parameters such as AUC values, or organ-to-blood
ratios, which are easier to obtain in mice, can be used as a surrogate
for the volume of distribution (VT) obtained by Logan graphical
analysis. In line with previous observations in rats [22], we observed
sex-related differences in the [18F]THK-5317 uptake in the studied
mice. In all strains, we observed significant differences in blood and
plasma uptake between male and female mice. Contrary to rats, in
the studied mice, the female values were overall higher.
Biodistribution values agree with values published previously by
[36] in male ICR mice. Apart from blood and plasma, we

additionally obtained a sex-related difference in the liver (all
strains), bone (ntg-control and hTau), and urinary bladder (hTau).

It is broadly recognized that drug pharmacokinetics are largely
affected by hepatic drug-metabolizing enzymes (DME) and that their
function is highly variable between species, strains, and sex [37]. Our
observation suggests different retention/metabolization of [18F]THK-
5317 in these animals by phase I/II DME or other DME-regulating
factors. Interestingly, in the liver, [18F]THK-5317 uptake was higher in
female ntg-control and hTau mice compared to male mice, whereas in
TMHT mice, it was the opposite. As ntg-control and hTau mice share
an identical genetic background in contrast to TMHT mice, the
probable involvement of additional strain-dependent co-factors in

FIGURE 2
Comparison of measures of the [18F]THK-5317 uptake in the (A) brain, (B) liver, (C) lung, (D) kidney, and (E)muscle and correlation analysis of whole-
organ area under the concentration curve (AUCOrgan), organ-to-blood ratio at the end of the PET scan, and PET-derived percent of injected dose per
gram tissue (%ID/g) at 60 min after the administration with the volume of distribution (VT) obtained with Logan graphical analysis. (a.u. = arbitrary units
either %ID/g or organ-to-blood ratio; r = Pearson correlation coefficient; p = p-value for Pearson correlation; linear regression formula shows the
slope and intercept of the respective simple linear regression fit.)
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DME expression and function is likely. We, therefore, speculate that the
differences observed in this study are related to sex- and strain-
dependent hepatic processes which require further studies.

Surprisingly, we obtained a small but statistically higher amount
of unchanged parent at 60 min post-injection in plasma in male
mice (26%) compared to female mice (22%). Irrespective of sex, the
obtained values were in good agreement with values reported in
other mouse strains [38]. Yet, the unchanged parent in the brain was
comparable between the sexes (47% male vs. 49% female), and the
obtained values were significantly lower than that reported by
Alzghool et al. (95% unchanged parent in the brain tissue of
APP/PS1-21 mice), as well as our findings in rats at the same
sampling time [22]. These findings emphasize the importance of
radiometabolite analysis within the respective study setup and that
the rate of tracer metabolism can differ not only between species but
also between individual mouse strains. Furthermore, this supports
our previous observations [22] showing that mice seem to
metabolize [18F]THK-5317 much faster than rats.

Whole-organ VTs of [
18F]THK-5317 were highest for the liver,

followed by the kidney, brain, lung, and muscle. The rank order of
organ VTs generally followed previous reports on tau retention, but
further correlation studies are required [26].

Our attempt to identify an alternative approach to derive
alternative quantitative parameters has shown that the organ-to-
blood values exhibited the best correlation to the calculated VTs.
This is not surprising as both parameters are based on organ-to-
blood activity ratios. Yet, we believe that this approach might be a
good base for the evaluation of new radiotracers as blood samples at
the end of the PET scan are easy to obtain. In addition, it also offers
the possibility to examine plasma and radioactive metabolites.When
a new radiotracer shows promising parameters using this approach,
a more complex kinetic model and specifically a full arterial IF could
be planned for subsequent preclinical evaluation. This strategy
might aid in decreasing severity and the number of research
animals used, and further facilitates candidate selection, following
this low-complexity setup in preclinical PET studies.

However, we have identified the following limitations from our
study. First, [18F]THK-5317 is metabolically unstable, not
exclusively tau-selective, and has been shown to bind to Aß
plaques and monoamine oxidase B (MAO-B) in mouse models
[38,39]. Although hTau and TMHT mice used in this study clearly
showed the absence of ß-amyloid, cerebral MAO-B expression has
not been investigated. Furthermore, MAO-B expression increases as
part of the neuroinflammatory response to tau accumulations, as
well as during aging [40,41]. It cannot be excluded that the sex
differences identified in the whole-brain uptake of [18F]THK-5317
solely reflects changes in MAO-B expression patterns as sex-
dependency of MAO-isoform expression has been confirmed in
the human brain [42]. Second, our initial assumption about the
estimated effect size for sample size calculation for different study
groups was incorrect. We, therefore, pooled the acquired data over
age and strain groups to increase the respective group sizes, which
ultimately revealed statistically significant differences. Conclusively,
this study highlights the importance of preliminary, pilot studies
from which effect sizes and, ultimately, sample size calculations can
be based on real-world data obtained in the own research
environment and not solely based on the published data. Third,
the heart input function suffered from spillover from the liver and

gall bladder signals, especially in the late time frames. We, therefore,
carefully positioned the heart VOI to minimize this influence.
Fourth, for the calculation of the liver VT, we only used a single
input function and did not account for the dual blood supply (the
portal vein and the hepatic artery). In PET-only images without
anatomical guidance, the liver portal vein cannot be identified in
mice. Fifth, the IDIF method was not validated to the ground truth,
which would be the arterial sampling. This might add some
additional bias to the results. Finally, the radiosynthesis process
of [18F]THK-5317 requires further optimization to consistently
achieve radiochemical purities above 98%.

In conclusion, we presented a workflow for quantitative,
multiple-organ analysis of the [18F]THK-5317 uptake in mice,
revealing sex-differences in the plasma concentration, the
formation of radiometabolites, and uptake in various organs in
mice. From the derived quantitative parameters, the organ-to-blood
values correlate best with the calculated VTs. Given the active
incorporation of 3R principles into preclinical quantitative
imaging, we propose that following this workflow, comprising
dynamic PET scans, concomitant blood sampling, subsequent
metabolite analysis, and candidate selections based on organ-to-
blood uptake parameters, might be suitable to select novel
radiotracer candidates before more complex kinetic models,
comprising invasive methods such as full arterial blood sampling,
for radiotracer quantification are applied.
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