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Abstract: ['*F]FDG positron emission tomography (PET) is extensively utilized to assess brain glucose
metabolism, typically through static images reflecting radiotracer accumulation of up to one hour. In
comparison, functional PET (fPET) enables investigation of [¥F]JFDG dynamics occuring within
seconds. However, the physiological mechanisms supporting these rapid changes in metabolism
necessitate further attention to allow accurate interpretation of brain function and their clinical
implications. This work highlights candidate mechanisms driving ['8F]FDG signal changes at high
temporal resolution, offering complementary insights to existing interpretations. At rest, metabolic
demands are closely matched by glucose supply across the blood-brain barrier (BBB), regulated by
glucose transporter 1 (GLUTI1). During neuronal activation, both glucose transport and
phosphorylation by hexokinase are elevated to meet increased energy requirements. Simulations
indicate that rapid [*¥F]FDG signal increases are primarily driven by BBB transport (Ki and k2 in a
two-tissue compartment model), with slower subsequent increases in hexokinase activity (ks).
Mechanisms supporting increased BBB transport include elevated glucose concentration gradient
towards the brain and changes in GLUT1 intrinsic properties, but only minor effects of blood flow.
Conversely, moment-to-moment fluctuations in ['8F]FDG, as investigated in molecular connectivity,
reflect temporally synchronized supply via the BBB to meet metabolic demands. We emphasize
that, particularly during neuronal activation, the strong coupling between BBB transport of glucose
and metabolism underpin the [®F]FDG fPET signal. Considering alterations of GLUT1 and
subsequent metabolism in numerous brain disorders, stimulation-induced changes of energy
demands and moment-to-moment fluctuations of molecular connectivity represent a promising
opportunity to investigate the underlying pathophysiological processes.
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INTRODUCTION

[F]FDG is the most commonly used radiotracer world-wide for positron emission tomography
(PET) [1]. This is due to its high clinical relevance in numerous medical fields [2] and the widespread
availability given by the simple synthesis with an isotope half-life that allows transportation and
commercial production.

Routine clinical use in brain imaging employs a bolus application, followed by a resting period
of about 30-60 min and subsequent scanning for 10-15 min [3]. Although this yields only a static
image, the (almost) irreversible radiotracer uptake (i.e., ks = 0 in a 2-tissue compartment model
(2TCM), Figure 1) represents a surrogate for the brain glucose metabolism, usually given by the
standard uptake value (SUV) or SUV ratio.
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Figure 1. Schematic description of the irreversible two-tissue compartment model, i.e., k« = 0. Similar to glucose, the
radiotracer ['®F]JFDG crosses the blood-brain barrier (BBB) via facilitated transport by the glucose transporter 1
(GLUT1, 55 kDa), described by rate constants Ki and kz. The uptake mechanism is in contrast to most other
radioligands, which cross the BBB via passive diffusion. Within the brain interstitium (free compartment),
glucose and ["®F]FDG are taken up by neurons (GLUT3) and astrocytes (GLUT1, 45 kDA) to be metabolized by
hexokinase (ks). The italic variables at the bottom refer to those of Eq. 2, being the concentration of glucose in
plasma ([Glucrrsma]) and brain ([Glucsrain]), as well as the maximum (Tmax) and actual transport rate of glucose
(Tciuc) across the BBB.

While a dynamic PET scan with a bolus application allows for identification of individual rate
constants through compartment modeling of the radiotracer kinetics, it will in most cases still yield
a static outcome image of the cerebral metabolic rate of glucose (CMRGlu). This can be derived from
the influx constant Ki, which in turn is a macroparameter obtained from the individual rate constants:

Ki=Ki*ks / (k2 + ks) (1)

These rate constants describe the transport across the blood-brain barrier (BBB, Ki and kz), and
the irreversible binding in the cell through the conversion of [F]JFDG to ['8F]JFDG-6-phosphate by
the enzyme hexokinase (ks), i.e., the first step of glucose metabolism [1] (Figure 1). In most practical
applications, SUV(R) and CMRGIu images reflect brain metabolism at resting state, with hexokinase
activity being the driving factor at the above mentioned time scale, offering the possibility to identify
(non-acute) pathological alterations e.g., caused by epilepsy, tumors, injuries as well as degenerative
and psychiatric disorders.

Further advancement of dynamic PET enables the quantification of different cognitive or
emotional states within a single PET scan [4-6]. Similar to functional magnetic resonance imaging
(fMRI) this is achieved through presentation of e.g., visual paradigms in a block design, thus yielding
the term functional PET (fPET). The approach requires administration of radiotracers like ['"SF]FDG
as a (bolus +) constant infusion to provide free radioligand throughout the experiment, which is then
able to bind according to the current metabolic demands [5,7].

As the temporal resolution for this approach has substantially improved from PET image frames
of 1 min [4,5] down to 3 s [8], acute adaptations in glucose metabolism become increasingly relevant.
It is therefore essential to determine the assumptions and interpretations that apply to ['*F]JFDG PET
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imaging at such a short time scale and to identify the possible neurophysiological mechanisms that
underpin rapid changes in metabolic demands. This work aims to highlight major driving factors
responsible for fast-acting changes in glucose metabolism and their links to the corresponding
[**F]FDG signals measured with fPET in vivo. We will specifically focus on aspects applicable to
short-term changes, which should be seen in addition to (not instead of) previous knowledge that
explained glucose metabolism derived from steady-state kinetics obtained with conventional PET
imaging. This work comprises a literature review which supported by with simulations of the
irreversible 2TCM (see supplement). We start by briefly re-capitulating the main concepts of brain
metabolism from the literature. This knowledge will then be transferred to scenarios of acute
stimulation-induced changes in ['"8F]FDG glucose metabolism. Finally, we propose that also moment-
to-moment fluctuations in the PET signal at resting state represent meaningful information, but are
subject to an even more refined interpretation. In sum, this work provides a neurophysiological
account of the rapid dynamics in glucose metabolism elicited through cognitive or emotional
processing and at resting-state, which can be imaged with [F]FDG {PET.

BASAL GLUCOSE METABOLISM IN THE HUMAN BRAIN

The human brain accounts for about 20% of the body’s energy demands under resting
conditions, with glucose being the primary fuel. Since glucose is only scarcely stored in the brain
(except for e.g., glycogen storage in astrocytes, see below), a constant supply from blood is mandatory
to maintain brain function [9,10]. Glucose as well as ['®F]FDG pass the BBB through facilitated
transport via the glucose transporter 1 (GLUT1) carrier protein (although at different Michaelis-
Menten constants Km) [11-13]. The transport mechanism is required because of the hydrophilic nature
of both compounds, which makes [F]JFDG different to most other radiotracers which cross the BBB
via passive diffusion. Throughout the manuscript, GLUT1 refers to the form with a molecular weight
of 55 kDa with highest expression at the BBB (Figure 1), while the 45 kDa form is expressed at
astrocytes [11,13].

Glucose transport across the BBB (Tciuc) can be described with the Michaelis-Menten equation,
taking into account the difference in glucose concentration between blood plasma ([Glucplasma]) and
brain ([Glucsran], Eq. 2) [14]. It is well known that Tcu is not the limiting factor under normal resting
conditions, but can become so during stimulation (see [14-16] and below). That is, Tcuc has been
estimated to be about 30-37% of its maximum value (Tmax = 1 pmol/g/min, see [9,14,16-18] for
assumptions). Rather, the rate limiting aspect at rest seems to be the first step of glucose metabolism,
namely conversion by hexokinase [19,20].

Teue = Tinax ( : - : ) 2)

1+(Kpm/[Glucpigsmal)  1+(Km/[Glucrain])

The lack of glucose storage in the brain is also in line with the observation that the transport rate
of glucose across the BBB closely matches its metabolic rate CMRGlu at about 30 pmol/100g/min
[5,9,14,21]. In other words, at resting-state the delivery of glucose just satisfies the actual demands
[14,16], which is plausible given the limited storage in the form of glycogen [16,22] and the
neurotoxicity of excessive glucose concentrations [23]. These facts in turn imply that acute increases
in metabolic demands require an increase in supply across the BBB, i.e. increases in both glucose
transport and phosphorylation by hexokinase are required to obtain a feasible increase in energy
supply, since neither of these two mechanisms alone is sufficient [16,18].

STIMULATION-SPECIFIC CHANGES IN [BFIFDG

We and others have repeatedly shown that stimulation-induced regional increases in CMRGlu
as obtained with [8F]FDG in awake humans are stable at about 20-25% from baseline metabolism
across various experimental settings [5,14,15,24-26]. It is acknowledged that this is lower than the
often referenced 50% [27], but such a large change might be even beyond the maximum calculated
transport rate of glucose [15]. Furthermore, recent work has reported increases in regional cerebral
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blood flow (CBF) of about 25% [28-31], i.e., a similar range as compared to CMRGIlu. Thus, the
initially described coupling mechanisms between CMRGlu and CBF [27] still apply.

In line with studies that used other techniques than PET imaging [25,32-34], our recent work has
demonstrated that such increases in glucose metabolism may occur almost instantly upon neuronal
stimulation [8]. Simulations of the 2TCM (Figure 2) reveal that these initial rapid increases are mainly
driven by changes in Ki (and potentially k2), i.e., parameters that characterize BBB transport. On the
other hand, irreversible radiotracer binding reflected in ks occurs at a slower rate, indicating that
[F]FDG is truly phosphorylated by hexokinase after transport into the brain. We emphasize that the
slower kinetics of ks apply to [*¥F]FDG that is newly transported across the BBB and the metabolized
in response to activation (while glucose metabolism itself is fast). Thus, only a combination of changes
in all rate constants matched experimental data. In line, previous work has elegantly shown that only
an increase in both glucose transport across the BBB and its phosphorylation by hexokinase yields an
increase in overall glucose metabolism [16,18].

a) Simulation individual b) Simulation combined c¢) Experimental data
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Figure 2. Simulated and experimentally observed changes in the [ FIFDG signal upon neuronal activation. a) Simulated
increases in individual rate constants indicate that changes in Ki (dark blue) and k2 (red) lead to initially fast,
near-linear changes in the fPET signal, whereas changes elicited by ks (orange) are slower. b) Various
combinations of changes in K1 and ks (purple) or Ki, k2 and ks (light blue, green) were simulated to obtain a ramp
function, that is typically used to model task-specific changes in glucose metabolism [5]. As the exact
contribution of k2 is currently unknown, several cases are provided exemplarily (see supplement for rationale).
¢) Experimentally observed changes in the ["*F]FDG fPET signal show a rapid increase during the task, which
returned to baseline when stimulation ceases [8]. None of the individual rate constants (a) was able to explain
the experimentally observed signal changes, but only their combination (b) yielded a comparable effect. Task
duration for simulations and experimental data was from 0 to 30 s and from 0 to 36 s, respectively (grey box).

See supplementary material for simulation parameters.

This coupling of events may seem trivial, but it is particularly relevant for interpreting the rapid
changes observed with fPET. To summarize the essential aspects underpinning the tight coupling of
BBB transport and hexokinase activity upon neuronal activation, i) at rest glucose supply just matches
the actual demands (Tcue ~ CMRGIlu), ii) there is almost no storage capacity for glucose in the brain,
and iii) independent simulations have shown that increases in BBB transport and hexokinase activity
are both required to increase the actual metabolism. Again, these results imply that an acute surge in
metabolic demands during neuronal activation must consequently also be matched by an increased
supply. Previous work has already emphasized that glucose transport across the BBB represents an
essential factor at rest [35] and during stimulation [14,15,36]. Of note, even earliest studies assessing
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task-specific glucose metabolism imaged BBB transport at least to some extent [37,38]. That is, task
performance was carried out during the bolus injection of [¥F]FDG, with the initial part of the time
activity curve (TAC) being mainly determined by K1 and ka.

Although glucose metabolism itself has been studied extensively, the corresponding supply has
received relatively little attention, as up until recently, the slower kinetics of ks where of interest.
There are several candidate mechanisms available that may (or may not) explain such an increase in
supply (Figure 3). Importantly, with respect to the ['SF]FDG signal, all of these mechanisms will to
some extent affect its transport via the BBB (Ki and kz2) and subsequently its metabolism by
hexokinase (ks).

Cerebral blood flow (CBF)

The increase in CBF upon neuronal activation is well established and represents the basis of
blood-oxygen level dependent (BOLD) fMRI. Among others [39], such changes occur at the level of
the capillary bed by decreasing its resistance to and heterogeneity of flow [40—42]. For PET imaging,
Ki is often associated with changes in blood flow. This assumption is valid for radiotracers that cross
the BBB via passive diffusion and have a high extraction rate. However, as mentioned above glucose
and ['®F]FDG are subject to a facilitated transport mechanism via GLUT1. More importantly, their
extraction rate from blood is only 10% [9,14,18,43,44]. This implies that an increase in regional CBF of
about 25% by neuronal activation [28-31] would result only in a 2.5% change in BBB transport of
glucose, which in turn is only a fraction of the observed CMRGIlu change. Experimental work using
a hypercapnia challenge also showed that ['"*F][FDG uptake is not influenced by supraphysiological
changes in CBF even if higher than 100% [4]. This does not invalidate previous observations showing
associations between CBF and CMRGIlu. Rather, it suggests that these may be correlated, but only
due to their common causal dependency on neuronal activation. Altogether, this suggests that
changes in CBF only represent a minor contribution to changes in the ['8F]FDG signal.

Glucose Glucose
Metabolism Supply

Activation CBF 2.5%

+20-259
0-25% GLUT1 3.5-8.5%

Concentration

) gradient 14%
Baseline

Figure 3. Candidate mechanisms contributing to increased glucose metabolism upon neuronal activation via
increased glucose supply across the BBB. Based on experimental data [5,14,15,24-26,45,46], a 20-25% increase in
regional glucose metabolism from baseline was assumed to be representative, which is distributed as follows.
Cerebral blood flow plays only a minor role (2.5%, red), due to the low extraction rate of glucose from blood.
The largest part (14%, green) can be explained by an increased glucose concentration gradient from blood to
brain. The remaining 3.5-8.5% can be ascribed to alterations of the intrinsic properties in GLUT1, such as
conformational changes, unmasking of available molecules and decomposition of GLUT1 clusters into singular
molecules. Since an increase in the number of GLUT1 molecules at the BBB occurs only after minutes or hours,
this mechanism is not considered to be relevant for rapid changes in glucose metabolism. Notably, BBB changes
are here assumed to equally translate into CMRGlu changes, as suggested previously [18]. Even if the

assumption may not hold, the ratio between the different mechanisms will probably remain the same.

Glucose concentration gradient
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The BBB is not freely permeable for glucose, maintaining a concentration gradient of about
[Glucersma] = 5 mmol/L in blood plasma vs. [Glucsrin] = 1 mmol/L in brain extracellular space at rest
[9,12,14]. During neuronal activation, glucose phosphorylation is accelerated [13], which decreases
brain glucose concentration by about 20% [14,25,26,45,46]. Leaving everything else constant in Eq. 2,
such an increase in the concentration gradient between blood and brain alone would increase glucose
transport across the BBB (Taiuc) by 14% [14]. As noted previously, this effect derived from the law of
mass action is still insufficient to explain CMRGlu changes in full [17]. Interestingly, the mentioned
decrease in [Glucsrin] is very much within the range of regional changes observed with [F]FDG fPET
[5,15,24], thereby providing the possible interpretation of fPET signal changes representing just the
amount of glucose that is needed to satisfy the increased demands.

Intrinsic properties of GLUT1

Another aspect to modify BBB transport of glucose is given by changes in its permeability, which
has also been described as neurobarrier coupling [14]. This is realized by adaptations of the intrinsic
properties of GLUT1 upon activation, resulting in an increased Tmax of Eq. 2 [47,48]. Although rather
little is known about the exact changes, potential mechanisms may include conformational changes
between occluded and open states [49,50] as well as “unmasking” of already available binding sites
[47,51,52]. Interestingly, the increases in Tmax occurred without relevant changes in Km [47,53].
Furthermore, GLUT1 appears in clusters, which are dissolved during activation resulting in increased
glucose transport [54]. Regarding the temporal scale, one study reported rapid changes in GLUT1
Tmax within 10 s [55]. However, this concerned the astrocytic GLUT1 transporter (45 kDa), which
differs from that of the BBB (55 kDa), so it remains to be investigated whether these effects translate
to BBB transport. In any case, slightly delayed increase in the transport is also in line with the above
mentioned decrease in brain glucose concentration [25]. Unfortunately, quantitative estimations at
short time scales are hardly available so far. One study demonstrated an increase in Tmax by 30-40%.
However, this was obtained after the induction of seizures [56], thus being a supraphysiological
stimulus. Considering that the other mechanisms may already account for 16.5% of changes (2.5%
CBF + 14% concentration gradient), the remaining amount to reach the commonly observed regional
CMRGlu increase of 20-25% would then leave 3.5-8.5% that are attributed to intrinsic changes in
GLUT1 (Figure 3).

Number of GLUT1

Finally, a possibility to increase the transport rate of glucose is to increase the number of GLUT1
carrier proteins at the BBB surface. This likely occurs through redistribution of GLUT1 from the
intracellular pool (which accounts for up to 40% of total GLUT1) to the membrane surface [11,14].
However, the time-scale at which this occurs has been described to be mostly within the range of
minutes to hours [14]. Thus, increased expression of GLUT1 at the BBB may be relevant for
subsequent adaptations to sustained neuronal activation, but probably represents a minor factor in
the adaptations to meet acute metabolic demands. Also, the above changes in Tmax may even occur
without variations in the number of glucose transporters [47] and mRNA [57].

In sum, these findings suggest that the majority of increases in glucose supply upon neuronal
activation are related to an increased concentration gradient towards the brain, followed by changes
of the intrinsic properties of GLUT1, whereas increases in blood flow only play a minor role (Figure
3). Thus, the increased supply reflects the fast increase of the ['F]FDG signal, which is then followed
by its metabolism via hexokinase.

RESTING-STATE DYNAMICS OF [¥FIFDG

The assessment of resting-state functional connectivity as derived from BOLD fMRI and EEG
[58,59] has made a convincing case that spontaneous fluctuations of brain signals represent
biologically meaningful information even in the absence of specific stimulation. This has substantially
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changed our understanding about the interaction between brain regions, organized in hierarchical
networks each underpinning different physiological functions [60-62].

Although the concept to compute connectivity with PET data was introduced decades ago
[63,64], the computation of molecular connectivity has received particular attention in recent years
[65-67], due to the ability to obtain reliable high temporal resolution PET data. In analogy to BOLD
fMRI functional connectivity, molecular connectivity refers to the correlation of fluctuations of signal
time courses between brain regions herein obtained from high-temporal resolution fPET data [65]. It
has been shown that the computation of molecular connectivity with [8F]JFDG data also features
structured network organization [66]. However, the actual molecular connectivity pattern markedly
differs from that of functional connectivity [66]. This is in line with the above observation that
[#F]FDG PET is only modestly dependent on CBF. However, the interpretation and the underlying
neurophysiological mechanisms of such rapid signal fluctuations in the fPET signal without external
stimulation have not been established.

Moment-to-moment fluctuations in [8F]FDG

There are various approaches available to compute moment-to-moment fluctuations from
[F]FDG fPET data [65,66,68,69], but all with the common aim to remove the cumulative part of the
TAC reflecting the irreversible uptake of the radioligand. The most illustrative approach is a
bandpass filter, due to the straightforward interpretation in terms of the signals’ frequencies. Here,
the common frequency range of 0.01 <f<0.1 Hz used for BOLD fMRI functional connectivity suggests
that the filtered fPET signal is mostly determined by K1 and ka (i.e., transport across the BBB), rather
than ks. That is, the frequency spectrum of simulated changes in each of these rate constants indicates
that changes in ks are simply too slow for a relevant contribution to such signal fluctuations (Figures
2 and 4).

Hence, what is left after the removal of the irreversible uptake are oscillating changes in the
signal, both in experimental and simulated data (Figure 4). Considering the ever-changing metabolic
demands, it seems plausible that these fluctuations reflect adaptations through a regulatory circuit,
aiming to maintain a constant supply of glucose which matches the current consumption, i.e., slight
increases and decreases from a steady baseline according to the actual changes in demand. In the
hypothetical case that every brain region has equal metabolic demands, this oscillation would be
uniform across the entire brain. However, since the brain is never truly at rest [70] and different brain
regions are involved in processing distinct stimuli, its metabolic demands also vary across space and
time, resulting in a regional variability in this regulatory signal. If two brain regions have equal
metabolic demands simultaneously, then also their time courses would be similar and thus
correlated, irrespective of their baseline metabolism. These regions can be considered to be
metabolically coupled through their common acute changes in metabolic demands [63,64]. Taking
into account that these short-term fluctuations in the fPET signal are driven by Ki and k2 (see Figures
2 and 4 and sections above), molecular connectivity would thus refer to temporally coherent
metabolic demands, which are in turn matched by corresponding similar changes in BBB transport.
Although it might be surprising that ks does not seem to play a direct role in molecular connectivity,
it is of course still relevant. As emphasized throughout this manuscript and within the concept of
neurobarrier coupling [14], changes in BBB transport are initially triggered by neuronal activation,
subsequently leading to increased glucose consumption and thus increases in ks. In other words, any
change in glucose metabolism is just preceded by a proportional change in BBB transport (see above).
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Figure 4. Simulated and experimentally observed changes in the ['"*FIFDG signal at resting state. a) Frequency spectra
of simulated increases in individual rate constants as shown in Figure 2. The excerpt (lower panel) indicates that
changes in Ki (dark blue) and to some extent k2 (red) comprise frequency components beyond 0.01 Hz, but not
ks (orange). b) Combined changes in Ki, k2 and ks (light blue) exhibit oscillating changes on top of a steady
baseline uptake. Rate constants were changed at the same ratio as in Figure 2 (light blue). After applying a
bandpass filter these oscillating changes remain (lower panel). Of note, omitting changes in ks in this simulation
showed virtually identical results, indicating that ks does not contribute to these changes. ¢) Experimentally
observed changes in the ['®F]FDG fPET signal of a representative subject [89]. Application of a bandpass filter
leaves oscillating changes in both the simulated and experimental data (lower panels of b and c), which represent

the basis for molecular connectivity.

LIMITATIONS, OUTLOOK and CONCLUSIONS

Numerous studies with simulations and experimental data demonstrate that stimulation-
induced increases in glucose metabolism require BBB transport for subsequent phosphorylation by
hexokinase. We emphasize that changes in BBB transport may not be seen independently from
hexokinase activity, as neuronal activation triggers both in order to match energy supply and
demand, i.e., these mechanisms are strongly coupled. In terms of ['SF]FDG PET imaging this implies
that several rate constants (especially Ki and ks) are involved in this process. The adaptations
supporting neuronal activation are mainly provided by an increased glucose BBB gradient towards
the brain and functional changes in the intrinsic properties of GLUT1 molecules, while blood flow
plays only a minor role. Conversely, moment-to-moment fluctuations in the ['F]FDG signal used for
molecular connectivity seem to reflect the regulation of metabolic supply across the BBB to match the
underlying demands.

As a limitation, current models may not yet be sufficient to characterize such rapid changes in
glucose metabolism and the corresponding [*®F]FDG signal. That is, the Michaelis-Menten equation
is valid for the steady-state, an assumption that does not hold for acute changes in neuronal
activation. Thus, several variables (e.g., Tmax, [Glucsrin]) become time-variant, which requires a
different mathematical solution. For the simulations of the 2TCM, time-dependent rate constants
were used, but the changes were only assumed to occur during the task effect at a fixed rate, while
temporally varying changes and those beyond the stimulation period are possible. Finally, we
acknowledge that other sources apart from glucose may also be used for energy production. For
instance, glycogen is stored in astrocytes, but its turnover is slower than that of glucose [18].
Furthermore, recent modelling suggested that glycogenolysis takes place in astrocytes to spare
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glucose for neuronal energy metabolism upon activation [15,22]. This model also seemed to explain
fluctuations in lactate [71], which may however not represent a major energy source under normal
conditions [72].

Nevertheless, the current work outlines potential neurophysiological underpinnings of rapid
changes in the ['SF]FDG signal, thereby once again highlighting the importance of BBB transport to
maintain glucose supply during neuronal activation. It is important to note that the described
mechanisms do not replace previous assumptions and interpretations of ['*F]JFDG imaging, rather
they should be seen as additional considerations specifically relevant for short-term changes.

Future work may build upon this information to investigate if known pathological alterations of
brain glucose metabolism can be characterized in more detail. For instance, decreases in GLUT1
transporters at the BBB explain hypometabolism, which occurs before the onset of cognitive
dysfunction and amplifies neurodegenerative processes [73-75]. Such alterations are however also
found in other neurodegenerative diseases such as Parkinson’s disease [43,76]. Further, increased
GLUT1 phosphorylation in major depressive disorder was alleviated in patients who remitted after
treatment [77]. Thus, BBB transfer by GLUT1 may represent a promising therapeutic target for
various disorders to rescue brain glucose metabolism [12,78].

Finally, the herein proposed concepts may at least partly translate to other targets such as
dopamine and serotonin synthesis, imaged with 6-["*F]JFDOPA [79] and [""CJAMT [80], respectively,
as numerous of the presented aspects apply in a similar manner. These include facilitated transport
across the BBB (via the L-type amino acid transporter 1 [81,82]), a low extraction rate from blood [83]
and a tight coupling of BBB transport [84] and neurotransmitter synthesis enzymes [85-88] with
neuronal activation. Future application of this approach may therefore provide novel insights into
neurotransmitter dysfunction in psychiatric disorders.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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