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ABSTRACT: Synucleinopathies are characterized by the deposition of a-synuclein
(a-syn) aggregates before the onset of clinical symptoms. Therefore, in vivo imaging of
a-syn may contribute to early diagnosis of these diseases and has attracted much
attention in recent years. However, no clinically useful probes have been reported. In
the present study, 16 quinoline/quinoxaline derivatives with different styryl and
fluorine groups were evaluated in order to develop a-syn imaging probes. Among
them, SQ3, which is a quinoline analogue with a p-(dimethylamino)styryl group and
fluoroethoxy group at the 2- and 7- positions of the skeleton, displayed moderate
selectivity for a-syn aggregates over f-amyloid (Af) aggregates (K; = 230 nM), while
maintaining high binding affinity for a-syn aggregates (K, = 39.3 nM). In a
biodistribution study, ['*F]SQ3 exhibited high uptake (2.08% ID/g at 2 min after
intravenous injection) into a normal mouse brain. Taken together, we demonstrate
that ['®F]SQ3 has basic properties as a lead compound for the development of a useful
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In recent years, with the advent of an aging society, the
increase in the number of patients suffering from synuclein-
opathies, including Parkinson’s disease, dementia with Lewy
bodies, and multiple-system atrophy, has been a concern.
However, even the method of definite diagnosis has not been
established, let alone radical treatment. Abnormal depositions
of Lewy bodies, Lewy neurites, and glial cytoplasmic inclusions
are observed in the brains of patients suffering from these
diseases before the onset of clinical symptoms.” a-Synuclein
(a-syn) aggregates are major constituents of these hallmarks
and have been gathering attention as biomarkers of synuclein-
opathies. However, the association between the progress of
synucleinopathies and amount of a-syn aggregates in the brain
is unclear. Therefore, in vivo imaging of a-syn is considered to
contribute to early diagnosis and elucidation of the patho-
physiology of synucleinopathies.

Among several imaging methods, positron emission
tomography (PET) and single-photon emission computed
tomography (SPECT) are excellent tools for non-invasive and
quantitative imaging of biomolecules with high sensitivity.
Based on this, several kinds of nuclear medicine imaging
probes targeting a-syn aggregates have been reported over the
past few years.” > However, the detection of a-syn aggregates
in vivo remains elusive. There are two major problems
regarding the in vivo imaging of a-syn aggregates. The first
problem is low brain permeability. Many a-syn imaging probes
with high binding affinity for a@-syn aggregates generally have a
large molecular size (molecular weight (MW) > 430) and high
lipophilicity (CLogP > 4.0), markedly decreasing brain
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permeability. The second problem is selectivity for a-syn
aggregates over f-amyloid (Af) aggregates. It is well-known
that a-syn aggregates are colocalized with Af—which is a
major biomarker of Alzheimer’s disease (AD)—aggregates in
some synucleinopathy patients’ brains.” Since both proteins
form aggregates with f-sheet structures, most of the probes
with high affinity for a-syn aggregates also exhibit high affinity
for Ap aggregates. In addition, the concentration of a-syn
aggregates is much lower than that of A aggregates in the
brain.” Taken together, a-syn imaging probes must show
selectivity for a-syn aggregates versus Af aggregates. There-
fore, it is necessary to identify a compound showing three
properties: high binding affinity for a-syn aggregates, high
brain uptake, and selective binding for a-syn aggregates.
Various kinds of quinoline and quinoxaline analogues were
reported as amyloid imaging probes.*”'® Some reports
suggested that binding affinities for Af aggregates change,
depending on the position of the substitution group on the
quinoxaline scaffold.'"'® Furthermore, there was a report that
the quinoline scaffold with a styryl moiety at the 2-position
displayed a high binding affinity for a-syn aggregates (['*F]14:
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Scheme 1. Synthesis Route of Quinoxaline Derivatives®
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“Reagents and conditions: (a) pyruvic aldehyde, EtOH, 25 °C; (b) p-dimethylaminobenzaldehyde, piperidine, AcOH, toluene, reflux; (c) Bu,Sn,
Pd(Ph;),, toluene, reflux; (d) I, CHCL, 25 °C; (e) (1) Cu(acac), LiOH-H,0, N',N*-bis(4-hydroxy-2,6-dimethylphenyl)oxalamide, dimethyl
sulfoxide (DMSO)/H,0, 80 °C, (2) 2-fluoroethyl p-toluenesulfonate, Cs,CO;, DMF, 95 °C.

Scheme 2-1. Synthesis Routes of Quinoline, Aldehyde, and Fluorine Scaffolds®
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“Reagents and conditions: (a) ethyl vinyl ether, AcOH, 25 °C — 100 °C; (b) N-bromosuccinimide (NBS), conc. H,SO,, 25 °C; (c) NHMe,, H,O,
80 °C; (d) 1,2,3-triazole, K,CO;, DMF, 100 °C; (e) tetrabutylammonium fluoride (TBAF), tetrahydrofuran (THF), 70 °C; (f) TREAT HF, 130
°C.

inhibition constant K; = 18 nM, dissociation constant Kg = 79 4 and S after preparing the crude phenol scaffolds from a
nM) in vitro."* This report also suggested that the double bond mixture of bromo compounds using a method reported
between quinoline and the aromatic ring may be important to previously.'® Compounds 4 (SQ1) and 5 (SQ2) could be
enhance the affinity for a-syn aggregates. This study was separated by column chromatography. Finally, the structures of
focused on the styrylquinoline/quinoxaline backbone, and quinoxaline derivatives were determined by X-ray crystallog-
structure—activity relationship studies were performed on 16 raphy. The total yields from the materials were 6—16%.
derivatives for the development of a-syn imaging probes. Next, quinoline derivatives were synthesized according to
Quinoxaline derivatives were synthesized according to Schemes 2-1 and 2-2. Quinoline,"”'® aldehyde,'”** and
Scheme 1. After a mixture of 1 and 1’ was synthesized fluorine®** scaffolds were synthesized using methods reported
according to a method reported previously,'” styrylquinoxaline previously. Styrylquinoline scaffolds were obtained by con-
scaffolds were obtained by a condensation reaction. In the case densation reaction from quinoline scaffolds (6, 7, 8, and 9) and
of 3 (ISQ), the 7-tributyltin quinoxaline scaffold was prepared aldehyde scaffolds (p-dimethylaminobenzaldehyde, p-nitro-
from a mixture of bromo compounds using a bromo-to- benzaldehyde, 10, and 11). Thereafter, the phenol scaffolds
tributyltin exchange reaction catalyzed by Pd(0) and isolated. were prepared from styryl scaffolds using the same method as
Thereafter, the 7-tributyltin scaffold was reacted with I, in for quinoxaline derivatives. The mixture of phenol scaffolds
chloroform at 25 °C to give 3. In the case of 4 (SQ1) and § was reacted with fluorine scaffolds (2-fluoroethyl p-toluene-

SQ2), crude phenol scaffolds were reacted with 2-fluoroethyl sulfonate, 12, and 13) in DMF to give SQ_derivatives (14—27,
P ! g
p-toluenesulfonate in N,N-dimethylformamide (DMF) to give SQ3-16). The total yields from the materials were 0.4—17%.
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Scheme 2-2. Synthesis Routes of Quinoline Derivatives”

2 4
(a) = | R % | R
6,7 — = R NS X Nopr S X
Pz R3 F

14 (SQ3) : R' = OCH,CH,F, R? = NMe,, X = CH 15 (SQ4) R® = OCH,CH,F, R* = NMe,, X = CH

18 (SQ7) : R' = OCH,CH,F, R? = triazole, X =CH 19 (SQ8) R® = OCH,CH,F, R* = triazole, X = CH
20 (SQ9) : R' = OCH,CH,F, R? = NMe,, X =N 21 (SQ10) R® = OCH,CH,F, R* = NMe,, X =N

22 (SQ11) : R' = OCH,CH,F, R? = NO,, X = CH 23 (SQ12) R® = OCH,CH,F, R* = NO,, X = CH
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“Reagents and conditions: (a) (1) aldehyde scaffolds, piperidine, AcOH, toluene, reflux, (2) Cu(acac),, LIOH-H,0, N',N*bis(4-hydroxy-2,6-
dimethylphenyl)oxalamide, DMSO/H,0, 80 °C, (3) fluorine scaffolds, NaH or Cs,CO;, DMF, 95 °C.

Scheme 3. Radiosynthesis of ["*’I]ISQ
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Table 1. K; Values of SQ Derivatives for Recombinant a-Syn and Af Aggregates

N R
. :_@N\ N X2
Ny i
K, (nM)“
compd X! X? R! R? a-syn Ap
sQ1 N cH 7-OCH,CH,F N(Me), 75.6 + 43.1 83.6 + 592
sQ2 N CH 6-OCH,CH,F N(Me), 114 + 8.97 117 + 097
SQ3 CH CH 7-OCH,CH,F N(Me), 393 + 17.6 230 + 49.1
SQ4 CH CH 6-OCH,CH,F N(Me), 4.38 + 2.81 7.69 + 0.86
SQs CH CH 5-OCH,CH,F N(Me), 292 + 185 6.26 + 3.83
sQ6 CH cH 8-OCH,CH,F N(Me), >1000 >1000
SQ7 CH N 7-OCH,CH,F N(Me), >1000 >1000
SQs CH N 6-OCH,CH,F N(Me), 56.5 + 20.0 478 + 4.84
SQ9 CH CH 7-OCH,CH,F triazole 586 + 162 >1000
$Q10 CH CH 6-OCH,CH,F triazole 185 + 123 21.0 + 220
sQi1 CH cH 7-OCH,CH,F NO, 361 + 180 >1000
sQi12 CH CH 6-OCH,CH,F NO, 275 + 105 317 + 113
SQ13 CH CH 7-(OCH,CH,)F N(Me), >1000 >1000
SQl4 CH CH 6-(OCH,CH, ) F N(Me), 10.8 + 5.53 9.56 + 1.57
SQ1s CH CH 7-OCH,CH(OH)CH,F N(Me), 618 + 252 >1000
SQl16 CH CH 6-OCH,CH(OH)CH,F N(Me), 85.3 + 26.1 200 + 22.8
“Values are the mean + standard deviation of the mean for 6—9 independent experiments.
The main reason for the low yields of styrylquinoline/ reaction in the first step. The amount of aldehyde was
quinoxaline derivatives was the low yields of the condensation increased and the reaction time was extended, but no
1600 https://doi.org/10.1021/acsmedchemlett.2c00279
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significant improvement in yield was observed. In addition,
many inseparable byproducts were produced. Therefore, there
is room for improvement in the method of this reaction.

Since '>T has a longer halfife time (T, = 60 days) than
'8E (T, = 109.8 min), we used a '*I-labeled compound as a
competitive inhibitor. Accordingly, ['*I]JISQ was designed,
synthesized, and evaluated. This compound is suitable as a
competitive inhibitor because the structure is similar to those
of the SQ_derivatives. ['**1]ISQ was obtained from tributyltin
precursor 2 by the iododestannylation reaction (Scheme 3).
The radiochemical identity of the radioiodinated ligands was
confirmed by co-injection with non-radioiodinated compounds
from their high-performance liquid chromatography (HPLC)
profiles. ['*I]ISQ was obtained in a radiochemical yield of
19.4% with radiochemical purities of over 95% after HPLC
purification.

The affinities of ISQ were evaluated for both a-syn and Ap
aggregates. From the results of binding saturation assays using
recombinant a-syn and Af aggregates, ISQ displayed high
binding affinities for both of them (a-syn: Ky = 25.1 nM, Af:
K, = 8.53 nM). Considering these results, a binding inhibition
assay was performed using ['**I]ISQ as a competitive inhibitor
for both a-syn and Af aggregates. Table 1 summarizes the K;
value of all SQ_derivatives for a-syn and Af aggregates.

First, four compounds (SQl—4) were evaluated to
determine which backbone (quinoline or quinoxaline) is
suitable for a-syn imaging probes. A dimethylamino group
was introduced in the p-position on the styryl moiety because
many a-syn imaging probes with such designs have been
reported.””** SQ4 displayed the highest binding affinity for a-
syn aggregates (K; = 4.38 nM) of the four compounds but also
bound to Af aggregates (K, = 7.69 nM). SQ3 displayed
moderate selectivity for a-syn aggregates over Af} aggregates
(K; = 230 nM) while maintaining high binding affinity for a-
syn aggregates (K; = 39.3 nM). On the other hand, the fact that
the quinoxaline derivatives (SQ1 and SQ2) displayed lower
binding affinity for a-syn aggregates than the corresponding
quinoline derivatives (SQ3 and SQ4) revealed that the
quinoline backbone may be preferable to the quinoxaline
backbone for a-syn imaging probes.

Next, SQS and SQ6 had a fluoroethoxy moiety introduced at
the S- and 8-positions of quinoline, respectively, in order to
evaluate the effect of the introduction site of a substituent on
binding affinities for a-syn and Af aggregates. Interestingly,
SQS displayed high binding affinities for both protein
aggregates (a-syn: K; = 29.2 nM, Af: K = 6.26 nM), although
SQ6 displayed low binding affinities for them (a-syn: K; >
1000 nM, Af: K; > 1000 nM). It was suggested that there is
much space near the S- and 6-positions of the quinoline
skeleton at the binding site of the SQ compounds for both
protein aggregates. In addition, since the space near the 7-
position at the binding site for a-synuclein aggregates of the
probe might be wider than that of A aggregates, it is
considered that SQ3 showed higher affinity for a-syn
aggregates than AS aggregates.

SQ4, with the highest affinity for a-syn aggregates, and SQ3,
with the highest selectivity for a-syn aggregates, against Af
aggregates of 4 compounds (SQ3—6) were selected as lead
compounds for further structure—activity relationship study.
Next, the brain permeability of styrylquinoline derivatives was
the focus. CNS MPO SCORE is an index of brain permeability
that is calculated from six elements (CLogP, MW, pK,

topological polar surface area (TPSA), hydrogen bond donor
(HBD), and ClogD).25 CNS MPO SCORE of most
compounds showing brain permeability is equivalent to or

higher than 4 (Table 2). Although SQ3 and SQ4 meet this

Table 2. MPO Score and Its Component Parameter Values

CNS MPO

compd CLogP CLogD MW TPSA HBD score
1SQ 4.735 2.74 401.2 29.02 0 3.83
SQ1,2 4.301 2.734 3374 38.25 0 4.77
SQ3,4 4.207 3.207 336.4 25.36 0 4.17
SQS,6 4.207 3.207 336.4 25.36 0 4.17
SQ7,8 3.564 3.564 360.4 52.83 0 4.94
SQ9,10 3.023 2.678 3374 38.25 0 5.32
SQl11,12 3.987 3.987 338.3 67.94 0 4.60
SQ13,14 3.924 3.481 424.5 43.82 0 4.58
SQ15,16 3.321 2.555 3664  45.59 1 S.10

standard, six compounds (SQ7—12) were designed and
evaluated with a modified styryl moiety in order to identify
better a-syn imaging probes. These six compounds showed a
higher MPO SCORE than SQ3 and SQ4 (Table 2). In
particular, CLogP has been greatly reduced, and they were
designed to improve water solubility. Moreover, it was
reported that kinetics in the normal rat brain were improved
by the introduction of a triazole group or pyridine ring in
IMPY (N,N-dimethyl-4-(6-(methylthio)imixazo[1,2-a]-
pyridinyl)aniline) derivatives, Af imaginGg probes, instead of
a dimethylamine group or benzene ring.”® It was also reported
that chalcone derivatives detect a-syn aggregates with high
affinity and selectivity by replacing a p-dimethylamino group
with a p-nitro group.” However, SQ7—12 displayed lower
affinity for a-syn aggregates (K, > 185 nM) than the
corresponding p-dimethylamino SQ derivatives (SQ3 and
SQ4). Although there are several possible causes for this result,
the dimethylamino group and benzene ring are largely involved
in the hydrophobic binding site of the probe for protein
aggregates. For that reason, it is considered that the
hydrophobic interaction would be diminished by the design
to increase water solubility in order to improve brain
permeability.

Next, the study focused on the fluoroethoxy moiety, and
four compounds (SQ13—16) modified with this moiety in
order to improve brain permeability were evaluated. These
compounds also showed a higher CNS MPO SCORE than
SQ3 and SQ4 (Table 2). Moreover, a previous study indicated
that brain permeability was improved by the introduction of
fluorotriethylene glycol or (3-fluoro-2-hydroxy)propoxyl in-
stead of a fluoroethoxy moiety.'> However, most of them
displayed lower affinity for a-syn aggregates than the
corresponding fluoroethoxy SQ_derivatives (SQ3 and SQ4).
Only SQ14 displayed high binding affinity for a-syn aggregates
(K; = 10.8 nM) but also showed high binding affinity for Af
aggregates (K; = 9.56 nM). It was suggested that long linkers at
the 7-position of the quinoline backbone and linkers with
hydroxyl groups may reduce the binding affinity for a-syn
aggregates. To summarize the results for SQ7—14, although we
used CNS MPO SCORE to increase brain permeability, it is
suggested that the improvement of water solubility markedly
reduced the binding affinity for a-syn aggregates, as for
styrylquinoline derivatives.

1601 https://doi.org/10.1021/acsmedchemlett.2c00279
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Scheme 4. Synthesis Route of Precursors 28, 29, and 30 and Radiosynthesis of [**F]SQ3, [**F]SQ4, and [**F]SQ14

6 (R"=Br, RZ=H)
7(R'=H,R?=Br)

N
N A
O A
RZ

=
\
N\
R! N X
A
JO

(a)

—_—

R1

(b)

28 (R" = TsOCH,CH,0, R? = H)
29 (R" = H, R? = TsOCH,CH,0)
30 (R! = H, R? = TsO(CH ,CH,0)3)

['8F114 (['®F]SQ3) : R' = "8FCH,CH,0, R? = H
['8F115 (["®F]SQ4) : R! = H, R? = "®FCH,CH,0
['8F125 (['®F]SQ14) : R' = H, R? = "8F(CH,CH,0);

“Reagents and conditions: (a) (1) quinoline scaffolds (6 or 7), piperidine, AcOH, toluene, reflux, (2) Cu(acac),, LIOH-H,0, N',N*-bis(4-hydroxy-
2,6-dimethylphenyl)oxalamide, DMSO/H,0, 80 °C, (3) tosyl scaffolds (1,2-bis(tosyloxy)ethane or triethylene glycol bis(p-toluenesulfonate),

Cs,CO;, DMF, 100 °C; (b) Kryptofix 222, [**F]KF, DMF, 120 °C.

Summarizing the results of SQ1—14, SQ3 had the highest
selectivity for a-syn aggregates against Af} aggregates. Effica-
cious a-syn imaging agents show K; < 1 nM for a-syn,27
although it is not possible to establish a clear standard because
the quantitative value varies greatly depending on the kind of
inhibitor in the inhibition assay. In addition, since a-syn
aggregates have a lower concentration in the brain than Ap
aggregates and the size of the aggregates is smaller, the
selectivity against A} aggregates should be 10 times higher or
more. Considering the results from these points of view, the
binding affinity and selectivity versus Af} aggregates of SQ3 are
considered to be moderate.

CNS MPO SCORE is only a predictive index, and there is
no correlation between CNS MPO SCORE and brain uptake
for some compounds. From the results of the binding assay,
both SQ4 and SQI14 showed much higher affinity for a-syn
aggregates than SQ3. Therefore, three compounds (SQ3, SQ4,
and SQ14) were labeled with 'F to evaluate brain uptake and
the correlation between brain uptake and CNS MPO SCORE.
The tosyl precursors (28, 29, and 30) of ["*F]SQ3, ['*F]SQ4,
and ["®F]SQI4 were prepared using the same method as for
non-radioactive SQ3 (Scheme 4). ["*F]SQ3, [**F]SQ4, and
['®F]SQ14 were obtained from 28, 29, and 30 by a
nucleophilic substitution reaction. The radiochemical identity
of the radiofluorinated ligands was confirmed by the same
method of '*I radiolabeling. ['*F]SQ3, ['*F]SQ4, and
["®F]SQI14 were obtained in radiochemical yields of 20.0,
30.2, and 2.2%, respectively, with radiochemical purities of
over 99% after HPLC purification. Specific activities of
["*F]SQ3, ['®*F]SQ4, and [®F]SQIl4 were 4260, 23.4, and
298 MBq/mmol, respectively.

To evaluate brain uptake and washout, a biodistribution
experiment using normal mice was performed (Table 3). In
order to specifically detect a-syn aggregates in the brain, it is
desirable for a-syn imaging probes to be rapidly taken up at an
early time-point after injection and rapidly washed out from
the brain because normal mice do not have a-syn aggregates in
the brain. The radioactivity accumulation of [“F]SQ3,
['®F]SQ4, and ['®F]SQI14 in the brain was 2.08, 1.78, and
2.57 percentage injected dose per gram (% ID/g) at 2 min post
injection, respectively. There was a positive correlation
between CNS MPO SCORE and brain uptake. Thereafter, it
was dispersed with time, decreasing to 1.05—1.58 and 0.93—

1602

1.13% ID/g at 30 and 60 min post injection, respectively.
These uptakes were higher than those with ['SF]2FBox’
(0.47% ID/g peak at 12 min after intravenous injection),
which detected a-syn aggregates in an ex vivo autoradiography
study, and ['2¥/'*T]PHNP-3° (0.78% ID/g peak at 2 min after
intravenous injection), which detected a-syn aggregates
selectively in fluorescence staining. However, these values
were lower than those of A# and tau probes, which are used
clinically.”**” Washout from the brain was confirmed for all
compounds (Figure 1). However, the radioactivity accumu-
lation after 60 min exceeded 1% ID/g for all compounds,
indicating that a part of these compounds tended to remain in
the brain. The difference between SQ3 and SQ4 was not clear,
but it is predicted that the difference in metabolic rate may
have led to the difference in washout.

Marked accumulation of ["*F]SQ3 and [®*F]SQ4 in the
bone was not observed (1.67, 1.4S and 2.56, 3.36% ID/g at 2
and 60 min post injection, respectively), indicating that they
may exhibit high stability against defluorination in vivo until 60
min post injection. On the other hand, defluorination of
["*F]SQI14 with fluorotriethylene glycol was observed (2.44
and 7.48% ID/g at 2 and 60 min post injection, respectively).

Based on these results, ['*F]SQ3 also exhibited the most
favorable pharmacokinetics in terms of brain permeability and
stability against defluorination. In addition, considering the
results of SQ4 and SQI14, a compound design which reduces
lipophilicity while maintaining the molecular size is needed to
achieve more favorable brain pharmacokinetics than with SQ3.
However, from a clinical point of view, there are still points to
be improved regarding the slow clearance rate and moderate
brain permeability.

Sixteen styrylquinoline/quinoxaline derivatives were newly
designed, synthesized, and evaluated to identify a novel in vivo
a-syn imaging probe. This study revealed that a quinoline
backbone is more preferable than a quinoxaline backbone in
light of binding affinity for a-syn aggregates. In addition,
binding affinities for both a-syn and Af aggregates changed
markedly depending on both the sites and kinds of substituent.
In particular, SQ3, with a fluoroethoxy group at the 7-position,
showed good binding affinity for a-syn aggregates and
moderate selectivity for a-syn aggregates over Af aggregates
in vitro among these compounds. Moreover, ['*F]SQ3 also
exhibited favorable brain pharmacokinetics in normal mice.
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Table 3. Biodistribution of Radioactivity after Intravenous Injection of [**F]SQ3, ['*F]SQ4, and ['*F]SQ14 in Normal Mice”

tissue

blood
liver
kidney
intestine
spleen
pancreas
heart
lung
stomach?
brain

bone

blood
liver
kidney
intestine
spleen
pancreas
heart
lung
stomach?
brain

bone

blood
liver
kidney
intestine
spleen
pancreas
heart
lung
stomach?
brain

bone

time after injection (min)

4.04 (0.40)
16.07 (2.37)
10.41 (0.59)
2.08 (0.44)
2.47 (0.29)
4.57 (0.58)
6.98 (1.09)
6.55 (1.14)
1.00 (0.16)
2.08 (0.17)
1.67 (0.51)

10.93 (1.50)
19.72 (2.48)
13.17 (1.59)
1.98 (0.44)
2.99 (0.53)
2.93 (0.84)
6.33 (1.21)
10.15 (0.59)
1.50 (0.39)
1.78 (0.64)
1.45 (0.29)

5.88 (2.31)
9.67 (0.80)
12.91 (1.35)
2.40 (0.40)
2.94 (0.36)
3.85 (0.77)
5.55 (0.61)
6.44 (0.96)
1.10 (0.14)
2.57 (0.70)
2.44 (0.50)

10 30 60

['*F]SQ3
2.29 (0.53) 1.97 (0.31) 1.97 (0.22)
16.51 (1.60) 11.26 (1.23) 7.83 (0.86)
7.87 (0.87) 5.51 (0.68) 4.19 (0.46)
3.81 (0.38) 7.97 (0.93) 10.22 (2.07)
2.70 (0.29) 2.29 (0.25) 1.79 (0.62)
3.25 (0.45) 2.32 (0.27) 1.94 (0.23)
3.37 (0.37) 2.56 (0.30) 2.21 (0.33)
3.86 (0.49) 2.83 (0.41) 2.29 (0.44)
2.26 (0.28) 3.38 (0.84) 422 (0.93)
1.94 (0.30) 1.58 (0.27) 1.13 (0.13)
2.11 (0.55) 2.36 (0.64) 2.56 (0.52)

["*F]SQ4
4.34 (0.49) 2.16 (0.74) 1.55 (0.11)
35.82 (3.71) 34.00 (4.63) 31.57 (4.21)
16.62 (2.63) 13.12 (2.67) 11.57 (2.30)
3.39 (0.29) 4.92 (0.94) 7.69 (0.65)
5.65 (1.02) 5.13 (1.19) 4.97 (1.19)
2.31 (0.24) 1.84 (0.45) 2.06 (0.60)
3.10 (1.68) 2.54 (0.23) 2.03 (1.05)
6.78 (0.78) 4.11 (0.74) 349 (0.73)
2.70 (0.78) 3.11 (1.51) 3.89 (1.10)
1.28 (0.17) 1.05 (0.52) 0.93 (0.09)
1.48 (0.35) 2.08 (0.68) 3.36 (0.84)

['*F]SQ14
2.51 (0.78) 1.89 (0.13) 1.80 (0.30)
15.08 (3.08) 13.23 (1.41) 12.92 (2.31)
11.89 (2.00) 7.71 (0.82) 6.80 (2.14)
3.40 (0.79) 7.43 (0.91) 10.11 (1.90)
3.49 (0.66) 2.40 (0.31) 1.96 (0.47)
2.63 (0.35) 1.80 (0.18) 1.39 (0.08)
3.22 (0.31) 2.23 (0.17) 1.97 (0.35)
3.73 (0.83) 2.63 (0.16) 2.35 (0.34)
2.01 (0.32) 3.14 (0.64) 3.04 (0.64)
2.02 (0.23) 140 (0.22) 0.93 (0.16)
6.35 (3.52) 6.76 (1.40) 7.48 (2.36)

“Expressed as % injected dose per gram. Each value represents the mean (SD) of 5 animals. “Expressed as % injected dose per organ.
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Figure 1. Washout from brains of normal mice of each compound
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