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Soluble epoxide hydrolase (sEH) is a bifunctional enzyme located

within cytosol and peroxisomes that converts epoxides to the

corresponding diols and hydrolyzes phosphate monoesters. It serves
to inactivate epoxyeicosatrienoic acids (EETs), which are generated

in the brain to couple neuronal activity and cerebral blood flow in

normal and pathologic states. Altered regulation of sEH was observed

previously in various neuropathologic disorders including vascular
dementia and stroke. Inhibitors of sEH are pursued as agents to mitigate

neuronal damage after stroke. We developed N-(3,3-diphenylpropyl)-

6-18F-fluoronicotinamide (18F-FNDP), which proved highly specific

for imaging of sEH in the mouse and nonhuman primate brain with
PET. Methods: 18F-FNDP was synthesized from the corresponding

bromo precursor. sEH inhibitory activity of 18F-FNDP was measured

using an sEH inhibitor screening assay kit. Biodistribution was un-

dertaken in CD-1 mice. Binding specificity was assayed in CD-1
and sEH knock-out mice and Papio anubis (baboon) through pre-

treatment with an sEH inhibitor to block sEH binding. Dynamic PET

imaging with arterial blood sampling was performed in 3 baboons, with
regional tracer binding quantified using distribution volume. The metab-

olism of 18F-FNDP in baboons was assessed using high-performance

liquid chromatography. Results: 18F-FNDP (inhibition binding affinity

constant, 1.73 nM) was prepared in 1 step in a radiochemical yield of
14% ± 7%, specific radioactivity in the range of 888–3,774 GBq/μmol,

and a radiochemical purity greater than 99% using an automatic radio-

synthesis module. The time of preparation was about 75 min. In CD-1

mice, regional uptake followed the pattern of striatum . cortex .
hippocampus . cerebellum, consistent with the known brain distribu-

tion of sEH, with 5.2% injected dose per gram of tissue at peak uptake.

Blockade of 80%–90% was demonstrated in all brain regions. Minimal
radiotracer uptake was present in sEH knock-out mice. PET baboon

brain distribution paralleled that seen in mouse, with a marked block-

ade (95%) noted in all regions indicating sEH-mediated uptake of
18F-FNDP. Two hydrophilic metabolites were identified, with 20% par-
ent compound present at 90 min after injection in baboon plasma.

Conclusion: 18F-FNDP can be synthesized in suitable radiochemical

yield and high specific radioactivity and purity. In vivo imaging exper-

iments demonstrated that 18F-FNDP targeted sEH in murine and
nonhuman primate brain specifically. 18F-FNDP is a promising PET

radiotracer likely to be useful for understanding the role of sEH in

a variety of conditions affecting the central nervous system.
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Epoxyeicosatrienoic acids (EETs) are signaling molecules im-
portant in the vasodilation of cerebral vessels that accompanies neu-

ronal activity. They also modulate the activity of numerous molecular

targets and signaling pathways (1). Soluble epoxide hydrolase (sEH),

abundantly distributed throughout the mammalian body (2,3), cata-

lyzes the hydrolysis of EETs to less biologically active molecules (4).

During the last decade, sEH has become a pharmaceutical target, and

several small-molecule sEH inhibitors have been developed. Those

sEH inhibitors elevate levels of EETs that in turn could benefit a

variety of conditions including hypertension, atherosclerosis, inflam-

mation, diabetes, pain, and pulmonary diseases, among others (5).
Regulation of sEH is altered in many conditions, including

vascular cognitive impairment (VCI) and stroke. The contribution of

cerebrovascular pathology to Alzheimer disease (AD) and dementia

is becoming more appreciated. Postmortem studies have shown that

one third of patients with dementia have comorbid cerebrovascular

pathology (6,7). A recent report found a 50% greater sEH activity in

subjects with VCI versus age-matched controls (8). The most com-

mon type of VCI is associated with white matter hyperintensities that

are early predictors of conversion to mild cognitive impairment (8)

that, in turn, represents an increased risk of developing AD.
As noted above, changes in the expression of sEH alter the

biologic effects of EETs. A consistently observed effect of EETs is

their ability to prevent apoptosis after ischemic insult as well as

other forms of injury (9). Various studies have shown that EETs

protect the brain during stroke and that inhibition of sEH enhances

this effect (10). Patients suffering aneurysmal subarachnoid hemor-

rhage are at high risk for delayed cerebral ischemia and stroke (11).

Patients with the common K55R genetic polymorphism in the sEH

gene (Ephx2) demonstrated 30% lower levels of EETs due to in-

creased activity of sEH (12), and they exhibited a mortality of

28.6% after stroke versus 5.3% in the control subjects (11). Other

studies have demonstrated highly increased expression of sEH in

animal models of epilepsy (13) and Parkinson disease (14).
In addition to facilitating drug development (5), the importance

of a PET imaging agent targeting sEH resides in gaining a better

understanding of stroke and dementia, namely the vascular aspects
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of the latter, noninvasively, repeatedly and at high resolution. Clin-
ically, stroke is evaluated primarily through anatomic and func-
tional MRI, with molecular approaches limited because of a lack
of viable radiotracers for this indication beyond those used to mea-
sure perfusion with SPECT (15). A PET agent for sEH may enable
distinction between AD and VCI in vivo, rather than having to rely on
postmortem observation of Ab plaques and neurofibrillary tangles
(16,17).
Here we describe the synthesis (Fig. 1), rodent biodistribution,

and baboon brain PET imaging of N-(3,3-diphenylpropyl)-6-18F-
fluoronicotinamide (18F-FNDP), a radiotracer for sEH that is structurally
similar to the potent sEH inhibitorN-(3,3-diphenylpropyl)-nicotinamide
(18) (nor-fluoro-FNDP).

MATERIALS AND METHODS

The experimental animal protocols were approved by the
Animal Care and Use Committee of the Johns Hopkins Medical

Institutions.

Chemistry

Synthesis of N-(3,3-diphenylpropyl)-6-fluoronicotinamide (FNDP)
and 6-bromo-N-(3,3-diphenylpropyl)nicotinamide (precursor-FNDP)

is described in the supplemental materials (available at http://jnm.
snmjournals.org).

18F-FNDP. A solution of 18F-fluoride obtained from proton bom-
bardment of 18O-water in a PETtrace cyclotron (GE Healthcare) and

2 mg of K2CO3 in 0.4 mL of water and 15–20 mg of Kryptofix 222
(Sigma-Aldrich) in 2 mL acetonitrile were added to a reaction vessel of a

MicroLab module (GE Healthcare). The mixture was evaporated azeo-
tropically at 140�C under a stream of argon after the addition of 2 mL of

CH3CN. A solution of the precursor-FNDP (2 mg) in dimethyl sulfoxide
(0.8 mL) was added to the reaction vessel with the mixture heated at

160�C for 12 min. The reaction mixture was cooled, diluted with 0.7 mL
of water, and injected onto the reversed-phase semipreparative high-

performance liquid chromatography (HPLC) column. The radioac-
tive product peak was collected in 50 mL of HPLC-grade water. The

water solution was transferred through an activated Waters C-18
Sep-Pak light cartridge. After the cartridge was washed with 10 mL of

saline, the product was eluted with 1 mL of ethanol through a 0.2-mM
sterile filter into a sterile, pyrogen-free vial, and 10 mL of 0.9% saline

were added through the same filter. The final product 18F-FNDP was then

analyzed by analytic HPLC to determine the radiochemical purity and
specific radioactivity. The total preparation time including quality control

was 75 min.

Semipreparative HPLC Conditions

The following were semipreparative HPLC conditions: Luna C18,

10 mm, 10 · 250 mm; mobile phase, 45:55 (acetonitrile, 0.1 M aqueous
ammonium formate); flow rate, 10 mL/min; ultraviolet, 254 nm; reten-

tion time, 13 and 21 min (FNDP and precursor-FNDP, respectively).

Analytic HPLC Conditions

The following were analytic HPLC conditions: Luna C18, 10 mm,
4.6 · 250 mm; mobile phase, 55:45 (acetonitrile, 0.1 M aqueous

ammonium formate); flow rate, 3 mL/min; ultraviolet, 254 nm; retention
time, 3.9 and 6.5 min (FNDP and precursor-FNDP, respectively).

In Vitro Inhibition of sEH with FNDP

Inhibitory activity of FNDP and nor-fluoro-FNDP, an analog of

FNDP and known inhibitor of sEH (18), was measured using the sEH
Inhibitor Assay Kit (Cayman Chemical). In brief, half maximal inhib-

itory concentration (IC50) values of the sEH inhibitors were determined
by measuring the inhibition of hydrolysis of (3-phenyl-oxiranyl)-acetic

acid cyano-(6-methoxy-naphthalen-2-yl)-methyl ester by sEH. AUDA
(Cayman Chemical), a known inhibitor of sEH (19), was used as a

positive control. All reactions were done in triplicate, and the data were
analyzed using GraphPad Prism (GraphPad Software) and inhibitory con-

stants (inhibition binding affinity constant [Ki] values) were generated.

Biodistribution Studies with 18F-FNDP in Mice

Baseline Study in CD-1 Mice. Male, CD-1 mice weighing 25–27 g
from Charles River were used. The animals were sacrificed by cervical

dislocation at 5, 15, 30, 60, and 90 min after injection of 3.7 MBq
(0.1 mCi) of 18F-FNDP (specific radioactivity, 814 GBq/mmol

[22,000 mCi/mmol]) in 0.2 mL of saline into a lateral tail vein (n 5 3).
The brains were removed and dissected on ice. Striatum, cortex, hip-

pocampus, hypothalamus, cerebellum, and the rest of the brain were
weighed, and their radioactivity content was determined in a g-counter

LKB/Wallac 1283 CompuGamma CS (Perkin Elmer). Aliquots of the
injectate were prepared as standards, and their radioactivity content was

determined along with the tissue samples. The percentage injected dose
per gram of tissue (%ID/g of tissue) was calculated.

Blocking of 18F-FNDP Binding in CD-1 Mice. In vivo binding

specificity (blocking) studies were performed by subcutaneous
administration of various doses (0, 0.03, 0.3, 1, and 3 mg/kg) of

nor-fluoro-FNDP followed by intravenous injection of 3.7 MBq
(0.1 mCi) of 18F-FNDP 15 min thereafter (n 5 3). Ninety minutes

after administration of the radiotracer, the animals were sacrificed by
cervical dislocation, brain tissues were harvested, and their radioactivity

content was determined.

Baseline and Blocking Studies of 18F-FNDP in sEH

Knock-Out (sEH-KO) and C57BL/6 Control Mice

Baseline and blockade studies (nor-fluoro-FNDP, 1 mg/kg, sub-
cutaneously) with the same batch of 18F-FNDP were performed

similarly to the studies described above. sEH-KO mice (Ephx2 gene
deletion; Jackson Laboratory) and C57BL/6 background strain mice were

studied. Animals were sacrificed at 60 min after radiotracer injection.

The sample size of CD-1 and sEH-KO mice in the baseline and
blocking studies was 3 and 5, respectively, corresponding to the statistical

power value greater than 0.9 as calculated by G*Power, v.3.1.9.2 freeware.

Baboon PET and Radiometabolite Studies

(Supplemental Materials)

Dynamic baseline PET experiments (90 min) were performed on 3
male baboons (Papio anubis) weighing 23.9, 25.0, and 28.2 kg, using

the High Resolution Research Tomograph (HRRT; CPS Innovations,
Inc.). A blocking PET scan was also conducted with the last of the

baboons. In brief, the baseline dynamic PET acquisitions were per-
formed with an intravenous injection of 290 6 37 MBq (7.9 6 1.0 mCi)

of 18F-FNDP (specific radioactivity, 1,5216 1,020 GBq/mmol [41,1076
27,579 mCi/mmol]; carrier mass, 0.0046 0.002 mg/kg). For the blocking

study, nor-fluoro-FNDP (2 mg/kg) was given subcutaneously 1 h before

the intravenous bolus injection of 307 MBq (8.3 mCi) of 18F-FNDP
(specific radioactivity, 1420 GBq/mmol [38,386 mCi/mmol]; carrier

mass, 0.0025 mg/kg) and the start of the dynamic scan. Radiometabolite
FIGURE 1. Radiosynthesis of 18F-FNDP, a radiotracer for PET imag-

ing of sEH.
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analysis in baboon arterial blood was performed under the general

conditions published previously (20) and are described in detail in the
supplemental materials.

PET Data Analysis

PET image reconstruction, volumes of interest and regional time–
activity curves, and PET kinetic analysis, which involved calculation

of brain regional distribution volume (VT), are described in the sup-
plemental materials.

RESULTS

Chemistry

N-(3,3-diphenylpropyl)-6-fluoronicotinamide (FNDP) and N-(3,3-
diphenylpropyl)-6-bromonicotinamide (precursor-FNDP) were syn-
thesized with high yield (59%–72%) (supplemental materials;
Supplemental Fig. 1). The molecular structures of FNDP and
precursor-FNDP were confirmed by nuclear magnetic resonance
analysis.

18F-FNDP was prepared by nucleophilic radiofluorination of
the bromo precursor-FNDP in a radiochemical yield of 14% 6 7%
(n 5 6) (non–decay-corrected), specific radioactivity in the range
of 888–3,774 GBq/mmol (24,000–102,000 mCi/mmol) at the time
synthesis ended, and in a radiochemical purity greater than 99%
(Fig. 1). The final product, 18F-FNDP, was formulated as a sterile,
apyrogenic solution in 7% ethanolic saline with a pH of 5.5–6.5.
FNDP exhibited IC50 and Ki values comparable to the potent sEH

inhibitor AUDA. IC50 values of FNDP, nor-fluoro-FNDP, and AUDA
were 8.66 6 0.06, 18.53 6 0.04, and 6.48 6 0.05 nM, respectively
(Supplemental Fig. 2). The corresponding Ki values of FNDP, nor-
fluoro-FNDP, and AUDAwere 1.73, 3.71, and 1.30 nM, respectively.

Regional Brain Distribution Studies in CD-1 Mice

Baseline Study. The regional distribution of 18F-FNDP in the
CD-1 mouse brain is shown in Table 1.
sEH Binding Specificity of 18F-FNDP: Dose-Escalation Blocking

in CD-1 Mice. The sEH inhibitor nor-fluoro-FNDP blocked the
18F-FNDP binding in all studied brain regions (striatum, hippo-
campus, cortex, and cerebellum) at 60 min after injection in a
dose-dependent fashion (Fig. 2). At the highest blocker dose of
3 mg/kg, the reduction of radioactivity uptake in the striatum,
hippocampus, and cortex was approximately 90% and in the
cerebellum it was approximately 75%.
Baseline and Blocking Studies of 18F-FNDP in sEH-KO and

C57BL6 Control Mice. In the baseline experiment at 60 min after
injection, the regional uptake of 18F-FNDP in the C57BL6 control
mice was approximately 1 %ID/g in the striatum, hippocampus,
and cortex and 0.5 %ID/g in the cerebellum (Fig. 3). In the blocking

experiment in the C57BL6 mice, the 18F-FNDP brain uptake was
reduced to approximately 0.2 %ID/g tissue in all regions studied. In
sEH-KO mice, the regional brain uptake of 18F-FNDP at 60 min
was nearly the same in the baseline (0.11–0.12 %ID/g) and blocking
experiments (0.10–0.11 %ID/g) (Fig. 3).

PET Imaging in Papio Anubis

High, heterogeneous uptake of radioactivity into the baboon
brains was observed during baseline scans after bolus injection of
18F-FNDP (Fig. 4). Regional time–activity curves peaked at ap-
proximately 5 min, with peak SUVs ranging from 2.5 to 4.0 g/mL.
The SUVpeak of the entire brain was 3.2 and gradually reduced to
1.8 at 90 min. The highest accumulation of radioactivity occurred
in the putamen, insula, frontal cortex, and amygdala, with lower
uptake in white matter and cerebellum. Notably, time–activity
curves of the cerebellum decreased more rapidly than for other
regions (Fig. 4). For baseline scans, all brain regions yielded stable
VT estimates for scans longer than 60 min when using either
compartmental modeling or Logan graphical analysis, where the
2 methods generated comparable regional VT results (supplemen-
tal materials). To facilitate obtaining VT parametric images, VT

values presented herein were based on the Logan method.
When quantified using VT for baseline studies, among the 13

brain volumes of interest investigated, the highest radioligand bind-
ing occurred in the insula, putamen, caudate, and amygdala (VT .
11.5), with intermediate uptake in frontal/temporal gyrus and
hippocampus (VT . 10.1), followed by globus pallidus, corpus cal-
losum, white matter, hypothalamus, and thalamus (VT . 8.1). Low-
est binding was in the cerebellum, with an average VT of 7.9 6 1.0.
Time–activity curve comparisons between baseline and block-

ing studies in the same baboon are shown in Figure 5. With blocking,
regional time–activity curves peaked much earlier, at approximately
1 min after injection, with an average SUVpeak of 2.3 g/mL over the
entire brain, and decreased rapidly to an average SUVof 0.18 g/mL,
10% of the baseline value, at the end of the 90-min scan. All regions
in the blockade scan showed a VT , 0.8 and reductions of . 90%
when compared with baseline VT values. The percentage reductions
were comparable between high- and low-binding regions identified
during the baseline study, for example, insula and amygdala at 95%
reduction, whereas the cerebellum demonstrated 93% reduction
(Supplemental Fig. 3). Parametric VT images were generated for
both baseline and blocking scans for comparison (Fig. 6).
The specific radioactivity of 18F-FNDP doses in the blockade and

baseline baboon studies ranged between 629 and 2,634 GBq/mmol.
Because the specific activity was so high, the corresponding FNDP
carrier mass was only 0.001–0.006 mg/kg, 6 orders of magnitude
lower than the nor-fluoro-FNDP blocker dose (2 mg/kg). Therefore,
variability in specific radioactivity unlikely affects the results.

TABLE 1
Regional Distribution of 18F-FNDP in CD-1 Mouse Brain (Mean %ID/g Tissue ± SD, n 5 3)

Brain region 5 min 15 min 30 min 60 min 90 min

Striatum 5.24 ± 0.45 3.29 ± 0.36 2.32 ± 0.15 1.07 ± 0.14 0.54 ± 0.07

Cortex 4.69 ± 0.21 2.92 ± 0.36 2.07 ± 0.05 0.87 ± 0.14 0.45 ± 0.05

Hippocampus 3.29 ± 0.54 2.51 ± 0.34 1.76 ± 0.15 0.81 ± 0.15 0.43 ± 0.06

Rest of brain 3.53 ± 0.11 2.37 ± 0.34 1.64 ± 0.06 0.71 ± 0.10 0.38 ± 0.04

Hypothalamus 2.59 ± 0.18 1.66 ± 0.28 1.04 ± 0.08 0.51 ± 0.07 0.31 ± 0.05

Cerebellum 2.75 ± 0.11 1.31 ± 1.01 1.09 ± 0.16 0.52 ± 0.07 0.29 ± 0.04
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Radiometabolite analysis of blood samples from baboons using
reversed-phase HPLC showed that the parent compound 18F-FNDP
was metabolized to 2 hydrophilic species (Supplemental Fig. 6). The
combined radiometabolites in the plasma reached values of 80% in
baboons at 90 min after injection (Supplemental Figs. 5 and 6).

DISCUSSION

Because of the lack of available radiotracers, only about 39 of
the hundreds of known binding sites (receptors and enzymes) in
the human brain have been imaged by PET (21). Until now, sEH
was one of many binding sites lacking a specific PET radiotracer.

With the substantial number of sEH inhibitors developed by the
pharmaceutical industry and academia, opportunities for sEH PET
radiotracer development are available. However, many potent sEH
inhibitors possess a large hydrophobic domain, rendering them
unlikely radiotracers because of potentially high nonspecific bind-
ing (Supplemental Fig. 4).
Here we synthesized N-(3,3-diphenylpropyl)-6-fluoronicotinamide

(FNDP; Supplemental Fig. 1), a potent sEH inhibitor with molec-
ular properties (log P, 2.9; molecular weight, 334 Da) optimal for
brain PET radiotracers (22). FNDP is structurally similar to the sEH
inhibitor N-(3,3-diphenylpropyl)-nicotinamide (nor-fluoro-FNDP),
identified by Boehringer Ingelheim as an sEH inhibitor (human
IC50 of 7 nM) with improved druglike characteristics (18), and
was used here as a lead compound for development of FNDP and
blocker in animal experiments. In vitro assay demonstrated that
FNDP is an sEH inhibitor with higher potency than that of the lead
nor-fluoro-FNDP and comparable to the sEH inhibitor AUDA (sup-
plemental materials; Supplemental Fig. 2).
FNDP contains a fluorine atom in position 2 of the pyridine ring

that is activated for nucleophilic substitution and can be readily
radiofluorinated via a corresponding bromo precursor (23). Radio-
synthesis of 18F-FNDP was performed in a conventional 18F-FDG
radiochemistry module by the nucleophilic radiofluorination of
precursor-FNDP (Fig. 1) followed by semipreparative HPLC sep-
aration and formulation of the final radiolabeled product as a
sterile apyrogenic solutions. The radiotracer was prepared with
very-high-specific radioactivity and radiochemical purity. Precursor-
FNDP was readily separated by preparative HPLC and was not de-
tectable in the final product 18F-FNDP by analytic HPLC.

Mouse Studies

In CD-1 mice, 18F-FNDP exhibited a heterogeneous pattern of
brain uptake, comparable to the expected regional expression of
sEH in the mouse brain (3). Peak uptake was 5.2 %ID/g at 5 min
after injection, followed by a rapid decline. That brain uptake is
considered to be moderately high because uptake of 1 %ID/g has
traditionally been used as the minimum criterion for selection of
investigational central nervous system radiotracers at our PET
center. Among brain regions studied, the highest accumulation
of 18F-FNDP occurred in the striatum, cortex, hippocampus, and

FIGURE 3. Baseline and blocking of 18F-FNDP (3.7 MBq [0.1 mCi])

uptake in sEH-KO and control C57BL/6 mice at 60 min after injection

of radiotracer. Data are mean %ID/g ± SD (n 5 5). Blocking used sEH

inhibitor nor-fluoro-FNDP (1 mg/kg, subcutaneously). CB 5 cerebellum;

Ctx 5 cortex; Hipp 5 hippocampus; Str 5 striatum

FIGURE 2. Dose-dependent blocking of 18F-FNDP (3.7 MBq [0.1 mCi])

uptake with sEH inhibitor nor-fluoro-FNDP (s.c. [subcutaneously]) in

CD-1 mouse brain at 60 min after radiotracer injection. Data are

mean %ID/g tissue ± SD (n 5 3). Blocking curve demonstrates that
18F-FNDP specifically labels sEH binding sites in all brain regions

studied. Residual binding at highest dose of blocker corresponds to

nonspecific binding. CB 5 cerebellum; Ctx 5 cortex; Hip 5 hippo-

campus; Str 5 striatum.

FIGURE 4. Representative time–activity curves obtained from base-

line PET study in baboons. Thirteen brain regions were analyzed, 6 of

which were shown above for clarity.
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rest of brain, whereas lower but considerable radioactivity was
seen in the hypothalamus and cerebellum (Table 1). The mouse
brain distribution is comparable with in vitro data (3).
Two types of studies were performed for demonstration of the

specificity of 18F-FNDP binding, namely, dose-escalation blockade
in CD-1 mice and biodistribution in sEH-KO mice. Regional brain
uptake of 18F-FNDP in CD-1 mice, a common strain for testing PET
radiotracers, was highly sensitive to escalating doses of the sEH

inhibitor nor-fluoro-FNDP (Fig. 2). The blocked binding in CD-1
mouse brain is considered to be specific (90% in the striatum,
hippocampus, and cortex), whereas the residual binding at the high
dose of the blocker is considered to be nonspecific binding (10%).
These findings indicate that 18F-FNDP uptake in the mouse brain is
highly specific and mediated by sEH. The 75% blocking of radio-
activity in the cerebellum is consistent with expression of sEH in
this region (3) and suggests that the cerebellum may not be able to
be used as a reference in the mouse brain.
As a further test of binding specificity, we used sEH-KO mice

and control animals with the same genetic background (C57BL/6)
(24). Because the sEH-KO mouse brain is devoid of sEH (14), we
expected that 18F-FNDP binding in these mice would be nonspe-
cific and that the difference between sEH-KO and control brain
uptake would represent specific sEH binding. Uptake of 18F-FNDP
was compared in the baseline experiments in sEH-KO and control
animals (C57BL/6) at 60 min after radiotracer injection (Fig. 3).
There was a marked reduction of 18F-FNDP uptake (;90%) in the
sEH-KO mice as compared with controls. High values of control/
sEH-KO were demonstrated in all regions tested (10.3, striatum;
9.4, cortex; 9.2, hippocampus; 4.8, cerebellum). Furthermore, re-
duction of 18F-FNDP uptake in sEH-KO mice was negligible in a
blockade study using the sEH inhibitor nor-fluoro-FNDP (Fig. 3).
That negligible effect indicated that any nonspecific binding of
18F-FNDP to other proteins, such as the product of the Ephx1 gene
(microsomal epoxide hydrolase) (3), was negligible in the sEH-KO
brain. In the C57BL/6 controls the blocking effect (;80%) (Fig. 3)
proved similar to that in CD-1 mice (Fig. 2).
The mouse studies demonstrated that 18F-FNDP readily entered

the brain (5 %ID/g at peak) and labeled cerebral sEH in 2 strains
of control mice (CD-1 and C57BL/6) with a high degree of spec-
ificity (80%–90%). In agreement with low expression of sEH in
the KO animals, brain uptake of 18F-FNDP in sEH-KO mice was

10-fold lower than that in the controls and is
essentially nonspecific.

Baboon PET Imaging

High, rapid, heterogeneous uptake of
radioactivity into the baboon brain was
observed during 3 baseline 18F-FNDP PET
scans in 3 different animals (Fig. 6). The re-
gional distribution of 18F-FNDP in the ba-
boon brain agrees with the semiquantitative
assessment of sEH expression in human (2)
and mouse brain (3). The regional time–
activity curves confirmed characteristics of
optimally reversible PET radioligand bind-
ing. Notably, the washout rate of 18F-FNDP
in the baboon brain (Fig. 4) was less rapid
than that in the mouse brain (Table 1) and
was robust for mathematical modeling.
Blocking PET studies demonstrated that

18F-FNDP labeled sEH in the baboon brain
with very high specificity (Figs. 5 and 6; Sup-
plemental Fig. 3). Blocking was observed in
all baboon brain regions investigated, includ-
ing the cerebellum.
sEH inhibitors can increase peripheral

vasodilation and reduce blood pressure, which
may, in turn, increase cerebral blood flow and
affect radiotracer delivery. To examine that

FIGURE 5. Comparison of regional time–uptake curves of 18F-FNDP

at baseline (green) and after blockade (red) with nor-fluoro-FNDP

(2 mg/kg) in same baboon shows striking reduction of radioactivity

in blocking scan. Two representative regions, putamen (squares) and

cerebellum (triangles), are shown.

FIGURE 6. PET baseline (averaged, 3 scans, top) and blocking (single scan, bottom) parametric

VT images of 18F-FNDP in baboon brain. PET images, displayed with a pseudo color scale, were

overlayed with baboon’s brain MR images (in gray scale).
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possibility, we modeled radiotracer kinetics using the classic 2-tissue-3-
compartment model from which the rate constant for transfer from
arterial plasma to tissue (K1) can be reliably estimated, in addition to
the Logan graphical analysis. We found that whereas the VT estimates
were comparable between the compartmental modeling and the Logan
method, the average K1 values at baseline and blocking were 0.18 and
0.14 mL/cm3/min, respectively, a 23% difference. That observation
demonstrated that the K1 changes cannot be attributed as the source
for the marked reductions (.90%) of VT values from baseline to
blocking, confirming that 18F-FNDP labeled sEH in the baboon
brain with very high specificity. Our study did not reveal a reference
region in the baboon brain that was nondisplaceable and free of sEH
binding, in agreement with broad abundance of sEH in the mam-
malian brain (2,3).
The analysis of radiometabolites in baboon plasma demon-

strated that 18F-FNDP was metabolized to 2 hydrophilic radio-
metabolites. By the end of the 90-min PET scan, the remaining
parent 18F-FNDP represented approximately 20% of the radioac-
tivity in plasma, comparable to many other PET radiotracers. Be-
cause the radiometabolites were hydrophilic, they are unlikely to
enter the brain to an appreciable extent, simplifying the quantifi-
cation of sEH in vivo.

CONCLUSION

We have developed 18F-FNDP, the first specific PET radiotracer
for imaging of sEH. 18F-FNDP, a potent sEH inhibitor, readily
entered the mouse (5 %ID/g tissue) and baboon (SUV 5 4) brain
and radiolabeled sEH with high specificity (up to 95%) in both
animal species while exhibiting reversible brain kinetics amenable
to quantitative analysis. 18F-FNDP holds promise for further pre-
clinical studies and human PET imaging to evaluate the role of
sEH in a variety of conditions and disorders including VCI, mild
cognitive impairment, and stroke.
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