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BACKGROUND AND PURPOSE
Soluble epoxide hydrolase inhibitors (sEHIs) possess anti-inflammatory, antiatherosclerotic, antihypertensive and analgesic
properties. The pharmacokinetics (PK) and pharmacodynamics in terms of inhibitory potency of sEHIs were assessed in
non-human primates (NHPs). Development of a sEHI for use in NHPs will facilitate investigations on the role of sEH in
numerous chronic inflammatory conditions.

EXPERIMENTAL APPROACH
PK parameters of 11 sEHIs in cynomolgus monkeys were determined after oral dosing with 0.3 mg·kg-1. Their physical
properties and inhibitory potency in hepatic cytosol of cynomolgus monkeys were examined. Dose-dependent effects of the
two inhibitors 1-trifluoromethoxyphenyl-3-(1-propionylpiperidin-4-yl) urea (TPPU) and the related acetyl piperidine derivative,
1-trifluoromethoxyphenyl-3-(1-acetylpiperidin-4-yl) urea (TPAU), on natural blood eicosanoids, were determined.

KEY RESULTS
Among the inhibitors tested, TPPU and two 4-(cyclohexyloxy) benzoic acid urea sEHIs displayed high plasma concentrations
(>10 ¥ IC50), when dosed orally at 0.3 mg·kg-1. Although the 4-(cyclohexyloxy) benzoic acid ureas were more potent against
monkey sEH than piperidyl ureas (TPAU and TPPU), the latter compounds showed higher plasma concentrations and more
drug-like properties. The Cmax increased with dose from 0.3 to 3 mg·kg-1 for TPPU and from 0.1 to 3 mg·kg-1 for TPAU,
although it was not linear over this range of doses. As an indication of target engagement, ratios of linoleate epoxides to diols
increased with TPPU administration.

CONCLUSION AND IMPLICATIONS
Our data indicate that TPPU is suitable for investigating sEH biology and the role of epoxide-containing lipids in modulating
inflammatory diseases in NHPs.

Abbreviations
20-COOH-LTB4, 20-carboxy-leukotrieneB4; AEPU, 1-adamantanyl-3-{5-[2-(2-ethoxyethoxy) ethoxy]pentyl}urea; APAU,
1-(1-acetypiperidin-4-yl)-3-adamantanylurea; CMNPC, cyano(2-methoxynaphthalen-6-yl)methyl (3-phenyloxiran-2-yl)
methyl carbonate; t-DPPO, trans-diphenyl propene oxide; EET, epoxyeicosatrienoic acid; DHET, dihydroxyeicosatrienoic
acid; HETE, hydroxyeicosatetraenoic acid; HODE, hydroxyoctadecadienoic acid; LC/MS, liquid chromatography
mass spectrometry; t-AUCB, trans-4-[4-(3-adamantan-1-yl-ureido)-cyclohexyloxy]-benzoic acid; TCC, 3,4,4′trichlorocarbanilide; t-CPUB, trans-4-{4-[3–4-chloro-phenyl)-ureido]-cyclohexyl}-benzoic acid; TPAU,
1-trifluoromethoxyphenyl-3-(1-acetylpiperidin-4-yl) urea; TPPU, 1-trifluoromethoxyphenyl-3-(1-propionylpiperidin-4-yl)
urea: TriHETrE, trihydroxyeicosatrienoic acid; TriHOME, trihydroxyoctadecenoic acid; t-TUCB, trans-4-{4-[3-(4trifluoromethoxy-phenyl)-ureido]-cyclohexyloxy}-benzoic acid; TXB2, thromboxane B2 : c-SO, cis-stilbene oxide; t-SO,
trans-stilbene oxide
© 2011 The Authors
British Journal of Pharmacology © 2011 The British Pharmacological Society

British Journal of Pharmacology (2012) 165 1401–1412

1401

BJP

A Ulu et al.

Introduction
The soluble epoxide hydrolase (sEH; EC 3.3.2.10) is responsible for the conversion of fatty acid and some other epoxides
to their corresponding diols. In the arachidonic acid (AA)
cascade, sEH converts epoxyeicosatrienoic acids (EETs) to
dihydroxyeicosatrienoic acids (DHETs) (Newman et al.,
2005). These endogenous lipid epoxides show antiinflammatory (Node et al., 1999), antihypertensive (Fang
et al., 2001), analgesic (Schmelzer et al., 2005; Inceoglu et al.,
2006), angiogenic (Fleming, 2007) and antiatherosclerotic
effects in rodents and humans (Pfister et al., 1991). It has been
proposed that inhibition of sEH may have therapeutic effects
in various inflammatory diseases, such as atherosclerosis,
cardiac hypertrophy; hypertension-induced renal damage
and inflammatory pain (Chiamvimonvat et al., 2007; Imig
and Hammock, 2009). Supporting this hypothesis, sEH
inhibitors (sEHIs) were shown to attenuate inflammation in
various disease settings by stabilizing EET plasma concentrations in vivo (Dorrance et al., 2005; Imig et al., 2005; Fang,
2006; Inceoglu et al., 2006). Recently, we showed that inhibition of sEH, using 1-adamantanyl-3-{5-[2-(2-ethoxyethoxy)
ethoxy] pentyl]} urea (AEPU), attenuated the progression of
atherosclerosis in mice (Ulu et al., 2008), which was further
supported with a structurally different sEHI (Zhang et al.,
2009).
Numerous sEHIs with dramatic differences in potency
(Morisseau et al., 1999; Kim et al., 2004) and pharmacokinetic
(PK) properties were obtained, although these inhibitors
possess selectivity across various species, including mice
(Watanabe et al., 2006; Liu et al., 2009), rats (Kim et al., 2007)
and dogs (Tsai et al., 2010). A general structure of these
inhibitors was described in detail recently (Tsai et al., 2010).
Promising pharmacokinetic properties were observed in mice
(Liu et al., 2009) and rats (Kim et al., 2007) with urea sEHIs in
piperidine, cyclohexyl ether, and cyclohexyl polyether series.
The highly different PK profiles, observed between rodent
species for these compounds highlights the importance of
optimizing PK in non-human primates (NHPs) in order to
study the role of sEH in chronic inflammatory conditions in
primates.
Cynomolgus monkeys (Macaca fascicularis) are widely recognized models in atherosclerosis and inflammation research
(Register, 2009). The similarity of the prognosis of cardiovascular diseases to humans makes it attractive to use these
macaques as research models of inflammation and cardiovascular diseases (Clarkson and Mehaffey, 2009). For long-term
expensive studies in NHPs, it is critical to select an investigational drug with high inhibitory potency, drug-like physicochemical properties, PK with high area under the curve (AUC)
values, a relatively long half-life and a biomarker of the target
engagement in vivo. To avoid the need for frequent dosing
and to maintain relatively steady blood concentrations in our
long-term studies with cynomolgus monkeys, we sought a
compound with a relatively long half-life. In this study, we
report our investigation of the pharmacokinetics of 11 orally
bioavailable sEHIs in cynomolgus monkeys for future primate
studies. Inhibitors were administered in two separate oral
cassette doses to allow for rapid screening of a variety of
compounds while using fewer animals. Possible drug–drug
interactions due to competing clearance pathways or drug
1402
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transporters, while possible, are expected to be small because
of the low doses used in this study. Key compounds were
re-evaluated in single dosing studies.

Methods
Animals
All animal care and experimental procedures were approved
by the Wake Forest University Animal Care and Use Committee and complied with state and federal laws and the guidelines of the US Department of Health and Human Services.
Female cynomolgus monkeys (M. fascicularis, long-tailed or
crab-eating macaque), ranging in age between 16 and 18
years (based on their dental examination) and weighing
between ~2.5 and 4 kg, were used for the dosing of the sEHIs.
Two groups of animals (n = 4 per group) were used for cassette
dosing experiments at 0.3 mg·kg-1 of each compound. Individual compounds were dosed separately in the same way in
subsequent studies but at varying doses. The animals were
fasted during the experiments and were sedated with ketamine (15 mg·kg-1 i.m.) to administer the sEHIs by gastric
intubation. In one study, the sEHIs were administered in the
diet once a day for 5 days to reach steady state. Then, the drug
administration was halted and elimination kinetics of the
sEHI was determined.

sEH activity assays
Livers of cynomolgus macaques were obtained from Wake
Forest University Primate Center and Department of Pathology Comparative Medicine. Three grams of monkey liver was
homogenized in 10 mL of chilled sodium phosphate buffer
(100 mM, pH 7.4) with a protease inhibitor (PMSF). Resulting
liver homogenates were centrifuged first at 12 000¥ g for
10 min to separate cell membranes, nuclei, mitochondria and
peroxisomes as the 12 000¥ g pellet fraction. This pellet was
resuspended in 4 mL sodium phosphate buffer (100 mM,
pH 7.4). Then, the remaining supernatant was centrifuged at
100 000¥ g for 1 h to obtain the microsomal pellet and the
100 000¥ g soluble fraction (cytosol). The 100 000¥ g pellet
was resuspended in 3 mL sodium phosphate buffer (100 mM,
pH 7.4). These subcellular fractions were flash frozen in liquid
nitrogen and kept at -80°C until used.
trans-Diphenyl propene oxide ([3H]-t-DPPO), transstilbene oxide ([3H]-t-SO) and cis-stilbene oxide ([3H]-c-SO)
radioactive partition assays were performed to detect the sEH
activity in these separated subcellular fractions (Morisseau
and Hammock, 2007) (see Supporting Information
Figure S1A for structures of the substrates). Samples (100 mL)
of the diluted monkey liver fractions (5- to 50-fold in sodium
phosphate buffer (100 mM, pH 7.4) containing 0.1 mg·mL-1
BSA) were incubated for 10 min at 30°C with the substrate
([S]final = 50 mM,) containing 104 cpm per assay. The reactions
were stopped by extraction of the substrates as described
(Borhan et al., 1995), and the activity evaluated by measuring
the amount of radioactive diol formed in the buffer. For the
natural substrate 14,15-EET, reactions were performed similarly; however diol formation was measured by LC/MS/MS
analysis as described (Morisseau and Hammock, 2007). Inhibition potencies (IC50 values) were determined using the
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[3H]-t-DPPO assay, as well as with 14,15-EET in cytosolic fractions. Before introduction of the substrates, the inhibitor and
enzyme were incubated for 10 min at 30°C.
The IC50 values are defined as inhibitor concentrations
that reduced the enzymatic activity by 50% and were calculated in the linear range of the dose-response curve for log
inhibitor concentration versus % inhibition. These values are
the averages of three replicates, obtained from the experiments, which were performed with various concentrations of
the inhibitors (1–50 000 nM) that include at least two datum
points above and two datum points below the IC50. We previously showed a high z-value for the assay and the standard
error for the IC50 values is between 10 and 20% for the assays
performed here suggesting that the differences of twofold or
greater would be significant (Jones et al., 2005; Rose et al.,
2010).

PK studies
sEHIs were administered orally with two separate cassettes, all
at a 0.3 mg·kg-1 dose. Selected inhibitors for each cassette
were dissolved in PEG-400, which was added to safflower oil
to give a total volume of 20 mL. The 10% PEG-400 formulations (v/v) in safflower oil yield true solutions of all compounds. Upon administration of sEHIs at a 0.3 mg·kg-1 dose,
10 ml blood samples were collected from the tail vein at time
points of 0, 0.25, 0.5, 1, 2, 3, 4, 8, 24, 48 and 72 h, by a tip
prerinsed with heparin to prevent blood coagulation. Collected blood samples were put into Eppendorf tubes containing 50 ml distilled water with two surrogate internal standards
(Supporting Information Figure S1B, to measure the extraction efficiency and to correct for the calculated concentrations of sEHIs) and immediately shaken to prevent
coagulation of the blood sample. Liquid–liquid extraction
(repeated twice) of the blood samples were performed with
200 ml ethyl acetate (Liu et al., 2009). Collected organic
phases were dried using a vacuum centrifuge and redissolved
with an additional internal standard solution (Supporting
Information Figure S1B) in methanol to allow us to distinguish between variation resulting from extraction and from
instrumental analysis. All the analytes were quantified using
liquid chromatography mass spectrometry (LC/MS) analysis
(see Supporting Information for conditions) using a standard
curve that ranged between 1.9 and 500 ng·mL-1 for each
analyte. The HPLC solvent gradients are given in Supporting
Information Table S1. Limit of detection values and mass
transient specifications of each compound are given in the
Supporting Information Table S2. Samples were run in triplicate on different days to test the reproducibility of the results.
Elimination half-lives and steady state concentrations
at four doses were determined for the piperidine sEHI
1-trifluoromethoxyphenyl-3-(1-acetylpiperidin-4-yl)
urea
(TPAU), following dietary administration. TPAU was dissolved in safflower oil to give 0.9 mg·mL-1 stock solutions.
Shortly before use, it was mixed into warm safflower oil
followed by other contents of the diet of the cynomolgus
monkeys to give the desired dose. After preparation, the diet
was kept in cold and was given to the animals daily. Diet
pellets containing TPAU were provided once per day, and the
animals were watched to ensure total consumption. Four
animals for each dose (0.1, 0.3, 1 and 3 mg·kg-1) were fed for
5 days with this diet, then TPAU administration was stopped.
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Blood samples were collected at 0, 4, 24, 48 and 72 h postdosing to determine steady-state concentrations (Css) at 0
time and elimination kinetics.

Dose escalation experiment
1-Trifluoromethoxyphenyl-3-(1-propionylpiperidin-4-yl) urea
(TPPU), was prepared in 0.3, 1 and 3 mg·kg-1 doses and was
administered to four animals with 48 h dosing intervals
based on the t1/2 of the compound obtained from the first
cassette dosing. Blood was collected from animals at time
points 0, 0.25, 0.5, 1, 2, 3, 4, 8, 24 and 48 h after each dosing.

PK methodology
The blood concentration–time course was fitted to a noncompartmental model using the WinNonlin software (Pharsight, Mountain View, CA, USA). The PK parameters were first
calculated for each individual animal, then were averaged
to obtain group AUC, Cmax and tmax values. The noncompartmental model gave the best correlation coefficient
(r = 0.99) and Akaike information criterion (AIC) between the
observed and predicted values. The model associated with the
smallest AIC is considered to give the best fit to the model.
AUC was calculated from time 0 to the last time point in the
blood concentration–time curve, with no extrapolation to
infinity by the linear/log trapezoidal rule. The time range that
was used to calculate AUC (0-t) was 0–72 h for compounds
that were included in one time cassette dosing experiments,
and 0–48 h for dose escalation experiments.

Oxylipin analysis
Plasma oxylipins were isolated using solid phase extraction
(SPE) followed by LC/MS analysis. Briefly, 250 ml plasma
samples were put onto a C18 SPE cartridge with an antioxidant (butylated hydroxytoluene) and internal standard solution, and then pulled through the cartridge under low
vacuum. After the samples were bound to the C18 cartridge
(Waters Oasis HLB C18 cartridge, Waters Corporation,
Milford, MA, USA), oxylipins were eluted by methanol, then
ethyl acetate and evaporated to dryness with a vacuum centrifuge. The samples were then redissolved with 50 ml additional standard solution in methanol and measured using
mass spectrometry (Yang et al., 2009). A more detailed procedure is given in the Supporting Information and structures of
standards are given in Supporting Information Figure S1.

Data analysis

Results are expressed as mean ⫾ SD. Analyte concentrations
in blood obtained by LC/MS were evaluated for the PK parameters using the time–blood concentration course. Random
effects, repeated measures, two-way ANOVA was performed to
determine differences between the epoxide: diol ratios at
different time points and different dose groups. Ranking of
the sEHI potencies between the cynomolgus and human sEH
enzymes was evaluated using Spearman’s rank correlation,
where increasing positive P-values represent the agreement
between two rankings.

Materials
Methanol, acetonitrile, ethyl acetate and ethanol were purchased from Fisher Scientific (Pittsburgh, PA, USA). Formic
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Information Figure S1C. The inhibitors tested here, all contained urea as the central pharmacophore that binds to the
active site of sEH. The initial selection of these compounds
was based on adequate structural variation, PK data (relatively
good AUC) in rodents and dogs (Liu et al., 2009; Tsai et al.,
2010), and potencies on the affinity purified human recombinant sEH (IC50 < 20 nM).
Inhibitory potencies (as IC50) were determined with the
monkey hepatic cytosol using [3H]-t-DPPO as the substrate
(Table 2). In separate studies, IC50 values determined with
[3H]-t-DPPO were found to be predictive of those determined
with 14,15-EET (Borhan et al., 1995). For comparison, we
added the results obtained for the purified recombinant
human sEH with a fluorescent assay and, in some cases, the
IC50 values determined with [3H]-t-DPPO are also shown.
When we tested the inhibitors using the [3H]-t-DPPO assay
(see parentheses for IC50 values for the human sEH in
Table 2), the potencies were closer to the values obtained
with cynomolgus sEH, which were also determined with
the [3H]-t-DPPO assay. For instance, for three compounds
[TPPU,
trans-4-{4-[3-(4-trifluoromethoxy-phenyl)-ureido]cyclohexyloxy}-benzoic acid (t-TUCB) and trans-4-{4-[3–4chloro-phenyl)-ureido]-cyclohexyl}-benzoic acid (t-CPUB)],
we found potencies similar to the ones obtained with the
monkey enzyme (TPPU 55 vs. 37 nM, t-TUCB 9 vs. 27 nM and
t-CPUB 43 vs. 37 nM).
The polyethoxylate compound AEPU showed moderate
activity on the human enzyme (Table 2), and this activity is
lower when [3H]-t-DPPO was used as substrate (IC50 = 45 nM).
The piperidine compounds [1-(1-acetypiperidin-4-yl)-3adamantanylurea (APAU) and 2–5] showed a range of potencies with APAU being the weakest inhibitor tested with both
the monkey and human sEH. The assays both showed TPPU
(compound 3 in the Table) to be the most potent among the
piperidine inhibitors. Among the cyclohexyl ethers, t-TUCB
(compound 6) and trans-4-[4-(3-adamantan-1-yl-ureido)cyclohexyloxy]-benzoic acid (t-AUCB) are the most potent
inhibitors with the monkey enzyme. However, compounds 7
and 8 were also highly potent on both the monkey and
human enzymes. Compared with these cyclohexyl ethers, the
polyether ester pro-drugs, (compounds 9 and 10) showed
better potency. The antimicrobial compound 3,4,4′-

acid and polyethylene glycol-400 (PEG-400) were purchased
from Sigma-Aldrich (St. Louis, NJ, USA). De-ionized water
(18.3 MW) was obtained by a NANO pure system (Barnstead,
Newton, MA, USA). The inhibitor compounds examined in
these experiments were synthesized as described by Hwang
et al., (2007), Jones et al., (2006) and Rose et al., (2010). Radiolabelled compounds were as follows: the [3H]-t-DPPO was
prepared by Borhan et al. (1995) with an original specific
activity of 2.5GBq and [3H]-c-SO was prepared by Hammock
et al. (1984) with an original specific activity of 555GBq
according to Gill et al. (1983).

Results
sEH activity in cynomolgus liver
The sEH activity was determined in the subcellular fractions
of the monkey liver, using four different substrates (Table 1,
Supporting Information Figure S1A) to characterize the cynomolgus enzyme. The total activities for [3H]-t-DPPO, [3H]-t-SO
and 14,15-EETs, which are good sEH substrates (Newman
et al., 2005), were the highest in the cytosolic fraction followed by the 12 000¥ g fraction, and were very low in the
microsomal fraction. When comparing the cytosolic specific
activities, the monkey liver yields the following substrate
selectivity, which is similar to the one observed for the
human sEH: [3H]-t-DPPO ª 14,15-EETs > [3H]-t-SO >> [3H]-cSO. In contrast, the total activity for [3H]-c-SO, was very high
in the microsomal fraction and 12 000¥ g fraction and very
low in the cytosolic fraction. The microsomal fraction specific
activities indicates a substrate selectivity ([3H]-c SO >> [3H]-tDPPO ª 14,15-EETs ª [3H]-t SO).

Potency of sEHIs in monkey hepatic cytosol
The chemical structures of the compounds selected for this
study are given in Table 2. We selected these inhibitors from
our small molecule library (Kim et al., 2004; Jones et al., 2006;
Hwang et al., 2007; Rose et al., 2010; Tsai et al., 2010) (see
Supporting Information for the synthesis of the inhibitors
that were not published elsewhere). A schematic presentation
of the two series of inhibitors studied is shown in Supporting

Table 1
Substrate selectivity of the sEH activity in the subcellular fractions of monkey livera

[3H]-t-DPPO
SAb

Subcellular Fraction

[3H]-c-SO

14,15-EET

RA

SA

TA

RA

SA

TA

RA

SA

12 000¥ g (debris, mitochondrial-peroxisomal)

1

37

13

0.3

10

22

47

1400

51

1

34

14

Microsomal

0.4

13

4

0.2

5

11

36

1300

47

0.4

14

6

Cytosolic

2

240

83

0.3

30

67

44

2

190

80

c

TA

[3H]-t-SO

a

0.4

2

TA

RA

Activity was not determined with the fluorescent substrate cyano(2-methoxynaphthalen-6-yl)methyl (3-phenyloxiran-2-yl)methyl carbonate
(CMNPC) in crude fractions because of competing chemical and enzymatic reactions.
b
SA, specific activity (nmol·min-1·mg-1); TA, total activity (nmol·min-1·g tissue-1); RA, relative activity (%) as a percent of total activity detected.
c
This subcellular fraction was not washed. The epoxide hydrolase activity in the 12 000 x g (debris/mitochondrial/peroxisomal) fraction
contains a great deal of activity from the cytosolic and microsomal fractions as well as nuclei, cell membranes and debris. Much of the activity
in the microsomal fraction on [3H]-t-DPPO, [3H]-t-SO and 14,15-EET is due to sEH trapped in the fraction (Borhan et al., 1995).
1404
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Table 2
Chemical structures and IC50 values of soluble epoxide hydrolase inhibitors in primates

Compound
number
1

Acronyma

Chemical structure

Monkey sEH
IC50 (nM)b

Human sEH
IC50 (nM)c

Cassette
number#

AEPU

310 ⫾ 30

14 ⫾ 1 (45)d

1

AEPU-Metabolite

620 ⫾ 60

63

e

15 ⫾ 1.5 (300)

f

APAU

1000 ⫾ 100

2

TPAU

460 ⫾ 50

12 ⫾ 1 (160)

1

3

TPPU

37 ⫾ 4

3.7 ⫾ 0.4 (48)

1

4

–

70 ⫾ 7

12 ⫾ 1

2

5

–

390 ⫾ 40

10 ⫾ 1

2

6

t-TUCB

27 ⫾ 3

1 ⫾ 0.1 (9)

2

7

t-CPUB

37 ⫾ 4

6 ⫾ 1 (22)

2

78 ⫾ 8

4 ⫾ 0.4

2

27 ⫾ 3

2 ⫾ 0.2 (5)

e

8

t-AUCB

9

–

4 ⫾ 0.4

3 ⫾ 0.3

1

10

–

3 ⫾ 0.3

5 ⫾ 0.5

1

11

TCC

3500 ⫾ 4

13 ⫾ 1 (400)

2

Data are mean ⫾ SD.
a
Only compounds that were administered to the animals are numbered. Acronyms are given for the previously reported inhibitors as well as
for the compounds that gave the best PK results.
b
IC50 in the hepatic cytosol of cynomolgus monkeys are obtained from the radioactive t-DPPO partition assay for sEH activity (Borhan et al.,
1995). The standard error for the IC50 values is between 10 and 20% for the assays performed here, suggesting that the differences of twofold
or greater would be significant.
c
IC50 of the recombinant human sEH are obtained using the fluorescent substrate, CMNPC (Jones et al., 2005). The standard error for the IC50
values is between 10 and 20% for the assays performed here suggesting that the differences of twofold or greater would be significant.
d
IC50s, obtained with the radioactive t-DPPO partition assay using recombinant human sEH are given in parentheses.
e
Detected only as a metabolite (not actually administered in this study) of AEPU and polyether ester of t-AUCB respectively.
f
Excluded from the cassette dosing due to its poor PK in rodents and dogs (see text). The structure and some data are included as a bridging
compound (Jones et al., 2006).
.
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Figure 1
Blood concentration–time course of sEH inhibitors containing 1-N piperidyl urea moiety (A: TPAU and B: TPPU) and 4-(cyclohexyloxy) benzoic acid
urea moiety (C: t-TUCB and D: t-CPUB). Blood was collected from tail vein of the four cynomolgus monkeys at time points 0, 0.25, 0.5, 1, 2, 3,
4, 8, 24, 48 and 72 h upon oral cassette dosing at 0.3 mg·kg-1. Each time point represents mean ⫾ SD on all graphs. The dotted line represents
the IC50 of each inhibitor in hepatic cytosol of cynomolgus monkeys (Table 2).

trichlorocarbanilide (TCC) showed very low potency against
the monkey enzyme compared with the human enzyme.
Physicochemical properties, which included the water
solubility, melting point, partition coefficient (log P) and
plasma protein bindings were determined to investigate the
drug-likeness of the sEHIs tested here. These detailed results
are shown in Supporting Information Table S3 and the Supporting Information.

Table 3
PK parameters of sEHIs in cynomolgus monkeys, determined by
non-compartmental PK analysis at 0.3 mg·kg-1 in cassette dosing
experiments

AUCa
(h.mM)

Cmax (nM)

tmax (h)

r2b
NA

Pharmacokinetics of sEHIs

1

<1c

98 ⫾ 18

0.25 ⫾ 0.4

Compounds were administered orally to the monkeys in two
cassettes (six compounds in each). The composition of the
cassettes was chosen to ensure high structural variation in
each cassette. Furthermore, each compound was given at a
low dose (0.3 mg·kg-1) to reduce possible drug–drug interaction among compounds and to approximate an anticipated
therapeutic dose. We previously showed that 10 mL blood is
sufficient to measure the concentrations of the sEHIs for PK
studies (Watanabe et al., 2006). Comparative concentrations
for several compounds when determined in whole blood
compared with plasma are shown in the Supporting Information (Supporting Information Figure S3). In addition, these
small blood samples could be collected with minimal trauma
to the animals. The blood concentration–time courses of the
sEHIs are shown in Figure 1 for compounds giving the best
results and Supporting Information Figure S2A–G for the
other sEHIs. The PK parameters, shown in Table 3, were
obtained from these PK profiles.
AEPU (compound 1 in Table 3) was rapidly metabolized,
and its blood concentration was never above its IC50 concen-

2

30 ⫾ 10

550 ⫾ 600

24 ⫾ 9

0.99

3

28 ⫾ 23

760 ⫾ 800

4⫾3

0.97

4

4⫾3

245 ⫾ 70

4⫾2

0.86

5

7⫾7

450 ⫾ 150

8⫾3

0.97

6

15 ⫾ 14

450 ⫾ 190

8 ⫾ 3.5

0.97

7

13 ⫾ 18

390 ⫾ 500

8⫾3

0.99

8

1 ⫾ 0.6

1406
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49 ⫾ 10

8 ⫾ 3.5

0.96

9

<1c

165 ⫾ 130

0.25 ⫾ 1.5

NA

10

<1c

96 ⫾ 90

48 ⫾ 10

NA

11

3⫾2

190 ⫾ 160

8 ⫾ 3.5

1.00

Data shown in the Table are mean ⫾ SD. aAUC was calculated
from time 0 to 72 h. NA: not applicable.
b
The agreement between the non-compartmental analyses and
blood concentrations.
c
These compounds with polyether chains were synthesized as
pro-drugs to improve the ease of formulation. Therefore, PK
parameters are based on blood levels of the free acid metabolites. No polyether esters were detected in the blood.
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tration (Supporting Information Figure S2C). In fact, we
obtained higher blood concentrations of the w-hydroxylated
metabolite than of the parent. We found that this metabolite
is also slightly active against the cynomolgus sEH (Table 2).
However, the metabolite concentrations remained below its
IC50 concentration, suggesting that AEPU will not be effective
at inhibiting sEH in the monkey unless applied locally or
used at much higher doses.
For piperidine containing ureas (compounds 2 to 5 in
Table 3), we observed that those with a trifluoromethoxyphenyl moiety on the 1-N urea position (TPAU and TPPU) showed
similar PK profiles (Figures 1A and B) with high AUC values
and long half-lives compared with a cyclohexyl moiety (compound 4) or a chlorophenyl moiety (compound 5), with the
latter having a slightly longer half-life than the cyclohexyl
moiety (see Supporting Information Figures S2A and B).
For compounds with a 4-(cyclohexyloxy) benzoic acid
group (compounds 6–8 in Table 3), the presence of
a 4-trifluoromethoxyphenyl (t-TUCB; Figure 1C) or 4chlorophenyl (t-CPUB; Figure 1D) group on the 1-N urea
position yielded PK profiles with similar high AUC values and
long half-life compared with a cyclohexyl moiety (compound
8; Supporting Information Figure S2F). The AUC of 6 and 7
are roughly 10-fold greater than the AUC of compound 8.
Compounds 6 and 7 displayed a slow absorption for the first
few hours after dosing followed by a rapid increase and then
a slow decline in blood concentrations. While their blood
concentrations are not as high as the ones obtained with the
corresponding piperidine-containing compounds 2 and 3,
these 4-(cyclohexyloxy) benzoic acid-containing compounds
6 and 7 are an order of magnitude more potent against the
monkey sEH (Table 2), and thus, their blood concentration is
well above their IC50s (the dashed line of Figure 1) for the
whole observation period of 72 h (Figure 2).
The polyether esters, that is, compounds 9 and 10
(Table 3), showed PK profiles that are characterized by longer
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tmax and at least threefold less Cmax values compared with their
acid derivatives, t-AUCB and compound 6 respectively. Comparing compound 10 with compound 6, the presence of the
polyether ester yielded a longer tmax; however, the concentration of the parent acid ester was far lower than the ones
obtained by giving the acid directly.
Finally, TCC was selected for the study due to its structural
resemblance to 4-chlorophenyl-urea inhibitors (compounds
5 and 7) and due to its frequent exposure to humans through
personal care products, in which it is used as an antimicrobial
compound (Heidler et al., 2006). Overall, the presence of a
3,4-dichlorophenyl group instead of a piperidine moiety
(compound 5) or 4-(cyclohexyloxy) benzoic acid group (compound 7) resulted in a compound with lower absorption and
a smaller exposure (AUC) with an intermediate half-life (Supporting Information Figure S2G). The apparent half-lives of
the inhibitors tested and the elimination time range of these
half-lives are given in Supporting Information Table S4A.

Comparison of blood concentration and the
potency of sEH inhibitors
While we do not know the minimum effective dose of each
inhibitor, previous in vivo experiments suggest that blood
concentrations in excess of fivefold the IC50 are sufficient to
significantly inhibit sEH (Imig et al., 2005). Thus, we
expressed blood concentrations as a function of IC50 over
time following the administration of the compounds
(Figure 2). After a 0.3 mg·kg-1 dosage, the blood concentration of TPPU was at least 10-fold over its IC50 for the first 48 h,
while this criterion was met for only 24 h for t-TUCB and
t-CPUB. Because of its high IC50 (Table 2), the blood levels of
TPAU never reached even fivefold of its IC50. Since both this
acetyl piperidine and TPPU shared similar PK and physicochemical properties, we selected these compounds for further
analysis.

TPPU dose escalation and target engagement

Figure 2
Blood concentrations of TPPU, t-TUCB, t-CPUB and TPAU normalized
by their corresponding IC50 values for cynomolgus hepatic cytosol
sEH (Table 2) as a function of the time after dosing with 0.3 mg·kg-1.
Blood concentration data are from Figure 1.

TPPU was administered in three escalating doses at 48 h intervals for the investigation of its dose linearity. The blood
concentration–time profile of TPPU after dosing is given in
Figure 3A. When the AUCs of each of the four animals receiving TPPU either in cassette or single dosing were compared,
there was no difference detected by a t-test (P = 0.9) indicating
that cassette dosing indeed predicts the PK profiles of the
compounds tested with single compound dosing sufficiently
for screening studies (Supporting Information Figure S4). The
PK parameters calculated from the data shown in Figure 3A
are presented in Table 4. We assessed the AUC and Cmax values
to test whether these PK parameters were dose proportional.
There was an increase in blood levels reflected by AUC and
Cmax with dose from 0.3 to 3 mg·kg-1 oral dose. However, this
increase was not absolutely linear (r2 = 0.93). A particularly
large increase in AUC and Cmax or Css (concentration at steady
state with blood sample taken 4 h postdosing) was observed
when the dose increased from 0.3 to 1 mg·kg-1 both with
TPPU and TPAU (Tables 4 and 5). The elimination half-lives
for each increasing dose are given in Supporting Information
Table S4B. Similarly, when TPAU was administered in the diet
at four different doses (Supporting Information Figure S5A),
there was an increase in blood levels reflected by AUC and Css,
British Journal of Pharmacology (2012) 165 1401–1412
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Figure 3
Blood concentration–time course of escalating doses of TPPU and plasma levels of LA epoxide and diols at 4 and 48 h after each dosing. (A) PK
profile of TPPU upon consecutive oral dosing at 0.3, 1 and 3 mg·kg-1 with 48 h intervals. The dose was increased threefold at each time of dosing,
after the initial dosing with 0.3 mg·kg-1 of TPPU. Blood was collected from animals at time points 0, 0.25, 0.5, 1, 2, 3, 4, 8, 24 and 48 h after
each dosing. A single dose of TPPU was administered at each arrow, in 48 h dosing intervals. Each time point represents mean ⫾ SD, n = 4. (B)
The total LA (9, 10 and 12, 13 EpOME : DHOME ratios) epoxide to diol ratios, obtained from the plasma of animals, 4 and 48 h postdosing with
TPPU. Blood was collected from tail vein at baseline (t = 0), and at 4 and 48 h postdosing for the analysis of oxylipins. Each bar represents
mean ⫾ SD. For primary data see Supporting Information Table S5.

Table 4

Table 5

The effects of escalating the dose of TPPU on its PK parameters

PK parameters of TPAU elimination after 5 days of daily dosing in the
diet of cynomolgus monkeys

Dose
(mg·kg-1)
0.3
1
3

AUCa
(h.mM)

Cmax
(mM)

tmax
(h)

r2

AUCa
Dose
(mg·kg-1) (h.mM)

23 ⫾ 17

0.7 ⫾ 0.6

4⫾3

0.99

120 ⫾ 40

4.5 ⫾ 1.5

4⫾0

0.99

0.1

0.98

0.3

460 ⫾ 260

16.5 ⫾ 4.6

8⫾0

a

Determined by non-compartmental PK analysis. AUC was calculated from time 0 to 48 h. Data are mean ⫾ SD.

9⫾3

Elimination
half-life (h) Cssb (mM)
24 ⫾ 4

0.3 ⫾ 0.1

16 ⫾ 10 24 ⫾ 8

0.6 ⫾ 0.4

1

150 ⫾ 40 23 ⫾ 4

6⫾2

3

240 ⫾ 40 23 ⫾ 4

8.4 ⫾ 2

r2 (Cmaxdose)c

0.84

a

with doses from 0.1 to 3 mg·kg-1. There was a large increase in
blood levels when going from 0.3 to 1 mg·kg-1 per day doses.
Again, the relationship between the administered dose
and Css was not highly linear (Supporting Information
Figure S5B), although the elimination half-life was constant
among all four doses studied (Table 5). To test whether the
observed AUC values maintained steady state concentrations
of the inhibitor, we calculated the ratio of the AUC values
from time 0 to 72 h and from time 0 to infinity (AUCt(0–72)/
AUCt(0-•) = 0.9), which reflected a close approximation to the
steady-state concentrations for each dose administered.
To test if sEH was inhibited in vivo by TPPU, we measured
the plasma concentration of the epoxides and their corresponding diols from AA and linoleic acid (LA) at 4 and 48 h
after each dosage (Supporting Information Table S5A). If sEH
is inhibited, one would expect the relative concentration of
diols to decrease, and thus the ratio of epoxides to diols to
increase. Compared with the ratio before treatment (t = 0), we
did not see any significant changes for the cumulative
EET : DHET ratios (Supporting Information Figures S6A), but
we observed an increase at all the time points and all sEHI
doses for the epoxyoctadenenoic acid (EpOME) : dihydroxy1408
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Determined by non-compartmental PK analysis. AUCs were
obtained from the elimination phase for each dose, which was
from 0 to 72 h. Data are mean ⫾ SD.
b
Css = apparent steady state blood concentration after five days
of feeding. The sample was taken 4 h postdosing to compare
with Cmax of TPPU in Table 4.
c
For full data set, see supporting information Supporting Information Figures S5A and B.

octadecenoic acid (DHOME) ratios (Figure 3B). The absolute
plasma levels of EETs and DHETs are given in Supporting Information Figures S6B and C. Consistent with the
EET : DHET ratios in Supporting Information Figure S6A, the
plasma levels of DHETs decreased at 48 h more than at 4 h
after consecutive dosing of TPPU. However, this was not the
case for plasma levels for each EET regioisomer. In contrast,
the results from the linoleate metabolites EpOME and
DHOME, which are present in larger concentrations in
plasma (Supporting Information Table S5A), suggest a dosedependent sEH inhibition in the animals following dosage
with TPPU (Supporting Information Figures S6D and E). The
EpOME : DHOME ratios (epoxide to diol ratios in the 18:2
fatty acid series) were all higher than in control (untreated)
animals for all three doses and for both 4 and 48 h after
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dosing. However, no significant differences were observed in
EpOME : DHOME levels using random effects, repeated measures, two-way ANOVA (main effect of dose; F = 0.68, P > 0.4,
main effect of time; F = 3.09, P > 0.1 and main effect of dose
and time; F = 0.47, P > 0.5). These ratios at each dose of TPPU
were higher at 48 h than at 4 h post-treatment. There is a
clear dose response at 0.3 and 1 mg·kg-1 for the 48 h time
points, but there is an apparent but not statistically significant decline in the ratio at 48 h for the 3 mg·kg-1 dose, cautioning against an overdose of sEHI. The same trends were
observed when ratios were calculated based on the individual
regioisomers (Supporting Information Figure S6D).
Although the sum of regioisomers of EET : DHET ratios
failed to show a clear dose response or time response (Supporting Information Figure S6), the 8, 9 regioisomer ratios showed
a relationship similar to that observed with the linoleate
epoxides and diols (Figure 3). The ratio increased at both 4 and
48 h after dosing for 0.3 and 1 mg·kg-1 doses. Although the
levels were above control values, the 3 mg·kg-1 dose was lower
at both 4 and 48 h than was the 1 mg·kg-1 or 0.3 mg·kg-1 dose.
We also measured some COX and lipoxygenase (LOX)
metabolites from arachidonic and linoleic acids (Supporting
Information Table S5B and C). Some large changes were
observed in the metabolites of the COX, LOX and CYP450
pathways. In particular, the pro-inflammatory COX-2
metabolites PGF2a and PGE2, the CYP450 metabolites 11,
12, 15- trihydroxyeicosatrienoic acid (TriHETrE) and
20-hydroxyeicosatetraenoic acid (HETE), and the proinflammatory LOX metabolite 20-carboxy-leukotrieneB4 (20COOH-LTB4) were decreased. Similar changes were observed
previously in rodents treated with sEHI (Schmelzer et al.,
2005; Jung et al., 2010). Moreover, plasma concentrations of
20-HETE, the major vasoconstrictor metabolite in the AA
cascade, were decreased with increasing doses of TPPU.
However, we observed an increase in LOX products of AA,
11-HETE, 12-HETE and 15-HETE. From the LA metabolites,
9, 12, 13-trihydroxyoctadecenoic acid (TriHOME) and 9,
10, 13-TriHOME levels were reduced, whereas 9- and
13-hydroxyoctadecadienoic acid (HODE) levels were
increased in plasma (Supporting Information Table S5C).

Discussion
The overall aim of this study was to identify a sEHI with high
potency (IC50 in the low nM range), physicochemical properties consistent with drug-likeness, PK properties with relatively rapid absorption, high AUC, long t1/2 that would
facilitate long-term interventional studies in NHPs. In addition, we determined the pharmacodynamics of selected sEHI,
such as TPPU, by evaluating the effect of escalating doses on
the epoxide-to-diol ratio in these animals.

Characterization of the sEH in
cynomolgus monkeys
We investigated if the cynomolgus sEH was similar to the
human enzyme. Based on the subcellular localization and
substrate selectivity (Table 1), as well as the selectivity of the
inhibitors (Table 2), the monkey and human sEH activities
were very comparable. Thus, the NHP enzyme represented a
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good model for the inhibition of the human sEH, which is
consistent with two closely related primate species. In addition, the hepatic cytosolic fraction is suitable to compare the
potency of sEHI for use in cynomolgus monkeys. While the
IC50 values differ between the human and cynomolgus sEH
(Table 2), similar ranking of the inhibitors was obtained
(Spearman’s rank correlation coefficient P of 0.82). This indicates that the IC50 data obtained with the sEH from human is
generally predictive of the activity on the monkey enzyme,
and that both enzymes have similar selectivity. As a cautionary note, the fluorescent assay was recently reported to overestimate the IC50s for some piperidyl ureas compared with
those of the inhibitors with 4-(cyclohexyloxy) benzoic acid
(Tsai et al., 2010). This discrepancy also was observed for the
human sEH (Table 2).

Structure-activity relationships among sEHIs
The 4-(cyclohexyloxy) benzoic acid containing compounds
(6–10) are very potent sEHIs when tested with the monkey
and human enzyme, and compare favourably with earlier
sEHIs. Also, we observed that esters and amides of the urea
inhibitors with cyclohexyl ethers are more potent than the
free acids (data not shown). Docking experiments into the
active site of the human sEH showed that the acid or ester
function of 4-(cyclohexyloxy) benzoate-containing compounds make hydrogen bonds with Arg408 possibly contributing to their higher potency (Hwang et al., 2007). Both the
cyclohexyl ethers and the piperidine derivatives have a polar
group 7–8 Å away from the urea carbonyl, which contributes
to water solubility and also to hydrogen bonding in the active
site of the sEH. Data on the compounds AEPU, APAU, t-TUCB,
and t–AUCB provide bridging data to previous publications
(Tsai et al., 2010). With the [3H]-t-DPPO assay and monkey
cytosol, the piperidine-containing compounds (APAU and
compounds 2–5) varied widely in potency with TPPU (compound 3) being the most potent tested. For the piperidines,
we previously observed that small variation in structure
results in large changes in potency for the human, murine
and canine sEHs. The addition of a methylene to the acyl
moiety of APAU dramatically increased its potency on the
human and canine enzyme but dramatically reduced its AUC
in the dog (Jones et al., 2006; Rose et al., 2010; Tsai et al.,
2010). However, when the metabolically labile adamantane
moiety is replaced with a more stable group such as the
trifluoromethoxyphenyl, one can both increase activity and
improve AUC with larger acyl groups. Similarly, the addition
of a methyl group in TPPU compared with TPAU resulted in
a compound that was 10-fold more potent against the cynomolgus sEH, while retaining high blood levels (Table 2).

PK of sEHIs
The presence of a 4-trifluoromethoxy phenyl group on the
1-N urea position, with either a piperidine derivative or
4-(cyclohexyloxy) benzoic acid yields a higher AUC and a
longer elimination half-life (Table 3), which is likely to be due
to relatively slower metabolism and/or excretion. Such effects
were observed recently in dogs with similar compounds (Tsai
et al., 2010). Moreover, the piperidyl ureas have slightly more
drug-like properties, as shown by their higher water solubility, lower melting point, moderate log P and lower plasma
British Journal of Pharmacology (2012) 165 1401–1412
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protein binding (more available free compound to tissues)
compared with the 4-(cyclohexyloxy) benzoic acid urea
series. The differences in PK among the piperidines did not
seem to come from gross differences in their absorption, but
was likely to derive from slower metabolism and/or elimination. This translated into a large difference in half-life (Supporting Information Table S4A), which is about three times
longer for the trifluoromethoxyphenyl-containing compounds 2 and 3 than for the other two piperidines, as well as
larger AUCs (~5-fold larger). Furthermore, the time at which
the elimination became apparent, started earlier for the piperidines (compounds 3–5) in the blood concentration–time
course compared with that of 4-(cyclohexyloxy) benzoic acid
compounds (compounds 6–8). Although these piperidines
maintained longer elimination time range, the early elimination time range suggests faster absorption (Supporting Information Table S4A). As for the escalating doses of TPPU, the
time range of elimination shortened, and accordingly the
apparent half-life decreased, as if TPPU was eliminated faster
(Supporting Information Table S4B). However, as the dose
increased, tmax also increased (Table 4), suggesting slower
absorption, which indicates delayed elimination phase rather
than faster elimination.
Besides these differences, considering the time period that
is above the IC50 concentration suggests that TPPU will be
more effective for a longer time than TPAU (Figure 2). Effective blood concentration for an extended period is desirable
for the planned long-term monkey experiments. The relative
advantages of longer half-lives in man must be considered in
the context of the targeted indication and safety profile of the
sEHI.
The 4-chlorophenyl derivatives resulted in long t1/2 and
AUC, but only in the 4-(cyclohexyloxy) benzoic acid series
(t-CPUB, compound 7) (Supporting Information Table S4A).
In addition, this modification can decrease the cost of synthesis compared with the trifluoromethoxyphenyl group and
allow for less expensive drug candidates in the future. In an
effort to simplify formulation and possibly reduce Cmax while
retaining a large AUC of 4-(cyclohexyloxy) benzoic acidcontaining compounds, we tested the effect of polyether
esters on the PK profile (compounds 9 and 10 in Table 3).
However, these compounds are quickly metabolized to their
corresponding acid derivatives due to esterases and thus the
presence of polyether ester did not improve PK.

ways for EET and DHET metabolism, particularly the rapid
incorporation of EETs into the phospholipids. When administered in the diet, TPAU showed almost identical elimination
half-lives at each of four doses (Table 5), also indicating that
this compound is suitable for long-term studies. The data in
Figures 1 and 3A indicate that some of the compounds have
a long b elimination phase. For example, Figure 3A demonstrates that for TPPU (compound 2), a washout period significantly greater than 48 h in single multiple dosing studies are
needed. Since the experiment was just to estimate AUCs and
the dose was escalated, previous doses had little influence on
the data from subsequent doses that were three times higher.
In longer term studies, animals should be monitored for drug
accumulation, although we did not observe any toxicity in
our current studies.

Conclusions
The cynomolgus monkey is commonly used as a model for
humans in therapies for atherosclerosis. Also, the gastrointestinal transit time in cynomolgus monkeys is similar to
humans (Kondo et al., 2003), which helps making reliable
predictions for oral dosage in human. The compounds
selected as most appropriate for the atherosclerosis study in
NHP may not be optimum for humans in part because
extrapolation of doses to humans is never clear. Also, the long
half-life that is preferred in this study in NHP may not be
desirable for a first in class compound for humans.
In conclusion, we found four sEHIs [TPAU (compound 2),
TPPU (compound 3), t-TUCB (compound 6) and t-CPUB
(compound 7)] that were promising for long-term studies in
NHP. Among these compounds, TPPU showed PK with high
AUC and longer elimination half-life, high potency, druglikeness, lower plasma protein binding and good target
engagement based on epoxide-to-diol ratios in the linoleate
series in NHPs. The other three compounds were good alternatives to TPPU for PK and potency, while providing structural diversity. In addition, these compounds were easy to
formulate in a triglyceride solution for administration by
gavage or for incorporation into the diet. Based on this study,
further studies are underway using TPPU as a model compound to evaluate the role of EETs in a primate model of
atherosclerosis.

Target engagement and dose linearity
TPPU demonstrated a dose-dependent increase in sEH inhibition in the ratio of linoleate epoxides to diols following oral
dosage (Figure 3), although this change was only moderately
dose linear. Similarly, excellent dose linearity in the
4-(cyclohexyloxy) benzoic acid series (t-AUCB) was shown in
mice (Liu et al., 2009) and dogs (Tsai et al., 2010). Our results
on the EET : DHET ratios are consistent with previous reports
(Schmelzer et al., 2005; Inceoglu et al., 2006), showing that
these ratios correlate well with doses in rodents with inflammation and, often, sEHI treatment results in little change in
eicosanoids in non-inflamed animals. The lack of significant
changes in the AA metabolites are probably due to their
relatively low concentrations in plasma (Supporting Information Table S5A, Supporting Information Figure S6B and C),
high variation among the animals and the alternate path1410
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Supporting information
Additional Supporting Information may be found in the
online version of this article:
Figure S1 (A) Chemical structures of sEH substrates used in
the sEH activity assays and their Km values for human sEH are
shown. (B) The structures of the surrogate and additional
internal standards that were used to quantify the sEHIs in
blood by LC/MS. (C) Schematic structures of cyclohexyl ether
and piperidyl urea inhibitors examined in this study are
shown.
Figure S2 Blood concentration–time course of sEHIs tested
with oral cassette dosing, which did not fit our PK criteria.
Data are mean ⫾ SD.
Figure S3 Comparison of the concentrations of the
selected sEHIs in whole blood and plasma in cynomolgus
monkeys.
Figure S4 Comparison of the blood concentration–time
courses of TPPU when administered orally at 0.3 mg·kg-1, via
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cassette versus single dosing is given. Data are mean ⫾ SD,
n = 4 for each experiment.
Figure S5 Blood concentration–time course of TPAU in
cynomolgus monkeys after 5 days of feeding at 0.1, 0.3, 1 and
3 mg·kg-1 dose, n = 4/dose, data are mean ⫾ SD.
Figure S6 (A) Plasma EET : DHET ratios of individual
regioisomers 4 and 48 h postdosing with TPPU at consecutive
0.3, 1 and 3 mg·kg-1 doses. (A) arachidonic acid EET : DHET
ratio for each regioisomer (8, 9; 11, 12; and 14,15-EET : DHET
ratios), (B) absolute plasma levels of each regioisomer of EETs
and (C) absolute plasma levels of each regioisomers of DHETs.
(D) linoleic acid EpOME : DHOME ratios and (E) absolute
plasma levels of the epoxides and diols. Data are mean ⫾ SD.
Figure S7 Time course of plasma protein binding of TPPU
in cynomolgus plasma.
Table S1 HPLC solvent gradient to separate sEHIs
Table S2 Optimum tandem mass conditions and key fragmentation of the sEHIs
Table S3 Physicochemical properties of compounds tested
in monkeys
Table S4 (A) Half-life of the sEH inhibitors calculated from
blood concentration–time course. (B) Half-life of the sEH
inhibitors obtained from the dose-escalation experiment
Table S5 (A) Effects of escalating doses of TPPU on plasma
concentrations of epoxides and diols of arachidonic and
linoleic acids. (B) Effects of escalating doses of TPPU on
plasma concentrations of arachidonic acid metabolites. (C)
Effects of escalating doses of TPPU on plasma concentrations
of linoleic acid metabolites
Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials supplied
by the authors. Any queries (other than missing material)
should be directed to the corresponding author for the article.

