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Abstract

Rheumatoid arthritis is a common systemic inflammatory autoimmune disease characterized by
damage to joints, inflammation and pain. It is driven by an increase of inflammatory cytokines
and lipids mediators such as prostaglandins. Epoxides of polyunsaturated fatty acids (PUFAS)

are lipid chemical mediators in a group of regulatory compounds termed eicosanoids. These
epoxy fatty acids (EpFA) have resolutive functions but are rapidly metabolized by the soluble
epoxide hydrolase enzyme (SEH) into the corresponding diols. The pharmacological inhibition of
SEH stabilizes EpFA from hydrolysis, improving their half-lives and biological effects. These anti-
inflammatory EpFA, are analgesic in neuropathic and inflammatory pain conditions. Nonetheless,
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inhibition of sEH on arthritis and the resulting effects on eicosanoids profiles are little explored
despite the physiological importance. In this study, we investigated the effect of SEH inhibition
on collagen-induced arthritis (CI1A) and its impact on the plasma eicosanoid profile. We measured
the eicosanoid metabolites by LC— MS/MS-based lipidomic analysis. The treatment with a sSEH
inhibitor significantly modulated 11 out of 69 eicosanoids, including increased epoxides 12(13)-
EpODE, 12(13)-EpOME, 13-0x0-ODE, 15-HEPE, 20-COOH-LTB4 and decreases several diols
15,6-DiHODE, 12,13-DiHOME, 14,15-DiHETYE, 5,6-DiHETIE and 16,17-DiHDPE. Overall the
inhibition of sEH in the rheumatoid arthritis model enhanced epoxides generally considered
anti-inflammatory or resolutive mediators and decreased several diols with inflammatory features.
These findings support the hypothesis that inhibiting the SEH increases systemic EpFA levels,
advancing the understanding of the impact of these lipid mediators as therapeutical targets.

Keywords
Lipidomics; soluble epoxide hydrolase; rheumatoid arthritis; diols; inflammation

1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory condition affecting the joints, leading
to cartilage and bone damage as well as disability [1]. The pathogenesis of RA is
multifactorial, involving various contributing factors. Dysregulated cytokine production

and altered serum concentrations of several cytokines have been observed in RA patients.
Notably, the production and release of specific cytokines such as IL-17A, IL-17F, and IL-22
have been shown to stimulate synovial fibroblasts and macrophages, leading to the secretion
of pro-inflammatory mediators including IL-1p, IL-6, TNF-a, and PGE2. These mediators
exacerbate synovial inflammation [2]. Furthermore, a recently identified molecule known
as secreted osteoclastogenic factor of activated T cells (SOFAT) has been implicated in the
complex inflammatory phenotype of RA [3]. These findings highlight the ongoing need

for extensive investigations to better comprehend the intricate mechanisms involving the
molecules and mediators that initiate and perpetuate RA.

Lipids play crucial roles as essential metabolites, serving as energy sources, components
of cell membranes, and signaling molecules, particularly in the context of inflammation
[4]. Eicosanoids, in particular, precede the production of cytokines and chemokines [5].
Metabolomic alterations, including changes in the eicosanoid profile, have been implicated
in rheumatoid arthritis (RA), leading to a pro-inflammatory response characterized by the
release of inflammatory mediators such as TNF-a, IL-17, and IL-4 [6]. Consequently, over
the past decade, there has been growing interest in modulating lipid metabolism as a means
to better understand the pathogenesis of RA and mitigate tissue damage caused by the
inflammatory response [7].

Eicosanoids are derived from the oxidation of omega-3 and omega-6 polyunsaturated fatty
acids (PUFASs) and are metabolized through various pathways, including cyclooxygenase
(COX), lipoxygenase (LOX), and cytochrome P450 (CYP450) pathways [8]. These
eicosanoids encompass bioactive molecules such as prostaglandins, lipoxins, and

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Trindade-da-Silva et al. Page 3

leukotrienes, which exert diverse and pleiotropic effects on inflammation and immunity
[9]. Within the cytochrome P450 pathway, arachidonic acid (ARA), linoleic acid (LA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) can undergo conversion to
epoxy metabolites. These epoxy metabolites, including epoxyeicosatrienoic acids (EETS),
epoxyoctadecenoic acids (EpOMES), and hydroxyeicosapentaenoic acids (HEPES), have
demonstrated anti-inflammatory effects. However, the corresponding diols resulting from the
action of the soluble epoxide hydrolase enzyme (SEH) exhibit increased polarity and are
easily conjugated for excretion. Notably, some diols have been associated with increased
inflammation and pain [10,11]. Consequently, inhibitors targeting the soluble epoxide
hydrolase (SEH) enzyme have been developed with the aim of disrupting the enzymatic
hydrolysis and activities of various epoxy fatty acids (EpFA). These inhibitors have shown
promise in experimental disease treatment, particularly in the control of inflammation
[12,13]. In a recent well-executed study, it was elegantly demonstrated that the lipidome
profile is significantly influenced by the phase and status of rheumatoid arthritis (RA)
disease, enabling discrimination between different phases of disease activity [14].

The soluble epoxide hydrolase (SEH) enzymes are expressed in various tissues including
the intestine, liver, kidney, brain, vasculature, spleen, and knee joint [15,16]. Elevated
SEH activity and protein presence have been reported in inflammatory diseases such

as periodontitis and arthritis [12,16]. In a recent study conducted by our group, we
demonstrated that inhibition of SEH leads to a reduction in the inflammatory response in
a collagen-induced arthritis model (CIA). This inhibition resulted in decreased levels of
pro-inflammatory cytokines associated with Th1 and Th17 profiles, while simultaneously
increasing the presence of Treg cells. As a result, hyperalgesia and edema were alleviated
[16].

Changes in lipid mediators have been observed even prior to the manifestation of disease,
including increased levels of 5-hydroxyeicosatetraenoic acid (5-HETE) [17] and decreased
levels of w—3 fatty acids [18], underscoring the significance of lipid metabolism in
rheumatoid arthritis (RA). Consequently, in this study, we investigated the lipidome profile
in an arthritis mouse model following inhibition of the soluble epoxide hydrolase (SEH)
enzyme.

2. METHODOLOGY

2.1 Animals and animals’ care

This study was performed on male mice DBA/1J weighing 25 to 30 g (n = 4/per group),

in a total of 12 animals, and kept in cages (4 per cage) in a temperature-controlled room

(23 £ 1°C), 12:12 light cycle, with water and food ad libitum. This /7 vivo protocol was
performed according to the “NC3Rs ARRIVE Guidelines, Animal Research: Reporting of in
Vivo Experiments”. All experiments were conducted in accordance with the Committee on
Animal Research of Faculdade S&o Leopoldo Mandic, Brazil (#2019/019), which followed
the guidelines by the Brazilian National Council for Control of Animal Experimentation
(CONCEA).

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.
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2.2 Collagen-induced Arthritis (CIA) in DBA/1J mice

The methodology used was described previously [19,16] and summarized below. Male
DBA/1J mice (6-9 weeks) were immunized intradermally at 1.5 cm from the base of the

tail with 100 pg of chicken sternal hyaline Collagen type 2 (Cll) (Sigma) dissolved in water
with 100 pL acetic acid (0.05 mol/L) and mixed with an equal volume of CFA (complete
Freund’s adjuvant) (Difco Laboratories, Detroit, MI, USA). After 21 days, animals were
boosted with 100 pg Cll emulsified in incomplete Freund’s adjuvant (Difco). Mice were
monitored daily for signs of arthritis as described. Scores were assigned based on erythema,
swelling, or loss of function present in each paw on scale of 0-4, giving a maximum score of
16 per mouse (see below for details). When mice reached a score of 1 for clinical arthritis,
the animals were randomly assigned to one of the following groups: mice were treated with
the sEH inhibitor 1-(1-propanoylpiperidin-4-yl)-3-[4-(trifluoromethoxy)phenyl]urea (TPPU)
at a dose of 10 mg/kg by gavage [16] or vehicle (the same volume of PEG400 in saline)
daily for 15 days. Scoring was conducted in a blind fashion by an investigator who do not
perform the treatment of the animals. At the end of 15 days, all groups were anesthetized
with xylazine and ketamine i.p. and sacrificed by cervical dislocation. The blood was
collected, and the plasm was separated by centrifugation.

2.3 Clinical arthritis scores

Mice were inspected for the development of CIA and inflammation of the four paws was
graded between 0 and 4: 0, paws with no swelling; 1, paws with swelling of finger joints
or focal redness; 2, paws with mild swelling of wrist or ankle joints; 3, paws with severe
swelling of the entire paw; and 4, paws with deformity or ankylosis. Each paw was graded,
and the four scores were added.

2.4 LC-MS/MS-based lipidomic analysis. Extraction and analyses of the regulatory lipid

mediator

The extraction process is similar to the protocol as described previously [19]. Briefly, plasma
(200 pL) samples were aliquoted to a solution containing methanol and surrogate solution
including a deuterated internal standard solution, a mixture of 500 nM of d4 PGF1la, d4
PGE2, d4 TXB2, d4 LTB4, d6 20 HETE, d11 14,15 DIiHETYE, d8 9 HODE, d8 5 HETE, and
d11 11,12 EpETrE (Cayman Chemical, Ann Arbor, MI). The plasma samples were vortexed
and centrifuged prior to solid phase extraction (SPE) with two column volumes of wash
solution (5% methanol, 0.1% acetic acid in water) before elution by 0.5 mL of methanol and
1.5 mL of ethyl acetate. The eluents were dried under vacuum and then reconstituted with 50
uL of 200 nM CUDA solution in methanol prior to analysis. The oxylipins were measured
on a 1200 SL ultra-high-performance liquid chromatography (UHPLC) (Agilent, Santa
Clara, CA) interfaced with a 4000 QTRAP mass spectrometer (Sciex, Redwood City, CA).
The separation conditions for LC were optimized to separate the critical pairs of oxylipins,
which share the same multiple reaction monitor (MRM) transitions. In brief, separation was
achieved on an Agilent Eclipse Plus C18 150%2.1 mm 1.8 pm column with water with 0.1%
acetic acid as mobile phase A and acetonitrile/methanol (84/16) with 0.1% acetic acid as
mobile phase B. All the parameters on the mass spectrometer were optimized with pure
standards (purchased from Cayman Chemical, Ann Arbor, MI) under negative mode. A

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.
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scheduled multiple reaction monitoring (MRM) scan mode was employed to increase the
sensitivity of the measurement.

2.5 Statistical analysis

The statistical analyses were performed using Prism 9.2 (GraphPad, La Jolla, CA, USA).
The data were first examined for normality using the Kolmogorov-Smirnov test. One-way
ANOVA and the post-test of Tukey or nonparametric test Kruskal Wallis followed by Dunn
test was used for histopathological scores. P < .05 was considered significant. Data are
presented as mean + SD. The metabolomic analysis was carried out utilizing the integrated
web-based platform MetaboAnalyst [20].

3. RESULTS

3.1 Clinical score in arthritis

In the past decade, there has been growing recognition of the role of oxylipins in various
inflammatory diseases [21], including their association with the progression of rheumatoid
arthritis [22,23]. In this study, we aimed to examine the effects of SEH inhibition (SEHI) in
an experimental arthritis model using DBA/1J mice. The clinical evaluation was conducted
over a period of 15 days following the initial onset of the disease (Figure 1A). Notably,
treatment with sEHI resulted in a significant reduction in clinical scores (Figure 1B)
compared to the untreated CIA group.

Consequently, we proceeded with the analysis of the plasma oxylipin profile, further
advancing our investigation. A total of 69 distinct oxylipins were identified in measurable
quantities within the mouse plasma samples. The metabolomic data were normalized and
subjected to analysis (Supplementary Figure 1).

3.2 Metabolomic

The enzymatic conversion of polyunsaturated fatty acids (PUFAS) like linoleic acid,
arachidonic acid, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) results
in the generation of biologically active compounds, involving various enzymes including
those within the cytochrome P450 family [24]. To investigate the impact of SEH inhibition
on different PUFA cascades, we conducted an individual analysis of each PUFA axis.

The sEH enzyme converts EpFAs, which are formed through CYP-catalyzed oxidation,
into their corresponding diols. The score plots generated through partial least squares-
discriminant analysis (PLS-DA) for the oxylipin data indicate distinct oxylipin profiles
for each group (Control, CIA, and CIA+sEHI) (Figures 2A, 3A, 4A, and 5A). Heatmap
and clustering analysis of the oxylipin data reveal changes among the groups, as depicted
in Figures 2B, 3B, 4B, and 5B. The Variable Importance in Projection (VIP) score is

a calculated value that represents the weighted sum of squares of the PLS loadings,
taking into account the degree of explained Y-variation in each dimension. VIP scores
are computed for each component, and when multiple components are utilized to calculate
the feature importance, the average VIP score is determined. Colored boxes on the right
side of the figures (Figures 2G, 3l, 4E, and 5D) indicate the relative concentrations of the

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.
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corresponding metabolites, as indicated by the VIP scores for each group (Control, CIA, and
CIA+sEH]I).

3.3 Effect of sEHI on CYP-derived oxylipins through the arachidonic acid (AA) pathway.

The CYP450 pathway utilizes arachidonic acid (AA) as a substrate for the production of
oxylipins through processes such as epoxidation, chain hydroxylation, and w-hydroxylation.
Our data indicates that blocking sEH activity has an impact on CYP-derived oxylipins when
comparing the CIA group with the CIA + sEHI group. Specifically, statistically significant
reductions were observed in the levels of 14,15-DIiHETrE and 5,6-DiHETrE (Figure 2C and
D). Conversely, there was a statistically significant increase in 20-COOH-LTB4 (note that
LTB4 is a poor substrate for sEH) (Figure 2E). Regarding 11(12)-EpETrE, its concentration
was statistically higher in the CIA group compared to the control group (p < 0.05), and
treatment with sEHI did not alter its plasma levels (Figure 2F). In each pathway (AA, LA,
EPA, and DHA), important features were identified through PLS-DA analysis, revealing
comparable concentrations of the corresponding metabolites within each group.

3.4 Effect of sEHI on CYP-derived oxylipins through the linoleic acid (LA) pathway.

In terms of the linoleic acid (LA) pathway, notable observations were made. Firstly, there
were statistically significant increased levels of (9,10)-EpOME in the CIA group compared
to both control and CIA groups (p < 0.05) (Figure 3C). Interestingly, significantly higher
levels of 12(13)-EpOME were observed in the sEHi-treated group (Figure 3D), while the
corresponding diol, 12,13-DiHOME, exhibited a statistically significant decrease in the
ClA-treated group compared to both control and CIA groups (Figure 3E). Conversely, the
ClA-treated group demonstrated a significant decrease in the diol 15,16-DiHODE when
compared to the CIA group (Figure 3F). Additionally, there were significant increases
observed in the levels of 13-oxo-ODE and 12(13)-EpODE in the CIA-treated group (Figure
3G and H).

3.5 Effect of sEHI on CYP-derived oxylipins through the Eicosapentaenoic acid (EPA)
pathway.

The CYP enzymes utilize eicosapentaenoic acid (EPA) as a substrate to generate fatty

acid epoxides (EpETES), which are subsequently metabolized into dihydroxy fatty acids
(DIHETES) by the sEH enzyme. Our findings indicate that SEH inhibition (SEHI) has

an impact on the CYP-derived oxylipins within the EPA pathway. Specifically, our data
revealed a significant increase in the concentration of 13-HODE in the CIA group compared
to the control group, while the sEHI-treated group exhibited a restoration towards the
physiological levels (p < 0.05), as illustrated in Figure 4C. Additionally, there was a
statistically significant elevation in the concentration of 15-HEPE observed in the sEHI-
treated group compared to the CIA group (Figure 4D).

3.6 Effect of sEHI on CYP-derived oxylipins through the Docosahexaenoic Acid (DHA)
pathway.

The CYP enzymes facilitate the formation of fatty acid epoxides from docosahexaenoic
acid (DHA), resulting in the production of epoxides such as 4,5-EpDPE, 7,8-EpDPE,

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.
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and 16,17-EpDPE. Subsequently, these epoxides can be metabolized into diols, including
16,17-dihydroxy-docosapentaenoic acid (16,17-DiHDPE), through the action of the sEH
enzyme. In our study, we observed a significant reduction in the levels of 17-DiHDPE in the
ClA-treated group compared to the CIA group (Figure 5C).

4. DISCUSSION

Recent studies have demonstrated that the administration of sEH inhibitors (SEHI) improves
the clinical symptoms in animal models of arthritis [16,25,26]. However, the effects of sEHI
on metabolites of the cytochrome P450 pathway in rheumatoid arthritis (RA) remain poorly
understood. Eicosanoids, which are important lipid mediators derived from arachidonic
acid (AA) [21], are converted to their corresponding diols by sEH from polyunsaturated
fatty acids (PUFAS) in the CYP pathway. In this study, we observed a decrease in two

diols from the AA pathway, namely 14,15-DIiHETrE and 5,6-DiHETrE (Figure 2C and D).
Interestingly, these lipid alterations have been associated with inflammatory diseases. For
instance, a study demonstrated that these diols are linked to an increased risk of Alzheimer’s
disease progression [27]. In another study, elevated levels of 14,15-DiHETrE were observed
in the bronchoalveolar lavage of patients with Sarcoidosis, a systemic inflammatory multi-
organ disease, and these levels were associated with the CD4/CD8 lymphocyte ratio [28].
Additionally, we identified increased levels of 11(12)-EpETrE, an agonist of peroxisome
proliferator-activated receptor gamma (PPARy) [29,30], exclusively in the CIA group,

and treatment with sEHi did not affect its plasma levels (Figure 2F). Furthermore, the
omega oxidation product 20-COOH-LTB4, which has been proposed as a biomarker in
inflammatory synovial fluids [31], exhibited lower concentrations in line with previous
reports, and its levels were increased in the plasma of the sEHi-treated group (Figure

2E). Taken together, these findings suggest that this lipid mediator could be a promising
therapeutic candidate warranting further investigation regarding its role in arthritis.

In recent decades, numerous studies have highlighted the diverse protective functions of
linoleic acid (LA) in experimental models, including its anti-inflammatory, anticarcinogenic,
antiadipogenic, antidiabetic, and antihypertensive properties [32]. More recently, there has
been a growing focus on investigating the roles of LA metabolites in various diseases.
Specifically, the biological effects of LA metabolites, such as dihydroxy-metabolites
(DIHOMES) and linoleic acid epoxides (such as epoxyoctadecenoic acids [EpOMESs]), have
been recognized for their significant involvement in inflammatory diseases and nociception
[33,34]. A study demonstrated that the application of SEH inhibition (specifically TPPU)
reduces the concentrations of 12,13-DiHOME in nervous tissue and alleviates thermal
hyperalgesia in two in vivo models: zymosan-induced and CFA-induced [34]. Furthermore,
a recent study indicated that the diols derived from LA could serve as potential biomarkers
for severe cases of COVID-19. These diols were found to be more prevalent in severe
patients who experienced an intense inflammatory cytokine storm, suggesting their potential
role as drivers of the inflammatory response [35].

In the pathway involving linoleic acid (LA), it was observed that treatment with SEH
inhibition (SEHi) led to a decrease in the diols 12,13-DiHOME and 15,16-DiHODE
(Figure 3E and F). Previous research using the same model has reported that treatment

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.
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with TPPU in animals with CIA (collagen-induced arthritis) results in a reduction in
inflammatory pain [16]. In this study, it was found that sEHi treatment reduced the levels
of 12,13-DiHOME in the plasma and increased its precursor, 12(13)-EpOME (Figure 3D
and E). These findings align with the earlier study’s observations of pain reduction [16].
Furthermore, decreased concentrations of EpOMEs and 9,10-DiHOME were also observed
in a chronic inflammatory pain study involving the amygdala and the periaqueductal gray
[36]. Interestingly, individuals with chronic neck pain have been found to exhibit increased
plasma levels of 9,10- and 12,13-DiHOME. This suggests a potential correlation between
these diols and pain [37]. Moreover, DiIHOMEs have been shown to activate the NF-xB
cascade, leading to a pro-inflammatory response and the release of TNFa and Monocyte
Chemoattractant Protein 1 (MCP-1) from HL-1 cells [34]. In this study, we demonstrated
that the diols from the LA pathway contribute to the advancement of research in the

CIA model, where these epoxy or diol compounds could be linked to disease initiation

or progression, particularly regarding pain symptoms. Finally, it is worth noting that 13-
Ox0-ODE, an endogenous PPAR gamma ligand with anti-inflammatory effects [37], was
investigated in plasma, and its levels were found to be upregulated in the SEH inhibition
(sEHi) group (Figure 3G). This indicates the resolutive actions of SEH inhibition in the CIA
model [16].

The metabolite 15-HEPE, derived from EPA (an omega-3 fatty acid), is known for its
anti-inflammatory properties [39,40]. In this study, treatment with the sSEH inhibition (SEHi)
group resulted in increased levels of 15-HEPE in the plasma (Figure 4D). Additionally,
15-HEPE has demonstrated resolving actions in psoriatic arthritis [41,42]. Conversely,
13-HODE is a lipid mediator that triggers a pro-inflammatory response and contributes

to various pathological conditions [43]. It also plays a role in promoting an inflammatory
pain state by activating TRPV1 in dorsal root ganglion cell bodies [44]. Considering these
findings, it is reasonable to speculate that the observed decrease in levels of 13-HODE in the
sEHi group (Figure 4C) could partially explain the previously observed analgesic effect [16].

Concerning the metabolites derived from the DHA pathway (derived from omega-3 fatty
acids), it was observed that the levels of 16,17-DiHDPE were lower in the SEH inhibition
(sEHi) group compared to the other groups, but there were no changes in the control and
CIA groups (Figure 5C). The specific biological effects of 16,17-DiHDPE are not yet well
understood; however, it is worth noting that other metabolites within the same group, such as
19,20-DiHDPE, have been found to induce an inflammatory response [45].

A recent study has indicated that inhibiting SEH has a positive impact on the levels

of specialized pro-resolving mediators (SPMs) found in saliva during experimental
periodontitis [46]. Notably, resolvin E1 and E2, which belong to the EPA and DHA family
of bioactive lipid mediators, were among the upregulated compounds resulting from sEH
inhibition. Therefore, taking into account these recent findings and the current report, it can
be suggested that the protective and resolving effects of SEH inhibition (specifically TPPU)
in inflammatory osteolytic conditions are attributed to a shift in the production of bioactive
lipids from inflammatory oxylipins (such as eicosanoids) to SPMs and linoleic metabolites.

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.
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To summarize, the inhibition of SEH has a notable effect on the oxylipin profile in arthritis.
It results in a decrease in several diols, which can trigger an inflammatory response. On
the other hand, it leads to an increase in anti-inflammatory and analgesic lipid precursors
derived from sEH. These discoveries have the potential to inform the development of
novel approaches for treating rheumatoid arthritis (RA) and potentially other inflammatory
conditions, as well as enhancing pain management strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

RA Rheumatoid arthritis

CIA collagen induced-arthritis model
PUFA polyunsaturated fatty acid
COX cyclooxygenase

LOX lipoxygenase

P450 Cytochrome P450

AA Araquidonic acid

LA linoleic acid

EPA eicosapentaenoic acid

DHA docosahexaenoic acid

SsEH soluble epoxide hydrolase
EET eicosatrienoic acids

EpOME epoxyoctadecenoic acid
HEPE hydroxyeicosapentaenoic acid
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Highlights
Rheumatoid arthritis is a disease characterized by joint damage, inflammation, and pain.
Epoxides of polyunsaturated fatty acids (PUFAS) play a role as lipid chemical mediators

Preventing rapid metabolism into diols is achieved by inhibiting soluble epoxide
hydrolase (sEH).

The impact of SEH inhibition on plasma eicosanoid profile was assessed in CIA.

sEH inhibition modulated eicosanoids, increasing anti-inflammatory epoxides and
reducing inflammatory diols.
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Figure 1:
Amelioration of clinical score in arthritis model by soluble epoxide hydrolase inhibitor. Oral

treatment with TPPU (10mg/kg) was given daily for 15 days in the CIA + sEHI group.
Disease progression was monitored (A) and quantified using clinical scores (B). The results
are presented as mean + SD, with n = 4 mice per group in each experiment. Statistical
analysis was performed using two-way ANOVA followed by Tukey’s post-test, with ****

indicating p < 0.0001.
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Arachidonic acid lipidis mediators profile
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Profile of arachidonic acid metabolites upon treatment with sEHI in an arthritis model.
Oral treatment with TPPU (10mg/kg) was given daily for 15 days in the CIA + seHI
group. (A) Score plots of Partial Least Squares-Discriminant Analysis (PLS-DA) illustrating
the differentiation of Control, CIA, and CIA + sEHI groups. (B) Heatmap and clustering
analysis displaying the relative intensities of eicosanoid variables in the control, CIA,
and CIA + seHI groups, represented by color bars. Column bar graphs demonstrating
changes in the levels of CYP-derived oxylipins from arachidonic acid (AA) including:
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(C) 14,15-DiHETYE, (D) 5,6-DiHETIE, (E) 20-COOH-LTB4, and (F) 11(12)-EpETIE. (G)
Identification of significant features by PLS-DA. The colored boxes on the right indicate
the relative concentrations of the corresponding metabolite in each group (Control, CIA, or
CIA + sEHI). Values are presented as mean + SE; n = 4 per group. Statistical significance is
denoted by *p < 0.05, **p < 0.001, and ***p < 0.0001.

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Trindade-da-Silva et al.

Linoleic acid lipidis mediators profile
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Profile of linoleic acid metabolites upon treatment with sEHI in an arthritis model. Oral
treatment with TPPU (10mg/kg) was given daily for 15 days in the CIA + sEHI group.
(A) Score plots of Partial Least Squares-Discriminant Analysis (PLS-DA) illustrating the
differentiation of Control, CIA, and CIA + sEHI groups (n = 4 per group). (B) Heatmap
depicting the relative intensities of eicosanoid variables in the control, CIA, and CIA

+ SEHI groups, represented by color bars. Column bar graphs demonstrating changes

in the levels of CYP-derived oxylipins from Linoleic Acid including: (C) 9,10-EpOME,

Biochim Biophys Acta Mol Cell Biol Lipids. Author manuscript; available in PMC 2025 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Trindade-da-Silva et al. Page 18

(D) 12(13)-EpOME, (E) 12,13-DiHOME, (F) 15,16-DiHODE, (G) 13-0x0-ODE, and (H)
12(13)-EpODE. (1) Identification of significant features by PLS-DA. The colored boxes on
the right indicate the relative concentrations of the corresponding metabolite in each group
(Control, CIA, and CIA + sEHI). Values are presented as mean £ SE; n = 4 per group.
Statistical significance is denoted by *p < 0.05, **p < 0.001, ***p < 0.0001, and ****p <
0.00001.
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Figure 4:
Profile of eicosapentaenoic acid (EPA) metabolites upon treatment with sEHI in an arthritis

model. Oral treatment with TPPU (10mg/kg) was given daily for 15 days in the CIA + sEHI
group. (A) Score plots of Partial Least Squares-Discriminant Analysis (PLS-DA) illustrating
the differentiation of Control, CIA, and CIA + sEHI groups (n = 4 per group). (B) Heatmap
displaying the relative intensities of eicosanoid variables in the control, CIA, and CIA +
SsEHI groups, represented by color bars. (C) Column bar graphs depicting the changes in

the levels of CYP-derived oxylipins from EPA, including 13-HODE. (D) Column bar graph
showing the change in the level of 15-HEPE. Values are presented as mean + SE; n = 4 per
group. Statistical significance is denoted by *p < 0.05 and **p < 0.001. (G) Identification

of important features by PLS-DA. The colored boxes on the right indicate the relative

VIP scores
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concentrations of the corresponding metabolite in each group (Control, CIA, and CIA +
SEHI).
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Profile of docosahexaenoic acid (DHA) metabolites upon treatment with sEHI in an arthritis
model. Oral treatment with TPPU (10mg/kg) was given daily for 15 days in the CIA + sEHI
group. (A) Score plots of Partial Least Squares-Discriminant Analysis (PLS-DA) illustrating
the differentiation of Control, CIA, and CIA + sEHI groups (n = 4 per group). (B) Heatmap
displaying the relative intensities of eicosanoid variables in the control, CIA, and CIA +
SsEHI groups, represented by color bars. Column bar graph showing the change in the levels
of CYP-derived oxylipins from DHA, including (C) 16,17-DiHDPE. Values are presented
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as mean + SE; n = 4 per group. Statistical significance is denoted by *p < 0.05. (D)
Identification of important features by PLS-DA. The colored boxes on the right indicate the
relative concentrations of the corresponding metabolite in each group (Control, CIA, and
CIA + sEHI).
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