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ORIGINAL RESEARCH

Soluble Epoxide Hydrolase Inhibitor Attenuates Inflammation and
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Jun Yang1, Jennifer Bratt2, Lisa Franzi2, Jun-Yan Liu1, Guodong Zhang1, Amir A. Zeki2, Christoph F. A. Vogel3,4,
Keisha Williams2, Hua Dong1, Yanping Lin1, Sung Hee Hwang1, Nicholas J. Kenyon2, and Bruce D. Hammock1

1Department of Entomology and Nematology and Comprehensive Cancer Center; 2Department of Internal Medicine, Division of
Pulmonary, Critical Care, and Sleep Medicine; 3Department of Environmental Toxicology; and 4Center for Health and the Environment.
University of California, Davis, California

Abstract

Control of airway inflammation is critical in asthma treatment.
Soluble epoxide hydrolase (sEH) has recently been demonstrated as
a novel therapeutic target for treating inflammation, including lung
inflammation. We hypothesized that pharmacological inhibition of
sEH can modulate the inflammatory response in a murine ovalbumin
(OVA) model of asthma. BALB/c mice were sensitized and
exposed to OVA over 6 weeks. A sEH inhibitor (sEHI) was
administered for 2 weeks. Respiratory system compliance,
resistance, and forced exhaled nitric oxide were measured. Lung
lavage cell counts were performed, and selected cytokines and
chemokines in the lung lavage fluid were measured. A LC/MS/MS
method was used to measure 87 regulatory lipids mediators in
plasma, lung tissue homogenates, and lung lavage fluid. The
pharmacological inhibition of sEH increased concentrations
of the antiinflammatory epoxy eicosatrienoic acids and
simultaneously decreased the concentrations of the
proinflammatory dihydroxyeicosatrienoic acids and
dihydroxyoctadecenoic acids. All monitored inflammatory
markers, including FeNO levels, and total cell and eosinophil

numbers in the lung lavage of OVA-exposedmice were reduced by
sEHI. The type 2 T helper cell (Th2) cytokines (IL-4, IL-5) and
chemokines (Eotaxin and RANTES) were dramatically reduced
after sEHI administration. Resistance and dynamic lung
compliance were also improved by sEHI. We demonstrated that
sEHI administration attenuates allergic airway inflammation and
airway responsiveness in a murine model. sEHI may have potential
as a novel therapeutic strategy for allergic asthma.

Keywords: soluble epoxide hydrolase; asthma; inflammation; lipid
mediators; type 2 T helper cell cytokines

Clinical Relevance

We demonstrated that inhibition of soluble epoxide hydrolase
attenuates allergic airway inflammation and airway
responsiveness in a murine model. Therefore, sEH inhibitors
may have potential as a novel therapeutic strategy for allergic
asthma.

Three hundred million people worldwide
suffer from episodic or persistent
asthma (1). The cornerstones of
treatment for persistent asthma are

inhaled corticosteroids and b-agonist
bronchodilators; however, a significant
minority of patients with asthma does not
respond well to these therapies (2). Thus,

there are ongoing efforts to develop novel
treatment strategies (3), such as specific
antagonists of type 2 T helper cell (Th2)
cytokines and mediators.
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Epoxyeicosatrienoic acids (EETs,
or EpETrEs according to LIPIDMAPS
nomenclature) are a class of important
lipid mediators with critical
physiological functions that include
vasodilation, antiinflammation,
antihypertension, organ protection, and
analgesic effects (4). Specifically in lung
health and lung disease, EETs are
reported to affect lung epithelial ion
transport (5–7), relax precontracted
bronchi (8), reduce inflammation (9,
10), regulate endothelial permeability in
the lung (11), and regulate pulmonary
vascular pressures (12, 13). Thus,
modulation of endogenous EETs is
an attractive approach to potentially
control the symptoms of asthma,
which include chronic airway
inflammation and airway
hyperresponsiveness (AHR).

The soluble epoxide hydrolase
(sEH) hydrolyzes these bioactive EETs
to their corresponding diols, which
are less beneficial and may be toxic.
Using potent inhibitors of sEH to
stabilize endogenous EETs (14–17),
sEH has been recently demonstrated in
animal models as a novel therapeutic
target (4) for treating cardiovascular
diseases (18–20), inflammation (21, 22),
pain (23–25), and pulmonary diseases
such as pulmonary hypertension (26,
27) and tobacco smoke–induced
chronic obstructive pulmonary
disease (9, 10).

In the present study, we
hypothesized that pharmacological
inhibition of sEH can modulate the
inflammatory response in a well-
established murine ovalbumin (OVA)-
exposure asthma model. We found that
administration of an sEH inhibitor
(sEHI; t-TUCB) reduced total
inflammatory cell infiltration into the
airway and lung and inhibited OVA-
induced influx of eosinophils. The
profiling of regulatory lipid mediators
shows that t-TUCB administration not
only increased the antiinflammatory
lipid mediators (EETs) but also
increased other antiinflammatory
mediators, such as 17-hydroxy
docosahexaenoic acid, and decreased
proinflammatory lipid mediators,
including dihydroxyoctadecenoic acids
(DHOMEs) and LTB4 in plasma, lung
tissue, and lavage. Stabilization of the
antiinflammatory epoxide lipid

mediators through pharmacological
inhibition of sEH decreased production
of Th2 cytokines at the protein and
mRNA levels after OVA induction.
Furthermore, compliance and
resistance of the respiratory system were
improved after sEHI administration.
These findings support the hypothesis
that sEH is a potential target to
treat asthma.

Materials and Methods

Animals
Pathogen-free male BALB/c mice, aged
8 to 10 weeks, were purchased from
Charles River Laboratory (Wilmington,
MA). All mice were maintained in a
HEPA-filtered laminar flow cage rack
with a 12-hour light/dark cycle and
allowed free access to food and water.
Figure 1A shows the animal protocol. All
procedures with mice were performed in
accordance with an IACUC-approved
protocol.

Drug Solutions and Exposure of Mice
to OVA Aerosol
The sEHI trans-4-{4-[3-(4-
trifluoromethoxyphenyl)-ureido]-
cyclohexyloxy}-benzoic acid (t-TUCB)
was synthesized as previously described
(17). t-TUCB was dissolved in 0.05% (v/v)
Tween-80 water solution. This solution
(1 or 3 mg/kg) was administered
subcutaneously to the mice every day
for 14 days. On the last day, the drugs
were administered 30 minutes before

OVA aerosol exposure. The exposure
procedures of OVA have been described in
detail previously (28).

Lung Compliance and
Resistance Measurements
Dynamic lung compliance and respiratory
system resistance were simultaneously
measured with a whole body
plethysmograph for restrained animals
(Buxco Inc., Troy, NY) 1 to 3 hours after
termination of the final OVA exposure.
Further details are provided in the
online supplement.

Measurement of Exhaled NO
A 5-minute sample of exhaled gases
was collected from the cannulated mice
through the ventilator exhalation port
immediately after insertion of the mouse
into a plethysmograph as previously
described (29).

Cytokine and Chemokine Assays
The concentrations of selected cytokines
and chemokines (Eotaxin, IFN-g, IL-1b,
IL-2, IL-4, IL-5, IL-6, IL-10, IL-13,
RANTES, and TNF-a) from the
bronchoalveolar lavage fluid (BALF)
supernatant were measured with
commercially available multiplex
immunoassays according to the
manufacturer’s instructions (Millipore,
St. Charles, MO).

Measurement of t-TUCB
Concentration
Blood (10 ml) was diluted with 0.1%
aqueous EDTA (50 ml) and mixed

Figure 1. The protocol for exposure and treatments. BALB/c mice were sensitized by
intraperitoneal injection of ovalbumin (OVA) and alum adjuvant solution for 4 weeks then
exposed to OVA aerosol six times. Depending on the treatment groups, mice were
injected subcutaneously with vehicle solution, 1 mg/kg t-TUCB, or 3 mg/kg t-TUCB every
other day from Day 26 to Day 38. Previous pharmacokinetic studies with t-TUCB in mice
indicated that this injection schedule maintains a sufficient plasma concentration to
inhibit target activity.
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vigorously. Samples were then extracted
using 200 ml of ethyl acetate twice and
dried by Speedvac (Thermo Scientific,
Waltham, MA). The residue was
reconstituted to 50 ml of internal
standard solution and measured by
LC/MS/MS.

Regulatory Lipid Mediator Profiling
Profiles of regulatory mediators were
measured using the LC/MS/MS method
as described previously (30). Aliquots
of plasma (250 ml), BAL supernatant
(2 ml), or lung tissue (z 100 mg) were
used for the measurements, respectively.
Further details are provided in the online
supplement.

Quantitative Real-Time Reverse
Transcription PCR
Total RNA was isolated from lung
tissue using Trizol and a Quick-RNA Mini
prep isolation kit (Zymo Research, Irvine,
CA). cDNA synthesis and the RT-PCR
processes are described in the online
supplement.

Statistical Analysis
Data are presented as means 6 SEM.
Data were analyzed using unpaired
values compared by two-tailed Student’s t
test or one-way or two-way ANOVA with
Tukey’s post test where appropriate,
using the Prism 5.0 software package
(GraphPad, Inc., San Diego, CA),
with statistical significance defined as
P < 0.05.

Results

sEHI Was Successfully Delivered and
Well Engaged
After 14 days of subcutaneous injection
of t-TUCB, concentrations of t-TUCB in
blood (Figure 2A) reached 55.6 6 13.2
nM (1 mg/kg) and 213 6 38 nM (3
mg/kg), which are 42.8 and 164 times
higher, respectively, than the IC50 of
t-TUCB in mouse on the murine
recombinant sEH (1.3 nM) using trans-
diphenylpropene oxide as substrate (17).
As a result of enzyme inhibition, the
concentrations of 14,15-EpETrE, an
endogenous substrate of sEH,

increased by 3- to 3.6-fold from 0.78 nM
to 2.56 or 2.86 nM with the
administration of 1 or 3 mg/kg t-TUCB
compared with the vehicle control
(Figure 2B). Increased concentrations of
14,15-EpETrE after exposure to t-TUCB
confirmed the efficacy of t-TUCB as
an sEHI in this study.

sEHI Administration Increased
Antiinflammatory Mediator
Concentrations and Decreased
Proinflammatory Mediator
Concentrations
We analyzed the regulatory lipid
mediators from BALF, plasma, and lung
tissue homogenate using LC/MS/MS.
Figure 3 shows the results presented as
heatmaps, including a simplified
arachidonic acid cascade listing the
major lipid mediators (Figure 3A) and
the significantly changed regulatory lipid
mediators after t-TUCB administration
(Figures 3B–3D). In general, for the P450
and sEH pathways, sEHI administration
increased epoxides in plasma and
BALF and decreased diols in BALF and
lung homogenates. In plasma, sEHI
administration increased some COX and
LOX metabolites (11-HETE, 9-HETE,
5-HETE, and 5-HEPE). The low dose
of sEHI significantly reduced the
proinflammatory mediators 6-keto-
PGF1a (the metabolite and surrogate of
prostacyclin-PGI2) and LTB4. In BALF,
sEHI administration increased LOX
metabolites, including 11-HETE, 9-
HETE, 5-HETE, 15-HEPE, 17HDoHE,
and 8-HETE. In lung homogenates, sEHI
administration increased the COX
metabolites 6-keto-PGF1a, TXB2,
PGF2a, PGE3, PGJ2, and 11-HETE and
increased the LOX metabolites,
including 15-HETE, 15(s) HETrE,
15-HEPE, 17-hydroxy docosahexaenoic
acid, and 8-HETE.

sEHI Administration Reduced Th2
Cytokines and Chemokines
Several inflammatory cytokines were
induced after OVA exposure (Figure 4 and
Figure E1). After sEHI administration, IL-4
and IL-5 in lung lavage fluid decreased to
almost the baseline level of the control
animals (Figures 4A and 4B). By contrast,
there were no clear trends for Th1 and
innate immune cytokines assayed (Figure
E1). Because of the methodological issues

Figure 2. The concentration of t-TUCB in blood (A) and 14,15-EpETrE concentration in
plasma (B) suggest that the inhibitor was delivered successfully in vivo and was well engaged.
Blood was drawn 2 to 6 hours after administration of the last dose. *Significant difference
from vehicle group. #Significant difference between the 1 mg/kg and 3 mg/kg t-TUCB groups.
All three groups were exposed to OVA (n = 5 in all groups, except n = 4 in the Air1Vehicle
group).
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involved in IL-13 detection, we could
not make firm conclusions regarding the
involvement of IL-13 in this model system.
The chemokine eotaxin was induced after
OVA exposure, and its levels were blunted
by inhibition of sEH (Figure 4C). These
data suggest that inhibition of sEH could
reduce the Th2-specific cytokines and
chemokines, which are important in
eosinophil trafficking, recruitment, and
maturation in airways. Lung expression
of IL-4 and IL-5 also showed that RNA
levels of these Th2 cytokines were down-
regulated by sEHI administration (Figures
4D and 4E).

sEHI Administration Reduced
Inflammatory Cell Infiltration in Lung
Tissues and Lavage Fluid
Sensitization and exposure of mice to
OVA induced significant inflammatory
cell infiltration into the airway
(Figure 5A). The total cell count in BALF
reached approximately 2.6 3 106 cells/
ml. t-TUCB administration at 1 mg/kg
dose decreased the number of
inflammatory cells infiltrated into the
BALF. Furthermore, 3 mg/kg t-TUCB
significantly reduced the total
cell number in BALF to approximately
46.2%. ANOVA showed that there was
significant reduction of total live cell
numbers after sEHI administration
(P = 0.04).

Figure 5B shows the differential cell
counts determined by the Hema-3
stain set. After OVA exposure, the
eosinophil is the dominant inflammatory
cell type in BALF, comprising up to
75% of the total inflammatory cell
infiltrate. After sEHI administration,
the percentage of eosinophils was
reduced to 65%. t-TUCB at a dose of 3
mg/kg significantly reduced eosinophil
infiltration into lung lavage from 1.63 3
106 to 7.05 3 105. ANOVA shows that
there is significant reduction of total
live cell number after sEHI
administration (P = 0.049), indicating
that sEHI not only reduced the total
inflammatory cell infiltration into the
airway but also altered the ratio of
inflammatory cells present in the BALF
(eosinophil/macrophage ratio from 4.39
to 2.30). This result also corresponds
to the reduction of Th2 cytokines in the
lavage and lung tissue. Exhaled nitric
oxide (NO) is a biomarker of airway
eosinophil inflammation and was

Figure 3. Heatmaps generated from regulatory lipid mediators show that t-TUCB administration
increased antiinflammatory lipid mediators and decreased proinflammatory lipid mediators in vivo. (A)
A simplified depiction of the arachidonic acid cascade. (B–D) Heatmaps based on regulatory lipid
mediators in plasma (B), bronchoalveolar lavage fluid (BALF) (C), and lung homogenates (D). The color
corresponds to the fold change as shown in the legend. Bright red means an increase of more than
2 times significantly (P , 0.05); dark red means an increase of less than 2 times significantly; black
means no significant change; dark green means a decrease of less than 2 times significantly; and
bright green means a decrease of more than 2 times significantly. For plasma and BALF, n = 5 in
all groups, except n = 4 in the Air1Vehicle group; for lung homogenates results, n = 4 in all groups,
except n = 3 in the Air1Vehicle group.
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Figure 4. t-TUCB administration dramatically decreased Th2 cytokines IL-4 and IL-5 (A and B) and chemokine (Eotaxin) (C) production in BALF and
down-regulated the gene expression of these Th2 cytokines (D and E) in lung homogenates. *Significant difference from the OVA1vehicle group (n = 5
in all groups, except n = 4 in nonimmunized1Vehicle group).
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Figure 5. (A) t-TUCB administration reduced the infiltrated inflammatory cells (cells/ml) in BALF. (B) Differential cell counts by Hema-3 stain shows
that soluble epoxide hydrolase inhibitor (sEHI) reduced the number of eosinophil (cells/ml) in BALF. (C) t-TUCB administration reduced the inflammatory
marker FeNO. (D–G) Hematoxylin and eosin stain results of lung tissues shows that sEHI reduces the infiltration of inflammatory cells into lung
tissues. Shown are results from the air control group (D), the vehicle control group after OVA exposure (E), the 1 mg/kg t-TUCB–treated group (F),
and the 3 mg/kg t-TUCB–treated group (G). *Significant difference from the OVA1vehicle group.
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increased from 5.43 to 15.1 ppb after
OVA exposure (Figure 5C). Treatment
with 1 and 3 mg/kg of t-TUCB decreased
the induction of this inflammatory
biomarker to 3.68 and 6.57 ppb,
respectively. ANOVA with Bonferroni
post test shows that there is significant
reduction of FeNO after sEHI administration
(P = 0.0006). In lung tissues, there was
marked inflammatory cell influx in
the peribronchiolar space after OVA
exposure, as shown in the hematoxylin and
eosin stain result (Figures 5D and 5E),
which is consistent with the lung lavage
data (Figures 5A and 5B). After inhibition
of sEH, inflammatory cells in the lung

tissue were reduced in a dose-dependent
manner (Figures 5F and 5G). These
figures show that sEHI administration
reduced the lung inflammatory cell
infiltration, which is consistent with the
inflammatory cell results in the BALF
cell counts.

Our results reveal severe eosinophil-
dominant inflammation in the airway
and alveolar of the mice after OVA
exposure. sEHI administration reduced
this inflammation, as shown in
total live cell number, inflammatory
cell differentiation, hematoxylin
and eosin–stained lung tissue, and
FeNO.

sEHI Reduced Methacholine-Induced
Changes in Resistance and Dynamic
Compliance of the Respiratory System
Exposure to OVA reduced the baseline
compliance from 0.036 ml/cm H2O
(filter air group) to 0.023 ml/cm H2O
(OVA1vehicle). Administration of 3
mg/kg sEHI rescued the baseline
compliance to 0.03 ml/cm H2O
(Figure 6B). Although 1 mg/kg sEHI did
not rescue the baseline compliance,
both sEHI treatment groups helped to
prevent the change in compliance with
methacholine challenge (P , 0.0001
for overall effect by treatment group
and P = 0.0005 for the doses; assessed by
two-way ANOVA).

OVA exposure increased baseline
resistance and the slope of resistance
change in response to methacholine
challenge(Figure 6A). sEHI
administration rescued the baseline
resistance in a dose-dependent manner
(P = 0.0035 for overall effect by
treatment group and P = 0.0018 for the
doses of methacholine, as assessed by
two-way ANOVA). At 1 mg/kg, sEHI
reduced the slope of resistance change
along with methacholine, whereas sEHI
at a dose of 3 mg/kg shows a more
complex pattern: a shallow initial slope
with low methacholine dose, then
a rapid increase in slope with the higher
dose of methacholine.

Discussion

We demonstrated that administration of
an sEHI markedly attenuates the
allergic airway inflammation and AHR
caused by exposing mice to OVA.
Specifically, the sEHI reduced the total
inflammatory cell number by 50%.
Compared with two clinically available
compounds (montelukast and
dexamethasone) tested in the similar
animal model, sEHI had a greater effect
on reduction of the inflammatory
cells infiltration than montelukast and
dexamethasone did (40 and 28%) (31).
In addition, sEHI reduced IL-5 levels
to 12.5% of those mice treated with
OVA and vehicle. Taken together, these
findings indicate that sEHI is a promising
potential candidate drug to treat allergic
asthma.

We and others have previously
shown the antiinflammatory effects of

Figure 6. Airway hyperreacitivity (A) and Dynamic lung compliance (B) results show that t-TUCB
administration rescued OVA-induced asthmatic airway hyperresponsiveness (n = 4 for OVA1Vehicle
group and the OVA13 mg/kg t-TUCB group; n = 3 for the nonummunized1Vehicle group and the
OVA11 mg/kg t-TUCB group).
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sEHIs in different disease models (9, 21,
22, 32). The mechanism is believed
to be through stabilizing of the
antiinflammatory EETs, which regulate
NF-kB translocation (33), or through
reducing production of proinflammatory
diols, including DHOMEs (34) and
dihydroxy eicosatrienoic acids (DHETs)
(35). Here, our data show that the
concentration of sEHI in the plasma
significantly altered the circulating EET
and DHET levels present in plasma,
BALF, and lung homogenates (Figures
3C and 3D). Node (33) reported that
EETs (EpETrEs) can reduce endothelial
cell VCAM-1 expression in response to
TNF-a, IL-1a, and LPS. At the same
time, sEHI administration significantly
reduced proinflammatory DHETs in
BALF and lung homogenate (Figures 3C
and 3D). The DHETs were reported as
essential for monocyte chemotaxis to
MCP-1 (35). In particular, sEHI reduced
the DHOMEs, metabolites of leukotoxin,
and iso-leukotoxin. It was found that
these DHOMEs are more toxic than
EpOMEs and are associated with
multiple organ failure and adult
respiratory distress syndrome (34).
Taken together, these findings indicate
that the effect t-TUCB on the
concentrations of EETs and DHETs may
contribute to the antiinflammatory
effects of sEHI in this murine
asthmatic model.

In this study, we also observed that
additional lipid mediators were affected
upon t-TUCB administration. The
proinflammatory lipid mediator LTB4

was decreased in the plasma after low-
dose sEHI administration. It was
reported that LTB4 participates in the
allergic sensitization process in animal
models (36). Therefore, the effect of
inhibition of sEH might also benefit from
a reduction of proinflammatory LTB4.
Another lipid mediator, 17HDoHE,
which is a precursor to resolvins and
possesses biological activity that inhibits
TNF-a–induced IL-1b expression (37),
was increased in lavage and lung
homogenates after sEHI administration.
Resolvins have been reported to promote
the resolution of the allergic airways
response (38).

Our findings add to those reported
elsewhere by describing the effects of

sEH inhibition on allergic airway
inflammation. Previous studies (10, 21)
have demonstrated that sEHI can reduce
the inflammatory cytokines IL-1b, IL-6,
and INF-g. In the present study, we
found that sEHI reduced Th2 cytokines
and chemokines, which are known to
play major roles in the asthmatic
immune response (39). Specifically, the
pronounced effect of sEHI on IL-5
and eotaxin-1, a key cytokine and
a chemokine responsible for the
release of eosinophil from the bone
marrow and homing of eosinophil
to the lung, is rather intriguing.
Indeed, mepolizumab, a monoclonal
antibody against IL-5 used for the
treatment of severe asthma, is garnering
significant attention in the clinical
realm (40). The inhibition of sEH
may be an alternative strategy for
decreasing IL-5 levels in concert
with other key mediators of lung
inflammation.

There are reports indicating that
some of these regulatory lipid mediators,
such as EETs, have direct function on the
bronchi (6, 41). We observed that sEHI
administration increased EETs in the
BALF (Figure 5C), which may directly
rescue airway hyperreactivity. However,
inflammation may also play a role in
regulating lung compliance and
resistance. The antiinflammatory effects
of sEHI might have contributed to the
improvement of lung function after
sEHI administration in this acute model
of asthma. In addition, lipid mediators
such as HETEs are reported to have
effects on the airways (42). Alterations
in the levels of various lipid
mediators may explain why treatment
with 3 mg/kg of sEHI did not show
improved rescue (in comparison to
treatment with 1 mg/kg) of the
resistance induced by 2.0 mg/ml of
methacholine (Figure 6B). Direct
pulmonary administration of a sEHI
would provide additional evidence on
how sEHI regulates lung compliance and
resistance. We have not developed an
effective system for administering sEHI
directly to the lung.

In this study, neither COX-2 nor
5-LOX in lung homogenates was
significantly suppressed by sEHI
administration in OVA-exposed mice

(Figure E2). These findings suggest, at
least in lung homogenates, that the major
effects of sEHI are unlikely due to the
NF-kB pathway.

sEHI administration increased the
antiinflammatory mediators systemically
and in the airways, as indicated by the
lipid mediator levels from the lavage,
while simultaneously decreasing
proinflammatory mediators in the lung
tissues and airways. These changes in
lipid mediators influenced the reduction
and down-regulation of Th2 cytokines
and chemokine expression in the airways.
The reduction of these Th2 cytokines
and chemokines further decreased
the recruitment of inflammatory cells
infiltration into the lungs and airways.
The reduction in overall lung
inflammation and the increase of EETs
in airway contributes to the alleviation
of AHR.

The data are consistent with the sEH
(EPHX2) being primarily responsible
for the conversion of fatty acid epoxides
to the corresponding diols in the lung
and with t-TUCB inhibiting this
catalytic activity. The activity of mEH
(EPHX1) on this substrate is low, as are
pulmonary levels of the mEH. We have
found no evidence for catalytic activity
of EH3 (EPHX3) or EH4 in the lung.
Although there is no evidence of
inhibition of EPHX1, -3, or -4 or an
unknown enzyme by t-TUCB, we cannot
exclude the possibility of off-target
effects.

Among the limitations of this
study is that we used only prophylactic
and not therapeutic treatment. Long-
term pulmonary inflammation,
including asthma, leads to chronic
changes in the lung. However, our
short-term model did not assess the
effects of sEHI on fibrotic biomarkers
because this would require a longer-term
exposure to inflammation, particularly
one that is associated with chronic
diseases involving the use of multiple
drugs with different mechanisms
of action. Future studies need to
address the possible beneficial and
detrimental effects of long-term
sEHI use. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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