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Abstract
The inappropriate activation of eosinophils is a well-recognized driver of various
human inflammatory diseases including asthma, chronic rhinitis, and various
gastrointestinal diseases, including eosinophilic esophagitis. Steroids, both topi-
cal and systemic, remain a cornerstone of treatment and can be highly effective.
However, some individuals suffer side effects, unresolved symptoms, or both.
OmeGo, an enzymatically liberated fish oil, has demonstrated anti-inflammatory
and antioxidant properties as well the reduction of the activation, migration, and
survival of eosinophils. Two animal models of eosinophilic inflammation were
used to further assess OmeGo’s profile. A house dust mite model of induced
asthma showed a significant reduction in eosinophilic lung inflammation com-
pared to the negative control, linoleic acid. The CRTH2 antagonist fevipiprant
showed a similar eosinophilic inhibitory profile to OmeGo. In contrast, cod liver
oil had no impact on any measure of inflammation. A guinea pig model of mild
intraperitoneal eosinophilia showed a significant reduction in eosinophil activ-
ity by OmeGo, assessed by chemotaxis and chemokinesis. Apolipoprotein A-
IV, an endogenous human protein with anti-inflammatory actions, showed a
similar but numerically lower effect. OmeGo therefore combines a consistent
antieosinophilic action with the known anti-inflammatory effects of polyunsat-
urated fatty acids. Proof-of-concept studies in asthma are warranted.
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1 INTRODUCTION

Increased numbers of eosinophils are found in a range of
human inflammatory diseases, including asthma, chronic
rhinosinusitis with nasal polyps, eosinophilic granulo-
matosis with polyangiitis, hypereosinophilic syndrome,
and eosinophilic gastrointestinal diseases. In these dis-
eases, eosinophils secrete proteins that promote inflamma-
tion and tissue remodeling. Different therapeutic strate-
gies, such as monoclonal antibodies directed against the
interleukin-5 (IL-5; a cytokine involved in eosinophil
recruitment and activation) pathway have been developed
to treat diseases characterized by eosinophilic inflamma-
tion.
Regular consumption of fish has numerous health ben-

efits driven by the anti-inflammatory and antioxidant
effects of the polyunsaturated fatty acids (PUFAs) con-
tained in the oil fraction of the fish, such as eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA).1 Fish
oil is now commonly used to garner similar benefits to eat-
ing whole fish. However, epidemiological data and clini-
cal trials with fish oil supplementation have shown incon-
sistent cardiovascular outcomes. Most of these trials have
focused on the effects of EPA and DHA either alone or
together. However, whole fish contains a broad array of
PUFAs including DPA2. PUFAs are metabolized into spe-
cialized proresolving mediators (SPMs), each with spe-
cific, nonredundant, inflammation-resolving effects.3 Sup-
plementation with whole fish oil may therefore hold the
potential to provide broader health benefits, particularly if
minimally processed to limit any degradation of the indi-
vidual PUFAs.
Reactive oxygen species directly damage cell mem-

branes and tissues, thereby generating the release of proin-
flammatory mediators.4 One consequence of oxidative
stress is the production of oxidized LDL (oxLDL), which
is a highly inflammatory blood lipid and an indepen-
dent risk factor for cardiovascular disease.5 Oxidized LDL
also appears to have adverse consequences on respiratory
health and is associatedwith levels of airway inflammation
in asthma.6,7 OmeGo is an enzymatically liberated salmon
oil, that is, a whole fish oil. In contrast to processed omega-
3 oil and algae oil, OmeGo produced marked reductions in
oxLDL in healthy human subjects8; these findings support
the concept that whole fish oil supplementation may have
greater health benefits compared to using individual com-
ponents.
In vitro work using peripheral eosinophils from

human subjects with allergy demonstrated attenuation of
eosinophil effector function by OmeGo, with a reduction
in eosinophilic shape change, integrin expression, and

increased eosinophil apoptosis.9 In contrast, processed
omega-3 oil and krill oil showed very limited attenuation
of the eosinophilic function. This paper describes studies
designed to further evaluate the potential for OmeGo
to target eosinophilic inflammation. We investigated
the immunomodulatory effect of OmeGo on eosinophilic
inflammation in a house dustmite (HDM) induced asthma
model in mice. We also studied the effect of OmeGo on the
chemotaxis ability of eosinophils obtained from guinea
pigs following the induction of mild eosinophilia.10–13

2 MATERIALS ANDMETHODS

2.1 Study design

Both studies assessed the potential for eosinophilic modu-
lation byOmeGo. The studieswere conducted according to
GLP guidelines and in accordance with the laws and reg-
ulations of India, where the studies were performed. The
studies were approved by the Institutional Animal Ethics
Committee before the start of each study.Health statuswas
assessed by a veterinarian on receipt of the animals. All
were found to be in good health and were acclimatized to
test conditions for 5 days prior to the start of the trial. Test
group allocation was determined by a manual randomiza-
tion method. Individual body weights of allocated animals
were within 20% of the groupmeans, and the body weights
of the animals were analyzed statistically to rule out signif-
icant differences between the groups. Following allocation
to the study, each animal was assigned with an individual
cage card, labeled with a study number, study type, test
system, sex, dose, group, temporary animal number, per-
manent animal number, date of dosing/treatment, experi-
ment start, and end dates.
The HDM study involved 20 healthy female adult mice.

Randomization was performed 1 day prior to the first
day of treatment with the animals randomized into four
groups, with five mice per group. The guinea pig study
involved 21 healthy male animals randomized into seven
groups.
The mice were housed in experimental groups of five

animals per individually ventilated cage, and the guinea
pigs were housed in groups of three per individual cage.
The room temperature was maintained between 21 to
24.4◦C and relative humidity at 47.9–66.2% during the
entire study period. Artificial light was set to give a cycle
of 12 h light and 12 h dark. The animals were offered a
conventional laboratory rodent diet ad libitum supplied
by Nutrivet Life Sciences and Aquaguard filtered drinking
water was provided ad libitum.
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2.2 HDM study: Experimental design
and procedures

On day 1, all 20mice were anesthetizedwith ketamine (100
mg/kg) and xylazine (10 mg/kg) via intraperitoneal injec-
tion and sensitized intranasally with 1 μg HDM protein in
40 mcL phosphate-buffered saline (PBS). Following this,
from day 7 to day 11, the mice were challenged daily with
10 μg HDM protein in 40 mcL PBS intranasally. From day
7 to 14, the mice were treated with either vehicle control
PBS test item, OmeGo (dosed at 20 and 60 μg) or posi-
tive control apolipoprotein A-IV (dosed at 5 μg), all given
intraperitoneally. On day 15, all mice were anesthetized,
their trachea was exposed and 3 mL of PBS containing 1
mM EDTA was instilled into the lungs, and bronchoalve-
olar lavage (BAL) fluid was then collected and stored on
ice.
The BAL fluid was centrifuged (400g at 4◦C for 7 min)

and the cell pellet was collected and stored at −20◦C. The
collected pellet was analyzed for eosinophilia aswell as dif-
ferential cell count which consisted of eosinophil, alveolar
macrophage, lymphocyte, monocyte, and neutrophil lev-
els. This was achieved by subjecting the collected cell pel-
lets to the following staining protocol. Erythrocytes were
lysed using ammonium chloride solution. After a washing
step, nonspecific binding sitesweremasked using TruStain
fcX antibody (BioLegend, San Diego, CA) at a 1:1000 ratio
for 15min on ice, followed by incubationwith specific anti-
mouse antibodies: Siglec F (1:100), CD11b (1:200), CD11c
(1:200), all from Sigma Aldrich, USA, Ly6G (1:500) and
MHC-II (1:200), both from BioLegend, for 30 min at 4◦C.
Cells were washed, fixed, and analyzed using a BD FACS
Canto II flow cytometer as follows. After doublet cells had
been excluded, lymphocytes were identified as FCS/SSC
low CD11b negative/CD11c negative cells. The remaining
cells were further gated as CD11c negative/Siglec F positive
eosinophils and CD11c positive/Siglec F positive alveolar
macrophages. CD11c/Siglec F double negative cells were
characterized as CD11b positive/Ly6G positive neutrophils
and Ly6G negative/Ly6C positive monocytes.
The spleen from each animal was collected and frozen

and eosinophil levels weremeasured. BAL fluid and spleen
cellularity were assessed by flow cytometry (cell staining
protocol as above). All samples, fromBAL fluid and spleen,
were assayed in duplicate.
All animals were observed twice daily throughout the

treatment period for morbidity and mortality and were
observed for clinical signs once daily during the acclimati-
zation period and twice daily during the treatment period.
The body weight of each mouse was measured during ran-
domization, on day 1, day 7, and day 15 of the study. Percent
body weight change for each test group of mice was calcu-
lated by comparing the first day bodyweight.Mean change

in body weight in the treatment groups was also assessed
versus those of the vehicle control group.
Necropsy at end of treatment according to the guidelines

of the CPSCEA committee.

2.3 Eosinophil chemotaxis and
chemokinesis study: Experimental design
and procedures

The guinea pigs were sensitized to createmild eosinophilia
by the intraperitoneal injection of polymyxin B (1 mg/
animal) once a week for 6 weeks. Polymyxin B was dis-
solved in 0.9% saline solution, and each animal was
injected with 0.5 mL of the 0.9% saline solution containing
1 mg of polymyxin B. In week 6, in addition to polymyxin
B, the animals were injected with the test articles individ-
ually. The test groups were OmeGo dosed at 30 mg/kg;
OmeGodosed at 300mg/kg; sea cod (cod liver oil/omega 3)
dosed at 30mg/kg; sea cod dosed at 300mg/kg; fevipiprant
dosed at 5 mg/kg; fevipiprant dosed at 20 mg/kg; linoleic
acid (LA/omega 6) dosed at 300 mg/kg.
In the sixth week, animals were anesthetized with

isoflurane and intraperitoneal fluid collected by injecting
50 mL of saline into the peritoneal cavity. After massag-
ing the peritoneum for 15 s, the fluid was drained and col-
lected in centrifuge tubes. The fluid was centrifuged for 10
min (400g and 4◦C) and resuspended in FBS (fetal bovine
serum) medium. The cell pellet was again resuspended in
2 mL of Percoll solution (1.070 g/mL density) that con-
tained deoxyribonuclease I (30 tg/mL) and 5% FCS. The
suspension was layered onto discontinuous Percoll gradi-
ents of 2-mL steps of varying densities (1.080–1.100 g/mL),
and the discontinuous gradients were centrifuged for 25
min (1600g, 10◦C). Eosinophils with a normal density were
recovered from the 1.090/1.095/1.100 g/mL interfaces. The
cell suspension was centrifuged for 8 min (400g, 4◦C),
washed with distilled water (4◦C) for 30 s followed by 2×
FCS medium. The purity of the eosinophil population was
∼92% as determined by Randolph’s phloxine B-methylene
blue staining and analyzed for eosinophil chemotactic and
chemokinetic responses to leukotriene B4 by a modified
Boyden technique using a 96-well micro chemotaxis test
chamber. Chemokinesis is defined as random cell motility
and chemotaxis as cell motility directed towards increased
concentrations of chemical attractants. Here we assessed
eosinophilic chemotaxis by adding 0.1 μm leukotriene B4
in the lower compartment of the chamber only, whereas
chemokinetic activity was examined by placing the same
concentration of leukotriene B4 in both compartments of
the chamber which contained a framed polycarbonate fil-
ter with a 5-μmpore place between the two compartments.
The viability of the eosinophils was determined by the
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F IG 1 Mean total cell count (± standard deviation)
bronchoalveolar lavage fluid

Trypan blue dye exclusion test after incubation for 90 min.
All samples were assayed in duplicate.

2.4 Statistical analysis

All raw data from this study were analyzed using “Sigma
Plot” v14 statistical software. In the HDM study, all contin-
uous data were checked for normality using the Shapiro–
Wilk test. Data were analyzed using analysis of variance
(ANOVA), with Dunnett’s t-test or Bonferroni’s multiple
comparison test. p values ≤ 0.05 were deemed statistically
significant. In the guinea pig study, Kruskal–Wallis (non-
parametric ANOVA) followed by Dunn’s multiple compar-
ison test was used to compare each treatment against the
control (LA).

3 RESULTS

No treatment-related mortality/morbidity was noted in
any of the animals throughout the study period, and there
were no treatment-related clinical observations.
No statistically significant differences in mean body

weight were observed between the treatment groups and
the vehicle control group throughout the study period. No
significant percent body weight change was observed in
any of the treatment groups compared to day 1.

3.1 House dust mite model

The total cell count in the BAL fluid was significantly
reduced by OmeGo (60 μg dose; p ≤ 0.01) and APOA-
IV (5 μg dose; p ≤ 0.05) by 42% and 34%, respectively,
compared to the control group (Figure 1). Treatment with
OmeGo 60 μg also provided a 42% significant reduc-
tion in the eosinophil count in the BAL fluid (p ≤ 0.01)
(Figure 2). No other groups showed a significant reduc-

F IG 2 Mean eosinophil count (± standard deviation)
bronchoalveolar lavage fluid

F IG 3 Percent mean eosinophils (± standard deviation) in
spleen tissue

tion in eosinophil count compared to control including
APOA-IV, which showed a 32% nonsignificant reduction
(Figure 1). The analysis of spleen cellularity showed a sig-
nificant reduction in the percentage of eosinophils in mice
treated with OmeGo 60 μg (p ≤ 0.01) and APOA-IV (p ≤

0.001), 38% and 30%, respectively, compared to the control
group (Figure 3).

3.2 Eosinophil chemotaxis model

Eosinophils obtained from guinea pigs exposed to
polymyxin B were obtained. Eosinophils from animals
treated with OmeGo 300 mg/kg showed a significant
reduction of eosinophil chemotaxis (Figure 4) and
chemokinesis (Figure 5), with 50.7% (p = 0.02) and 55.7%
(p = 0.005) inhibition, respectively, compared to LA
control. The reduction with 30 mg/kg was nonsignificant
at 39.7% (p = 0.45) and 31% (p = 0.19) for chemotaxis and
chemokinesis, respectively. Neither pretreatment with
cod liver oil nor linoleic acid produced any inhibition of
eosinophil chemotaxis or chemokinesis. Pretreatment
with the positive control fevipiprant 20 mg/kg also sig-
nificantly inhibited both measures of eosinophil activity,
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F IG 4 Impact of pretreatment on chemotaxis of eosinophils
exposed to leukotriene B4 (error bars = range)

F IG 5 Impact of pretreatment on chemokinesis of eosinophils
exposed to leukotriene B4 (error bars = range)

with 68% inhibition of chemotaxis (p = 0.002) and 51%
reduction in chemokinesis (p = 0.033). The reductions
with the lower dose (5mg/kg) were nonsignificant at 45.5%
(p = 0.09) 14.8% (p = 0.72), respectively. After a 90-min
incubation with leukotriene B4, eosinophil viability was
greater than 96% in all treatment groups.

4 DISCUSSION

We investigated the effect of OmeGo on the modu-
lation of eosinophilic inflammation using two animal
models: an HDM-induced asthma mouse model and an
intraperitoneal eosinophiliamodel in guinea pigs. OmeGo,
an enzymatically liberated whole fish oil, significantly
reduced both lung and splenic eosinophilia in the HDM
model, and chemotaxis and chemokinesis of eosinophils
obtained from the guinea pigs. The inhibition of guinea pig
eosinophil chemotaxis withOmeGowas not observedwith
other fish oils including krill oil and processed DHA/EPA
concentrated fish oil. This suggests that OmeGo contains
a biologically active fraction, which is not present in other
oils; here, we demonstrate the potential for this fraction to
modulate eosinophilic inflammation. These results com-
plement previous in vitro work on eosinophils derived
from human subjects with allergies, where eosinophil

shape change and CD11b expression (a marker of activa-
tion) after exposure to the chemokine CCL11 were attenu-
ated by OmeGo.9
In the HDM-induced asthma model, OmeGo (at the 60

μg dose) reduced lung inflammation: significant reduc-
tions in lung eosinophilia and total cell count were demon-
strated in the BAL fluid. Splenic eosinophil levels were
also significantly reduced. The positive control, APOA-IV,
showed a broadly similar effect to OmeGo but of a slightly
lower magnitude.
The HDM model is commonly used as a model of

human allergic asthma, as lung eosinophilia and inflam-
matory mediators associated with type 2 inflammation
are induced.14,15 APOA-IV is an endogenous protein with
anti-inflammatory actions, and its levels are reduced in
allergic individuals and HDM-challenged mice.16 Previ-
ous work with APOA-IV in a mouse HDM model demon-
strated a 42% reduction in BAL eosinophil count combined
with a reduction of 70% in methacholine-induced airway
resistance.16 Here, OmeGo (60 μg) showed a 42% reduction
in BAL fluid eosinophils compared to control and APOA-
IV at 5 μg/mouse showed a 32% nonsignificant reduction.
The guinea pig study induced mild intraperitoneal

eosinophilia, with a standard peritoneal aspiration tech-
nique to assess modulation of eosinophil function ex vivo.
OmeGo 300 mg/kg demonstrated a significant reduction
in eosinophil chemotaxis and chemokinesis compared to
control. The fish oil concentrate from the cod liver (omega-
3) failed to show any modulation of eosinophil function
as did linoleic acid (omega-6). Omega-3 has been associ-
atedwith reducing the risk of asthma and improving symp-
toms, whereas omega-6 has been associated with worsen-
ing bronchial hyperactivity although the mechanism has
yet to be elucidated.17 In our study, neither agent had an
impact on eosinophil activity.
OmeGo’s reduction of eosinophil function was sim-

ilar to that of positive control, the CRTH2 antagonist
fevipiprant, dosed at 20 mg/kg. The CRTH2 receptor is
expressed on eosinophils and is involved in eosinophil
activation and allergic inflammation.18,19 Fevipiprant was
dosed at between 150 and 450 mg/day in late-stage clini-
cal development20,21 and this study, the human equivalent
doses (HED) of fevipiprant were 65 and 260 mg. In con-
trast to fevipiprant, OmeGoholds broad anti-inflammatory
properties in addition to modulating eosinophil function.
Eosinophils are a significant component of lung inflam-

mation inmany patients with asthma, and there is growing
evidence of involvement in a subset of COPD patients.22
Monoclonal antibodies targeting IL-4, -5. and -13 have
advanced the treatment of severe eosinophilic asthma.23
In mild to moderate asthma characterized by increased
eosinophilic inflammation, there is often a need for
additional anti-inflammatory treatment in addition to
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inhaled corticosteroids24; the results here suggest the
potential forOmeGo to be used as a practical, orally admin-
istered treatment for eosinophilic asthma.
Our study results are consistent with epidemiological

data which suggest that fish PUFAs can reduce asthma
symptoms and improve lung function.25 This effect results
from the metabolism of the various PUFAs into SPMs of
inflammation. Several murine studies have demonstrated
PUFAs to reduce airway eosinophilic inflammation, hyper-
responsiveness, and mucus production.25 The gentle enzy-
matic liberation of OmeGo avoids damage to the various
PUFA elements and thereby retains the significant anti-
inflammatory effects associated with the consumption of
fresh fish.
Using standard conversion metrics, we calculate the

HDM study dose to be a HED of 12 mg/day of OmeGo.26
As a lipophilic agent, OmeGowould be anticipated to have
a high volume of distribution and oral dosing work will
be required to elucidate the most effective human dose.
Fish oil capsules have shown therapeutic benefits for car-
diovascular disease when dosed at 2 and 4 g per day.27,28 It
appears feasible that a similar dose range for OmeGo could
be used to treat eosinophilic inflammation in humans. In
the guinea pig study, the efficacious dose of 300 mg/kg
equates to a HED of 4 g.
In summary, OmeGo significantly reduced lung and

systemic eosinophilia in an HDM-induced asthma study
and significantly reduced ex vivo eosinophil chemotaxis
and chemokinesis in a guinea pig model of induced
eosinophilia. OmeGo has the potential for broad anti-
inflammatory effects, and here we demonstrate attenu-
ation of eosinophilic activity that is relevant to diseases
such as asthma. These data support the case for proof-of-
concept studies in asthma.
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