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Background: The increased prevalence of asthma and allergic diseases in westernized societies
has been associated with increased intake of diets rich in n-6 fatty acids (FAs) and poor in n-3
FAs. This study aimed to analyze the prophylactic effects of treatment with a soybean oil-rich
diet (rich in n-6) or fish oil (rich in n-3) in an allergic airway inflammation model on lung
inflammation score, leukocyte migration, T-helper cell (Th)-2 (interleukin [IL]-4, IL-5) and Th1
(interferon [IFN]-y, tumor necrosis factor-ot) cytokines, lipoxin A4, nitric oxide, bradykinin,
and corticosterone levels in bronchoalveolar lavage (BAL) or lungs.

Methods: Male Wistar rats fed with soybean oil- or fish oil-rich diet or standard rat chow were
sensitized twice with ovalbumin—alumen and challenged twice with ovalbumin aerosol. The
BAL and lungs were examined 24 hours later.

Results: Both diets, rich in n-6 or n-3 FAs, impaired the allergic lung inflammation and reduced
leukocyte migration, eosinophil and neutrophil percentages, and IL-4/IL-5/bradykinin levels in
BAL and/or lungs, as well as increased the nitric oxide levels in BAL. The soybean oil-rich diet
additionally increased the levels of lipoxin A4 and corticosterone in the lungs.

Conclusion: Data presented demonstrated that the n-6 FA-rich diet had protective effect upon
allergic airway inflammation and was as anti-inflammatory as the n-3 FA-rich diet, although
through different mechanisms, suggesting that both diets could be considered as complementary
therapy or a prophylactic alternative for allergic airway inflammation.

Keywords: asthma, nitric oxide, n-6 fatty acids, n-3 fatty acids, cytokines, lipoxin A4,
bradykinin

Introduction

Asthma is a chronic inflammatory disorder of the respiratory airways, character-
ized by a multicellular process involving mainly eosinophils, neutrophils, CD4+
T-lymphocytes, and mast cells, with eosinophilic infiltration being the most prominent
feature.! The physiopathology of allergic asthma is driven by an imbalance between
the T-helper cell (Th)-1 and Th2 cytokines, favoring the Th2 profile.? There is no
cure for asthma and the first line of therapy in its management are the glucocorti-
coids, which have a broad spectrum of adverse effects, and some asthmatic patients
are resistant to these drugs. Owing to this, many researchers have investigated new
therapies.?

It has been hypothesized that the increase in asthma and allergy prevalence in west-
ernized societies over the past decades might be related to a combination of a higher
intake of n-6 fatty acids (FAs), which is found in vegetable oils, and a lower intake of
n-3, which is found in marine oils.**
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Given the competitive interplay between eicosanoids
from n-3 FAs, which are less proinflammatory than those
derived from n-6, and the fact that the n-3 metabolites have
pro-resolution properties, it has been suggested that n-3 FA
intake could improve asthma and Th2 diseases.® 8 Thus, it has
been recommended to increase the consumption of n-3 FAs
and reduce the intake of n-6 FA®!” to minimize the adverse
effects of excessive n-6 FAs. However, there is no clear evi-
dence of the harmful effects of n-6 FA. Previous studies by
our group'"'? have shown similar anti-inflammatory effects
of diets enriched with fish (rich in n-3 FAs) or soybean (rich
in n-6 FAs) oil in an acute inflammation model. In a chronic
inflammation model, we observed that the mixture of fish and
soybean oils in the diet was better than the use of fish oil as
an exclusive source of fat.!>!4

The metabolism of n-6 or n-3 FAs generates several
classes of eicosanoids that serve as bioactive mediators for
the regulation of the airway tone and inflammation. The
resolvins, n-3 FA compounds, are involved in the resolution
of inflammation, demonstrating protective and regulatory
roles in airway hyperresponsiveness and in asthma inflam-
mation.'s On the other hand, lipoxins, eicosanoids from n-6
FA metabolism, are also relevant for the resolution phase in
asthma, inhibiting eosinophil trafficking and polymorpho-
nuclear leukocyte chemotaxis.'*'® In severe asthma, airway
lipoxin A4 (LXA4) levels and expression of lipoxin biosyn-
thetic enzymes and receptors are markedly decreased.' The
corticosteroids, anti-inflammatory hormones widely used
in asthma therapy, have been reported to have an interesting
relationship with lipoxins, upregulating these pro-resolution
lipid mediators.?

Given the known effects of n-3 and n-6 FAs on inflam-
matory response and asthma parameters, in addition to

the data from our previous studies,'* '

we aimed to verify
whether a diet rich in n-6 FAs is able to induce a proinflam-
matory effect and be detrimental for the lung inflammation
process, with a diet rich in n-3 FAs being anti-inflammatory
and protective.

We analyzed the prophylactic effects of treatment with
a diet rich in fish (rich in n-3 FAs) or soybean (rich in n-6
FAs) oil, before and during the induction of an allergic air-
way inflammation process, on the migration of eosinophils,
neutrophils, and mononuclear cells in bronchoalveolar lavage
(BAL), lung inflammation score, concentrations of interleu-
kin-4 (IL-4), IL-5, tumor necrosis factor alpha (TNF-qu), inter-
feron gamma (IFN-y), LXA4, and corticosterone in the BAL
and/or lungs. We also studied two other mediators, nitric oxide
(NO) and bradykinin (Bk). Bk is a potent bronchoconstrictor

in asthmatic patients®' and elicits NO release in the smooth
muscle of the airways.?>>* The increased NO in the exhaled air
of asthmatic patients modulates the bronchospasm caused by
Bk and decreases bronchial edema and inflammation.? %’

Materials and methods

Animals and diets

All animal experiments were performed according to pro-
tocols approved by the Experimental Research Committee
of Universidade Federal de Sdo Paulo (Comissio de Etica
no Uso de Animais [ethics committee] number 0743/06), in
accordance with the standards established by the Brazilian
Guidelines for Care and Use of Animals for Scientific Pur-
poses and Teaching imposed by the National Council of
Animal Experimentation — CONCEA, in 2013.%

Male Wistar rats aged 28-30 days were supplied by the
Center for Development of Experimental Models of the
Universidade Federal de Sao Paulo. They were maintained
in collective polypropylene cages in an isolated room under
controlled temperature (23°C£1°C), humidity (60%+5%),
and lighting (12:12 hour light—dark cycle with lights on at 7
am) with free access to water and food. Rats were separated
into three groups after they were weaned: control, soybean,
and fish groups. The control group was fed a standard bal-
anced rat chow with 4% fat and 20% protein (Nuvilab CR-1¢;
Nuvilab Produtos Agropecuarios, Ltd, Parana, Brazil). The
soybean and fish groups were fed soybean oil- and fish oil-
rich diets, respectively. These diets were prepared by add-
ing 15% of soybean oil (Lisa, Cargill, SP, Brazil) or 15%
of fish oil (Sigma Chemical Co, St Louis, MO) to standard
rat chow. Casein (Labsynth, Diadema, Brazil) was added to
both soybean oil- and fish oil-rich diets, to achieve 20% of
protein. Caloric density of diets was determined using an
adiabatic calorimeter IKA-C400 (Janke and Kunkel, IKA
Werk, Staufen, Germany). The values were 17.4 kJ/g for
the standard chow and 20.5 kJ/g for both the FA-rich diets.
Once prepared, the diets were kept frozen until usage. The
rats were provided with a fresh food cup every day, and both
body weight and 24-hour food intake were monitored weekly.
The FA composition of the diets was analyzed at the Nutrition
Institute of Federal University of Rio de Janeiro (Table 1).

Immunization protocol

Allergen sensitization and challenge were carried out as
previously described.?” Briefly, after 4 weeks of feeding,
all rats were actively sensitized by an intraperitoneal (ip)
injection of a mixture containing 10 mg of ovalbumin and
10 mg of AI(OH), in saline (total volume of 0.7 mL). A
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Table | Fatty acid composition (g/100 g of diet) of control,
soybean, and fish diets

Fatty acid Control Soybean Fish
14:0 0.06 0.04 1.20
16:0 0.66 1.80 3.10
18:0 0.10 0.50 0.80
16:1 (n-7) 0.004 0.015 1.20
18:1 (n-9) 0.80 343 1.65
18:2 (n-6) 2.12 8.08 2.16
18:3 (n-3) 0.13 0.8l 0.39
20:5 (n-3) 0.002 0.011 211
22:6 (n-3) 0.0l 0.004 1.54
Saturated 0.82 2.34 5.10
Monounsaturated 0.80 343 1.65
Polyunsaturated 2.26 8.90 6.20
n-6 Polyunsaturated 2.12 8.08 2.16
n-3 Polyunsaturated 0.14 0.82 4.04
n-6: n-3 ratio 15.14 9.85 0.53

second sensitization was given 7 days later. At 14 days and
21 days after the first sensitization, control, soybean, and
fish groups were challenged by exposure to an aerosol of
ovalbumin (grade II; Sigma Chemical Company, St. Louis,
MO, USA) solution (2.5% w/v), generated by an ultrasonic
nebulizer (ICEL US-800, SP, Brazil) delivering particles of
0.5-10 mm diameter at ~0.75 mL/min for 20 minutes. The
animals were euthanized 24 hours after the last antigen chal-
lenge via an ip injection of ketamine/xylazine, and the BAL
and lungs were collected.

Total and differential cell counts in BAL
Twenty-four hours after the last antigen challenge, the ani-
mals were anesthetized and killed by injecting ketamine/
xylazine (1:1, ip) and their tracheae were cannulated with
a polyethylene tube connected to a syringe. The airways
were washed three times with 4 mL of phosphate-buffered
saline (PBS, pH 7.4, at 4°C). The BAL was recovered and
centrifuged at 2,400x g for 10 minutes. The supernatants
were kept at —80°C for BAL determinations and the cell
pellets were resuspended in 0.5 mL of PBS. One volume of
a solution containing 0.5% crystal violet dissolved in 30%
acetic acid was added to nine volumes of the cell suspen-
sion. Total cell number was determined with the aid of a
Neubauer chamber. Differential cell count was performed
in BAL preparations stained with hematoxylin and eosin
(Instant Prov Kit; Newprov, Pinhais, Parana, Brazil) upon
cytocentrifugation at 500x g (Cytospin 3; Shandon Southern
Instruments, Sewickley, PA, USA). A minimum of 400 cells
were counted and classified as neutrophils, eosinophils, or
mononuclear cells based on morphologic criteria.

Lung analysis

For the biochemical determinations in the lung tissue, after
collecting the BAL, the right lung was removed and homog-
enized in 8.0 mL of cold PBS, centrifuged at 500x g for
10 minutes at 4°C, and kept at —80°C for future determina-
tions. The left lung was also removed and fixed for 24 hours
in 10% paraformaldehyde solution. The organ was then cut
into small fragments, dehydrated through an ethanol series
(70%—100%), cleared in xylol, and embedded in paraffin. The
fragments were sliced into 5 wm thick sections and stained
with hematoxylin—eosin.

Histopathological evaluation, performed by a pathologist
blinded to the protocol design, was based on the intensity
of the inflammatory infiltrate in randomly selected areas
around the vessels and bronchioles and was scored as 0 (no
inflammatory cells), 1 (few cells), 2 (moderate cell infiltra-
tion), and 3 (large number of inflammatory cells), assuming
a linear relationship between the amount of inflammation
and inflammatory score.

TNF-o, IFN-y, IL-4, LXA4, and
corticosterone determinations in BAL

and lungs

Enzyme-linked immunosorbent assay kits were used to measure
TNF-o, IFN-y, IL-4 (R&D Systems, Inc., Minneapolis, MN),
LXA4 (US Biological Life Science, Salem, MA, USA), and cor-
ticosterone (Cayman Chemical, Ann Arbor, MI, USA) in BAL
and lung tissues, according to the manufacturer’s instructions.

Immunohistochemistry for IL-5

For the immunoreactive determination of IL-5 in the lung
tissue, the animals were “anesthetized and killed by injecting
ketamine/xylazine (1:1, ip) 24 hours after the last challenge,
transcardially perfused with 50 mM PBS, and fixed with 4%
paraformaldehyde in 100 mM PBS (pH 7.4) at 4°C. The left
lung was removed, fixed in the fixative solution (4% para-
formaldehyde in 100 mM PBS, pH 7.4, at 4°C) overnight, and
transferred to 30% sucrose in PBS for cryoprotection. The
lung was sectioned into 45 um thick sections with a freezing
microtome, and two sections were selected and processed for
IL-5 immunohistochemistry. The tissue sections were rinsed
in PBS, incubated in 3% H,O, for 15 minutes to block the
endogenous peroxidase activity, and afterwards incubated
in blocking solution (5% albumin and 0.3% Triton X-100 in
PBS) for 2 hours, followed by incubation in goat anti-IL-5
antibody (1 pg/mL; R&D Systems, Inc.) for 48 hours at 4°C.
Then, the tissues were incubated for 90 minutes in rabbit
anti-goat biotinylated secondary antibody (1:500; Sigma)
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diluted in PBS with 2.5% albumin and 0.3% Triton X-100.
The tissues were subsequently incubated with avidin—biotin—
horseradish peroxidase complex (1:500; Vector Laboratories;
Burlingame, CA, USA) diluted in PBS for 90 minutes at
room temperature. The immunoreactivity was visualized
by incubating the sections in 0.01% 3,3’-diaminobenzidine
tetrahydrochloride (Sigma-Aldrich Co., St Louis, MO) and
0.03% H,0, in PBS plus 0.03% of nickel ammonium sulfate
to intensify the reaction product. When the staining was
sufficient, as established by microscopic examination, the
reaction was stopped by rinsing in PBS. The sections were
mounted on gel-coated slides and cover-slipped with DPX
(Sigma Aldrich; St. Louis, MO, USA). Negative controls
were set up by eliminating the primary antibody from the
protocol, which resulted in absence of staining.

Analysis of immunohistochemistry
staining

Staining analysis was performed using a light microscope
(Eclipse E600; Nikon Corporation, Tokyo, Japan) connected
to a digital camera (CCD video camera; Exwave HAD®; Sony,
SP, Brazil). Two areas in each section were analyzed, the
alveolar and the peribronchiolar. All the positive cells were
quantified with the use of a graded bar mounted at the ocular
level and expressed as the number of positive cells per square
millimeter (cell number/mm?). The final result, expressed as
the number of positive cells per square millimeter (cell num-
ber/mm?), was calculated as the average of all cellular counts
performed in two bronchial sections. The boundaries of the
lung structures were based on the Nissl-stained slice.

Quantification of Bk

Protease inhibitors were added immediately following col-
lection of BAL and lung tissues to final concentrations of
5 mM ethylenediaminetetraacetic acid, 1 mM phenylmethyl-
sulfonyl fluoride, 1 mM p-hydroxymercuribenzoate, 1.5 mM
o-phenanthroline, and 1 UM pepstatin. Lung tissue samples
were frozen in liquid nitrogen and stored at —80°C, as were
the BAL samples, until further analysis. For extraction of Bk,
2 mL of BAL or lung tissue was loaded on a Sep-Pak C18
cartridge (Waters Corporation, Milford, MA, USA), which
had been equilibrated in 5% acetonitrile and 0.1% H,PO,.
The cartridges were eluted with 3 mL of 35% acetonitrile
in 0.1% H,PO,. The prepurified extracts were dried in a
SpeedVac concentrator (BOC Edwards; Edwards Brazil, SP,
Brazil), resuspended in 500 uL of 0.1% H,PO, containing 5%
acetonitrile (phase A), and then used for high-performance
liquid chromatography. For chromatographic identification

and quantification of Bk, 100 puL of the extracted sample
was injected into an high-performance liquid chromatog-
raphy system (Milton Roy Co., Rochester, NY, USA), and
the separation was performed through a reverse-phase RP18
Brownlee column (4.6x250 mm; EMD Millipore, Billerica,
MA) equilibrated with 0.1% H,PO, containing 5% acetonitrile
(phase A). After 5 minutes of isocratic elution, the peptides
were eluted with 0%—35% linear gradient (v/v) of 90% ace-
tonitrile in 0.1% H,PO, (phase B) developed for 20 minutes
at a flow rate of 1.5 mL/min. The effluent was monitored by
absorbance at 214 nm. Bk was identified by elution position
and quantified by peak area integration using synthetic Bk
as a standard.

Determination of NO

NO was determined in the BAL and lung tissues by the
chemiluminescence method.* We used the Model 280 Nitric
Oxide Analyzer from Sievers Instruments, Inc (Boulder, CO),
a high-sensitivity detector for measuring NO, based on a gas
phase chemiluminescent reaction between NO and ozone.
The emission from electrically excited nitrogen dioxide is
in the red and near-infrared regions of the spectrum, and
it is detected by a thermoelectrically cooled red-sensitive
photomultiplier tube. The sensitivity for measuring NO and
its reaction products in liquid samples is ~1 pM.

Statistical analysis

Data are expressed as the mean + standard error of the mean.
Statistical analysis was performed using GraphPad Prism
V5 (Graphpad Software, Inc. La Jolla, CA, USA). Variables
of the three groups were compared using nonparametric
Kruskal-Wallis analysis of variance test, and multiple com-
parisons were made using Dunn's multiple comparison test.
Significance level was set at P<<0.05.

Results

Food intake and body weight

Food intake of the fish and soybean groups was lower than
that of the control group throughout the entire experimental
period, but the energy intake and body weight did not signifi-
cantly differ among the groups (data not shown).

Total and differential cell counts,
histopathological analysis, and lung

inflammation score

Treatment with n-3 or n-6 FA-rich diets inhibited the allergic
airway inflammation by decreasing the total and differential
cell counts in BAL (Figure 1) in relation to the control group.
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Figure | Total number of cells (A) and percent of eosinophils (B), neutrophils (C) and macrophages (D) in BAL from control, soybean, and fish groups.

Note: Values are expressed as mean = SEM; n=14-16 per group. *P<0.05, ***P<0.001.

Abbreviations: BAL, bronchoalveolar lavage; SEM, standard error of the mean.

A significant decrease in the total number of cells in BAL
was evident, with a decrease of 38% for the soybean and 52%
for the fish group compared to control. A marked decrease
was found in the eosinophil percentage (36% and 39% for
soybean and fish groups, respectively) and in the neutrophil
percentage (30% and 33% for soybean and fish groups,
respectively) relative to the control group. Only the fish group
was able to increase mononuclear cell percentage compared
to control and soybean groups. These results are in parallel
with the histopathological analysis of the lung sections, which
showed the efficiency of both diets in reducing the allergic
airway inflammation, as depicted in Figure 2. The analysis
of stained lung slides revealed a marked influx of inflamma-
tory cells around the small vessels and bronchi of the control
group. The treatment with soybean oil- or fish oil-rich diets
strongly reduced this cellular infiltration. There was a clear
decrease in the lung inflammation score in the soybean and
fish groups in comparison to the control group.

Thl and Th2 cytokines

To identify the mechanisms by which fish oil- or soybean oil-
rich diets regulate the inflammatory response, we measured the
levels of some Th1 and Th2 cytokines that play important roles
in the chronic inflammation process of allergy: IL-4 and IL-5

as Th2 and IFN-y and TNF-o as Thl cytokines. Compared
with the control diet, fish oil- or soybean oil-rich diets impaired
the levels of IL-4 in the BAL and lungs, 24 hours after the
last challenge (Figure 3). IL-5 was significantly decreased in
lung alveolar and peribronchiolar areas of the soybean group
compared to the control group. The fish oil-rich diet also
decreased IL-5 in the lung alveolar area (Figure 3). The levels
ofthe Th1 cytokine, IFN-y, and TNF-oc in the BAL and lungs
were not changed by the diets (Figure 3).

Bk and NO

Both soybean oil- and fish oil-rich diets reduced the Bk
concentration in the lungs (Figure 4), while no detectable
levels were found in BAL (data not shown). No differences
in the NO levels were observed in the lungs, whereas in BAL,
NO concentrations were increased in both fish and soybean
groups in relation to the control (Figure 4).

LXA4 and corticosterone

The corticosterone levels in the lungs were markedly increased
in the soybean group compared to the control and fish groups
(Figure 5). LXA4 levels in BAL did not differ among the
groups, while the lungs of the soybean group showed increased
LXA4 levels compared to control (Figure 5).
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Abbreviation: SEM, standard error of the mean.

Discussion
Here we have studied the prophylactic effects of fish oil- or
soybean oil-rich diets on allergic lung inflammation using a
well-established experimental model that presents many of
the characteristic features of allergic asthma.*3!2

The diets enriched with either soybean oil or fish oil
decreased food intake but did not change the energy intake
and the body weight gain. These findings are in agreement
with data from other laboratories'' and our previous studies, '
indicating a higher efficiency of dietary lipid, probably due
to the lower energetic cost of lipid deposition.*

Our data show that the soybean oil-rich diet did not exert a
proinflammatory effect. On the contrary, this diet as well as the
fish oil-rich diet definitely induced an anti-inflammatory effect

and protected the animals from the allergic airway inflammation
by reducing the migration of total leukocytes, neutrophils, and
eosinophils. The histopathological analysis and lung inflam-
mation score noticeably confirmed this effect.

The reduction in BAL total cell count induced by the
diets was more significant in the fish group. The fish diet also
increased the mononuclear cell percentage in the broncho-
alveolar infiltrate relative to the soybean and control diets.
We speculate that this could be partly due to the action
of resolvins; pro-resolution eicosanoids produced from
eicosapentaenoic acid (EPA), an n-3 FA that stimulates the
nonphlogistic infiltration of mononuclear cells; as well as
stimulating macrophages to clear dying and apoptotic poly-
morphonuclear cells.***
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Accordingly, it has been shown that the FA composition of
inflammatory cells can be modified by increasing the intake
of fish oil and this occurs in a dose—response manner and
over a period of days to weeks.*® The increased membrane
content of EPA and docosahexaenoic acid results in a changed
pattern of production of eicosanoids and resolvins.* In a
recent publication,’” we demonstrated, in Wistar rats, that
fish oil by gavage (0.2 g/kg/d) for only three consecutive
days resulted in an increase in the content of EPA in plasma
phosphatidylcholine and the liver. Intravenous supplementa-
tion with fish oil-based lipid emulsion during this short time
period was more efficient, resulting in higher levels of EPA,
docosahexaenoic acid, and total n-3 polyunsaturated FAs in
plasma phosphatidylcholine, white blood cells, and liver.*”
Moreover, Gonzalez-Périz et al,*® using a lipidomic analysis
with liquid chromatography/tandem mass spectrometry of
adipose tissue from 0b/ob mice (an obesity model of insulin
resistance and fatty liver disease) demonstrated that n-3
polyunsaturated FA-rich diet triggered the formation of n-3
FA-derived resolvins and protectins.

The Th2 cytokine, IL-5, an important growth and migra-
tory factor for eosinophils® correlated with eosinophilia in

0 was decreased in the lung alveolar area

asthmatic patients,
of both fish and soybean groups, which was in agreement
with the reduced eosinophilia observed in these animals.
IL-4, another Th2 cytokine that plays a role in eosinophilic
inflammation,*' was also reduced by both diets. The reduc-
tion of these Th2 cytokines probably promoted the reduction
of eosinophilia, contributing to the anti-inflammatory effect
of the diets. On the other hand, no changes were seen in the

Thl cytokine, IFN-y, and TNF-o.. These findings collectively

indicate that both diets promoted their anti-inflammatory
effects at least in part by decreasing the Th2 response.

Both diets also decreased lung Bk concentration, this
inhibitory effect being more significant in the fish group. This
could be an important anti-inflammatory mechanism of both
oils because Bk is involved in the relevant actions leading to
airway pathophysiology, such as bronchoconstriction, plasma
protein extravasation, mucus secretion, and stimulation of
inflammatory cells.*>* In a model of acute inflammation, we
previously observed reduced Bk concentration in the inflam-
matory exudate, which was induced by diets rich in fish oil
or soybean oil."! These decreased Bk levels were associated
with the reduced amidolytic activity of plasma kallikrein
(KK) induced by the diets. In this study, it is possible that the
reduced Bk levels also are associated with reduced activity of
KK or may even be associated with reduction of kininogen
levels, because Bk is a product of kininogen cleavage by KK.
In allergic airway inflammation, this inhibitory effect of the
n-3- or n-6-rich diets on Bk has not yet been demonstrated,
to the best of our knowledge.

As Bk induces bronchoconstriction and reduction in
exhaled NO in asthmatic subjects,* it is possible that the
reduced Bk levels in our study could be associated with the
increased NO levels in BAL, induced by both experimental
diets. Then, the bronchodilator and bronchoprotective effects
of NO* probably also contributed toward the observed anti-
inflammatory effect.

The concentration of corticosterone, an anti-inflammatory
hormone that has important functions in allergic lung inflam-
mation, was noticeably higher in the soybean group. It has
been shown that glucocorticoids can induce the expression
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of the LXA4 receptor® and annexin A1,*“” both mediators
of the inflammation resolution process. In this context, the
interaction between annexin Al and the LXA4 receptor has
a role in controlling leukocyte apoptosis and clearance by
macrophages.”®# In this way, it is possible that the elevated
corticosterone levels found in the soybean group could be
upregulating the LXA4 receptor and promoting a better
effect of LXA4. This eicosanoid plays an important role in
the resolution phase of the inflammatory process, with anti-
inflammatory and pro-resolution actions in lung inflamma-
tion models, being also counterregulatory to the cysteinyl
leukotrienes and leukotriene B4.*° Therefore, some studies
have suggested that LXA4 deficiency in asthmatic patients
can contribute to chronic inflammation in asthma.’! In
this regard, it was demonstrated recently that the endogenous
production of lipoxins can be influenced by diets rich in n-6
FAs that increased LXA4 levels in the intestine of mice and
provided significant protection against intestinal ischemia/
reperfusion injury.>

Indeed, our results showed that the soybean oil-rich diet
increased the LXA4 levels in the lungs in relation to the
control diet. In BAL, the LXA4 concentrations were lower
and not different among the groups, probably due to the
dilution of samples.

In this study, the two FA-rich diets showed anti-
inflammatory effects, probably by different mechanisms,
because only the soybean oil-rich diet was able to increase the
levels of corticosterone and LXA4 in the lungs, potent ago-
nists for the resolution of lung inflammation and of interest
for asthma therapy. To the best of our knowledge, these effects
of these diets have also not yet been demonstrated.

Mickleborough® has stated that the typical Western diet
rich in n-6 FAs (20- to 25-fold more n-6 than n-3 FAs) can be
a contributing factor to the increased incidence of asthma in
Western societies. On the other hand, Sala-Vila et al>* did not
support the hypothesis that atopy is associated with high n-6
and low n-3 FA status, suggesting that a combination of both
may be most efficacious. Our results are in line with this rea-
soning, because we did not find a proinflammatory effect of
the n-6-rich diet. Rather, the soybean oil-rich diet tested here
was as anti-inflammatory as the fish oil-rich diet, although
by different mechanisms. The analysis of FA composition of
the two diets showed a n-6:n-3 ratio of 9.8:1 in the soybean
oil-rich diet and 15.1:1 in the control diet, suggesting that it
is not necessary to have a dramatic reduction in the n-6 FA
content, as the literature recommends, because our soybean
group had an evident anti-inflammatory effect in relation to
control. The n-6: n-3 ratio appears to be crucial to the anti-

or proinflammatory effects. So care should be taken when
talking that n-6 rich diets are harmful.

The relation with other FAs is certainly also important,
because both FA-rich diets tested here had higher concen-
trations of monounsaturated and saturated FAs than the
control diet.

Our results show that prophylactic intake of soybean oil-
or fish oil-rich diet impairs the allergic lung inflammation
in sensitized antigen-challenged rats using mechanisms that
are associated with downregulation of leukocyte migration,
eosinophil and neutrophil percentages, and 1L-5/1L-4/Bk
levels in the BAL and/or lungs, as well as upregulation of NO
levels in the BAL. The prophylactic intake of soybean oil-rich
diet additionally upregulated the levels of corticosterone and
LXA4 in the lungs.

Conclusion

In summary, this study shows that both soybean oil- and fish
oil-rich diets have anti-inflammatory effects in the allergic
lung inflammation model mediated by different mechanisms
and could be considered as complementary therapy or a pro-
phylactic alternative for allergic airway inflammation.
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