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Significance of the Study

o In this study, the effects of Allium cepa extract on oxidant, antioxidant, and immunological marker
levels were evaluated in bronchoalveolar lavage fluid of sensitized rats. The A. cepa extract showed
antioxidant and immunomodulatory effects in bronchoalveolar lavage fluid of sensitized rats, which
could indicate the therapeutic potential of this extract in asthma.
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Abstract

Objectives: To evaluate the effects of Allium cepa (A. cepa) on
levels of oxidants, antioxidants, and immunological markers
in bronchoalveolar lavage fluids (BALF) of sensitized rats.
Materials and Methods: Oxidant/antioxidant markers and
cytokines in BALF of control rats treated with saline (group
C), ovalbumin-sensitized rats (group S), rats treated with 1.25
pg/mL dexamethasone and 3 doses of A. cepa extract (35, 70,
and 140 mg/kg body weight [BW]/day) (S + AC) were inves-
tigated. Comparison of the results between groups was per-
formed using analysis of variance with the Tukey-Kramer
post hoc test. Results: The oxidant markers nitrogen dioxide
(NO,), nitrate (NO3), and malondialdehyde (MDA), and im-
munological markers interleukin (IL)-4 and immunoglobulin
E (IgE) were significantly higher, but the antioxidant markers

superoxide dismutase (SOD), catalase (CAT), thiol, and inter-
feron (IFN)-y, and the IFN-y/IL-4 ratio were lower in sensitized
rats compared to control rats (p < 0.001 to p < 0.01). Com-
pared to group S, the levels of the following markers were
significantly lower: NO,, NO3~, and IgE in groups treated with
the A. cepa extract, MDA and IL-4 levels in groups treated
with 70 and 140 mg/kg BW/day of the A. cepa extract, and all
these markers as well as IFN-y in rats treated with dexameth-
asone (p < 0.001 to p < 0.05). However, there were signifi-
cantly higher levels of SOD and CAT and an increased IFN-y/
IL-4 ratio (groups treated with 70 and 140 mg/kg BW/day of
the A. cepa extract), and levels of thiol and IFN-y (group treat-
ed with 140 mg/kg BW/day of the A. cepa extract) as well as
SOD, CAT, and thiol (dexamethasone-treated group) versus
group S (p < 0.00 to p < 0.05). Conclusion: A. cepa showed
antioxidant and immunomodulatory properties in sensi-

tized rats. ©2018 The Author(s)
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Introduction

Bronchial asthma is the most common chronic dis-
ease worldwide [1] which involves the immune system
[2]. Many cells are involved in its pathogenesis, such as
dendritic cells (Th2), lymphocytes, eosinophils, mast
cells, neutrophils, macrophages, epithelial cells, fibro-
blasts, and smooth muscle cells [2]. These cells release
inflammatory mediators such as histamine, prostaglan-
din D,, leukotrienes, cytokines, chemokines, oxidative
markers, and nitric oxide [2, 3]. In an immune-mediated
disorder like asthma, Th2 cytokines such as IL-4, IL-5,
and IL-13 initiate allergic responses by increasing the
infiltration of eosinophils and enhancement of the pro-
duction of IgE and Th1 cytokines (interferon [IFN]-y),
which inhibit Th2 responses [3]. Inflammatory cells
such as macrophages and eosinophils generate reactive
oxygen species, and hence oxidative stress is increased
in patients with asthma [4]. Increased oxidative stress is
associated with disease severity and may enhance the
inflammatory response [4]. The main therapeutic strat-
egies used for treatment of asthma focus on reducing
airway inflammation, but there is no definite cure for
reducing the airway remodeling observed in this dis-
ease [1].

Allium cepa belongs to the Liliaceae family, grows
around the world, and has been used as a food ingredi-
ent [1]. A. cepa contains pharmacologically active con-
stituents, including flavonoids (quercetin), organosul-
fur compounds (propyl thiosulfinate), and phenol com-
ponents, which possess anti-allergic [5], anti-inflam-
matory, and antioxidant activities [6]. Graefe et al. [7]
showed that the bioavailability of the active quercetin
metabolites (glucuronides) in human blood is about 5
times higher than that of quercetin and only about 66%
of that of the corresponding plant extract. Peak concen-
trations of quercetin were observed 7.0 £ 2.9 h after
ingestion, and its elimination half-life was about 11 h.
Also, the plant matrix influences both the rate and ex-
tent of absorption. This plant acts as a booster of the im-
mune system [8], and its effect on cytokines reflects its
immunomodulatory property [9]. Anti-asthmatic prop-
erties of the extract of A. cepa and its constituent quer-
cetin on cytokines, inflammatory cells, and smooth
muscle contraction were shown in a murine model of
asthma [10]. Allergic contact dermatitis or irritation and
anemia were reported for A. cepa oil or its aqueous ex-
tract [11]. However, no toxic effect was observed in mice
following the oral administration of 1,000 mg/kg body
weight (BW)/day of A. cepa extract [10]. Moreover, no
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mutagenicity or oxidative DNA damage was induced by
propyl propane thiosulfinate derived from organosulfur
compounds isolated from A. cepa [12, 13].

Hence, with regard to alterations in the oxidant/anti-
oxidant balance and cytokine changes in asthma and
due to its antioxidant and immunomodulatory effects,
the objective of the present study was to evaluate the ef-
fects of A. cepa extract on bronchoalveolar lavage fluid
(BALF) levels of oxidant and antioxidant markers, IgE,
and cytokines in sensitized rats.

Materials and Methods

Plant and Extract

A. cepa (onion) was collected and peeled, and its juice was ob-
tained using a fruit juice producer (Pars Khazar, Iran). The extract
was concentrated by evaporation using a rotary evaporator at
60-70°C and then dehydrated in an oven.

Experimental Groups and Ovalbumin Sensitization

In this study, 36 male Wistar rats weighing 200-250 g were
studied. The rats were kept in the animal house under standard
conditions (at 22 + 2°C at a 12-h light/dark cycle) with clean fil-
tered air (Maximiser, Thorens Caging System Inc., Hazleton, PA,
USA) at the School of Medicine, Mashhad University of Medical
Sciences, Mashhad, Iran. Three rats were kept in each cage, and
they had free access to water and food.

The rats were sensitized intraperitoneally once a day for 3 days
with 1 mg/kg ovalbumin (OVA) dissolved in 0.9% saline + 100 mg
aluminum hydroxide as adjuvant. Thirty rats were then exposed
to 1% OVA aerosol produced by a nebulizer (DeVilbiss Health
Care Ltd., Feltham, UK) for 20 min/day with an air flow of 8 L/min
ondays 6,9, 12, 15, 18, and 21. Exposure of rats to OV A was done
in a 0.8-m?® chamber [14].

The 36 rats were divided into 6 groups (n = 6 in each group) as
follows: (a) control rats received intraperitoneal and inhaled saline
(group C); (b) sensitized but untreated rats (group S); () sensitized
rats treated with 1.25 pg/mL dexamethasone added to the drinking
water during the sensitization period (on days 1-21) (group S +
D); and (d-f) sensitized groups treated with A. cepa extract at 3
doses (0.175, 0.35, or 0.7 mg/mL, respectively) added to the drink-
ing water during the sensitization period (days 1-21), which cor-
responded to 35, 70, and 140 mg/kg BW/day, respectively. The
doses were chosen based on the study of Oliveira et al. [10]. Each
rat drank an average of 40 mL water/day. Experiments on rats were
done according to the national laws and the Guidelines for the Use
and Care of Laboratory Animals (National Institutes of Health,
USA). The study was approved by the Ethics Committee of the
Mashhad University of Medical Sciences.

BALF Preparation

All rats were sacrificed on day 22, their chests opened, and tra-
chea and lungs were separated. The left lung was lavaged 5 times
with 1 mL saline (a total of 5 mL). The BALF was centrifuged at
2,500 g at 4°C for 10 min. Supernatants were collected and stored
at -80 °C until analysis.
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Fig. 1. Levels of NO, (a), NO; (b), and malondialdehyde (MDA) (c) in the bronchoalveolar lavage fluid of control
rats (C), sensitized rats (S), sensitized rats treated with dexamethasone (S + D) and Allium cepa (35, 70, and 140
mg/kg BW/day) (S + AC). ** p < 0.01, *** p < 0.001, vs. group C; *** p < 0.001 vs. group S; * p < 0.05, *# p < 0.001,

vs. group S + D.

Measurement of Oxidant and Antioxidant Levels in BALF

Total stable oxidation products of NO metabolism (NO,”/
NOj5") in BALF supernatant were evaluated using the Griess re-
agent. The Griess reagent contains sulfanilamide (SULF; Sigma,
USA) and N-(1-naphthyl)ethylenediamine dihydrochloride
(NEDD). The frozen BALF samples were thawed at 25°C and de-
proteinized using zinc sulfate solution (Sigma). The liquefied
BALF was then centrifuged at 12,000 g for 10 min. Next, 300 pL of
the clear supernatant were mixed with Griess reagent containing
300 pL SULF (2% w/v) in 5% HCI and 300 pL NEDD (0.1% w/v;
Sigma) in water in a test tube. To reduce nitrate to nitrite, 300 pL
of saturated vanadium trichloride solution (Sigma) in 1 M HCI
were added and incubated for 2 h at 30 °C in the dark. Then, the
absorbance of samples was assessed at 540 nm against a blank con-
taining the same concentrations of ingredients but no biological
sample. Linear regression was used to determine NO concentra-
tions using a standard curve plotted for NaNO,. The final results
are expressed as micromoles [14].

Levels of malondialdehyde (MDA), an index of lipid peroxida-
tion, were measured. MDA reacts with thiobarbituric acid (TBA)
as a TBA-reactive substance to produce a red-colored complex
with maximum absorbance at 535 nm. For MDA measurement,
2 mL of TBA/trichloroacetic acid/HCl was added to 1 mL of BALF
supernatant, and the mixture was heated in a water bath for 40
min. Then, the mixture was centrifuged at 1,000 g for 10 min, and
absorbance was measured at 535 nm [14].

Total thiol concentration was measured using 5,5 -dithiobis-
2-nitrobenzoic acid (DTNB) reagent which reacts with thiol moi-
eties to produce a yellow-colored complex with maximum absor-
bance at 412 nm. Briefly, 1 mL Tris-ethylenediaminetetraacetic
acid (Tris-EDTA) buffer (pH 8.6) was added to 50 pL serum su-
pernatant in 1-mL cuvettes, and sample absorbance was read at
412 nm against Tris-EDTA buffer alone (A;). Then, 20 uL DTNB
reagent (10 mM in methanol) was added to the mixture, and ab-
sorbance was read again after 15 min at room temperature (RT)
(A;). The absorbance of the DTNB reagent alone was also read as
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a blank (B). Total thiol concentration (mM) was calculated using
the following equation [14]:

Total thiol concentration (mM) = (A, - A; - B) x 1.07/0.05 x 13.6.

Superoxide dismutase (SOD) was assessed using a colorimetric
assay involving the production of superoxide by pyrogallol auto-
oxidation and the prevention of superoxide-dependent diminu-
tion of the tetrazolium dye (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide [MTT]) to formazan by SOD [14].
One unit of SOD activity was defined as the quantity of enzyme
required for 50% prevention in the MTT reduction rate.

Catalase (CAT) activity was assessed based on the rate con-
stant, k, (dimension: s7!, k) of hydrogen peroxide decomposition.
The reduction in absorbance at 240 nm per minute and the rate
constant of the enzyme were determined. Activities were defined
as k (rate constant) per liter [14].

Measurement of Cytokines and IgE in BALF

Levels of IL-4, IFN-y, and IgE were measured by enzyme-
linked immunosorbent assay (Abcam, Cambridge, UK). The tests
were done according to the manufacturer’s instructions [15].
Briefly, 100 pL of detection antibody was added to all wells (except
for the blank), mixed, and incubated for 16—24 h at RT. Plates were
washed 3 times, and standards or supernatants added to the re-
spective wells in duplicate. After incubation, the plates were
washed again and incubated with 200 uL of the conjugate for 60
min at RT. Plates were then washed 3 times, and 200 pL of substrate
were added and incubated for 15 min at RT in the dark. The reac-
tion was ended by the addition of 50 pL of stop solution, and the
color produced was measured using an automated microplate
spectrophotometer. Total cytokine concentrations were deter-
mined as picograms per milligram of gingival tissue. Results were
calculated using the standard curves plotted for each assay. The
assays were carried out in a blind fashion in duplicate [16]. The
interassay coefficients of variation for IFN-y, IL-4, and IgE were
<12, 5.9, and <10%, respectively.
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Fig. 2. Levels of catalase (CAT) (a), superoxide dismutase (SOD) (b), and thiol (c) in the bronchoalveolar lavage
fluid of control rats (C), sensitized rats (S), sensitized rats treated with dexamethasone (S + D) and Allium cepa
(35,70, and 140 mg/kg BW/day) (S + AC). *** p < 0.001 vs. group C; * p < 0.05, ** p <0.01, *** p < 0.001, vs. group

S; # p < 0.01, ** p < 0.001, vs. group S + D.

Statistical Analysis

Analysis of variance (ANOVA) was used for comparisons
among groups with the Tukey-Kramer post hoc test. Significance
was considered as p < 0.05. InStat software (GraphPad Software,
Inc., La Jolla, CA, USA) was used for statistical analyses. Data are
presented as means + SEM.

Results

Effect of A. cepa on Oxidant and Antioxidant

Markers in BALF

The volume of water used by animals did not signifi-
cantly vary among the different groups. NO,, NO3-, and
MDA levels were higher in the BALF in group S than in
the control group (p < 0.001 for all cases). NO, and NO5~
levels were significantly reduced in rats treated with dexa-
methasone and one of the 3 doses of A. cepa, and MDA
level was lower in rats treated with dexamethasone plus
70 and 140 mg/kg BW/day A. cepa compared to group S
(p < 0.001 for all cases; Fig. 1). The effects of the A. cepa
extract on MDA and NOj;™ levels and the effect of 35 and
70 mg/kg BW/day A. cepa on NO, were significantly low-
er compared to that of dexamethasone treatment (p <
0.001to p < 0.05; Fig. 1).

The effects of 140 mg/kg BW/day A. cepa on all oxi-
dant biomarkers were significantly more pronounced
than that of 35 mg/kg BW/day A. cepa (p < 0.001 to p <
0.05; Table 1). In addition, the effect of the 70 mg/kg BW/
day A. cepa dose on MDA and NO;~ was significantly
more marked than its lowest dose but less marked than
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Table 1. Comparison of oxidant, antioxidant, cytokine, and IgE

levels

Parameters S+ AC35 S+ AC70 S+ AC 140
MDA, nM 0.98+0.02 0.6610.04***  (0.49+0.03*** *
NO,, uM 3.66+0.11 3.05+0.15 2.62+0.11%*
NO;, uM 30.46+0.89  22.21+1.85**  15.08+0.81***%*
CAT, U/mL 0.03+0.00 0.05£0.00***  0.06+0.00*** *
SOD, U/mL 0.01£0.00 0.03+0.00***  0.04+0.00**
Thiol, um 0.02+0.00 0.04+0.00 0.06+0.00%** *
IL-4, pg/mL 6.85+0.12 4.47+0.02%%*  3.75+0.06%*F **
INF-y, pg/mL  2.48+0.03  2.80+0.01%**  3.06+0.02%*% ++
INE-y/IL-4 0.36+0.00 0.62+0.00***  (0.81+0.01**% +*+
IgE, ng/mL  32.64+1.42  24.19+0.65**  16.67+0.55%%% ++

Means + SEM. S + AC 35/70/140, sensitized animals treated
with 35/70/140 mg/kg BW/day Allium cepa extract. See text for
further abbreviations. * p < 0.05, ** p < 0.01, *** p < 0.001, vs. S +
AC35;"p<0.05""p<0.01,"* p<0.001,vs.S+ AC70 (ANOVA).

the highest dose (p < 0.001 to p < 0.05; Table 1). Levels of
SOD, thiol, and CAT were significantly decreased in sen-
sitized rats compared to the control group (p < 0.001 for
all cases; Fig. 2). Levels of CAT and SOD in rats treated
with dexamethasone and 70 and 140 mg/kg BW/day A.
cepa and the level of thiol in the groups treated with dexa-
methasone and 140 mg/kg BW/day A. cepa were signifi-
cantly increased compared to the sensitized group (p <
0.001 to p < 0.05; Fig. 2).
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The effects of all 3 doses of A. cepa extract on CAT and
thiol and the effect of the 35 and 70 mg/kg BW/day doses
on SOD were significantly lower than those of dexameth-
asone alone (p < 0.001 to p < 0.05; Fig. 1). The effects of
the 140 mg/kg BW/day dose on all antioxidant biomark-
ers and the effect of its 70 mg/kg BW/day dose on CAT
and SOD were significantly higher than those of the 35
mg/kg BW/day dose (p < 0.001 to p < 0.05; Table 1). The
effects of the 140 mg/kg BW/day dose on CAT and thiol
were also significantly higher than the 70 mg/kg BW/day
dose (p < 0.001 to p < 0.05; Table 1).

Effect of A. cepa on Immunological Markers in BALF
Levels of IL-4 and IgE were higher, but levels of IFN-y
and the IFN-y/IL-4 ratio were lower in sensitized than
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control rats (p < 0.001 for all cases; Fig. 3, 4). Levels of IgE
in sensitized groups treated with all A. cepa doses, and
levels of IL-4 in groups treated with the 70 and 140 mg/
kg BW/day doses were significantly lower than in un-
treated rats (p < 0.001 for both cases; Fig. 3). In addition,
the level of IFN-y and the IFN-y/IL-4 ratio were higher in
groups treated with 70 and 140 mg/kg BW/day doses of
the extract (p < 0.001 for both cases; Fig. 4). However,
dexamethasone treatment caused significant reductions
in IgE, IL-4, and IFN-y levels but did not affect the IFN-y/
IL-4 ratio (p < 0.05 for IFN-y and p < 0.001 for IgE and
IL-4; Fig. 3, 4).

The effects of the 35 mg/kg BW/day A. cepa dose on
IL-4 and the IFN-y/IL-4 ratio as well as the effects of the
35 and 70 mg/kg BW/day A. cepa doses on IgE were
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significantly lower than those of dexamethasone (p < 0.01
for the IFN-y/IL-4 ratio and p < 0.001 for the other cases;
Fig. 3, 4). However, the effect of the 70 and 140 mg/kg
BW/day A. cepa doses on IL-4 and IFN-y levels as well as
the IFN-y/IL-4 ratio and the effect of the 140 mg/kg BW/
day A. cepa dose on IgE level were significantly more
marked than the effect of dexamethasone (p < 0.001 for
all cases; Fig. 3, 4). The effects of the 70 and 140 mg/kg
BW/day A. cepa doses on all immunological parameters
were significantly more pronounced than the 35 mg/kg
BW/day dose (p < 0.001 to p < 0.01; Table 1). The effects
of the 140 mg/kg BW/day dose on immunological param-
eters were also significantly higher than the 70 mg/kg
BW/day dose (p < 0.001 to p < 0.01; Table 1).

Discussion

In this study, the level of the oxidant markers NO,,
NO;~, and MDA were lower but antioxidant markers
CAT, SOD, and thiol were higher in the BALF of the sen-
sitized rats than the control rats. Levels of IL-4 were also
higher but IFN-y and the IFN-y/IL-4 ratio were lower in
the BALF of sensitized than control rats. Previous studies
in sensitized rats using similar methods of sensitization
to the method used in this study also showed changes in
oxidant and antioxidant levels as well as changes in IL-4
and IFN-y levels, and the IFN-y/IL-4 ratio [15, 17, 18],
which support the findings of the present study.

Studies have reported the role of oxidative stress in
asthmatic airway inflammation [19], reflected by in-
creased levels of oxidants in a rat model of asthma and in
asthmatic patients [20], and increased plasma levels of
MDA in the BALF of asthmatic patients [21].

Marked antioxidant properties of red and yellow A.
cepa skin have been shown to be due to the presence of
flavonoids and organosulfur compounds [22], and the
antioxidant effect of A. cepa was also documented in A.
cepa-enriched bread [23]. The results of the present study
suggest the potential therapeutic effect of A. cepa extract
on asthma due to its antioxidant effect.

The A. cepa extract also reduced IgE and IL-4 levels but
increased the IFN-y/IL-4 ratio in the BALF of sensitized
rats, indicating that A. cepa has immunomodulatory
effects.

The suppressive effects of the plant and its constituents,
such as quercetin, on IL-6, TNF-a, and IL-1p, and expres-
sion of COX-2, iNOS, NF-xB, and MAPKs have been re-
ported [24]. The inhibitory effect of quercetin on the pro-
duction of IL-4, a Th2 cytokine, and its stimulatory effect
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on the production of IFN-y, a Th1 cytokine [25], were also
shown in asthmatic mice, which support the findings of
the present study and indicate that the plant is able to
contribute to the treatment of asthma by increasing the
Th1/Th2 balance and decreasing the levels of IgE.

The effects of A. cepa on oxidant and antioxidant
markers, cytokines, and IgE in sensitized mice were also
supported by the study of Oliveira et al. [10]. In a murine
model of Blomia tropicalis-induced asthma, Oliveira et al.
[10] showed the suppressive effect of A. cepa L. extract
and quercetin on inflammatory activities such as eosino-
phil infiltration in the lung, eosinophil peroxidase, the
cytokines IL-4 and IL-5, as well as smooth muscle con-
traction. The effect of the extract on eosinophil infiltra-
tion and eosinophil peroxidase was greater than that of
quercetin. The effect of the extract and quercetin on cy-
tokines was similar, but the effect of quercetin on trache-
al smooth muscles relaxation was greater than that of the
extract. They studied the effect of A. cepa extract (100 and
1,000 mg/kg/day for 6 days) and quercetin in rats sensi-
tized with B. tropicalis, but in the present study the A. cepa
extract was tested on OVA-sensitized rats for 21 days.
Various pharmacological effects, including antioxidant
and anti-allergic effects, immune system stimulation,
improved Th1/Th2 balance, and reduction of pro-
inflammatory cytokine levels have been reported for on-
ion-derived quercetin supporting its possible contribu-
tion to the therapeutic effects of A. cepa in bronchial asth-
ma [26].

Dexamethasone decreased the levels of oxidant mark-
ers, and IgE and IL-4 levels, but improved antioxidant
levels. However, dexamethasone did not increase IFN-y
levels or the IFN-y/IL-4 ratio. The effects of the plant on
the levels of oxidant and antioxidant markers NO;~,
MDA, CAT, and thiol were less marked than those of
dexamethasone. However, the effects of the extract on
IL-4, IFN-y, and the IFN-y/IL-4 ratio were more marked,
but the effect on IgE was comparable to that of dexameth-
asone. Therefore, A. cepa showed less oxidant and anti-
oxidant activity than dexamethasone but demonstrated
more specific immunomodulatory effects by reducing
levels of the Th2 cytokine IL-4 and increasing levels of the
Th1 cytokine IFN-y and the IFN-y/IL-4 ratio resulting in
enhanced Th1/Th2 bias. However, the effect of the plant
extract on other cytokines such as IL-8 and tumor necro-
sis factor should be evaluated in further studies [27]. It
should also be noted that different results may also be re-
lated to the type of species chosen. In fact, it was shown
that components and activities of onion are different on
the basis of cultivars [28].
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The role of thiol, an early marker of oxidative stress in
asthma, in the reduction of SOD [29] and CAT activity in
asthmatic patients was stressed previously [30], which
was in agreement with the changes observed in sensitized
animals in this study. In addition, similar to the findings
of the present study, upregulation of the release of Th2
cytokines (mainly IL-4, IL-5, and IL-13) and downregula-
tion of the release of IFN-y were also noticed in asthmat-
ic patients [30]. Therefore, the results of the present and
previous studies [7] on antioxidant and anti-inflammato-
ry properties of A. cepa suggest that the plant could be of
therapeutic value in asthma, which should be confirmed
in further studies.

Conclusion

A. cepa extract significantly lowered the levels of oxi-
dant markers, IgE, and IL-4 but increased the levels of
antioxidant markers, IFN-y, and the IFN-y/IL-4 ratio in
sensitized rats. Therefore, the plant extract could have po-
tential in the treatment of asthma through antioxidant
and immunomodulatory mechanisms.
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