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lergen dose required to induce deterioration of lung func-
tion (PD 20 ). Numbers of sputum eosinophils did not differ 
significantly, while serum eosinophils (10.1  8  0.1.84 vs. 5.79 
 8  0.69%) as well as changes in eosinophilic cationic protein 
(20.5  8  9.93 vs. –1.68  8  4.36 ng/ml) and in vitro cysteinyl 
leukotriene release (2,889  8  872 vs. 1,120  8  173 ng/ml) were 
significantly lower in the n–3 PUFA group (p  !  0.05 each). 
 Conclusion:  Our results provide evidence that dietary sup-
plementation with n–3 PUFA is able to reduce bronchial in-
flammation even after low-dose allergen challenge. 

 Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 Asthma is a chronic inflammatory disorder of the air-
ways leading to airway hyperreactivity and associated 
symptoms (e.g. wheezing and airflow obstruction). De-
spite variability between patients in the onset and clinical 
course of asthma, the disease almost always persists  [1] . 
The inflammatory process is complex, involving a multi-
tude of cell types and activities which define the early- 
and late-phase asthmatic responses.
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 Abstract 

  Background:  We investigated the anti-inflammatory poten-
tial of n–3 polyunsaturated fatty acids (PUFA) on specific 
bronchial inflammation. Allergic asthmatics were challenged 
using a low-dose allergen provocation model.  Methods:  Our 
parallel double-blinded study randomly assigned 23 house 
dust mite-allergic asthmatics (aged 22–29 years; 13 females, 
10 males) to dietary supplementation with either an n–3 
PUFA-enriched fat blend (0.69 g/day) or placebo for 5 weeks. 
After 3 weeks, the patients were challenged daily with low 
doses of mite allergen for 2 weeks. Primary outcome param-
eters were effects on lung function (forced expiratory vol-
ume in 1 s, FEV 1 ) and exhaled nitric oxide (eNO) as a marker 
of bronchial inflammation.  Results:  Even before the bron-
chial challenge, eNO was significantly lower in the n–3 PUFA 
group (p = 0.014). Levels of eNO increased during allergen 
exposure in both groups, but differences in means were sig-
nificantly lower in the n–3 PUFA group (p = 0.022). During the 
low-dose allergen challenge, there were no differences be-
tween the groups with regard to symptoms, FEV 1  or the al-
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  Inhaled corticosteroids are effective in reducing air-
way inflammation in severe and moderate asthma, but a 
stepwise approach requires additional therapeutic op-
tions. Considerable interest in the possible value of poly-
unsaturated fatty acids (PUFA) in asthma was sparked 
by the observation that these fatty acids possess a protec-
tive or even therapeutic effect on the pathogenesis of asth-
ma due to their impact on mediators of inflammation 
 [2–4] .

  Eicosapentaenoic acid (EPA) and docosahexaenoic 
acid are n–3 PUFA derived from fish oils that competi-
tively inhibit inflammatory n–6 PUFA arachidonic acid 
metabolism. This interaction has the potential to reduce 
the generation of inflammatory leukotrienes and prosta-
glandins, as well as the production of cytokines from in-
flammatory cells  [5–7] .

  Previous research has demonstrated that fish oil sup-
plementation has a protective effect on exercise-induced 
bronchoconstriction  [8, 9] . A fish oil diet can improve 
pulmonary function, with a concurrent reduction in 
bronchodilator use. Induced sputum differential cell 
counts and concentrations of leukotriene C 4 -leukotriene 
E 4 , prostaglandin D 2 , IL-1 �  and TNF- �  have been found 
to be significantly reduced on the fish oil diet. In addi-
tion, the consumption of fish oil resulted in partial re-
placement of arachidonic acid in inflamed cell mem-
branes by EPA  [6, 10] . This response alone is a potential-
ly beneficial anti-inflammatory effect of PUFA.

  Nevertheless, clinical data on the effect of fish oil sup-
plementation in asthma have been contradictory  [11] . A 
recent cross-sectional study found that plasma n–3 fatty 
acids were not associated with a reduced risk of asthma 

or atopy among young adults  [12] . In keeping with this 
observation, no clinical improvement in asthmatic symp-
toms was detected in some interventional studies  [13, 14] . 
However, other studies have demonstrated a benefit of 
n–3 PUFA supplementation in patients suffering from 
bronchial asthma  [15–17] . The inconsistency among 
study results may be attributable to the heterogeneity of 
the populations (e.g. age, gender, clinical picture of asth-
ma) and the amount of omega-3 fatty acid content sup-
plied. In particular, only few data are available on the ef-
fect of fish oil supplementation on an experimentally in-
duced allergic airway response in patients with asthma 
 [18] .

  It is well known that repeated low-dose allergen expo-
sure has a negative impact on preexisting allergic asthma 
 [19] . This was demonstrated in previous studies by a step-
wise increase in eosinophils in sputum and in the levels 
of exhaled nitric oxide (eNO; a marker of bronchial in-
flammation), which could be prevented by inhaled ste-
roids  [20, 21] . In order to investigate the anti-inflamma-
tory effect of fish oil supplementation, we used this estab-
lished model of low-dose allergen exposure.

  The ideal type and dose of diet enriched with n–3 
PUFA is a matter of debate. Some authors recommend a 
high pharmacological dose of 3 g per day to achieve stron-
ger effects  [18] . However, there have been at least 2 con-
vincing studies which showed a beneficial effect on asth-
ma symptoms using a daily intervention of less than 0.5 
g of n–3 PUFA  [15, 22] . Considering these data and the 
high costs of highly purified n–3 PUFA, we decided to 
examine a low dose and dietary intake instead of a phar-
macological regimen.

PUFA Placebo p

Number 12 11 n.s.
Females/males, n   7/5   6/5 n.s.
Age, years 24.082.5 23.781.5 n.s.
FEV1, % predicted 111.2812.5 105.887.6 n.s.
PD20M, mg 0.681.0 0.680.8 n.s.
Screening allergen dosea, PNU 167.88180.1 300.58247.8 n.s.
Low-dose allergen doseb, PNU 38.8842.9 56.6860.0 n.s.
Specific IgE to dust mite, IU/ml 98.18114.0 58.28189.6 n.s.

Values are shown as geometric means 8 standard deviation except where indicated 
otherwise. Statistical evaluation of means revealed no significant differences. PNU = 
Protein nitrogen units; n.s. = not significant.

a Dose of mite allergen causing a 20% fall in FEV1. 
b Noncumulative dose of mite allergen used as a low dose for allergen challenge.

Table 1. Subjects’ characteristics
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  Our study is the first to examine the impact of n–3 
PUFA on eNO as a surrogate for bronchial inflammation 
in patients with preexisting allergic asthma during re-
peated low-dose allergen exposure.

  Patients and Methods 

 Subjects and Study Design 
 Our prospective double-blind parallel study randomly as-

signed 23 house dust mite-allergic asthmatics (aged 22–29 years; 
13 females, 10 males) to a PUFA-enriched fat blend (n = 12) or 
placebo for a 5-week period of dietary supplementation ( table 1 ). 
The active fat blend contained EPA (20:   5n3) 450 mg/day, docosa-
hexaenoic acid 180 mg/day, gamma linoleic acid (18:   3w6) 60 mg/
day and stearidonic acid (C20-4w3) 60 mg/day; the placebo fat 
blend consisted mainly of unsaturated and monosaturated fatty 
acids (Numico Research Inc., Friedrichsdorf, Germany). A com-
puterized randomization schedule was prepared by a biostatisti-
cian with allocation and dispensing of capsules by the distributor. 
The capsules were matched for size, shape and volume of content. 
Blinding was not abolished until the last subject had completed 

the study. After 3 weeks, patients were challenged daily with low 
doses of house dust mite allergen over a period of 2 weeks. Blood 
samples were taken before supplementation, after 3 weeks and 
after the challenge period ( fig. 1 ).

  Initially, each subject was evaluated by a questionnaire, skin 
prick test for common aeroallergens including house dust mite, 
lung function and methacholine testing. Only healthy subjects 
with a predicted forced expiratory volume in 1 s (FEV 1 ) and forced 
vital capacity  6 80% were challenged, as explained below. Par-
ticipants were instructed to avoid fatty meals and the consump-
tion of sea fish throughout the study.

  Exclusion criteria were a history of smoking, predicted forced 
vital capacity  ! 80%, FEV 1   ! 80%, age  ! 18 years and  �  2 -agonist 
usage on demand more than twice a week, or any inhaled or sys-
temic steroid use. Written informed consent was obtained from 
all participants. The study was approved by the local institution-
al ethics committee and performed in accordance with the Dec-
larations of Helsinki (1975) and Edinburgh (2000).

  Allergen Inhalation Challenge Protocol 
 For screening purposes, a bronchial allergen challenge was 

performed with a purified aqueous allergen extract of  Derma-
tophagoides pteronyssinus  (Allergopharma Inc., Reinbek, Germa-
ny). The solutions were delivered via a Medic-Aid nebulizer and 

Screening &
Randomization

n–3 PUFA supplementation group

Placebo supplementation group

–5 weeks

• Lab
• FEV1

• eNO
• PD20

• sputum
• allergen
challenge

• Lab
• FEV1

• eNO
• PD20

• sputum

daily low-dose allergen provocation

• Lab
• FEV1

• eNO
• PD20

• sputum

• FEV1

• eNO
• FEV1

• eNO
• FEV1

• eNO
• FEV1

• eNO
• FEV1

• eNO
• FEV1

• eNO
• FEV1
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• eNO
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• eNO
• FEV1

• eNO

screening                                  V2                    V3            V4     

day 1 day 2 day 3 day 4 day 5 day 8 day 9 day 10 day 11 day 12 day 15

  V5           V6           V7  V8          V9       V10      V11         V12start suppl. 

–3 week

  Fig. 1.  Study design. The first determinations of eNO, lung function, PD 20 M and sputum eosinophils were per-
formed prior to allergen challenge. Lab = Laboratory measurements (induced sputum, serum eosinophils and 
ECP, basophil activation test, PUFA concentrations in plasma and erythrocyte membranes). 
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the aerosol provocation system APS �  powered by compressed air 
(by Viasys Healthcare GmbH, Hoechberg, Germany). This sys-
tem calculates the administered dose by breath from a constant 
flow and the inspiration time of any breath cycle, thus calculating 
the exact dose to be administered automatically. Mouthpieces and 
nebulizers were changed after each subject to avoid cross-con-
tamination. The challenge test was stopped when the FEV 1  de-
creased by at least 20% from the individual baseline.

  Then the noncumulative dose of allergen causing a fall in FEV 1  
of 5% from the postdiluent baseline was calculated as the low dose 
( table 1 ) to be used for repeated allergen exposure on 5 consecu-
tive days per week for 2 weeks according to the protocol of de 
Kluijver et al.  [19] .

  Lung Function Tests 
 Baseline spirometry (before inhalation of 0.9% sterile saline 

and before allergen challenge) was performed with the Master 
Screen �  body plethysmograph from Viasys Healthcare. Lung 
function testing was performed before and 10, 20 and 30 min af-
ter each challenge; peak flow measurements were performed 
hourly up to 10 h after the last inhalation. Subjects documented 
short-acting  �  2 -agonist usage and clinical complaints in diaries. 
Additionally, the unspecific bronchial hyperreactivity was esti-
mated with stepwise inhalation of metacholine and defined by the 
required dose to cause a 20% decrease in FEV 1  (PD 20 M).

  Measurement of eNO 
 Measurements of eNO were performed using the NIOX �  sys-

tem   (Aerocrine Inc., Solna, Sweden) according to American Tho-
racic Society guidelines  [23] . This chemiluminescence gas ana-
lyzer is sensitive to measuring NO at concentrations from 1.5 to 
200 ppb with a deviation from mean values of  8 2.5 ppb for values 
of  ! 50 ppb or  8 5% of the measured value for values of  1 50 ppb. 
We controlled for intrasubject variability by using the mean val-
ues of 3 consecutive measurements.

  Laboratory Measurements 
 Concentrations of eosinophilic cationic protein (ECP) and 

specific immunoglobulin E   were routinely determined in our lab-
oratory by chemiluminescence immunoassay (Biermann Inc., 
Bad Nauheim, Germany)  [24] .

  Sputum Eosinophils 
 Sputum induction was carried out using hypertonic saline in-

halation (4.5%) 1 h after the methacholine challenges  [25, 26] . 
Specimens containing levels of squamous epithelial cells less than 
50% of the total inflammatory cell number were considered ad-
equate. At least 400 inflammatory cells were counted for each 
specimen. Eosinophils were expressed as percentages of the total 
cell count.

  Cysteinyl Leukotrienes 
 Activation of leukocytes was measured by cellular antigen 

stimulation test (Buehlmann Laboratories Inc., Allschwil, Swit-
zerland)  [27] . Briefly, leukocytes were isolated by dextran sedi-
mentation from EDTA blood. Then cells were stimulated with 
dust mite extract (2 ng/ml) for 40 min, and supernatants were de-
canted and stored at –80   °   C. Following leukocyte in vitro stimula-
tion with house dust mite allergen, cysteinyl leukotrienes (cysLTs) 
were determined by the ELISA technique according to the man-
ufacturer’s instructions  [28] .

  Detection of PUFA in Plasma and Erythrocyte Membranes 
 In order to monitor compliance, total PUFA concentrations in 

plasma and erythrocyte membranes were measured by fatty acid 
methyl ester detection via capillary gas chromatography  [29]  by 
Numico Research. Values are expressed as weight percentage 
(wt%) of total fatty acids.

  Statistical Analysis 
 Statistical data analysis was performed using the software 

package SPSS for Windows �  11.0 (SPSS Inc., Chicago, Ill., USA). 
All values are expressed as mean values  8  SEM. Within groups, 
changes were analyzed using the paired Student’s t test and be-
tween-group comparisons with the unpaired t test. Mixed-model 
ANOVA was used for baseline FEV 1 , PD 20 M and eNO values to 
detect differences between and within groups and between study 
weeks. Additionally, the GLM procedure of repeated-measure 
analysis of variance (analysis of variance of contrast variables) 
was used, comparing the first visit with any following visit. Prob-
ability values  ! 0.05 were considered significant. Paired and un-
paired t tests were adjusted post hoc from multiple comparisons 
with a Bonferroni correction.

  Results 

 Acute Response to Low Doses of Allergen Exposure 
 The procedures were well tolerated by all patients. 

During the study, no participant needed bronchodilators 
or anti-inflammatory medication. There were no be-
tween-group differences in FEV 1  baseline values. The 
biggest falls in the mean values of FEV 1  within 30 min 
after low-dose allergen exposure were 10.1  8  1.92 and 
9.63  8  2.08% in the n–3 PUFA and placebo group, re-
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  Fig. 2.  Acute response (0–30 min) to low-dose allergen exposure 
presented as mean  8  SEM falls in FEV 1  from prechallenge base-
line levels. 
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spectively. There was no significant difference in the fall 
in FEV 1  between the groups at all visits ( fig. 2 ). Within-
group analysis at different times also revealed no signifi-
cant differences. Only 4 consecutive challenges were ana-
lyzed since the first day of provocation each week (visits 
2 and 7) was preceded by methacholine testing.  Table 1  
indicates that the 2 groups were well matched with regard 
to age, physical characteristics and initial response to in-
halation.

  Baseline FEV 1  and Bronchial Hyperreactivity 
 There was no significant difference in FEV 1  within or 

between the groups during the allergen challenge period 
( fig. 3 a). PD 20 M decreased after allergen challenge in 
both groups but this change failed to reach significance 
( fig. 3 b).

  Exhaled NO 
 Mean changes in eNO (measured in parts per billion) 

significantly increased during low-dose allergen exposure 
in both groups, but were constantly lower in the n–3 PUFA 
group [n–3 PUFA: visit 2 (V2) –2.06  8  3.6, V3 17.5  8  4.5, 
V4 40.6  8  8.4, V5 55.8  8  11.0, V6 61.1  8  12.6, V7 37.6  8  
8.3, V8 69.0  8  13.3, V9 75.9  8  12.4, V10 78.8  8  12.3, V11 
75.9  8  11.8, V12 48.7  8  12.6; placebo: V2 10.8  8  3.1, V3 
47.9  8  11.9, V4 84.5  8  17.2, V5 99.0  8  11.8, V6 123.9  8  
17.68, V7 87.6  8  14.8, V8 109.9  8  14.7, V9 115.5  8  15.2, 
V10 125.9  8  18.3, V11 120.8  8  19.2, V12 73.7  8 12.1   ]. 
Mixed-effects ANOVA revealed significantly lower eNO 

levels in the n–3 PUFA-supplemented group (p = 0.022; 
 fig. 4 ), contradicting the hypothesis of parallel shapes of 
mean eNO courses for both treatments. Levels of eNO 
were even lower in the active group preceding the inhala-
tion challenge (visit 2; p = 0.014). However, when calculat-
ing absolute data, the overall effect missed significance by 
a small margin (p = 0.06). When comparing the 2 weeks 
with each other, treatment effects just reached statistical 
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significance (p = 0.046) and were stronger in the first 
week (p = 0.0008). This was confirmed by post hoc Bon-
ferroni analysis after 1 week at visit 6 (p = 0.049).

  Eosinophils and ECP in Sputum and Serum 
 The percentage of eosinophils in the sputum increased 

after allergen challenge in both groups after 2 weeks 
( fig. 5 a). The increase tended to be greater in the placebo 
group, although without statistical significance (n–3 
PUFA: 3.02  8  1.63%; placebo: 8.91  8  5.32%). Levels of 
ECP in sputum also rose after allergen challenge in both 
groups, but no differences were seen between the groups 
( fig. 5 b).

  The percentages of blood eosinophils increased dur-
ing allergen exposure in the placebo group, whereas there 
was only a slight increase in the n–3 PUFA group ( fig. 5 c). 
These results were significant at visit 7 (placebo: 10.1  8  
0.1.84%; n–3 PUFA: 5.79  8  0.69%; p  !  0.05). Changes in 
ECP serum concentrations were significantly lower in the 
n–3 PUFA group compared to placebo at visit 7 (placebo: 
20.5  8  9.93 ng/ml; n–3 PUFA: –1.68  8  4.36 ng/ml; p  !  
0.05), but not after 2 weeks of challenge ( fig. 5 d).

  cysLT Release 
 cysLT release was low in unstimulated (basal) leuko-

cytes and did not show any difference between the groups 
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( fig. 6 ). Stimulation with house dust mite extract induced 
a striking cysLT release in both groups that became sig-
nificantly higher in the placebo group after 2 weeks of 
allergen challenge (visit 12) compared to the n–3 PUFA 
group (n–3 PUFA: 1,120  8  173 ng/ml; placebo: 2,889  8  
872 ng/ml; p  !  0.05;  fig. 6 ).

  PUFA Concentrations in Plasma and Erythrocyte 
Membranes 
 Concentrations of EPA (mean weight percentage of to-

tal fatty acids  8  standard deviation) in plasma showed a 
significant increase in the n–3 PUFA group after supple-
mentation compared to the placebo group. At visit 2, the 
mean values were 1.51  8  0.82 wt% for the active group 
compared to 0.58  8  0.28 wt% for the placebo group (p  !  
0.001). At visit 7, mean values were 1.43  8  0.47 wt% for 
the active group versus 0.59  8  0.20 wt% in the placebo 
group (p  !  0.001). At visit 12, the mean concentration in 
the n–3 PUFA group was 1.61  8  0.72 wt%, compared to 
0.61  8  0.43 wt% in the placebo group (p  !  0.001). The 
n–3/n–6 ratio for the active group increased significantly 
after 3 weeks of supplementation (V1: 0.11  8  0.01; V2: 
0.15  8  0.01, p  !  0.001; V7: 0.15  8  0.01, p  !  0.001; V12: 
0.16  8  0.01, p  !  0.001), whereas no changes were seen in 
the placebo group.

  Similar effects were observed for EPA concentrations 
in erythrocyte membranes (n–3 PUFA: 0.61  8  0.72 wt%; 
placebo: 0.28  8  0.39 wt%; p  !  0.05) as well as in the n–3/
n–6 ratios (V1: 0.20  8  0.02; V2: 0.22  8  0.02; V7: 0.25  8  
0.02, p  !  0.01; V12: 0.25  8  0.03, p  !  0.01). In the placebo 
group, the n–3/n–6 ratio had decreased significantly at 
V12 (0.17  8  0.02; p  !  0.05) compared to V1 (0.20  8  
0.02).

  None of the other fatty acids showed a significant in-
crease either in plasma or in erythrocyte membranes. We 
only found an overall trend for increasing docosahexae-
noic acid values (data not shown).

  Discussion 

 Our study has demonstrated that allergen-induced 
airway inflammation was significantly attenuated by 5 
weeks of dietary n–3 PUFA supplementation, verified by 
lower levels of eNO, serum and sputum eosinophils and 
ECP and suppression of the proinflammatory eicosanoids 
secreted by leukocytes. After PUFA supplementation, 
levels of eNO were significantly lower already on the first 
visit, indicating an effect even before an inhalation chal-
lenge.

  Our observations support previous findings in pa-
tients with allergic disease in whom n–3 PUFA supple-
mentation reduced the generation of inflammatory leu-
kotrienes and prostaglandins  [13, 16, 17, 30] . Repeated 
low-dose allergen challenge promotes features of airway 
inflammation, thus mimicking the natural course of al-
lergic asthma more closely than a single high-dose aller-
gen inhalation challenge  [19] . It is an established model 
to study asymptomatic worsening of airway inflamma-
tion and the impact of anti-inflammatory therapies.

  This anti-inflammatory effect of n–3 PUFA was less 
potent in the second week. However, the diminished ef-
ficacy of n–3 PUFA supplementation in the second week 
was not related to noncompliance, as verified by phos-
pholipid fatty acid analysis in plasma and erythrocytes. 
Nevertheless, the effect on eNO is in contrast to the lack 
of an effect on allergen-associated bronchial hyperreac-
tivity. This unexpected finding is difficult to explain. 
Mediator release by allergen-activated mast cells may 
contribute to both an increase in eNO and allergen-in-
duced airway hyperreactivity. Allergen-induced media-
tor release from leukocytes, mainly basophils, can be in-
hibited to some extent by n–3 PUFA, but not blocked 
completely as shown by our in vitro   data.

  Similar to eNO, sputum eosinophils tended to increase 
less after 2 weeks of n–3 PUFA supplementation. At this 
time, eNO levels were also no longer significantly differ-

  Fig. 6.  cysLT production after in vitro stimulation with dust mite 
allergen. Data are presented as means          8  SEM. Whole blood was 
taken at visits 1, 2 and 12, and cells were stimulated with dust mite 
extract (mite) or medium alone (basal). Activation of neutrophils 
was detected by release.  *  p  !  0.05.                       
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ent. An earlier determination of sputum eosinophils, 
which we did not perform for technical reasons, would 
have been able to prove effects also on this important 
marker of airway inflammation.

  Our pilot study has the limitation of a relatively small 
sample size. Thus, we cannot exclude completely that our 
results are subject to a type I error. On the other hand, 
similar studies with PUFA supplementation or low-dose 
allergen challenge have been performed with similar 
sample sizes  [8, 19] .

  Overall, a more potent anti-inflammatory treatment, 
e.g. corticosteroids, appears to be necessary to inhibit the 
development of allergen-induced airway hyperreactivity. 
The dissociation between airway inflammation and al-
lergen-induced airway hyperreactivity has also previous-
ly been reported following pharmacological treatment 
with different doses of inhaled steroids  [31] . Recent works 
suggest that indirect challenge methods (e.g. hypertonic 
saline) might be even more suitable to investigate airway 
inflammation after allergen provocation  [32] . Since most 
of the studies performed on this subject used the direct 
method of metacholine testing, we chose this technique 
to facilitate comparability of the results. For future stud-
ies, we would consider performing direct and indirect 
testing methods.

  In clinical trials, anti-inflammatory responses to n–3 
PUFA were often limited. A current Cochrane review  [11]  
including 9 randomized controlled trials comparing n–3 
PUFA supplementation with placebo  [13, 15, 30, 33–35]  
or with n–6 PUFA supplementation  [14]  could not find a 
consistent benefit of n–3 PUFA in the management of 
asthma.

  A recent study by Mickleborough et al.  [9]  demon-
strated a protective effect of fish oil supplementation (3 g 
per day) on exercise-induced bronchoconstriction. In ad-
dition, the same group showed that n–3 PUFA reduced 
airway narrowing, medication use and proinflammatory 
mediator generation in 20 nonatopic elite athletes with 
exercise-induced bronchoconstriction  [8] .

  It is an ongoing debate, whether higher doses of n–3 
PUFA than those applied in our study might exhibit 
greater anti-inflammatory capacity. A daily intervention 
of at least 3 g of omega-3 fatty acids, which is considered 
a high adult dose, has been used in many trials without 
convincing evidence that such a dose is superior to low-
dose supplementation  [18, 30, 35] . Theoretically, the most 
immediate outcome related to n–3 PUFA intake is a 
change in tissue levels of the fatty acids. However, the 
measurement and interpretation of the n–3 PUFA effect 
is complicated by the tissue distribution, sample sizes, 

type and dose of n–3 PUFA and the heterogeneity of asth-
ma patients. Also, a control of any nutritional fatty acids 
independent of the study is important to avoid a distor-
tion of the facts.

  Nevertheless, the results of 2 further studies using low 
EPA doses have been very promising. Nagakura et al.  [15]  
found that a 10-month intake of 120 mg of n–3 PUFA per 
day reduced asthma symptom scores and bronchial hy-
perreactivity to acetylcholine in children compared to 
controls. In addition, treatment with a lipid extract of 
New Zealand green-lipped mussel containing 100 mg of 
n–3 PUFA was recently studied in 46 patients with atop-
ic asthma. There was a significant decrease in daytime 
wheeze and an increase in morning peak flow in the lip-
id extract group compared to the placebo group  [22] . 
Such conclusions are supported by another study in which 
omega-3 fatty acid supplementation reduced arachidonic 
acid-derived inflammatory mediators, thereby reducing 
cough sensitivity in atopic disease  [36] .

  In conclusion, our study provides further evidence 
that a 5-week dietary supplementation with 0.7 g of n–3 
PUFA per day is able to reduce bronchial inflammation 
in allergic asthma. Based on the interesting finding that 
n–3 PUFA reduced eNO, we recommend a large random-
ized controlled study in patients with mild and moderate 
allergic asthma.
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