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Effect of Allergen Inhalation on Airway Oxidant Stress, Using Exhaled
Breath Condensate 8-Isoprostane, in Mild Asthma
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Objective. Exhaled breath condensate (EBC) 8-isoprostane concentrations are increased in asthma, but it is not known if they acutely change
following bronchoprovocation. The objective of this study was to evaluate EBC 8-isoprostane concentrations following allergen-induced
bronchoprovocation in asthma. Methods. This comparison study included eight mild atopic asthmatics and six controls. Asthmatics were
challenged with inhaled specific allergen, methacholine, and irrelevant allergen in random order. Controls were challenged with irrelevant allergen.
EBCs collected at 0, 3, 6, 9, and 23 hours by the R-tube method were measured for 8-isoprostanes by ELISA technique. Repeated measures
ANOVA technique was used for analysis. Results. EBC 8-isoprostane concentrations did not change following any inhalational challenge, as
compared to baseline, in either asthmatics or controls. Conclusions. EBC 8-isoprostane concentrations do not acutely change following

bronchoprovocation in subjects with mild asthma.

Keywords

INTRODUCTION

Exhaled breath condensate (EBC) is obtained by cooling
and collecting exhaled breath in a cold trap. It is a non-
invasive technique to analyze the airway lining fluid for
nonvolatile molecules (1). The mechanisms that contri-
bute to the presence of nonvolatile molecules in EBC
have not yet been elucidated, but the formation of an
aerosol during reopening of alveoli or at the branching
of small airways is a likely mechanism. The collection
procedure itself has no influence on airway function or
inflammation. Although mostly water vapor, EBC con-
tains multiple constituents such as small molecules, pro-
teins, and DNA (2). Recent studies have investigated the
use of EBC for measuring airway oxidant stress in lung
diseases.

Oxidant stress is characterized by an imbalance
between increased exposure to free radicals, princi-
pally derived from oxygen, and antioxidant defenses.
Lipids are a major target of free radical attack, which
induces lipid peroxidation. There is increased genera-
tion of oxidants and lipid peroxidation products both
in the lungs and in the urine and plasma of patients
with asthma (3). One of the major candidates for
clinical measurement of oxidant stress in vivo is F,-
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isoprostanes, a class of prostanoids formed by free
radical—catalyzed lipid peroxidation of arachidonic acid.
The most prevalent F,-isoprostane in humans is 8-epi-
PGF,, or 15F,-IsoP, also known as 8-isoprostane.
8-Isoprostanes can be detected in EBC by enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA),
and gas chromatography mass spectrometry (GCMS) assay
(4). EBC 8-isoprostane levels are increased in both adults
and children with asthma and positively associated with
asthma severity (5, 6). Unlike exhaled nitric oxide, EBC
8-isoprostane concentrations do not appreciably change
with treatment with corticosteroids (4—6), suggesting that
EBC 8-isoprostanes may reflect disease status, independent
of therapeutic interventions.

Following an allergen-induced bronchoprovocation,
urine and bronchoalveolar lavage fluid 8-isoprostane con-
centrations increase among subjects with asthma (7), sug-
gesting that acute oxidant injury occurs in the setting of
allergic inflammation. It is, however, unclear whether EBC
can similarly detect acute changes in oxidant stress in the
airway lining fluid, following a similar allergen challenge
among subjects with asthma. Our objective was to evaluate
acute changes in airway oxidant stress, using EBC 8-
isoprostane concentrations, following allergen broncho-
provocation in asthma. We hypothesized that experimental
allergen inhalation in sensitized subjects with asthma
would result in an acute increase in airway oxidant stress,
as reflected by an increase in concentrations of EBC
8-isoprostanes, as measured primarily using the ELISA
technique.
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METHODS

EBC Collection and Processing. EBC was collected, as per
the American Thoracic Society/European Respiratory
Society (ATS/ERS) guidelines (8), using an R-tube
(Respiratory Research, Inc., Austin, TX) by asking the
subject to breathe tidally via a mouthpiece through a non-
rebreathing valve, thus separating the inspiratory and
expiratory air. The expired air flowed through a condenser
(precooled to —70°C), and approximately 3 mL of breath
condensate was collected during a period of 20-30 minutes
(9). Multiple EBC samples were obtained: the first just
before the start of the challenge and again at 3, 6, 9, and 23
hours after the challenge. Immediately following collec-
tion, EBC was stored at —70°C. Before its analysis by
ELISA assay, EBC was concentrated 14-fold using a lyo-
philizer (LabConCo, Kansas City, MO) (10).

First Stage: “Spike and Recovery” Experiment for
8-Isoprostanes in EBC Using ELISA Technique

Our first stage involved an experiment in which “spikes”
of 40 pg of purified 8-isoprostane (Cayman Chemical Co.)
was added to 1 mL samples of EBC. After 14-fold con-
centration by lyophilization and using the ELISA techni-
que described below, 109% of the anticipated values were
recovered from the reconstituted sample, confirming the
suitability of the ELISA assay. Additionally, EBC 8-
isoprostane samples collected in Tween-20 coated versus
uncoated apparatus were compared to evaluate the benefit
of precoating the collection apparatus with low concentra-
tions of detergent, on the basis of the potential for adsorp-
tion of the 8-isoprostane to the surface of the collection
chamber (11). After correction for the 14-fold concentra-
tion, the results showed no significant difference in the
concentrations of 8-isoprostane between samples collected
(1.2 £ 0.5 pg/mL) without Tween-20 versus (1.5 = 0.1 pg/
mL) with Tween-20 (p > .05). Following this first stage, it
was decided to use collection apparatus without precoating
with Tween-20. We also measured the spiked samples with
and without lyophilization and found similar results. We
therefore concluded that lyophilization did not adversely
affect EBC 8-isoprostane concentrations.

Second Stage: Interventional Studies Measuring
8-Isoprostanes in EBC Using ELISA Technique (Primary
Study)

Our second stage involved a comparison study including
eight sensitized subjects with mild atopic asthma and six
healthy controls. Asthma was defined by the presence of
all the following criteria—physician diagnosis based upon
standard guidelines (12), confirmed skin test “atopy,” pre-
sence of nonspecific airway hyper-reactivity (methacho-
line PC,( of <16 mg/mL), and presence of specific airway
reactivity to either Juniper-Mountain cedar or Bermuda
grass allergen inhalation (i.e., FEV| decline of >20%) on
screening evaluation. Controls were defined as those that
met none of the first three criteria. Seven of the eight
subjects with asthma had intermittent disease severity, as
defined by “no use of daily medications with short-acting

inhaled /3, agonists as needed” to maintain “good asthma
control” (12, 13). This phenotype was chosen to minimize
serious adverse reactions to allergen inhalation and to
minimize the confounding effect of asthma medications.
Atopy was defined as immediate-type skin test reactivity
(at least 3 mm wheal diameter and no wheal in response
to normal saline) to at least one aeroallegen common in
the Albuquerque area. The allergens tested in duplicate
by a skin prick test were Cottonwood, Juniper-Mountain
cedar, Bermuda grass, Kentucky bluegrass, Meadow
fescue grass, Russian thistle, Kochia, Western ragweed,
Cat hair, Dust mites Dermatophagoides farinae, and
Dermatophagoides pteronyssinus (Greer Labs, Lenoir,
NO).

Inclusion and Exclusion Criteria. The study included
English speaking adults and excluded those with history
of diabetes; abnormal fasting glucose; use of anti-diabetes
medications; history of atherosclerotic cardiovascular dis-
ease or abnormal electrocardiogram suggestive of the
same; use of statins; history of chronic infectious or active
inflammatory or active neoplastic conditions; use of sys-
temic corticosteroids, leukotriene receptor antagonists, or
cromolyn in the previous 3 months or allergen immu-
notherapy within the previous 5 years; presence of HIV
risk factors; history of abnormal chest radiograph; elevated
serum creatinine (>1.8 mg/dL in men and >1.5 mg/dL in
women (14)); current history of smoking; or use of supple-
mental reproductive hormones. In addition, the exposure
challenge tests were delayed in the event of a known acute
infection or surgery within the prior 4 weeks and known
respiratory tract infections within the prior 8 weeks. The
study protocol (HRRC-06-232) was approved by the local
institutional review board at the University of New
Mexico. Informed consent was obtained from all study
participants.

Exposures. All subjects were studied with one or three
inhalational challenge/s in random order (as outlined in
Table 1). All subjects inhaled incremental concentrations
of an irrelevant allergen to which they were not sensitive,
that is, associated with a negative skin prick test.

TABLE 1.—List of inhalational challenges performed in random order.

Sensitized subjects with asthma Non-atopic healthy controls

Irrelevant allergen inhalation (aller-
gen tested negative on skin prick
test on screening evaluation or
I-A test)

Methacholine inhalation (non-
immunological stimulus or M-A
test)

Specific allergen inhalation (allergen
tested positive on skin prick test on
screening evaluation and starting
challenge dose subsequently eval-
uated on titration skin allergen
prick test or S-A)

Irrelevant allergen inhalation (aller-
gen tested negative on skin prick
test on screening evaluation or I-C)

Note: For the final stage, a subset of asthmatics was also tested with no inhalational
challenge.
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Additionally, subjects with asthma underwent inhalational
challenges with incremental doses of a non-immunological
stimulus (methacholine) (15, 16) and a specific allergen (to
which the subject was sensitive, i.e., associated with a
positive skin prick test) (17). The specific allergens used
were Bermuda grass (n = 3) and Juniper-Mountain Cedar
(n = 5; Greer Labs, Lenoir, NC). The starting dose of the
specific allergen challenge was determined by a titration
skin allergen prick test (18). The inhalational challenges
for the cases were in random order, each on a separate visit,
with a window of at least 72 hour duration following
irrelevant allergen and methacholine challenges and of at
least 7-day duration following specific allergen challenge,
to minimize the ‘“carry-over” effect on subsequent test
results. For actively menstruating women, the testing was
done within 3-14 days following the cessation of men-
strual flow to minimize the potential effect of menstrual
cycles on airway oxidant stress. Wherever possible, the
phlebotomists, technicians, and nurses conducting the var-
ious tests were blinded to the exposure status of the cases
and controls.

Inhalational Challenge Tests. The challenges, as outlined
in Table 1, were performed at 0700 hours in a fasting state
with medications withheld before the test as outlined in the
ATS guidelines (19, 20). Irrelevant allergen inhalational
challenge was performed on both cases (I-A) and controls
(I-C), with a commercially available allergen to which they
were not sensitized (i.e., not associated with a positive skin
prick test). In the event that such an allergen was not
available (as some atopic asthmatics had multiple positive
skin tests), a saline inhalation challenge was performed
with an equal number of steps. Non-immunological stimu-
lus (methacholine) inhalational challenge was performed
on cases (M-A) using the Cockcroft modification of the
methods of Chai et al. (15, 16). Briefly, subjects inhaled
each of the following increasing concentrations (0.15,
0.31, 0.62, 1.25, 2.5, 5.0, 10.0, 16, and 25 mg/mL) of
methacholine by tidal breathing via a nebulizer through a
Rosenthal-French dose-metering device until the FEV,
decreased by at least 20% from baseline values. Specific
or sensitizing allergen inhalational challenge (S-A) was
performed with an allergen to which the cases were sensi-
tive to using the protocol published in literature by
Gerblich et al. (17). Allergen was inhaled via a nebulizer
through a similar dose-metering device until the FEV,
decreased by at least 20% from baseline, starting at three
to four half-logarithmic concentration below that caused
skin test positivity (18).

Outcomes. The outcomes included EBC 8-isoprostane
challenge response curves, area under the curves (using
the trapezoid rule), and peak and baseline concentrations.

Comparison of EBC 8-Isoprostane ELISA and GCMS
Assays. EBC 8-isoprostane concentrations were initially
compared between ELISA and gas chromatography nega-
tive ion chemical ionization mass spectrometry techniques
(21, 22). For the former, a commercially available assay
using the competitive ELISA technique (Cayman

Chemical, Ann Arbor, MI) was used. For the latter, 8-
isoprostane was purified using affinity columns containing
anti-8-isoprostane antibody (Cayman Chemical, Ann
Arbor, MI) and analysis performed on a Hewlett-Packard
5890 Series II gas chromatograph (Hewlett-Packard,
Bracknell, UK) linked to a Trio 1000 (DSR, Warrington,
UK) mass spectrometer with chemical ionization capabil-
ity. Since our initial comparison revealed that the ELISA
was more sensitive than the GCMS assay, subsequent
measurements were primarily performed in duplicate
using ELISA. The sensitivity and useful range of the
ELISA assay was 3.9 and 3.9-500 pg/mL, respectively.

EBC S8-Isoprostane Test Characteristics, Using ELISA. Of
the 150 EBC samples collected, two were missing at the
time of analysis and 18 had sufficient volumes to run
singlets only. The remaining 130 samples (86.7% of all
samples drawn) were tested in duplicate. Of the 278 total
number of tests performed (both singlets and duplicates),
25 samples (9.0%) were outside the valid linear range of
the assay despite the 14-fold concentration. These samples
included 19 and 6 samples (6.8% and 2.2%, respectively)
that were below and above the linear range of the assay,
respectively. Since the values of these six samples were
several folds higher than the next highest samples, they
were considered as outliers and not analyzed. In addition,
the 19 EBC samples below the sensitivity cutpoint of
3.9 pg/mL were given an arbitrary value of 1.95 pg/mL,
half the value of the sensitivity cutpoint.

Third Stage: Repeat Interventional Studies Measuring 8-
Isoprostanes in EBC Using RIA Technique

In the final stage of experiments, we repeated the specific
allergen inhalational challenge in a subset of subjects with
asthma (n = 4) and compared them with no inhalational
challenge (no spirometries were performed in the latter
case). The EBC specimens were similarly collected and
processed but analyzed in duplicate for 8-isoprostanes
using RIA technique instead of ELISA.

EBC 8-Isoprostane Assay, Using RIA Technique. A pre-
viously described antiserum against 8-isoprostane (Rab 1)
was used for the RIA assay (3). A 250 uL aliquot of the
reconstituted EBC sample was added to 1250 uL of assay
buffer (phosphate 0.025 M, pH 7.5) containing approxi-
mately 2500 dpm of [*H]8-isoprostane, which was mixed
with appropriately diluted antiserum and incubated for 24—
30 hours at 4°C (23). Approximately, 40%—45% binding
of the labeled hapten was obtained when 8-isoprostane
antiserum was used at a final dilution of 1:200,000.
8-Isoprostane standard competes with the binding of the
homologous tracer in a linear fashion over the range from 2
to 250 pg/mL (24). Separation of antibody bound from free
[3H]8—isoprostane was achieved by rapidly adding 0.1 mL
of a 5% bovine serum albumin solution and 0.1 mL of a
charcoal suspension (70 mg/mL) and subsequent centrifu-
gation at 4°C for 10 min at 5000 rpm (3000g) (24).
Supernatant  solutions  containing  antibody-bound
8-isoprostane were decanted directly into 10 mL scintilla-
tion liquid. Radioactivity was counted in a liquid
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scintillation counter. Data were processed using a compu-
ter that was programmed to correct for nonspecific bind-
ing. This approach has been previously validated by
reverse phase high performance liquid chromatography
(23). The previously published intra-assay and inter-
assay coefficients of variation for 8-isoprostane with this
approach are £2.0% and +2.9% at 2 pg/mL, the lowest
standard concentrations are +3.7% and +10.8% at 250 pg/
mL, the highest standard concentration (23).

Statistical Analysis of Data. For the primary study (Stage
2), data were first corrected for the 14-fold concentration
and then transformed using logarithms to the base 10, after
adding 0.5 to all values of EBC 8-isoprostane. The loga-
rithmic transformation was performed because of the non-
normal distribution of data. Furthermore, there was an
indication of increasing variability with increasing mean,
indicating a potential need for logarithmic transformation.
The analysis of response of outcome measures at subse-
quent time points to a challenge, with respect to the base-
line level, was made by a repeated measures (RM)
ANOVA, with both the three challenges and time as
repeated factors using SAS (PROC-MIXED). The out-
comes between cases and controls were also compared
by RM-ANOVA, using case status as the grouping factor
and time as the repeated factor. If there were significant
differences, post-hoc testing with paired t-tests was per-
formed as appropriate. Statistical significance was
accepted as p < .05. The study protocol was approved by
the University of New Mexico’s Human Research
Protection Office (6-232).

Sample Size and Power Estimates. Based on previous
studies (7, 25, 26) and assuming a modest correlation of
0.7 between the baseline and follow-up values, the SD of

the difference was estimated at 0.5-7.0 pg/mL for EBC 8-
isoprostane. Based on these estimates, the minimally
detectable difference for EBC 8-isoprostane following
allergen bronchoprovocation was further estimated to be
0.5-8.0 pg/mL for the eight asthmatics and 0.9-12 pg/mL
between the eight asthmatics and six controls with five
repeated measures with 80% power (the absolute differ-
ences published in the literature were 10.5 pg/mL for
bronchoalveolar lavage 8-isoprostanes (7) and 13.0-
22.2 pg/mL for EBC 8-isoprostanes (6)).

RESULTS

The primary study included eight subjects with mild atopic
asthma (cases; PCy of 10.5 £ 9.9 mg/mL) and six con-
trols. The majority of enrolled subjects were pre-
menopausal overweight women (see Table 2). Seven of
the eight cases had intermittent severity of asthma, with
one having mild persistent asthma requiring inhaled corti-
costeroids. After correction for the 14-fold concentration,
the baseline values for ELISA-assessed EBC 8-isoprostane
among the eight asthmatics (obtained from the mean of the
three  baseline values before each challenge,
2.50 £ 0.99 pg/mL) was not significantly higher than
that for the five controls for whom data was available
(1.54 £ 1.39 pg/mL, p = .22; baseline EBC sample for
one control was lost during storage—the study was not
powered to examine differences between asthmatics and
controls in chronic or baseline airway oxidant stress).

ELISA-Assessed EBC 8-Isoprostane Response to
Inhalational Challenge

In the range of values measured after 14-fold EBC con-
centration, the manufacturer-suggested inter-assay and

TABLE 2.—Baseline characteristics of study subjects.

Characteristic

Asthma (n = 8) Controls (n = 6)

Women*

Pre-menopausal*

Age (in years)*

White race*

Ex-smokers*

Age of onset of asthma (years)

Use of inhaled corticosteroids

Confirmed skin test atopy to common aeroallergens
Body composition measurements

Body mass index (kg/m?)*

Waist circumference (cm)*

Triceps skinfold thickness (mm)*

Percent body fat (DEXA)*

Percent truncal fat (DEXA)*

Insulin resistance (HOMA units)*

Inhalational challenge test results

Methacholine PC,q (mg/mL)

Percent drop in FEV, following methacholine challenge
Percent drop in FEV, following specific challenge
Percent drop in FEV, following irrelevant challenge*

5 4
4/5 4/4
314 £85 399+£97
7 4
2 3
124 +£54 N/A
1 0
8 0
264 +£49 294+ 6.6
86.8 £ 14.0 91.7£9.8
199 +£59 229+99
351+£63 388+ 123
379+172 423114
24412 25+ 1.7
10.5£99 N/A
26.8 £89 N/A
288 +£53 N/A
—3.0+£52 —28+57

Note: Mean + S.D. are reported.

Abbreviations: DEXA: Dual energy X-ray absorptiometry; HOMA: Homeostasis model assessment; N/A: Not applicable.
*There was no significant difference between the two groups with respect to these variables (p > .05 for all analyses).
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intra-assay coefficients of variation in buffer diluent
were 24.3% and 6.4%, respectively. The measured
intra-assay coefficient of variation in concentrated
EBC in our study using ELISA technique was, however,
37.7 £ 32.5%. The measured inter-day coefficient of
variation in EBC for the three baseline values among
asthmatics in our study using the ELISA technique was,
however, 71.6 4+ 46.3%.

Following any inhalational challenge (in both cases and
controls), there was no significant change in EBC 8-
isoprostane concentrations compared to baseline, as sug-
gested by the within-test paired #-test analyses (Table 3 and
Figure 1). Further, there was no significant difference
between the three challenges among subjects with asthma
(S-A, M-A, and I-A) with respect to the challenge response
curve, area under the curve, log baseline, and log peak
values of EBC 8-isoprostane. Similar results were obtained
when S-A was compared with I-C.

I-C
39
38
2
64

& I-A

80
.60

p-value—comparison of S-A, M-A  p-value—comparison of S-A &
31
.61

RIA-Assessed EBC 8-Isoprostane Response to
Inhalational Challenge in a Subset of Asthmatics

The measured intra-assay coefficient of variation in EBC
in our study using RIA technique was 26.3 &= 16.2%. The
measured inter-day coefficient of variation in baseline
values among asthmatics in our study using the RIA tech-
nique was 33.2 4+ 13.1%. These values were higher than
those previously reported in the literature (23). We also
noted that RIA-assessed mean baseline 8-isoprostane con-
centrations were approximately tenfold higher than those
assessed by ELISA on different days.

In the final stage of experiments, we repeated the
specific allergen inhalational challenge in a subset of
subjects with asthma (n =4) and compared them with no
inhalational challenge in the same subjects. Again, we
noted no significant change in EBC 8-isoprostane con-
centration compared to baseline, as suggested by the
within-test paired ¢-test analyses. Further, there was no
significant difference between the two tests among sub-
jects with asthma (S-A and N-A) with respect to the
challenge response curve, area under the curve, log
baseline, and log peak values of EBC 8-Isoprostane
(Table 4).

Irrelevant allergen, controls
I-0)
6.76 + 17.07
—0.03 £0.55
0.46 £ 0.71

Irrelevant allergen, asthma
(I-A)
—5.84 £ 16.09
0.26 £ 0.37
0.24 +0.28

220+£6.13
—0.01 £0.59
0.47 £0.62

Methacholine, asthma
M-A)

TABLE 3.—Response of ELISA-assessed EBC 8-isoprostane measures (pg/mL) to inhalational challenge.
Challenge response curves (log concentration)

DISCUSSION

(S-A)

EBC 8-isoprostane concentrations, as measured by the
commercially available ELISA assay, do not acutely
increase following bronchoprovocation by either specific
allergen or methacholine inhalation in this study of mild
atopic asthmatics. Similar results are seen with RIA assay
of 8-isoprostanes in EBC. These EBC results are at var-
iance with another study that showed an increase in
bronchoalveolar lavage isoprostane concentrations fol-
lowing allergen challenge among a similar group of nine
mild asthmatics (7).

We posit the following explanations for our results.
Although our study was designed to detect an effect size
published in the literature of 0.5-8.0 pg/mL for change in

Specific allergen, asthma
—7.98 +32.21
0.37 £ 0.40
0.30 £ 0.43

AUC
Log peak

Log baseline

tane

AUC or Area under the curve for EBC isoprostane was obtained from four observations at —1 to +9 hours following the challenge after adjustment for the baseline value, using the trapezoid rule; Negative AUC suggests that the curve is overall below the

Notes: For challenge response curves, main effects due to test are reported from a RM-ANOVA analysis with time and challenge as the repeat factors.
baseline value.

Mean + S.D. are reported (after correction for the 14-fold concentration of EBC in the assay process).

Abbreviations: AUC: Area under the curve; ELISA: enzyme-linked immunosorbent assay.

Outcome measure
EBC 8-isopros-
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3.5+

Exhaled Isopostane (pg/mL)

- 49

Concentrated exhaled Isoprostane (pg/mL)

15— ¢« — s — s Specific allergen, asthma — 21
m——-m—--8 Methacholine, asthma
® === *----- + lrrelevant allergen, asthma
A-—--A-—--a [Jrrelevant allergen, control
— f T T T T
Pre- 3 6 9 23
test

Hours post-test

FIGURE 1.—Response of EBC 8-isoprostanes (ELISA-assessed) to various inhalational challenges among asthmatics and healthy controls. The p-values for
comparison between challenge response curves are presented in Table 3. The y-axis on the left reflects values for EBC 8-isoprostanes corrected for the 14-fold
concentration and the axis on the right reflects values measured in concentrated EBC samples.

TABLE 4.—Response of RIA-assessed EBC 8-isoprostane measures (in pg/mL) to specific allergen inhalational challenge.

Outcome measure Specific allergen, asthma (S-A) No challenge asthma (N-A) p-value

EBC 8-isoprostane Challenge response curves (log concentration) .50
AUC —44.91 +£90.10 —40.23 £ 79.15 91
Log baseline 1.41 £0.19 141 £0.22 95
Log peak 1.50 £0.14 1.49 £0.13 .14

Note: For challenge response curves, main effects due to test are reported from a RM-ANOVA analysis with time and challenge as the repeat factors. The curves are shown in Figure 1.
AUC or Area under the curve for EBC isoprostane was obtained from four observations at —1 to 49 hours following the challenge after adjustment for the baseline value, using the
trapezoid rule; Negative AUC suggests that the curve is overall below the baseline value.

Mean =+ S.D. are reported
Abbreviations: AUC: Area under the curve; RIA: radioimmunoassay.

EBC 8-isoprostane with 80% power (5-7, 27), our study
may have been underpowered and our results may there-
fore reflect a f-error. However, our post hoc evaluation of
the SD of the differences was in the lower range of what we
had postulated, suggesting that our power analysis (as
discussed in the methods section) was indeed adequate.
Furthermore, our use of logarithmic transformation of data
resulted in a greater effect size than was postulated in the
power analysis for our study. Further, our use of repeated
measures analysis added power to our study, despite the
relatively small number of asthmatics. Therefore, we do
not believe that f-error alone explains our findings.

We noticed that the ELISA measurement of 8-
isoprostanes showed greater intra-assay coefficient of var-
iation in EBC than was suggested by the manufacturer in a
buffer diluent. This may be secondary to assay-specific
interference in the EBC matrix from other EBC

constituents. Although all isoprostane analyses were per-
formed in duplicate, it may have been better to analyze
each sample in triplicate to decrease the random error
related to variation in measurement. While this may have
been a contributory factor toward our negative result, it is
unlikely to be the only explanation since our estimated
effect size was comparable to that reported with the
ELISA assay of 8-isoprostanes in another study (27).
Further, 8-isoprostane levels in unconcentrated EBC are
often below the sensitivity cutpoint of the ELISA assay.
This, however, does not explain our findings, since we
concentrated our EBC samples 14-fold to ensure that 8-
isoprostane levels would be measured in the linear range of
the assay. Since only 19 (6.8%) samples were below the
sensitivity cutpoint of the assay, our EBC concentration
strategy was appropriate. Additionally, it is possible that
our assignment of an arbitrary value of 1.95 pg/mL (half
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the value of the sensitivity cutpoint) to these 19 samples
may have biased our results. We reanalyzed our results
after excluding the 19 samples and after assigning them a
value of 0 pg/mL and found similar results as described
above.

Urine and bronchoalveolar lavage fluid 8-isoprostane
concentrations have been shown to increase following an
allergen challenge among patients with asthma (7). It is,
however, possible that EBC does not reflect systemic
oxidant injury (as measured by urine 8-isoprostanes).
Further, it is possible that EBC and bronchoalveolar lavage
fluid measure oxidant injury at different sites within the
airway. It is also possible that performing an invasive
procedure may itself cause airway oxidant injury, and
this may have confounded the results in the study by
Dworski et al. that lacked controls (7). We are unable to
offer definite conclusions in this regard, since we did not
simultaneously measure urine and bronchoalveolar lavage
8-isoprostanes in our primary study. Further, allergen was
bronchoscopically instilled (and not inhaled) in the study
by Dworski et al. and bronchoalveolar lavage fluid mea-
sured for 8-isoprostanes 24 hours later (and not serially
over 23 hours as in our study). These differences in study
design and differences in method variability and technical
aspects such as EBC matrix interference, collection, sto-
rage, and transport conditions may explain the discrepant
results between our study and that by Dworski et al.

Further, we studied 8-isoprostanes (which reflect the
oxidant stress in the lipid-laden compartment) as the
only marker of airway oxidant stress. It is possible that
other markers of oxidant stress in the lipid-laden com-
partment or other compartments may yield different
results. However, our choice of 8-isoprostanes was dic-
tated by a previous study that had shown an increase in
this compound following an allergen challenge (7).
Further, 8-isoprostanes are considered the most specific
in vivo markers of lipid peroxidation (28) and were
therefore an appropriate outcome. It is possible that
bronchoprovocation of overweight women with asthma
does not significantly increase airway eosinophilic
inflammation and oxidant stress, as compared to other
asthma subgroups. This is, however, an unlikely expla-
nation for our findings, since all subjects in our study
were atopic (and therefore capable of mounting airway
eosinophilic inflammation) and since overweight
women demonstrate higher EBC 8-isoprostanes than
normal-weight women (29). Our choice of mild asthma
may have influenced our results since those with mod-
erate or severe persistent disease may better show an
increase in airway oxidant stress. Our choice of subjects
was limited by safety concerns and need to avoid bias
from medication use. Further, we tried to replicate the
study by Dworski et al. who had examined mild asth-
matics as well (7).

It is possible that RIA or GCMS assays may have
yielded different results than the ELISA technique we
used in our primary study. As mentioned previously,
we did repeat a component of our primary study with
RIA and found similar results with four asthmatics.

Also mentioned previously, we did not find GCMS to
be a suitably sensitive technique for measuring EBC
8-isoprostanes and, therefore, do not think that it
would have detected a signal that ELISA was unable
to detect.

In our primary study, the specific allergen and metha-
choline inhalational states were compared to a control state
where multiple spirometry tests were performed at multi-
ple time points. It is possible that the repeated acts of
performing multiple spirometries themselves produced air-
way oxidant stress, raised EBC 8-isoprostane concentra-
tions, and therefore biased our results toward a null
association. To correct for this limitation, we changed
our control state in the third stage of our study to be free
of any inhalation challenge or spirometry maneuver and
found similar results as the primary study.

Our study seemingly contradicts other studies that have
established EBC 8-isoprostane concentrations to be elevated
in asthma (5, 6). However, we believe that while EBC 8-
isoprostanes may truly reflect chronic airway oxidant stress,
this biomarker may not accurately measure acute changes in
airway oxidant stress levels in mild asthmatics. Since our
objective was to detect acute changes in airway oxidant
stress from an experimental manipulation, we did not
power our study to confirm the previously reported differ-
ences in chronic (baseline) airway oxidant stress between our
mild asthmatics and controls.

The strengths of our study include our careful pheno-
typing of asthma and controls: use of concentration tech-
niques by lyophilization to correct for the dilute nature of
EBC; use of multiple assay techniques to measure EBC 8-
isoprostanes; and use of multiple acute interventions with
repeated measures design to test an innovative hypothesis.
Our major limitation is our inability to simultaneously
measure urine and bronchoalveolar lavage 8-isoprostane
concentrations. However, repeated bronchoscopic sam-
pling may itself affect the airway oxidant stress level and
introduce bias in serial measurement of EBC 8-
isoprostanes concentrations in this experiment.

CONCLUSIONS/KEY FINDINGS

EBC 8-isoprostane concentrations do not increase following
acute bronchoprovocation by either specific allergen or
methacholine inhalation in asthma. We postulate that while
EBC 8-isoprostanes may truly reflect chronic airway oxidant
stress, this biomarker may not accurately measure acute
changes in airway oxidant stress levels after allergen- or
methacholine-induced bronchoprovocation in patients with
mild asthma. Further research on both EBC measurement of
8-isoprostanes and other biomarkers of airway oxidant stress
is needed to shed light on this subject.
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