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Airways response of asthmatics after a 30 min exposure, at
resting ventilation, to 0.25 ppm N02 or 0.5 ppm S02
A. Jorres, H. Magnussen
Airways response of asthmatics after 30 min exposure, aJ resting ventilation, to
0.25 ppm N02 or 0.5 ppm S02 • R. Jorres, H. Magnussen.
ABSTRACT: We compared the effect of Inhaled NO,_ and S0 2 on airway
tone and airway responsiveness In 14 nonsmoking mud asthmatics (rpean
±so age 34±14 yrs; mean±so baseline forced expiratory volume In one
second (FEV1), 86±17% pred). On 3 separate days, 30 min tidal breathing
(average minute ventllatlon 10.6 l·mln'1) of either tutered air, 0.25 ppm
N01 , or 0.5 ppm SO was followed by an lso<:apnlc: hyperventilatlon test
with 0.75 ppm so~.
determine the provocative ventilation necessary to
increase specific airway resistance (sRaw) by 100% (PV100sRaw) ventilation was increased in steps or 15 l·min·1, each step lasting 3 min. Resting
ventilation of flltered air, N02, or SOj was followed by a slight but slgntncant overall decrease ofsRaw from 8 to 7.7 cmH1&S"1, with no differences
between the study days. Mean±sEM PV100sRaw(SOJ was 46.5±5.1, 37.7±3.5
and 45.4±4.2 l·mtn·1 after tidal breathing of rutered aJr, N011 and S01 ,
respectively. PV100sRaw(S01 ) was significantly lower after N01 as
compared to filtered air or S01 (p<0.01). There was a significant
correlation (r,=0.86) between the Individual shift of PV100sRaw(S01) after
N01 and the shift after S01 as compared to filtered air. From these
Individual comparisons we suggest that In asthmatics short-term exposure
to N01 at rest enhances airway responsiveness to hyperventilation of S02
without altering airway tone, whereas short-term exposure with low
concentrations or so1 does not.
Eur Respir J., 1990, 3, 132- 137.
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Polluted air is made up of a variety of gaseous and
particulate substances with potentially hazardous effects
on human health. Besides ozone, sn~ and N02 are the
most important gaseous constituents of polluted air. In
most developed countries, efforts have been made to
effectively reduce emission of SOl and N02• Therefore,
most of the recent studies on the airway response to SOl
and N02 have used low gas concentrations and shortterm exposures. Under these experimental conditions,
however, tidal breathing of N0 2 did not consistently
change airway mechanics and airway hyperresponsiveness, either in healthy subjects or in asthmatics [1-8].
Breathing of S02 has been shown to induce a phenomenon referred to as tolerance [9], to produce no change
[10], or even to increase airway responsiveness to
bronchoconstrictive stimuli [ 11 ).
No data exist comparing the effects of N02 and S02 in
the same subjects under identical conditions of exposure.
We reasoned that by using the same subjects the
influence of the interindividual variability of airway
response could be reduced. We therefore designed a study
comparing airway response to N02 and S02 in the same
subjects.
Airway responsiveness was assessed by performing an
isocapnic hyperventilation test with added SO~. We have
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chosen this approach because isocapnic hyperventilation
resembles, in many respects, naturally occurring stimuli,
e.g. exercise [12], and exhibits a good dose-response
relationship [13). The admixture of S02 was used
because it is known that so~ is a potent bronchoconstrictive stimulus occurring under ambient conditions. By
exposing the subjects to S02 after inhaling NOl and S02
we intended to approximate ambient conditions in which
both pollutants are present.
Finally, we selected subjects with asthma because they
are known to represent the segment of our population
which is most sensitive to the potentially harmful effects
of polluted air.
Methods
Patients

We investigated 14 patients with bronchial asthma (10
men, 4 women; mean±so age, 34±14 yrs). All patients
showed airway hyperresponsiveness to inhaled histamine
and demonstrated at least a 100% increase in specific
airway resistance after isocapnic hyperventilation of air
containing 0.75 ppm S02• All patients had mild asthma
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and were free of symptoms at the time of the study except
patient No. 1 who complained of moderate symptoms.
Individual patient characteristics are shown in table 1.
Inhaled sympathomimetic, anticholinergic agents and
disodium cromoglycate were withheld for 10 h, and
theophylline for at least 16 h, prior to each study session.
Inhaled corticosteroids were continued and withheld only
10 h before study. In all patients prick skin testing was
performed with standard allergens (Allergopharma,
Reinbek, FRG). All patients were nonsmokers. The
patients were infonned about the aim of the study and
gave their written consent.

Lufthygiene der UmweltbeMrde, Freie und Hansestadt
Hamburg, FRG). The mean±so level of NOl during tidal
breathing was 0.25±0.01 ppm, and the mean±so levels of
sol were 0.51±0.02 and 0.75±0.02 ppm, during tidal
breathing and during isocapnic hyperventilation,
respectively.
The subjects breathed the test gas via a mouthpiece in
a sitting position. The mouthpiece was attached to a
two-way valve (Jaeger, WUrzburg, FRG) and an air
delivery bag; the mouth-part of the valve being
partitioned by a separating wall. Inspiratory volume was
measured by a pneumotachygraph (PT, Jaeger, WUrzburg,

Table 1. - Individual data of patients

Patient
No.
1
2
3
4

5
6
7
8
9
10
11
12
13
14

Mean
so

Sex

Age
yn

M

Height
cm
175
187
180
170
172
177
170
179
182
190
172
193
170
178
178
8

M

55

M
M

51
21
27
50
21
33
21

87
75
80
70
74
60
77
67
80
88
62
75
58
58

34
14

72
10

M
M
F
F
M

M

F
M
F
M

51
22
45
20
29
25

Weight
kg

VC

FEV1

IBTPS

1BTPS

4.62
6.14
5.40
4.90
3.93
5.48
3.83
4.23

PC Hilt Atopy
mg·l'l

6.61
3.46
7.26
3.72
4.17

1.75
3.99
3.51
3.89
3.03
4.57
2.68
2.86
3.19
5.16
2.42
5.46
2.98
3.26

0.25
0.48
0.79
0.61
0.28
0.08
0.73
1.15
0.52
1.52
0.45
1.59
0.49
0.10

4.88
1.16

3.48
1.04

0.64

4.55

S'

+
+
+
+
+
+
S'

+
+
+
+
+
+

Therapy
B. Ci,T
B
B, Ci, Cs
B, D. T, Ci
S'
I

B, I. Ci, T
B,D
B
B, I, T
B, I, Ci, T
S'

B, I, Ci
B

0.48

VC: vital capacity; FEV1: forced expiratory volume in one second; PCHi.,: provocation concentration of
histamine; BTPS: conditions of body temperature and standard barometric pressure: B: inhaled be~-agonists;
1: ipratropium bromide: D: disodium cromoglycate; Ci: inhaled corticosteroids; Cs; systemic corticosteroids;
T: theophyllin.e.

Air delivery system
Room air was passed through a charcoal filter and
through a set of particle filters (644st, Draeger AG,
Ltibeck, FRG) and gas filters (7x14-18 A3, Draeger AG,
Ltibeck, FRG). A heating coil and a water bath were
used to maintain a mean±so temperature of 24.3±1.6°C
and a relative humidity of 50±5%. NOl (200 ppm, free
of NO, Linde AG, Unterschleipheim, FRG) and SOl
(1000 ppm, Linde AG, UnterschleiPheim, FRG) were
added to the filtered airstream in a glass mixing chamber. The desired concentrations of SOl and NOl were
maintained by flow regulating valves (Deutsche L' Air
Liquide, Dtisseldorf, FRG). Gas concentrations were
measured at the inspiratory part of the mouthpiece and
were monitored continuously by a chemiluminescence
nitrogen oxides analyser (Model 8840, Monitor Labs Inc.,
San Diego, CA) and a fluorescent S02 analyser (Model
8850, Monitor Labs Inc., San Diego, CA). Gas analysers
were calibrated periodically by a permeation tube
calibrator (Model 8550, Monitor Labs Inc., San Diego,
CA) whose concentrations had been verified by an
approved gas mixing calibration system (Abteilung

FRG) and electronically integrated to give tidal volume
and minute ventilation (LFR, Jaeger, WUrzburg, FRG).
Expired C02 concentration was monitored continuously
by a fast infra-red analyser (Jaeger, WUrzburg, FRG).
During hyperventilation, COl was added to the inspired
air at an appropriate rate to ensure isocapnic hyperventilation. Tidal volume, minute volume, temperature,
humidity and gas concentrations were recorded continuously on an 8-channel tape recorder (R-58, Rikadenki
Electronics GmbH, Freiburg, FRG).

Lung function measurement
Airway resistance during quiet breathing and thoracic
gas volume were measured by a volume-constant body
plethysmograph (Bodytest, Jaeger, Wtirzburg, FRG) connected to a computer (PDP 11/04, Digital Equipment
Corp., Maynard, MA). Airway resistance was multiplied
by the corresponding thoracic gas volume to obtain
specific airway resistance (sRaw). Airway resistance was
measured during four breathing cycles. Baseline forced
expiratory volume in one second (FEV1) was detennined
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with a pneumotachygraph. Airway response was assessed
using specific airway r~istance only, since in 5 out of 14
subjects the spirometric manoeuvre itself changed
airway tone [14].

Histamine inhalation challenge
Bronchial challenge with histamine was performed
according to the proposals of Clw et al. [15] using a
breath-synchronized pressure valve. Details of our method
have been described previously [16]. The patients took 5
breaths starting at functional residual capacity and
inhaling to total lung capacity. Histamine was inhaled in
doubling concentrations and inhalation was stopped after
an increase of sRaw of at least 100%. Dose-response
curves were constructed by plotting sRaw against
histamine concentration. The provocative concentration
(PC 100sRaw) was defined by the concentration of
histamine (in mg·ml·1) necessary to increase sRaw by
100% as compared to baseline.

H. MAONUSSEN

performed in a single-blind fashion. Lung function was
measured before, and 3 and 12 min after resting ventilation. Fifteen minutes after the end of resting ventilation,
was
a hyperventilation challenge with 0.75 ppm
performed. In 8 subjects, the S01 hyperventilation test
was repeated on 2 separate days in order to test
reproducibility.

so2

Statistical analysis
For the 3 experimental conditions during 30 min breathing at rest, lung function values before and after resting
ventilation were compared by a three-way analysis of
variance and by the multiple comparisons of means
according to Tukey [17]. The provocative ventilations
during hyperventilation of sol after breathing filtered
air, N02 , or S01 were analysed by a two-way analysis of
variance and the corresponding multiple comparisons.
Arithmetic mean values and standard errors of the mean
were computed for all parameters. Correlation was
analysed by the Spearman rank correlation coefficient
[17). Statistical significance was assumed for p<0.05.

Isocapnic hyperventilation challenge
Hyperventilation tests were performed using filtered
air with 0.75 ppm SOz at an average temperature arid
relative humidity of24°C and 50%, respectively. Increasing doses of the gas mixture were administered by
increasing minute ventilation during subsequent steps of
isocapnic hyperventilation. The starting level of ventilation was 15 l·min·1 • Ventilation was then increased by
increments of 15 l·min· 1• The subjects were asked to keep
ventilation to the predetermined level which was
controlled on the spirograms. Each level of ventilation
was maintained for 3 min. Inspiratory admixture of
appropriate amounts of CO~ ensured isocapnic conditions
during each level of ventilation. After each period of
hyperventilation, lung function was measured at 1, 3 and
5 min. From these values, maximum values of sRaw
were taken for further analysis. The end point was reached
when sRaw had increased by at least 100% with respect
to baseline, or the subjects had reached their maximum
voluntary hyperventilation.
Dose-response curves were constructed by plotting the
maximum values of sRaw against minute ventilation. The
provocative ventilation (PV100sRaw(SOz)) was calculated
by linear interpolation as the ventilation rate necessary to
increase sRaw by 100% as compared to baseline value.
Baseline value was taken as the average of the lung
function values measured 3 and 12 min after 30 min of
tidal breathing.

Results

Influence of resting ventilation on airway tone
sRaw before tidal breathing did not differ between the
study days. Also, sRaw measured 3 and 12 min after
tidal breathing did not differ from each other, and their
mean value was taken for analysis. Thirty min of tidal
breathing of either filtered air, 0.25 ppm N02 or 0.5 ppm
S02 induced a small but significant (p<0.05) overall mean
decrease of sRaw from 8.8 to 7.7 cmHzO·s·1 (table 2),
with no differences betw~n the study days. Mean±SEM
ventilation during tidal breathing of flltered air, NOz, and
so2 was 10.1±0.2, 10.7±0.3, and 10.9±0.4 l·min·1,
respectively.

Hyperventilation tests
Mean±sEM provocative ventilation PV}00sRaw(SOz)
necessary to increase sRaw during isocapmc hyperventilation of 0.75 ppm so2 following tidal breathing of filtered air, 0.25 ppm N02 or 0.75 ppm S02 were 46.5±5.1,
37.7±3.5, and 45.4±4.2 l·min·1, respectively (table 3. fig.
1). PV100sRaw(SOJ after N02 was significantly lower
(p<0.01) than both PV100sRaw(S01) after filtered air or
0.5 ppm S02 which did not differ statistically from each
other (table 3, fig. 1).

Experimental protocol
Each patient was studied at the same time of the day
on 3 different days within a two week period. During 30
m in of tidal breathing, the subjects inhaled either filtered
air, filtered
with 0.25 ppm N02 , or filtered air with
0.5 ppm S02• Test gas application was randomized and

rur

Reproducibility of the sulphur dioxide hyperventilation
tests
To test reproducibility, in 8 asthmatics sulphur dioxide
hyperventilation tests were repeated on two separate days
without preceding challenge. Mean±sEM PV100sRaw(SOz)
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Table 2. - Influence of 30 min resting ventilation of filtered air,
0.25 ppm N02 or 0.5 ppm 502 on specific airway resistance
(sRaw)
Filtered Air
Patient
No.

0.25 ppmNOz

Before

After

Before

After

Before

After

17.9
9.4
9.2
5.3
4.8
3.8
11.1
12.6
8.8
3.4
5.6
4.9
10.3
14.0

12.1
8.9
8.2
5.6
4.9
5.7
8.9
10.5
3.5
9.7
5.1
8.2
7.2

14.1
9.1
8.3
5.0
4.7
6.9
7.4
13.5
9.4
3.9
7.5
4.5
9.4
19.4

15.4
8.9
9.0
5.4
4.6
7.0
6.2
11.6
9.3
3.9
6.0
5.1
7.2
9.8

18.2
12.3
11.9
6.5
6.1
5.6
9.6
9.3
7.5
2.8
7.8
5.4
10.3
10.2

12.4
10.3
10.7
6.8
4.9
6.9
8.4
7.4
6.8
3.0
7.9
4.2
8.8
9.3

8.7
1.1

7.7
0.7

8.8
1.2

7.8
0.8

8.8
1.0

7.7
0.7

1
2
3
4

5
6
7
8
9
10
11
12
13
14
Mean
SBM

9.5

Table 3. - Provocative ventilation necessary to
increase specific airways resistance by 100%
during hyperventilation of 0.75 ppm 502 after 30
mln tidal breathing of filtered air, 0.25 ppm N02 ,
and 0.5 ppm 502
PV100sRaw(S02) l·min·1
Patient
No.
1
2
3
4

5
6
7
8
9
10
11
12
13
14
Mean
SBM

Filtered
air
28.0
50.3

0.25 ppm
N02

0.5 ppm

so2

60.3
31.1
44.3
44.8
36.0
35.9
62.5
51.0
95.0
20.6
30.9

21.1
31.0
36.0
34.9
25.4
42.7
42.7
38.0
34.9
56.8
39.0
70.2
23.6
30.9

23.9
40.8
58.3
46.2
31.0
45.9
50.4
52.1
39.1
63.5
47.0
81.7
25.4
30.5

46.5
5.1

37.7
3.5

45.4
4.2

59.9

PV100sRaw(S~): provocative ventilation necessary to
increase spec' c airways resistance by 100%.

was 36.9±5.1 and 33.2±3.5 i·min·• on days 1 and 2,
respectively. Mean±sn coefficient of variation of
PV100sRaw(S02) between tests was 8.0±3.8%.
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Fig. 1. - Mean values (::l:sEM) of speciftc airway resistance (sRaw)
before and after 30 min resting ventilation of either 0.25 ppm nitrogen dioxide, 0.5 ppm sulphur dioxide, or filtered air, followed by
isocapnic hyperventilation of 0.75 ppm sulphur dioxide and mean values
(±sBM) of provocative ventilations neoessary to increase sRaw by 100%
(PV 100sRaw(S02 )).

Correlation between N02 and S02 responses
The individual differences between the values of
PV 100sRaw(S0 2 ) and NOz and filtered air were
stallStically significantly correlated with PV 11x,sRaw(SOJ

after filtered air (r =0.72, p<O.OOS), whereas the differences between PV 1~sRaw(SOJ after S02 and ftltered air
were not ( r s=0.45, NS). The differences between
PV 100sRaw(S02 ) after N01 and fi ltered air and the
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differences after S01 and flltered air showed statistically
significant correlation (rs=0.86, p<0.001).

Side-effects
Subjects were asked to report on sore throat, cough,
dyspnoea and smelling. Side-effects reported by some
subjects were weak and d id not corre late with the inhalation of the pollutants.
Discussion
Our observations demonstrate that tidal breathing of
0.25 ppm N0 1 for 30 min d id not increase airway tone
but e nhanced airway responsiveness to subsequent hyperventilation of 0. 75 ppm SO~ This is in contrast to the
effect of tidal breathing of 0.:> ppm S0 1 which nejther
caused a irway o bs truc tio n no r c hanged a irway
responsiveness.
The airway response to low concentrations of N01 has
been investigated in several acute controlled exposure
studies in healthy subjects and in patients with bronchial
asthma. Most authors agree [1, 3, 6, 18, 19] that even
exposure levels up to 4.0 ppm and exposure durations up
to 1.25 h with intermittent exercise have no effect on
airway mechanics in healthy individuals. Similarly, no
change in airway responsiveness to inhaled carbachol,
methacholine, or histamine was observed [1, 4, 6].
In patients with bronchial asthma, exposure studies
revealed less consistent data. Several authors [1, 3, 4, 7,
8, 20) reported an increase of airway responsiveness to
inhaled carbachol, methacholine, or histamine after
exposure of up to 1 h to N01 concentrations ranging between 0.1-0.5 ppm. These findings could, however, not
be confirmed by others [6]. BAUER et al. [2] reported on
the potentiating effect of 20 min resting ventilation and
10 min exercise ventilation of 0.3 ppm N01 on exerciseinduced bronchoconstriction and airway responsiveness
during cold air provocation in 15 asymptomatic asthmatics. In a previous study [7] which very much resembled
the experimental protocol of BAUER et al. [2], we could
not demonstrate a potentiating effect of N02 on exerciseinduced asthma, nor did we find a change of methacholine responsiveness assessed 1 h after N01 exposure.
In the present study we found that tidal breathing of
N01 increased airway response to subsequent hyperventilation of S01 . Since our experimental protocol did not
include an exercise period, the burden o f N0 1 for the
airways was much less as compared to our previous study
[7) and that of BAUER's et al. [2]. Our observation may
indicate that besides e.g. histamine and methacholine, an
S01 -hyperventilation test is also sensitive for revealing
harmful effects of N02. The finding that even resting
ventilation of N01 may enhance airway responsiveness
is in accordance with the results of BYUN's and eoworkers. [3, 4] results on increased responsiveness to
histamine after tidal breathing of N01 . The difference
between our previous study [7] and the present one is
probably explained by differences in the severity of
disease.

H. MAGNUSSEN

The airway response to low concentrations of S0 1 has
been studied by numerous authors in healthy subjects
and in patients with bronchial asthma [2 1]. ll is known
that in healthy subjects inhalation of sol in
concentrations up to 3 ppm during acute exposure and
tidal breathing does not cause airway obstruction [22]. In
asthmatics, short-term inhalation of 0.5 ppm S02 can
elicit bronchoconstriction not at tidal breathing but at
increased ventilation rates [23, 24] . Our present
observations are, therefore, in agreement with the literature, since we did not observe an increase in airway tone
after tidal breathing of 0.5 ppm SO . Resting ventilation
of S0 1 in contrast to N01 did not in'tiuence a subsequent
sol hyperventilation challenge in a consistent way, or
increased responsiveness, though we cannot completely
rule out the development o f tolera nce [9]. However,
tolerance has been reported only after sol-induced bronchoconstriction, not after exposure to concentrations of
so2 that cannot elicit bronchoconstriction [9] .
There was a significant correlation between the effects
of S01 and N0 1 on the hyperventilation response to S01
and between the effect of N0 1 and baseline hyperventilation response to S0 1, but not between the effect of S01
and baseline response to SO . Subjects showing a large
decrease o f PV sRaw(SO~~ after N01 showed a tendency towards a decrease
PV100sRaw(S0 2) after S0 1 ,
whereas subjects showing only a small decrease or even
increase of PV 1QQsRaw(S0 2 ) a fte r N0 1 revealed an
increase ofPV100sRaw(SO,) after S01 . To the best of our
knowledge, the comparison o f the e ffects of sol and
N02 has been made for the first time within the same
subjects.
In our study, we assessed airway responsiveness as a
100% increase of sRaw after isocapnic hyperventilation
of 0.75 ppm so2 rather than after hyperventilation of
filtered air. In 7 of our asthmatics we could demonstrate
that the mean provocative ventilation during hyperventilation with s ol was 45.7 /·min·l as compared to 58.2
l·min·1 without $ 0 1 . The a dmix ture of S 0 1 therefore
caused the subjects to reach the provocative ventilation
at lower levels of ventilation. The coefficient of variation
which was 8±4% was in the same range as the value of
14% reported in the literature for cold air hyperventilation dose-response curves without so1 (13].
The change of airway responsiveness to S01 hyperventilation after N0 2 eJtposure may lead to the speculation that inhaling N02 enhances airway responsiveness
to o ther gaseous po lJuta nts, e.g. S0 1 . Thoug h this
reasoning is only based o n indirect ev idence, our
observation may point to the possibility of interactions
between the gaseous constituents of polluted air. Clearly,
further studies are necessasry to test this hypothesis.
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Rtponse des voies airiennes des asthmatiques aune exposition
de 30 minutes a 0.25 ppm de NO ou a 05 ppm de S02 , au
cours d'une velllilaJion de repos. A. Jorres, H. Magnussen.
RESUME: Nous avohs compare les effets du NOz et du sol
inhales sur le tonus des voies aeriennes et sur la reponse des
voies aeriennes chez. 14 asthmatiques legers non fwnew-s (lige
moyen±so: 34±14 ans: ventilation expiratoire maximal seconde
(VEMS) de base moyen±so: 76±17 % des valcurs pr6dites). A
3 jours differents, les sujets ont inhale, a volume courant pendant
30 minutes (ventilation minute moyenne: 10.6 /·min·1), soil de
l'air filtre, soit 0.25 ppm de N02, soil 0.5 ppm de S01 • Cette
inhalation a 6te suivie d'une hyperventilation isocapnique avec
0.75 ppm de S01 • Afin de detelllliner la ventilarjon provocatrice n&:essaire pour augmenter la resistance specifique des
voies aeriennes de 100% (PV 100sRaw), la ventilation a ete
augmentee par etapes de 15 /·min·l, chaque etape durant 3
minutes. La ventilation au repos d'air filtre, de N02, ou de S02,
a entraine une diminution legere, mais dans !'ensemble significative, de sRaw, de 8.8 a 7.7 cmHp·s·l, sans difference entre
les jours etudies. La PV 00sRaw(S02 ) moyenne±so etait de
46.5±5.1, 37.7±3.5, et 4S.4±4.2 l·min·•. apres respiration a
volume courant d'air filtr~ de NOl Cl de sol respectivement.
La PV 100sRaw (S01) est significaLivement plus basse apres N02
par comparaison avcc !'air filtre ou le S01 (p<O.Ol). On note
une correlation significativc (r,=0.86) entre le deplacement individuel de PV 100sRaw(SOz) apres N01 et le deplacement apres
SOt, par comparaison avec. !'air filtre. Apres ces comparaisons
indiViduelles, nous suggerons que chez les asthrnatiques, une
exposition a court tcrme au N02 au repos augmente la reactivite des voies aeriennes a !'hyperventilation de sol' sans modifier le tonus des voies aeriennes, alors qu'une expostion breve
a faibles concentrations de sol ne le fait pas.
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