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Bronchoalveolar mastocytosis and lymphocytosis
after nitrogen dioxide exposure in man:
a time-kinetic study
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ABSTRACT: The combination of environmental chamber exposure and
bronchoalveolar lavage (BAL) was used to study the tlme-course of the cell
response In the human lung to nitrogen dioxide (NO,). Healthy subjects
were exposed for 20 min to 7 mg NO,m? (4 ppm), a concentration which
occurs indoors In industries and Is below the peak exposure limit for work
places in most countries, 10 mg-m™ (5.5 ppm). BAL was performed In all
subjects several weeks before exposure and 4, 8, 24 and 72 h after expo-
sure, in elght subjects at each time. Mastocytosis and lymphocytosls were
found In BAL fluid 4-24 h after exposure, with normalization after 72 h.
A mild increase in lysozyme posltive macrophages was found 24-72 h after
exposure, The time-course of the human pulmonary cell response to NO,,
demonstrated In BAL fluid, represents a new and previously not reported
finding after exposure to this common air pollutant. Our findings are
diverging from results obtained in animal studies, using approximately the
same NO, concentrations, indicating that the results from the animal studies
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may not be transferable to man.
Eur Respir J., 1990, 3, 138-143

Much attention has been focussed on the role of nitro-
gen dioxide (NO,) as a causative agent of morbidity in
respiratory disease. This air pollution is most common in
urban and suburban areas. It is mainly emitted from traffic
and various industries, but also occurs in homes using
gas-fired appliances. The highest concentrations are
encountered in work places in chemical plants and
industries using combustion processes. Pulmonary effects
of NO, in man have mainly been studied with epidemi-
ological methods [1-5] and tests of lung function and
airway responsiveness in inhalation experiments [6-10].
Whereas increased airway resistance has been
demonstrated in healthy subjects after short-term
exposure with 2.9 mg NOz-m‘3 [7, 8], asthmatics have
been found to respond to concentrations below 1
mg-m? [9, 10].

Bronchoalveolar lavage (BAL) has recently been
included as an instrument in investigations of intrapul-
monary effects of NO, in man. Increased lavage levels
of a,-macroglobulin and impaired inactivation of
influenza virus were demonstrated after exposure to
1.1 mg NO,m™ for 3 h [11, 12].

Decreased o -protease inhibitor activity in bron-
choalveolar lavage fluid (BALF) was found 3.5-4 h after

3 h exposure with 5.4 and 7.2 mg NO,-m [13]. While
no cellular changes were reported in 51cse studies, we
have found mastocytosis and lymphocytosis in a recent
dose-response study with BAL 24 h after exposure to 4,
7 and 10 mg NO,-m? (2.25, 4.0 and 5.5 ppm) [14]. Thus,
inflammatory cell responses were found in BALF even
below the peak exposure limits for work places which, in
most countries, is around 10 mg NO,-m?,

The noxious effects of NO, have largely been attrib-
uted to its oxidating and free radical properties [15-18].
The cellular mechanisms involved in the pathogenesis of
NO,-induced lung effects are not known. We reasoned
that studying the cell response pattern in BALF over a
period of time after exposure to NO,, including the early
and late phases of response, could yield valuable infor-
mation on the reactive processes in the human lung
induced by NO,. Therefore we have performed this time-
kinetic study on changes in the cell population in the
lungs after NO, exposure, as reflected in BALF. The
exposure level is based on conditions in work places and
results from recent BAL investigations [13, 14]. The time
intervals are based on a dose-response study with BAL
after NO, exposure and a time-kinetic study with BAL
after SO, exposure [19].
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*: p<0.05; **: p<0.01; ***: p<0.001.

Methods

Subjects

We evaluated the pulmonary response to NO, in 32
healthy, nonsmoking male volunteers with a mean
age of 25 yr (range 21-37 yr). All were free from
symptoms of airway infection within at least six weeks
prior to the study and none had a history of asthma. Pre-
exposure dynamic spirometry was normal in all subjects.
Informed consent was obtained from the subjects and the
study was approved by the Ethics Committee of the
University of Umea.

Design of the study

Environmental chamber exposure to 7 mg NO, m*
(4 ppm) for 20 min was performed in all subjects. The
exposure protocol had previously been described in detail
[20]. This included light work on a bicycle ergometer
with a work load of 75 W during the last 15 min of the
exposure, and recordings of symptoms and dynamic
spirometry. Flexible fiberoptic bronchoscopy with BAL
was performed 3 weeks or more before NO,-exposure in
all subjects in order to obtain reference BALF (table 1).
Re-examination with BAL was performed 4, 8, 24 and
72 h after the end of exposure to NO,. At each time,
eight subjects were re-examined. Each subject was used
as his own reference in calculations of changes in the
BALF content, after exposure compared with before

exposure.

Nitrogen dioxide exposure

The exposure chamber has recently been described in
detail [20]. Ambient air was drawn continuously through
the chamber at 150 m*h™, resulting in one air exchange
approximately every six min. During the exposures the
chamber air temperature was kept at 21°C. The relative
humidity was 45% as measured with an RH&T indicator
HMI 14, Vaisala. The desired NO, concentration in the
exposure chamber was achieved by adding a gas stream
from a tube containing 1% NO, gas into the chamber air
inlet. The gas flow was maintained evenly by a Mass
Flowmeter, Brooks 5850 Tr. The chamber air was con-
tinuously analysed with a direct indicating equipment,
Nitrogen oxides analyser 8440 B, Monitor Labs.

Bronchoalveolar lavage

The method of flexible fiberoptic bronchoscopy with
BAL and the processing of the BALF has previously
been described in detail [21]. In short, all BAL were
performed by one investigator under local anaesthesia
with lidocaine together with atropine as a pre-
medication. Four boluses of 60 ml phosphate buffered
saline (PBS-A) at 37° were infused in the right middle
lobe and gently suctioned back to a siliconized vessel
placed in ice water. The fluid was chilled during all
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processing steps. Cytocentrifugal specimens were stained
with May-Griinwald-Giemsa for standard differential
counts, acid toluidine blue counterstained with Mayer’s
acid haematoxyllin for mast cells [22] and Lysozyme®
antibody and immunoperoxidase technique for lysozyme
positive macrophages. The ratio T-helper/cytotoxic-
suppressor cells was determined using Simultest T Helper/
Supressor Test®. Albumin was measured with
electroimmuno assay [23] change.

Statistics

Wilcoxon's non-parametric signed rank test for paired
observations was used for comparison of BAL parame-
ters before and after exposure. A p-value of <0.05 was
considered significant,

Results
Bronchoscopy

Normal tracheal and bronchial mucosa were found in
all subjects at the bronchoscopy before exposure. All
subjects examined 4 and 8 h after exposure had a
prominent mucosal erythema in the trachea and main
bronchi. A mild erythema was observed in these areas in
four of the eight subjects examined 24 h after exposure
while all subjects examined at 72 h displayed a normal
mucosa.

Bronchoalveolar lavage

The median amount of recovered BALF at the pre-
exposure BAL was 75% with an interquartile range of
67-77%. No significant differences in the amount of
recovered BALF was found at the various times
after exposures. The counts for eosinophils, neutrophils,
epithelial cells, total cell number and T-helper/
suppressor-cytotoxic cell ratio was not significantly
affected after different exposures. Eosinophil counts were
never above 2% and neutrophil counts never above 4%
of the total cell counts in BALF. The cell counts for total
cells, neutrophils, lymphocytes, alveolar macrophages/
monocytes and mast cells are given in table 1. The rela-
tive changes in cell numbers after exposure are given in
figure 1, expressed as ratio after/before exposure.

Mastocytosis was found in the recovered BALF 4, 8,
and 24 h after exposure (p<0.01-0.05). No significant
elevation of mast cells was found at 72 h.

The total number and the percentage of lymphocytes
of all cells was significantly increased 4 h after exposure
(p<0.02 and p<0.05 respectively). The increase remained
8 and 24 h after exposure (p<0.05) while no significant
elevation was found at 72 h.

The significant decreases of alveolar macrophages in
percent of all cells 4, 8 and 24 h after exposure were due
to the corresponding increases in other cells. The total
macrophage counts were not significantly changed.

Total cell counts

Ratlo after /
before exposure
-

32
107 z
g - 0 B Mast cells
8 === Lymphocytes
— Macrophages /
Monocytes

Hours after expoaure

Fig. 1. = The relative changes in total cell counts for mast cells,
lymphocytes and macrophages before exposure compared with 4, 8, 24
and 72 h after 20 min exposure to 7 mg NO,. The values are expressed
as ratio of the respective total cell counts after/before exposure. *:p<0.05

#2:5<0.02

A tendency to increase in lysozyme positive macroph-
ages in percent of all macrophages was found 8 h after
exposure (p=0.052). A modest but statistically signifi-
cant increase was found at 24 h and this persisted even
72 h after exposure (p<0.05 respectively).

Albumin concentrations in BALF were not significantly
altered after exposures.

Spirometry

Lung function recordings with Vitalograph® immedi-
ately after exposure and before BAL showed small and
non-significant decreases in FEV, < 8% of initial values.

Symptoms

An unpleasant smell and very mild irritation in the
nose and throat were reported during exposure.

Discussion

An inflammatory cell response was found in
BALF from healthy volunteers after 20 min exposure to
7 mg:m™ NO, during light bicycle ergometer work. This
finding is supported by a recent dose-response study in
our laboratory, with BAL after different NO, concentra-
tions [14]. Apart from these two studies, there are, to
our knowledge, no published reports of data on inflam-
matory cell response to NO, in vivo in man. In the
present study, we found lymphocytosis as early as 4 and
8 h after exposure. This is in conflict with a study by
MosueniN and Gee [13] where no cell changes were found
in BALF 4 h after a 3 h exposure with 5.4 and 7.2 mg
NO;-m" (3 and 4 ppm). However, they lavaged their
subjects only once, i.e. after exposure, and the findings
were compared with a small separate control group. We
believe it to be advantageous to use each subject as his
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own control because of the inter-individual differences
in BALF cell counts. The total cell counts in BALF were
lower in the above mentioned study compared with studies
in our laboratory [14, 19, 21, 24]. Difference in BAL
technique and processing of the recovered fluid may
therefore also be responsible for the differences between
the studies. In two recent studies by FRAMPTON et al no
cell changes were found in BALF after exposure to 1.1
mg NO,'m* (0.6 ppm), which is probably due to the low
exposure concentration. The lymphocytosis that we found
in BALF was not associated with changes in the Leu,a+/
Leu,a+ (helper/cytotoxlc) T-cell ratio, which is in agree-
ment with previous studies with NO, and SO, exposure
in our laboratory [14, 19, 21, 24] We cons1der the
lymphocytosis to be an unspecific inflammatory response.

The mastocytosis that was demonstrated in the present
study is in agreement with our preceding investigation
[14]. Mast cell stains were, however, not used in the
three previously discussed BAL studies in man [11-13].
Even though mastocytosis has been demonstrated in
BALF after exposure to both NO, [14] and SO, [19, 24],
its role in the inflammatory cell rcsponse to air pollutants
in unclear. The mast cell has clearly been shown to have
chemotactic properties in IgE mediated reactions, such
as asthma [25, 26], but the pattern of cell response to
NO, and SO, does not resemble that type of reaction, It
remains to be shown whether the mast cells are immu-
nologically active and may play a chemotactic role in the
pulmonary response to air pollutants. Even though the
physical presence of mast cells in the bronchoalveolar
airspaces after NO, exposure is a recent finding [14],
involvement of mast cells has previously been suggested
in a study where increased airway resistance after NO,
exposure was blocked by antihistamine [27]. Mastocyto-
sis and rupture of mast cells followmg NO, exposure
has, furthermore, been observed in a morphofog:c study
in rodents [28].

The modest but significant increase in lysozyme posi-
tive macrophages is in agreement with our preceding
study [14]. Even though the macrophage is an immunol-
ogically highly capable cell, the late appearance of
response, i.e. a modest increase in lysozyme positive
macrophages at 24-72 h, probably indicated a minor role
in the pathogenesis of NO,-induced inflammation. It is
interesting to see that there is a significant difference in
the bronchoalveolar cell response between the poorly
water soluble gas NO,, which is believed to be deposited
peripherally and the Fughly water soluble gas SOa with
its pronounced proximal deposition. The response in the
alveolar macrophages was considerably less pronounced
after exposure to NO, than after SO,, where macroph-
ages constituted the largest part of the total cell increase
in BALF [19, 21, 24]. It has previously been shown that
increased lysozyme production may occur in macroph-
ages after a variety of stimuli [29-31]. We believe that
the increase in lysozyme positive macrophages that has
been demonstrated after both SO, and NO, exposure is
an unspecific response to noxious stimuli.

Neutrophilia has been a prominent finding in studies
of lung morphology and BAL in rodents [32-35] and
increased neutrophil chemotaxis has been demonstrated
after in vitro challenge of human macrophages [36].
Neutrophils have, however, still not been demonstrated
to be significantly involved in the response in human
lungs to occupational concentrations of NO,.

Numerous animal studies have investigated the effects
of long term exposure to relatively high NO, concentra-
tions but relatively few studies have investigated the
effects of short-term exposure with low levels of NO,
(table 2) [28, 33-35, 37]. Only two studies have
reported use of mast cell staining. One reported masto-
cytosis and signs of degranulation [28] while the other
was not able to confirm this [32]. Neutrophilia, macro-
phage increase and occasionally lymphocytosis have been

Table 2. — Animal studies with changes in inflammatory cell numbers after nitrogen dioxide exposure.

Exposure Exposure Lymphocytes Neutrophils Macrophages Mast cells Animal Histologic/BAL  Reference

concentration duration examination

0.5-1 ppm 1h nr nr nr + Rat Histologic [28]

12-27 ppm 28 h nr + + 0 Syrian Histologic/ [32]
hamster BAL

7-30 ppm 24 h nr + + nr Syrian Histologic [33]
hamster

30 ppm 48h—6w + o+ + nr Rat Histologic/ [34]

BAL

28 ppm 648 h nr + + nr Syrian Histologic [35]
hamster

2+17 ppm 24-72 h nr nr 0 - nr Rat Histologic [37]

+ = increase; 0 = unchanged; nr = not reported
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demonstrated in both histological and BAL cell
examinations [32-35]. The partly conflicting results,
compared with the present study, could be due to species
differences and differences in exposure level and time,
Anatomy and size of airways may give different deposi-
tion patterns of NO, compared with humans. In rodents,
cells from central airways are lavaged which may
partially mask more peripheral changes in cell numbers.
Differences in duration of exposure and time between
exposure and BAL in the animals may also be of impor-
tance. The relatively high concentrations of NO, used in
several animal studies may have induced severe toxic
lung effects that are qualitatively different from what
may occur in man at the presently studied concentra-
tions. We find it difficult to transfer the knowledge from
previous animal studies to humans.

It is interesting to note the similarities between NO,
and SO, regarding the time-kinetic response for mast
cells and lymphocytes, as demonstrated in BALF
[14, 19, 21, 24]. Four hours after exposure inflammatory
response had been induced by both gases with peak cell
counts occurring after 8-24 h. The magnitude of the mast
cell and lymphocyte increases caused by the gases was
also relatively similar, in the investigated dose intervals.
The magnitude of the macrophage response differed
considerably between the two gases, as discussed above.
Furthermore, SO, caused an early increase in lysozyme
positive macrophages that had ceased 72 h after expo-
sure, while NO, caused a late increase that persisted at
72 h.

In the present study we did not find any significant
change in FEV, and FVC. Earlier studies [6-8] have
shown increased airway resistance after exposure to
similar NO, concentrations. It is probable that more
sensitive equipment would have revealed an increased
airway resistance in our studies as well.

It is concluded that mastocytosis and lymphocytosis
were found in BALF 4-24 h after exposure to 7 mg
NO,-m™?. A mild increase in lysozyme positive macroph-
ages was found 24-72 h after exposure. The consequences
of the inflammatory response demonstrated after a brief
exposure to an NO, concentration below the peak
exposure limit of most countries remains to be estab-
lished. Our findings do not support the hypothesis that
the inflammatory changes demonstrated in animal mod-
els after NO, exposure are directly transferable to
humans.

Acknowledgements: The study was supported by grants
from The National Association Against Heart and Chest
Diseases, The Norrlands Gas AB Fund and Umel
University.

References

1. Speizer FE, Ferris B Jr, Bishop YMM, Spengler ID. -
Respiratory disease rates and pulmonary function in children
associated with NO, exposure. Am Rev Respir Dis, 1980, 121,
3-10.

2. Mostardi RA, Woebjenberg NR, Ely DL, Conlon M,
Atwood G. — The university of Akron study on air pollution

and human health effects. II. Effects on acute respiratory illness.
Arch Environ Health, 1981, 36, 250-255.

3. Ussetti P, Roca J, Augusti AGN, Montserrat JM,
Rodriguez-Roisin R, Augusti-Vidal A. — Another asthma out-
break in Barcelona, role of oxides of nitrogen. Lancet, 1984, 1,
156.

4, Shy CM, Creason JP, Pearlman ME, McClain KE, Benson
FB, Young MM. — Effects of community exposure to
nitrogen dioxide, I. Methods, description of pollutant exposure,
and results of ventilatory function testing. J Air Pollut Contr
Assoc, 1970, 20, 539-545.

5. Shy CM, Creason JP, Pearlman ME, McClain KE, Benson
FP, Young MM. - Effects of community exposure to nitrogen
dioxide, II. Incidence of acute respiratory illness. J Air Pollwt
Contr Assoc, 1970, 20, 582-592,

6. Stresemann E, Von Nieding G. — The acute effects of 5
ppm of NO, on the resistance of the human respiratory tract to
breathing. Staub, 1980, 30, 259-260.

7. Von Nieding G, Krekeler H, Fuchs R, Wagner M,
Koppenhagen K. — Studies of the acute effects of NO, on
lung function, influence on the diffusion, perfusion and
ventilation in the lungs. Int Arch Arbeitsmed, 1973, 31,
61-72.

8. Beil M, Ullmer WT. — Effect of NO, in workroom con-
centrations on respiratory mechanics and bronchial susceptibil-
ity to acetylcholine in normal persons. Int Arch Occup Environ
Health, 1976, 38, 31-44.

9. Bylin G, Lindvall T, Rehn T, Sundin B. - Effects of
short-term exposure to ambient nitrogen dioxide concentrations
on human bronchial reactivity and lung function. Eur J Respir
Dis, 1985, 66, 205-217.

10. Bauer MA, Utell MJ, Morrow PE, Speers DM, Gibb FR.
— Inhalation of 0.30 ppm nitrogen dioxide potentiates exercise-
induced bronchospasm in asthmatics. Am Rev Respir Dis, 1986,
134, 1203-1208.

11. Frampton MW, Smeglin AM, Roberts NJ, Finkelstein
IJN, Morrow PE, Utell MJ. — Intermittent peak versus
continuous NO, exposure, effects on human alveolar
macrophages. Am Rev Respir Dis, 1987, 135, A58 (Abstract).
12. Frampton MW, Roberts NJ, Finkelstein JN, Morrow PE,
Utell MJ. — Inhalation of 0.60 ppm NO,. Evaluation by bron-
choalveolar lavage 18 hours after exposure. Am Rev Respir
Dis, 1988, 137, A168 (Abstract).

13. Moshenin V, Gee JBL. — Acute effect of nitrogen
dioxide exposure on the functional activity of alpha- -protease
inhibitor on bronchoalveolar lavage fluid of normal subjects.
Am Rev Respir Dis, 1987, 136, 646-649.

14. Sandstém T, Stjernberg N, Andersson MC, Kolmodin-
Hedman B, Lindstrdm K, Rosenhall L, Angstrém T. -
Mastocytosis and lymphocytosis in bronchoalveolar lavage fluid
after nitrogen dioxide exposure of healthy subjects. A dose-
response study. Submitted.

15. Mustafa MG, Tiemy DF. — Biochemical and metabolic
changes in lung with oxygen, ozone and nitrogen dioxide
toxicity, Am Rev Respir Dis, 1978, 118, 1061-1090.

16. Patel J, Block ER. — Nitrogen dioxide-induced changes
in cell membrane fluidity and function. Am Rev Respir Dis,
1986, 134, 1196-1202.

17. Pryor WA, Lightsey JW. — Mechanisms of nitrogen
dioxide actions, initiation of lipid peroxidation and the produc-
tion of nitrous acid. Science, 1981, 214, 435-437.

18. Proctor PH, Reynolds ES. — Free radicals and disease
in man. Physiol Chem Phys Med Nmr, 1984, 16, 175-195.
19. Sandstrém T, Stjemberg N, Andersson MC, Lundgren R,
Rosenhall L, Angstém T. — Cell response in bronchoalveolar
lavage fluid after exposure to sulfur dioxide. A time-response
study. Am Rev Respir Dis (In press).



BRONCHOALVEOLAR LAVAGE AFTER NO, EXPOSURE 143

20. Sandstrém T, Kolmodin-Hedman B, Stjemberg N,
Andersson MC, Lbfvenius G. — Challenge test for sulfur
dioxide - Symptom and lung function measurements. Scand J
Work Environ Health, 1988, 14 (suppl 1), 77-79.

21. Sandstrbm T, Stjemberg N, Andersson MC, Kolmodin-
Hedman B, Lundgren R, Angstrdm T. — Is the short-term limit
value for sulphur dioxide exposure safe? - effects of controlled
chamber exposure investigated with broncho alveolar lavage.
Br J Ind Med, 1989, 46, 200-203.

22. Strobel S, Miller HRP, Ferguson A. — Human intestinal
mucosal cells, evaluation of fixation and staining techniques. J
Clin Pathol, 1981, 34, 851-858.

23. Laurell CB. - Electroimmuno assay. Scand J Clin Lab
Invest, suppl. 1972, 124, 21-37.

24. Sandstrém T, Stjernberg N, Andersson MC, Kolmodin-
Hedman B, Lindstrém K, Rosenhall L. — Cell response in
bronchoalveolar lavage fluid after sulfur dioxide exposure. A
dose-response study, Scand J Work Environ Health, 1989, 15,
142-146.

25. Durham SR, Carroll M, Walsh GM, Kay AB. — Leukocyte
activation in allergen-induced late-phase asthmatic reactions. N
Engl J Med, 1984, 311, 1398-1402.

26. Flint KC, Lenny KBP, Hudspith BN, Brostoff J, Pearce
FL, MclI Johnsson N. — Bronchoalveolar mast cells in extrinsic
asthma: a mechanism for the initiation of antigen specific
bronchoconstriction. Br Med J, 1985, 291, 923-926.

27. Von Nieding G, Krekler H. — Pharmacologische bein-
flussung der akuten NO,-wirkung auf die lungfunktion von
gesunden und kranken mit einer chronischen bronchitis (In
german). 29, 55-63.

28. Thomas HV, Mueller PK, Wright R. — Response of rat
lung mast cells to nitrogen dioxide inhalation. J Air Poliut
Control Assoc, 1967, 17, 33-35.

29. Bjermer L, Bick O, Roos G, Thunell M. — Mast cells and
lysozyme positive macrophages in bronchoalveolar lavage
from patients with sarcoidosis. Acta Med Scand, 1986, 220,
161-166.

30. Cohn ZA, Wiener E. — The particulate hydrolases of
macrophages. I. Comparative enzymology, isolation and
properties. J Exp Med, 1963, 118, 991-1008.

31. Leakes ES, Myrvik QN. — Changes in the morphology and
lysozyme content of free alveolar cells after intravenous injec-
tion of killed BCG in oil. J Reticuloendothel Soc, 1968, 5,
33-53.

32. De Nicola DB, Rebar AH, Hendersson RF. — Early damage
indicators in the lung. Toxicol Appl Pharmacol, 1981, 60,
301-312.

33. Gordon RE, Shaked AA, Solano DF. — Taurine protects
hamster bronchioles from acute NO,-induced alterations. Am J
Pathol, 1986, 125, 585-600.

34. Glasgow JE, Pietra GG, Abrams WR, Blank 7J,
Oppenheim DM, Weinbaum G. — Neutrophil recruitment and
degranulation during induction of emphysema in the rat by
nitrogen dioxide. Am Rev Respir Dis, 1987, 135, 1129-1136.
35. Case BW, Gordon RE, Kleinerman J. — Acute Bronchiolar
injury following nitrogen dioxide exposure: A freeze fracture
study. Environ Res, 1982, 29, 399-413.

Mastocytose et lymphocytose broncho-alvéolaire aprés exposi-
tion au NO, chez I'homme: une étude de cinétique dans le
temps. T. Sandstrém, M. C. Andersson, B. Kolmodin-Hedman,
N. Stjernberg, T. Angstrém.

RESUME: Pour éwdier le développement dans le temps de la
réponse cellulaire du poumon humain au diexyde d’azote (NO,),
nous avons utilisé la combinaison d'une exposition dans une
chambre environnementale et du lavage broncho-alvéolaire. Des
sujels sains ont été exposés pendant 20 minutes & 7 mg de
NO,/m* (4 ppm), concentration qui existe A 1'intérieur dans
certaines industries et est inférieure & la limite d'exposition de
pointe pour les licux de travail dans la plupart des pays:
10 mg/m? (5.5 ppm). Le lavage broncho-alvéolaire a é1é exécuté
chez tous les sujets plusieurs semaines avant l'exposition, ainsi
que 4, 8, 24 et 72 h aprés 1'exposition, chaque fois chez huit
sujets. La mastocytose et la lymphocytose ont é1é décelées dans
les liquides de lavage alvéolaire de 4 & 24 h aprés 'exposition,
avec une normalisation aprés 72 h. Une légére augmentation
des macrophages lysozyme positifs a été décelée de 24 2 72 h
apres 1'exposition. Le décours de la réponse cellulaire pulmon-
aire humaine au NO,, démontré dans le lavage alvéolaire,
représente une observation nouvelle non rapportée jusqu'ici,
aprés exposition a ce polluant commun de 1'air. Nos observa-
tions divergent des résultats obtenus dans les études animales,
utilisant approximativement les mémes concentrations de NO,,
ce qui indique que les résultats chez 1'animal peuvent ne pas
étre valables chez 1'homme.
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