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ABSTRACT: The respiratory response to bronchospasms of the same
magnitude induced by inhalation of histamine or methyicholine was measured
non-invasively, using bellow pneumographs, in nonsmokers and asymptomaiic
smakers. In each subject, tidal volume (¥}, breathing frequency () and
inspiratory time (T1) were obtained on two different days, in a randomized
crossover fashion, with the following sequence: basal conditions, after inhalation
of buffered saline as a control and after histamine or methylcholine inhalation,
Basal and control conditions did not differ from each other and were the same
for both groups. The respiratory responses to both bronchoconstrictors did not
differ from each other and were also the same in both groups: VT increased, f
and T1 remained unchanged. Thus, VT/TI, an index of respiratory drive, also
increased. In nonsiokers the incressed VT1/TI and the associated increase in
minute ventilation were hoth correlated to the decrease in FEV,. These
correlations were not found in smokers. Although they have different effects
on airway irritant receptors, inhaled histamine and methylcholine indoce the
same respiratory response in nonsmokers and smokers. Thus, the presumed
smoking-related changes in airway mucosa permeability do not seem to
influence the direet stimulating eflect of histamine on these endings, The absence
of correlation between FEV, and VT/TI changes in smokers suggests that
smoking might affect the respiratory drive in acute drug-induced bronchospasm.
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In animals the respiratory responses to histamine
and methylcholine inhalation differ [1]. Histamine
induces rapid shailow breathing and affects the
respiratory drive even when bronchoconstriction is
prevented by prior bronchodilation [2]. In response to
methylcholine, however, only slight changes in
breathing pattern are observed, and the drive only
increases in association with airway smooth muscle
contraction [3]. These differences are thought to be
due to the differential effects of these drugs on vagal
receptors. Both can stimulate the irritant receptors
indirectly, via airway smooth muscle contraction,
while histamine has an additional direct chemical
stimulating effect [4]. Comparison of the respitatory
responses to both drugs might therefore be a good
way of investigating the specific role of irritant
receptors in the control of breathing in humans.

We recently analysed the respiratory response to
bronchospasms of the same magnitude induced by
histamine or methylcholine inhalation [5). The data,
obtained using standard respiratory equipment
(mouthpiece, noseclip). showed that during broneho-
spasm the parlern ol breathing was the same as in
unobstructed resting ventilation and that the respira-
tory responses to histamine and methylcholine did

not differ from each other, in terms of either drive or
breathing pattern.

Sincc the respiratory apparatus used for these
measurements could have an effect on the ventilation
and pattern of breathing [6], we hypothesized that the
failure to demonstrate a differcnce between histamine
and methylcholine might be due to the superimposed
effects of the mouthpiece and noseclip. We thought,
therefore, that reassessment of the comparison using
a non-invasive technique was justified.

Recent studies have also suggested that smoking
affects the mucosal surface of airways and induces
changes in airway epithelial permeability {7, 8]. These
changes arc associated with the opening of tight
junctions. Since irritant seceptors are located just
beneath these junctions [9], we also hypothesized that
these endings could be more directly exposed to
inhaled drugs in smokers than in nonsmokers, Hence,
in smokers, the direct chemical action of histamine on
irritant receptors could be more pronounced and
produce respiratory changes which wouid differ: 1)
from those observed in nonsmokers, and 2) from
those induced by methylcholine inhalation. Compari-
son of the response to histamine- and methylcholine-
induced bronchospasm in smokers and nonsmokers
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choline, the mean FEV, decrease in percent of control
value (C) (+sp} was: 32.8 (17.2) and 34.9 (18.5)
respectively. For the smokers, the same data are
presented in table 2B. Here again the percent
decrease in FEV, from the controf value did not
differ whether induced by histamine or methylcholinc,
30.6+153 and 34.1115.6 rvespectively. These
changes were the same in both groups. When
cxpressed in percent of predicted value (+5sD) the
mean FEV, was also the same in nonsmokers and
smokers and after both bronchoconstrictors: 72.9
(22.8) and 63.7 {(11.5) respectively after histamine,
69.4 (23.0) and 60.5 ¢(16.2) respectively alter methyl-
choline. For each corresponding experimental condi-
tion the mean VT was the same in both nonsmokers
and smokers. In both groups therc was no difference
between baseline (B) and C, whereus a significant
increase was observed following hislamine and me-
thylcholine inhalation.

Table 3 gives the mean values characterizing the
timing of respiration for both nonsmokers and
smokers. Between the two groups therc was no
significant differecnce in values obtained in B or C or
during bronchospasm. Within each group these
values were the same in B and C and did not change in
response to histamine or methylcholine inhalation.
Although Ti icoks somewhat longer in smokers than
in nonsmokers, the differcnce is not significant.

Mean values for Vi (+5D) at B before histamine
and methyleholine were respectively: 6.93 (+1.25)
and 6.89 (+£1.25) { in nonsmokers and 7.06 (£ 1.43)
and 7.13 (£ 1.41) ! in smokers. These valucs were noi
different from each other and did not differ from the
corresponding control data represented in figure 1. In
nonsmokers mean V1/T1 (+5D) in B was 377 (146)
before histamine and 351 (I[3) ml-s™! before
methylcholine., In smokers it was 336 (82) and 343
(75) mi+s ! respectively. Again, none of these values
differed from each other and the data in the
corresponding control conditions, as shown in figure
i, were statistically the same. The mean values for
FEV, and the parameters representing the ventilatory
response under conirol conditions and during bron-
chospasm are shown in figure |. In response to a

Table 1. - Characteristics of the studied populations (+sD)

Nonsmokers Smokers
n 8 7
Age yr 33.5+35 30.7+3.35
Weight kg 759182 67.6 8.0
Height em 181.6 8.0 177139
FEV,! 494 1 143 3821 0.69
FEV‘ % pred 11032141 924 +13.7*
Smaking history packs/yr - 10.8x2.1

* pe0,05

significant decrease in FEY
studied, therc was a similar
VT/Tt and in VE. The a
smokers and nonsmokers in
and methylcholine-induced
sented in figure 2. No diff
between smokers and nonsmg
both drugs.

In nonsmokers, after histamine and methylcholing
inhalation, the changes in VE and VT1/Ti were
significantly correlated to the decreace in FEV, (fig.
3). Howcever. in smokers. the changes in VE and
VT T1. although of (he sume magnitude as
nonsmokers. were nol correlated to the decrease in
FEV, (fig. 3).

In both groups of subjects, the ETV did not change
significantly in response to isotonic saline inhalation.
In nonsmokers it increased significantly by 568 mi
{+391) after histaminc and by 338 ml (+256) alter
mcthylcholine, In smokers the corresponding mean
values were 701 ml {+462) and 403 ml {+264}. The
relative RC contribution to the generation of the VT
remained the same in each experimental stage. In
contro! conditions before histamine inhalation, it was
39% (+17) and 37% (411) in nonsmokers and
smokers respectively, while before methylcholine it
was 39% (+17) and 40% (+ 203 respectively. During
histamine-induced bronchospasm, the data were 41%
{+18) and 41% (£ 11) in nonsmokers and smokers
respectively, The corresponding values after methyl-
choline inhalation were 39% (+17) and 44% (4 14)
respectively.

Discussion

Our results show thal, in terms of breathing
patiern, the respiratory responses to histamine and
methylcholine inhalation did not differ from each
other and were the same in smokers and nonsmokers.
In terms of bronchoconsiriction-related changes in
drive, however, we observed a significant necgative
correlation betwcen changes in FEV, and changes in
V1/T1 only in nonsmokers.

Validity of the comparisons

In both groups, the FEV, values obtained in B and
after buffered saline inhalation werc the same and. in
bronchospasm, the magnitude of airflow obstruction
obtained after histamine and methyicholine was
identical. The cflect of deep inspiration on broncho-
motor tone during induced bronchospasm might have
influenced the FEV, measurements in a diflerent way
in nonsmokers and smokers [13], However, {0 our
knowledge, it was never demonstrated that in asymp-
tomatic smokers this effect is not the same as in
normals. On the other hand, at each cxperimenial
stage, we measured FEV, three times, at 30 s
intervals, retaining only the best value. In broncho-
spasm we did not observe any consistent change in the
sccond or thied value, as comparcd to the first one,
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show an increased mouth occlusion pressure which
correlates with the magnitude of the obstruction in
response lo methylcholine as well as to histamine
inhalation [5]. The consequences of such a drive
increase differ. Using invasive techniques, VE
remained unchanged or was slightly increased, while
in this case, it increased in proportion to the
magnitude of the obstruction. As Ti and f remained
unchanged this increase can be attributed entirely to
changes in drive. During each inspiration of the same
duration as in C, the pressure generated by the
inspiratory muscles increases, producing larger VT
than at rest.

In terms of breathing pattern, the present study
also agrees with our previous ‘invasive’ experiments
in man. In nonsmokers, unlike animals, the response
to histamine does not differ from the response to
methylcholine [5]. This study only shows that this is
also true for asymptomatic young smokers. Interes-
tingly, the responses to histamine and methylcholine
foliow exactly the same patterns as the responses to
methylcholine proposed by CHADHA er af. [18]. It is
therefore safe to conclude that in man, the major
response to acute drug-induced bronchospasm is an
increased respiratory drive, not a change in the
pattern of breathing.

This observation further suggests that in broncho-
spasm, mouthpiece and noseclip interfere with the
measurements ol the drive, but not with the measure-
ments of the pattern of breathing, since the only
difference between the results obtained using both
techniques is the change in VE in response to
bronchoconstriction. While in normal resting condi-
tions mouthpiece and noseclip stimulate the ventila-
tion, they probably blunt the respiratory response to
acute induced bronchospasm.

Mechanisms involved in the respiratory response to
bronchospasm

The absence of any difference between histamine
and methylcholine in normal subjects, for a similar
magnitude of obstruction, mechanical conditions and
V71, suggests that the mechanisms involved in the
respiratory adaptation to hoth drugs are the same.
Studies using local airway anaesthesia have clearly
shown that, under these experimental conditions, the
role of airway vagal endings in modulating the
respiratory response is significant {3]. One can
therefore conclude that the stimulating effect of
histamine and methylcholine on these receptors was
identical for both types of bronchospasm. Since
recent data suggest that inhaled histamine has direct
stimulating effects on airway irritant receptors [26],
the present findings imply that only receptors indi-
rectly stimulated via airway smooth muscle contrac-
tion play a role in the regulation of the pattern of
breathing and drive in induced bronchospasm in
normals. They confirm our previous data using
invasive standard respiratory equipments.

To our knowledge, the opening of epithelial tight
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junctions associated with smoking has never been
definitely documented in humans. The fact that smoke
inhalation induces an increase in epithelial permeabil-
ity for histamine in man as in animals strongly suggests
that it really occurs [27). Thus one can assume that the
bronchial mucosa of smokers is in a more favourable
condition for direct chemical action of inhaled drugs
on vagal endings than that of the nonsmokers. The
absence of any difference in respiratory response
between histamine and methylcholine in smokers
further supports our conclusions about indirect
involvement of the vagal airway irritant receptors
suggested by the data in nonsmokers.

QOur study shows that the breathing pattern
associaied with bronchospasm is the same in smokers
as in nonsmokers, while the way smokers adapt to
bronchospasm in terms of respiratory drive differs.
Indeed, unlike nonsmokers, their V1/T1 does not
correlate to the decrease in FEV . This is intriguing,
since both responses are vagally-mediated. A partial
explanation can be {ound in the fact that breathing
pattern regulation involves both irritant and stretch
receptors, while probably only the former contribute
to the drive changes observed in bronchospasm. It
follows that in aysmptomatic smokers some dysfunc-
tion of irritant receptors has to be present. A recent
study by PARDY ef ai. shows that histamine inhalation
modifies the pattern of breathing in normocapnic
chronic obstructive patients without affecting the
drive as expressed as ¥YT1/T1 [28]. Furthermore, the
recent study by OLIVEN et al. [29] establishes that in
chronic obstructive lung disease, methylcholine inha-
lation is associated with an increase in drive which
only depends on the chemical control of breathing.
These data clearly imply that, in terms of drive, vagal
airway receptors do not significantly contribute to the
adapiation to acute induced bronchospasm in chronic
obstructive lung disease. From the above analysis one
could therefore propose the hypothesis that, in young
asymptomatic smokers, some smoking-related altera-
tions of the mucosa of the airways are associated with
a dysfunction of vagal irritant receptors, which might
precede the appearance of chronic obstructive pul-
monary disease. It might be that this is an earily
manifestation of chronic bronchitis, or chronic air-
way obstruction,
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RESUME: L’histamine et ia méthyicholine ont des effets différents
sur les récepieurss vagaux bronchiques 4 Hirsitation. La premisére les
stimule par une action chimique directe et indirectement par le biais
du bronchospasme, tandis que la seconde n'a qu'un effet indirect.
Afin de tenter d'identifier le rdle de ces afférences dans le conirdle
ventilatoire chez Uhomme, nous avons comparé les réponses
respiratoires au bronchospasme induit par inhalation d’histamine
ou de méthyicholine chez des sujets normaux et des fumeurs
asymptomatiques. Le choix d’un groupe de fumeurs se justifie par
I'’hypothése qu'une augmentation de perméabilité de i"epithélium
bronchique devrat Faciliter I"accés de I’histamine vers les terminai-
S0N3 NErVEUSES, accroitre ainsi son action directe ¢t produire par
conséquent des effets différents de ceux attendus chez les non-
fumeurs, et différenls de ceux induits par la méthylcholine. Huit
sujels normaux et sepl fumeurs asymptomatiques furent tesies.
L’expérience était exécuiée sur deux jours differents, selon la
technique du contréte croisé, Chaque jour, fe VEMS ainsi que le
volume courant (V1), la fréquence ([} et la durée de Iinspiration
(T1) éiaient déterminés fors de trois célapes successives: 1) en
condition basale; 2) en condition de contrile aprés inhalation d’une
sofution saline isotonique tamponnéc; 3) aprés induction d'un
bronchospasme par inhalation d’hislamine ow méthylcholine. Les
paramétres respiratoires étaient mesurés de fagon non-invasive a
laide de fa technique des pneumographes a soufliet. La ventilation
par minute {VE}, le débit inspiratoire moyen, index de ia commande
respiratoire (V1/T1) et la fraction inspiratoire du cycie respiratoire
{T1/T,,) étaient obtenus par calcul § partir des données enregistrées
sur ordinateur. En réponse 4 linhalation d’histamine ou de
méthylcholine, chez les fumeurs comme chez ies non-fumeurs,
aucun changement de mode ventilatoire ne fut observé. Par contre,
en réponse aux deux substances, 50ur un bronchospasme de méme
intensite, ¥T et, par conséquent, YE augmentaicnt significativement
et dans la méme proporiion chez les deux groupes testés, Chez les
non-fumeurss, on observait, en outre, une relation significative enire
la chute du VEMS et I'augmentation de VE et V1/Tt. Chez les
fumeurs, une tetle corrélation n’éteit pas présente. Ces résultas
sugeerent que Thistamine et la méthyicholine ont le méme effet
stimulateur sur les récepteurs 4 l'irritation des voies aériennes. Ceci
indique que seutes les afférences stimulées indirecicment par le biais
de la contraction de ia musculature lisse bronchique sont
impliquées dans fa réponse au bronchospasme aigu, que ce soit
pour l'adaptation de la commande ou du mode ventilatoire.
L'absence de corrélation entre {'intensité du bronchospasme et le
changement de commande ventilatoire chez les fumeurs asympto-
matiques suggére que la fumée induit une dysfonction des
récepteurs & l'irritation gqui pourrait préceder I'apparition de la
maladie obstructive chronique ou de la brouchite chronique.





