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Respiratory epithelial permeability is unrelated to
bronchial reactivity and small airway function in
young smokers and nonsmokers

R.G. Taylor*, J.E. Agnew"*, R.A. Francis***, D, Pavia*, S.W. Clarke”

Respivarory epithelial permeability is unvelated to bronchial reactivity and
small airway function in young smokers and nonsmokers. R.G. Taylor, J.E.
Agnew, R.A. Francizs, D. Pavia, 8.W. Clarke.

ABSTRACT: We studied eight young smokers and ten nonsmokers, to
determine whether respiratory epithelial permeability to radiolabelled diethy-
ienetriamine penta-acetate (***TcDTPA) was related to small airway function
or bronchial reactivity, Permeability was measvred in inner (containing central
airways) and outer lung zones by gamma camera. Lung-to-blood half-time (LB-
T1) was corrected for blood background. Histamine was inhaled tidally (2 min
inhalations) using doubling concentrations from 2 to 64 mg mi~!. Results of
small airway function tests, and of bronchial reactivity (expressed as the
threshold concentration {reducing forced expiratory volume in one secomd
(FEV,) by 2 SD), and as the percentage reduction in FEVY, after histamine 16
mg-ml ~ !} were similar in smokers and nonsmokers. LB-T} was shorter in
smokers than in nonsmokers in both inner (median (range) 21 (5.5-33) vs 63.5
(41-115) min; p<0.004) and outer (20.5 (5.5-30) vs 58.5 {39—105) min;
p<0.004) zones. Neither inner nor outer zone LB-T} was related to small
airway function or bronchial reactivity. Bronchial reactivity and small airway
tests may be abnormal in middle-aged smokers, but neither is related to the
increased respiratory epithelial permeability of young smokers, in whom it
appears too sensitive an index of airway integrity.
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The reasons why chronic airflow obstruction
develops in only a minority of smokers are largely
unknown, and many studies have tried to identify
those smokers who are particularly at risk. Sensitive
tests of small airway function appear useful in this
respect 3, 36]. More recently, other aspects of
airway {unction have been examined in smokers. In
particular, it has been shown that the permeability of
the airways to the inhaled low molecular weight
substance diethylenetriamine penta-acetate (DTPA)
is increased in smokers [21], and that increased airway
permeability caused by cigarette smoke is accompan-
ied by increased bronchial reactivity in guinea pigs
[20§. Furthermore, increased bronchial reactivity is
present in almost a third of middle-aged smokers, in
whom it is associtated with a reduced forced expira-
tory volume in one second (FEV,), and an accelerated
rate of decline in FEV, [38]. These observations
suggest that some relationship between different
aspects of airway integrity may be relevant to the
development of chronic airflow obstruction. We have
looked for a relationship in smokers and nonsmokers
between small airway function, bronchial reactivity,
and respiratory epithelial permeability. We measured
permeability selectively in inner and outer lung zones.
The contribution to permeability of the conducting
airways should be greater in the inner zone, so we

looked here, particularly, for a relationship to
bronchial reactivity. The combination of these three
investigations of airway function has not been used in
a single group of subjects before.

Subjects and methods

Subjects

Eighteen male hospital employees volunteered to
be studied. They were of European extraction, aged
20-36 yr, and in good general health. Eight of them
were regular smokers and ten were nonsmokers (had
never smoked more than one cigarette a day for a
year). None of the subjects took medication regularly
or had had a respiratory infection within the previous
eight weeks. Subjects were excluded if they had
asthma. This was diagnosed by positive answers to
enquiries about previous asthma or episodic wheeze,
dyspnoea and tightness in the chest. All the subjects
gave their written consent to be studied, and the study
was approved by the hospital’s ethical committee.

Lung function

The FEV, was measured with a Vitalograph
sgirometer. Maximal expiratory flow at 50%
{(Vmax,,) and 25% (Vmax,,) of vital capacity were
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Fig. 4. Relation in smokers between outer zone corrected LB-T4
and Vmaxg, (as percent predicted).
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Fig. 5. Relation in smokers between outer zone corrected LB-T}
and AN, /™! (as percent predicted).

small airways [9]. Cigarette smoke causes a dose-
dependent inflammatory reaction in the airways of
guinea pigs. This is matched in time and extent by an
increase in respiratory epithelial permeability, and
also in bronchial reactivity, perhaps caused by the
exposure of nerve endings lying within the epithelium
f19, 20, 35). Intraepithelial nerves may be similarly
affected in man [26].

Several studies which used the inhaled **™"TcDTPA
method have confirmed the original observations of
JONES et al. [21] that respiratory epithelial permeabil-
ity is greater in symptomiess smokers than in
nonsmokers [18, 24, 28, 32]. There is good evidence
that the increase in permecability is closely related to
smoking [17, 23, 28-30].

Although bronchial reactivity measured using
FEV, is not increased in symptomless young smokers
4, 16, 27, 37, their small airways do show abnormal
reactivity (as assessed by partial expiratory flow-
volume curves), even when the smokers are similar to
nonsmokers in pre-challenge function and in reactiv-
ity measured using FEV, [27]. However, the degree of
bronchial reactivity measured using FEV, was not
refated to either the normal values of AN,/! or
CVY/VC% in young smokers [24, 37], or to the
ahnormal values of middle-aged smokers [13].

Even though smoking causes abnormalities of
smull airway tests, respiratosy epithelial permeability
and bronchial reactivity, there are several theoretical
explanations for our observation that these indices of
airway function are not related to one another in
individual subjects. Firstly, the measurement of
permeability may reflect events taking place predomi-
nantly in the aiveoli, whereas that of bronchial
reactivity reflects changes in the conducting airways.
Current methods of imaging cannot distinguish
precisely where aerosol is deposited in the respiratory
tract, the planar image being only two-dimensional {1]
and acquisition time for tomographic images long,
compared with the expected LB-T}. Commonly used
techniques employ particle sizes and modes of
inhalation which cause the DTPA aerosol to be
deposited in the alveoli and small conducting airways,
and large airway labelling is not seen [21, 22, 28], In
addition, the surface area of the respiratory tract
increases enormously distal to the terminal bronchi-
oles, so the alveolar influence on permeability
predominates.

It is not certain if the permeability of the
conducting airways is the same as that of the alveoli.
In one study {11], subjects inhaled labelled DTPA
aerosol, of aerodynamic mass median diameter
6.3 um, rapidly to accentuate deposition on the
ceniral airways, and its subsequent rate of disappear-
ance was similar to that reported by others who used
2 um particles [21]. However, recent work suggests
that mucociliary ciearance, rather than epithelial
permeability, may account for removal of much of the
aerosol from the central airways [3]. We tried to allow
for any regional difference in permeability and the
fact that the particle size of the DTPA aerosol was
smaller than that of the histamine aerosol by
measuring permeability in an inner lung zone, which
contained the central airways. Despite this, no
relationship to reactivity emerged, and others have
found similiar results [32]. However, although the
inner zone provided counts from the central airways,
it also included alveoli lying in front of and behind
them, because the image was only two-dimensional,
So even though permeability appeared to be similar in
the inner and outer zones within each of our two
groups of subjects, this may not actually be the case.
It is unlikely that the larger particle size of the
histamine aerosol influenced the bronchial reactivity
results, because reactivity is similar when smalier
particles are used [34].
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