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ABSTRACT

Pulmonary function tests were performed on twenty eight males, among whom eight
were healthy nonsmokers and twenty were asymptomatic smokers. Pulmonary func-
tion tests such as spirometry, respiratory impedance (Zsmz), single breath nitrogen
washout (SBN:) and volume of isoflow (VisoV) were done before and after inhalation
of orciprenaline sulphate and atropine sulphate in all nonsmokers and smokers. Subdi-
visions of lung volume, diffusing capacity (DLeo) and arterial blood gas analysis were
conducted only before inhalation of drugs. Acute effects were studied after smoking
a cigarette and effects of orciprenaline inhalation after smoking were also observed.
Furthermore, effects of smoking on prior inhalation of orciprenaline, atropine or lido-
caine were evaluated.

The results obtained were as follows:
1) There were no differences in the results of routine pulmonary function tests, be-
tween nonsmokers and smokers except Zsuz, which was significantly higher in smok-
ers (p<0.01) and there was a tendency to decrease in flow especially at low lung
volumes in smokers. Smokers could be well differentiated from nonsmokers by
VisoV/FVC (p<0.001) and the difference in distribution of ventilation was greater
(p<0.05).
2) In nonsmokers, Zsm: decreased and Vo increased significantly after inhalation of
orciprenaline and atropine. FEV1o increased significantly with atropine inhalation only.
There were no changes in VisoV/FVC with inhalation of orciprenaline or atropine.

In smokers, Zsm: and VisoV/FVC decreased significantly after inhalation of or-
ciprenaline or atropine (p<0.001). FEVio and flow rates improved significantly with
both drugs.
3) After smoking a cigarette, Zsm and VisoV/FVC significantly increased (p<0.01),
but inhalation of orciprenaline or atropine prior to smoking significantly inhibited the
acute effects of smoking and lidocaine completely inhibited the acute effects of smoking.

These results indicate that several parameters such as Zsm, flow at low lung
volume, VisoV/FVC could detect the airway dysfunctions in asymptomatic cigarette
smokers. These airway dysfunctions might be due to increased vagal tone, leading to
narrowing of the airways and these airway dysfunctions were reversible by bronchodi-
lator drugs.
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Lungs are the organ of respiration for continu-
ous gaseous exchange. For gaseous exchange
through the lungs, there should be proper ven-
tilation and sufficient pulmonary blood flow. It
is desirable that intact airway system should
provide proper ventilation. Due to clinical con-
venience, pulmonary airways are divided into
two components, central and peripheral. Airways
less than 2 mm in internal diameter are called
peripheral or small airways®.

According to Woolcock and his associates®,
the peripheral airways are the silent zones in the
lungs and clinical manifestations of early small
airway obstructions are usually nonapparent or
mild. Pulmonary function tests including airway
resistance, forced expiratory volume in one se-
cond (FEV10) and other flow rates at high lung
volumes may be normal because they do not
reflect the peripheral airways which are the sites
of obstruction.

In healthy lungs, peripheral airway resistance
is so small that it is difficult to measure in man.
In 1967, Macklem and his associates'® meas-
ured the resistance of the peripheral airways less
than 2 mm in diameter in dogs and observed
that there were large differences in resistance
between large and small airways. In high lung
volumes the airway resistance was due to large
airways and even in low lung volumes the
peripheral airways contributed only 15% of the
total airway resistance.

In 1968, Hogg et al® have measured the
central and peripheral airway resistances in ex-
cised lungs (at autopsy) of normal human and
chronic obstructive pulmonary disease (COPD)
patients by retrograde catheter technique. They
have also suggested that in normal lung
peripheral airways contributed only 25% of the
total airway resistance, but in COPD patients
this increased from 4 to 40 times because of nar-
rowing, mucus plugging and obliteration of small
airways. McLean® has concluded from his ob-
servation that the changes in the peripheral air-
ways are the primary sites of COPD. Hence, it
is likely that the clinical detection of COPD at
an earlier stage is ordinarily delayed until more
advanced obstruction becomes present.

If smoking is continued for many years, there
is an increased prevalence of COPD. As the
cigarette smokers at a high risk of developing
COPD, there is great interest in identifying tests

that can detect COPD in its early stage when
changes in the peripheral airways may still be
reversible. Since most advanced COPD patients
have abnormal FEV1o or the ratio of FEVio to
FVC (FEVi:%) the disease may be
irreversible’®. For early detection of peripheral
airway dysfunctions, sensitive lung function tests
have been introduced. These tests include: 1) de-
tection of abnormalities in gas exchange (diffus-
ing capacity)®®, 2) frequency dependence of
dynamic lung compliance (Cdyn)®*, 8) analysis
of flow rates at low lung volumes utilizing max-
imum expiratory flow-volume curves
(MEFV)'™8218) 4} closing volume®"*® and 5)
volume of isoflow (VisoV) using MEFV curves
With air and He+028,12,13,19—21,26,81,49)'

Hutcheon and his associates® introduced the
volume of isoflow (VisoV) as a new test for the
detection of small airway obstruction. Their
report suggested that VisoV is more sensitive
than the other tests as mentioned above.

Inhalation of various irritant particles and
gases, such as dust, sulfur dioxide and ammo-
nia, causes bronchoconstriction in man®%, It
has also been reported that inhalation of
cigarette smoke induces bronchoconstriction in
man'*** and animals**#3%%  Widdicombe®
has established by experimental observations
that airway smooth muscle tone is regulated by
cholinergic vagal pathway. In quiet breathing,
the airway smooth muscle is in tonic contraction
and this muscle tone may be reduced by the ad-
ministration of adrenergic receptors stimulant
and atropine. Therefore, bronchoconstriction due
to smoking may be mediated by vagal reflex by
stimulating vagal airway sensory receptors, the
so-called irritant receptors®?%%%9,

It has been observed that the acute effect of
cigarette smoking can be demonstrated either
with airway resistance®® specific airway
conductance®® or Cdyn*, but there has been no
report of evaluating the acute effect of smok-
ing by VisoV.

Many studies have shown reversal effects with
different beta adrenergic receptor agonists and
anticholinergic drugs in different diseases such
as chronic bronchitis, bronchial asthma and
emphysema'®®*® but there are a very few
reports on reversibility of pulmonary airway dys-
functions in asymptomatic smokers with beta
adrenergic receptor agonists and anticholinergic
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bronchodilators. c. to investigate the role of cholinergic nerve in
This study was designed: pulmonary airway dysfunctions in asympto-
a. to make an early detection of pulmonary air- matic cigarette smokers.
way dysfunctions, Symbols and abbreviations used in this study
b. to evaluate the reversibility of pulmonary air- are shown in Table 1.

way dysfunctions and

Table 1. Symbols and Abbreviations

Symbols and Unit
Abbreviations
A aDo2 mmHg alveolar-arterial (assumption) oxygen pressure difference
B.L Brinkman index (no. of cigarette smoking per day times year
of smoking)
Cdyn liter/emH20 dynamic compliance of the lung
COPD chronic obstructive pulmonary disease
DLco ml/min/mmHg diffusing capacity of lung (single breath holding method)
%DLco % percentage of DLco to predicted value
FEV1o liter forced expiratory volume in 1.0 second
FEV1.0% % percentage of FEV1io to forced vital capacity
FVC liter forced vital capacity
%FVC % percentage of FVC to predicted value
FRC liter functional residual capacity
%FRC % percentage of FRC to predicted value
FET, % fractional end-tidal helium concentration
He helium gas
He+O02 mixture of 80% helium and 20% oxygen gas
MEFV maximum expiratory flow volume curve
ANz %/liter changes of nitrogen concentration from the slope of phase Il
of SBN:
(07 oxygen gas
Pao, mmHg partial pressure of arterial oxygen
Paco, mmHg partial pressure of arterial carbon dioxide
PF liter/sec peak flow
RV liter residual volume
%RV % percentage of RV to predicted value
RV/TLC % ratio of RV to TLC
SBN: single breath nitrogen washout
TLC liter total lung capacity
%TLC % percentage of TLC to predicted value
vC liter vital capacity
%VC % percentage of VC to predicted value
Vs liter/sec flow rate at 75% of MEFV
Vso liter/sec flow rate at 50% of MEFV
Vas liter/sec flow rate at 256% of MEFV
Vso/ Vas ratio of Vso and Vzs
AVso % Vsoge — Vsogir / Voog X 100
AVas % Vesyge — Vesgye / Vs, X 100
VisoV liter volume of isoflow
VisoV/FVC % percentage of volume of isoflow to FVC
Vvisov liter/sec flow at volume of isoflow
Zsnz cmH20/liter/sec  respiratory impedance
MATERIALS AND METHODS were doctors, technicians, medical representa-
Subjects: tives and other employees of this hospital.
Subjects of this work included twenty eight A nonsmoker was defined as an individual who
males, consisting of eight healthy nonsmokers had never smoked more than a few cigarettes

and twenty asymptomatic smokers. Subjects during his life or had smoked absolutely none.
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A smoker was defined as an individual who
has smoked an average of more than 10
cigarettes per day for a period of more than five
years and was smoking to the date of this ex-
periment. Before inclusion in the study all the
subjects were screened by personal interview to
eliminate the possibility of any previous and cur-
rent respiratory diseases. Presence of any lung
disease excluded the subject from the study. The
study was designed to isolate the effect of smok-
ing as closely as possible.

Methods:

All the smoker subjects were requested to ab-
stain from smoking at least 3 hr before the ex-
amination. Pulmonary function tests were
performed which included the determination of
vital capacity (VC), percentage of VC to predict-
ed value (%VC) and forced expiratory volume in
one second (FEVio) with a box spirometer
(OST-80, Chest Co. Ltd, Tokyo). Subdivisions of
lung volume such as total lung capacity (TLC),
functional residual capacity (FRC) and residual
volume (RV) were determined by the closed cir-
cuit helium dilution method®® and the pulmo-
nary diffusing capacity (DLco) was measured by
the single breathholding method. (P.K. Morgan
Ltd., England). Predicted values for subdivisions
of lung volume and diffusing capacity were ob-
tained for adults by the prediction formula de-
veloped at the Second Department of Internal
Medicine, Hiroshima University**®. Respiratory
impedance (Zsu;) was measured by 3Hz oscilla-
tion method (Nihon Koden Kogyo Ltd.).

Blood samples were drawn from the brachial
artery and oxygen tension (Pao,), carbon diox-
ide tension (Paco,) and pH were analyzed
(ABL-3, Radiometer Co., Copenhagen,
Denmark).

In all subjects MEFV curves were obtained
while breathing air and repeated after three
slow vital capacity maneuvers with low density
gas of 80% He + 20% O: (Fig. 1)**Y. MEFV
curves were recorded by displaying flow against
volume on the X-Y coordinates of a recorder
(Model WX 4401, Watanabe, Japan) during
forced expiration from TLC level to RV level.
Each MEFV curve was repeated until virtually
indistinguisible values were obtained. The two
MEFV curves (with air and He+0:) were su-
perimposed at the RV level if the volumes were

box-spiro X-Y
3 way recorder

stop-cock

“J” Valve

Fig. 1. Schematic outline of the method used to
obtain MEFV curves with air and 80%
helium +20% Os.

unequal. The volume at which the flow rates
were identical on both air and He+O: curves
called volume of isoflow (VisoV), was expressed
as percentage of FVC (VisoV/FVC).

The responses to breathing He+O: at Vs and
Ves were calculated as follows:

flow with He — flow with air

flow with air x 100

and were expressed as 4 Vs and 4Ves, respec-
tively. Fig. 2 shows the MEFV curves with air
and He+O: and appearence of VisoV.

To assess the distribution of ventilation, sin-
gle breath nitrogen washout (SBN:) was done
in all nonsmokers and smokers (Fig. 3). After
tidal breathing the subjects first exhaled to RV
level and then inhaled 100% O: to TLC level
and a slow exhalation to RV level was per-
formed. Changes of N: concentration and
volume were plotted on X-Y recorder (Hewlett-
Packard, 7046 A) and 4 N: was calculated from
this SBN: curve®.

To observe distribution of ventilation during
three breaths of He+O: end-tidal helium con-
centration (Fery) was measured. A Douglas
bag containing 10% He, 20% O: and 70% N:
was used as source of gas mixture’®. Helium
concentration was measured at the end of expi-
ration following one, two and three slow vital
capacity maneuver, inspired from the gas mix-
ture. With the help of a mass-spectrometer
(Perkin-Elmer, Model No. 1100) end tidal heli-
um concentration was recorded in a unicorder
(Nippon Denshi Kagaku, Model U-626 DS).

Following these baseline tests, the subjects in-
haled aerosolized orciprenaline sulphate
(Alotec ®), 0.5 ml (10 mg) in 1 ml of normal
saline with the help of intermittent positive pres-
sure breathing (IPPB). Ten min after inhalation



Reversibility of Airway Dysfunctions in Smokers

15["

10

Flow (liter/sec)

D

TLC
FVC (liter)

Fig. 2. MEFV curves with air (solid line) and af-
ter three breaths of 80%He +20%0:2 (dashed line).
Figure shows the result in a 30 year-old nonsmok-
er. VisoVoccured at low lung volume. AB = flow
rate at 25% of MEFV curve with air, AC = flow
rate at 25% of MEFV curve with He+Oz, DE =
flow rate at 50% of MEFV curve with air, DF =
flow rate at 50% of MEFV curve with He+Oz.
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Fig. 3. Schematic view of the experimental set-up
to perform single breath nitrogen washout.

of orciprenaline, the tests were repeated except
subdivisions of lung volume, diffusing capacity
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and arterial blood gas analysis, which were done
only before inhalation of the drugs.

On another day the same subjects were in-
haled atropine sulphate, 0.05 mg/kg of the body
weight, with a nebulizer (NE-U06, Omron,
Japan) and the same pulmonary function tests
were repeated 30 min after inhalation of
atropine.

On a separate occasion, acute effects of
cigarette smoking on pulmonary functions were
measured in five asymptomatic smokers. The
smokers abstained from cigarette smoking from
the night before the day of experiment. Tests
were performed in five different sets (Table 2).

Table 2. Sequences of study of acute effects of
cigarette smoking

Experiments Time in min

C 0 5 10 15 30 60
First set T S T T T T
Second set T S TO T T T
Third set T O TST
Fourth set T A TST
Fifth set T L TST

Note: C = control, T = tests was done, S = smok-
ing a cigarette, O = orciprenaline inhalation, A =
atropine inhalation, L = lidocaine inhalation. In the
second set tests were repeated at 10, 30 and 60 min
after inhalation of orciprenaline.

In the first set, after measurement of control
parameters (Zsuz, FEV1o, VisoV/IFVC) the sub-
jects smoked one cigarette in a usual way and
tests were repeated immediately after smoking
(within 5 min from starting of smoking) and at
intervals of 10, 30 and 60 min after starting
smoking.

In the second set, after control measurements
subject smoked one cigarette. Tests were per-
formed immediately after smoking and then in-
haled orciprenaline. After orciprenaline
inhalation, tests were repeated at intervals of
10, 30 and 60 min.

In the third, fourth and fifth sets after con-
trol measurements, the same subjects inhaled or-
ciprenaline, atropine or lidocaine (4% lidocaine,
2 mg/kg) on different days. After inhalation of
each drug, pulmonary function tests (Zsg,
FEVio and VisoVIFVC) were done and immedi-
ately thereafter, the subject smoked one
cigarette and tests were repeated again.
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Table 3. Physical characteristics and pulmonary function tests of 8 nonsmokers and 20 asymptomatic smokers

Nonsmokers Smokers p value
Mean SD Mean SD

Age (year) 27.6 4.4 31.2 7.3 NS
Height (cm) 168.9 3.0 170.9 3.4 NS
Weight (kg) 61.3 6.3 65.6 7.2 NS
B.I - — 285.20 275.80
VvC (liter) 4.38 0.35 4.53 0.43 NS
%VC (%) 106.1 7.2 109.6 9.6 NS
FVC (liter) 4.41 0.41 4.54 0.44 NS
%FVC (%) 106.9 8.5 109.8 8.9 NS
FEV1o (liter) 3.96 0.46 3.78 0.47 NS
FEV1.0% (%) 88.2 6.6 83.4 4.8 NS
ZsHz (cmH:z0/liter/sec) 2.35 0.39 3.30 0.70 <0.01
PF (liter/sec) 9.57 1.95 8.64 1.06 NS
Vis (liter/sec) 7.97 1.74 7.15 0.97 NS
Vso (liter/sec) 4.72 1.18 4.08 0.80 NS
Ves (liter/sec) 2.03 0.66 1.47 0.46 <0.05
Vso/Ves 2.41 0.43 2.95 0.83 NS
AVso (%) 419 15.1 43.9 17.2 NS
AVes, (%) 26.9 13.9 19.1 11.5 NS
VisoV (liter) 0.40 0.12 0.85 0.25 <0.001
VisoV/IFVC (%) 9.3 3.3 18.2 5.7 <0.001
Vvisov (liter/sec) 0.74 0.45 0.95 0.39 NS
ANz (%/liter) 1.47 0.50 1.69 0.46 <0.05
TLC (liter) 5.79 0.43 6.02 0.53 NS
%TLC (%) 101.1 6.2 103.5 7.6 NS
FRC (liter) 2.98 0.20 3.10 0.47 NS
%FRC (%) 98.8 6.8 99.5 13.9 NS
RV (liter) 1.43 0.14 1.48 0.29 NS
%RV (%) 103.8 13.3 102.1 16.4 NS
RVITLC (%) 24.8 1.7 24.7 3.9 NS
DLeo (ml/min/mmHg) 29.32 2.90 28.61 3.03 NS
%DLco (%) 94.1 8.5 91.8 9.2 NS
DL/VA (ml/min/mmHg/liter) 6.06 0.63 5.93 0.90 NS
Pao, (mmHg) 100.0 10.3 95.6 7.1 NS
Paco, (mmHg) 39.2 2.1 39.4 2.9 NS
pH 7.413 0.03 7.418 0.02 NS
Sao, (%) 97.7 0.91 97.3 0.62 NS
A= aDo2 (mmHg) 5.2 6.2 6.6 5.9 NS

Values are Mean * SD. p value indicates significant difference between nonsmokers and smokers.

Data were analyzed statistically with paired or
nonpaired students t test.

RESULTS

Physical characteristics, smoking history and
pulmonary function tests as control study are
shown in Table 3. In this study, it was found
that smokers had higher value in Zsm:
(p<0.01), VisoV (p<0.001), VisoV/FVC
(p<0.001) and 4AN: (p<0.05) than nonsmokers.
Although there was a significant difference in
AN: between nonsmokers and smokers, the
mean values of 4 N: in both groups were wi-
thin normal limits as shown in Fig. 4. It was

also observed that Vs was significantly lower
in smokers than nonsmokers (p<0.05). In addi-
tion to these results, there were corelationships
between VisoV/FVC and Brinkman index (B.1.),
between Vs and B.I. and also between
VisoV/FVC and Zsw, shown in Figs. 5, 6 and
T respectively.

Table 4 and 5 show the pulmonary function
tests done before and after inhalation of or-
ciprenaline and atropine in all subjects. Drugs
were inhaled either with IPPB or nebulizer. But
airway responsiveness was not influenced by the
way of inhalation. The following results were ob-
tained:
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P <0.05 p<0.01
L ] I Ll
NS NS P<0.001 P <0.001
30, ) 1 r 1 f 1 L L
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Fig. 4. Distribution of ventilation was measured by SBNz. Changes of
nitrogen concentration was calculated from the slope of phase I of SBN:
and expressed as ANz, AN2 was significantly higher in smokers
(®——@®) than nonsmokers (O——-O0). After inhalation of orciprenaline or
atropine improved in smokers but no change was observed in nonsmokers.
C = control, Or. = after orciprenaline inhalation, At. = after atropine in-
halation. p value indicates significant difference.

1) Vital capacity (VC):

Orciprenaline inhalation: The mean values
were 4.38 + 0.35 liters and 4.53 + 0.43 liters
before orciprenaline inhalation in nonsmokers
and smokers, respectively. After orciprenaline
inhalation the values were 4.45 % 0.44 liters in
nonsmokers and 4.57 + 0.48 liters in smokers
and no significant changes were observed.

Atropine inhalation: Before atropine inhalation,
VC were 4.40 £ 0.37 liters and 4.52 = 0.44
liters in nonsmokers and smokers and after in-
halation of atropine the values were 4.46 = 0.40
liters and 4.58 % 0.44 liters respectively. There
were no significant changes after inhalation of
atropine between nonsmokers and smokers.
2) Forced vital capacity (FVC):

Orciprenaline inhalation: The mean values
were 4.41 + 0.41 liters and 4.54 + 0.44 liters
before orciprenaline inhalation in nonsmokers
and smokers, respectively. After orciprenaline
inhalation, the values were 4.34 * 0.48 liters
and 4.55 % 0.51 liters, respectively.

Atropine inhalation: Prior to atropine inhala-

tion, FVC were 4.50 =+ 0.35 liters and
4.54 + 0.43 liters in nonsmokers and smokers,
respectively. After atropine inhalation, the
values were 4.41 = 0.39 liters and 4.57 + 0.43
liters, respectively. In both groups no significant
changes were observed after inhalation of or-
ciprenaline or atropine.

3) Forced expiratory volume in one second
(FEV10):

Orciprenaline inhalation: In nonsmokers the
mean value was 3.96 + 0.46 liters and a slight
increase in mean value to 4.00 = 0.39 liters oc-
curred after orciprenaline inhalation, but it was
not significant. In smokers this value was
3.78 = 0.47 liters and increased significantly to
3.92 = (.48 liters (p<0.01).

Atropine inhalation: In nonsmokers, the mean
value of FEV1o was 8.94 £ 0.49 liters and af-
ter atropine inhalation it increased significantly
to 4.05 % 0.47 liters (p<0.05). In smokers it
was 3.72 = 0.43 liters and increased to
3.93 + 0.45 liters (p<0.001). There was no sig-
nificant difference in FEV1o between nonsmok-
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Fig. 5. Relationship between VisoV/FVC and B.L
VisoV/IFVC increased with increasing value of B.I.
(r = 0.707, p<0.01).
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Fig. 7. Relationship between VisoV/FVC and
Zsnz. VisoV/IFVC increased with increasing value
of Zsuz (r = 0.491, p<0.05)

ers and smokers.
4) Respiratory impedance (Zsuz):

Orciprenaline inhalation: After inhalation of or-
ciprenaline, Zsw: significantly decreased from

3.0¢
Y =—0.001X +1.75
(r=—0.473, P<0.05)
°
e
& 20f
g
&
1ok

L 1 J
0 500 1000 1500
Brinkman Index

Fig. 6. Relationship between Vzs and B.I. Ve
decreased with the increasing value of B.I.
(r = —0.473, p<0.05).

235 = 0.39 cmH:0/liter/sec to 2.12 %= 0.39
emH:0/liter/sec (p<0.01) in nonsmokers and
from 3.30 £ 0.70 cmH:O/liter/sec to 2.68 =
0.52 cmH:Olliter/sec (p<0.001) in smokers.

Atropine inhalation: Again after inhalation of
atropine, the value decreased from 2.85 + 0.35
emH:O/liter/sec to 1.88 £ 0.32 emH:0/liter/sec
(p<0.001) and from 38.30 =« 0.67
cmH:Olliter/sec to 2.38 = 0.38 cmH:Olliter/sec
(p<0.001) in nonsmokers and smokers, respec-
tively.

Fig. 8 shows the changes of Zsu: after inhala-
tion of drugs with statistical analysis. Percen-
tage decrease of Zsm: after inhalation of
orciprenaline and atropine were 9.7 + 6.3% and
19.7 = 6.1% in nonsmokers and 18.2 + 6.6%
and 26.0 £ 7.1% in smokers, respectively,
shown in Fig. 9.

5) Flow rates:

Orciprenaline inhalation: After orciprenaline
inhalation, PF and Vi did not increase signifi-
cantly, but Vs increased significantly from
4.72 £ 1.18 liters/sec to 5.47 + 1.51 liters/sec
(0<0.05) and Vis increased from 2.03 % 0.66
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Table 4. Pulmonary function tests before and after inhalation of orciprenaline and atropine of 8 nonsmokers

Orciprenaline Atropine
before after p value before after p value
Mean SD Mean SD Mean SD Mean SD

VvC (liter) 438 0.35 445 0.44 NS 4.40  0.37 446  0.40 NS
%VC (%) 106.1 7.2 1074 8.6 NS 106.5 7.7 107.8 84 NS
FVC  (liter) 441  0.41 434 048 NS 450 0.35 441 0.39 NS
%FVC (%) 106.9 8.5 105.6  10.0 NS 108.8 8.0 106.6 8.5 NS
FEVio (liter) 3.96  0.46 4.00 0.39 NS 394 0.49 405 047 <0.05
FEV1.0% (%) 88.2 6.6 90.3 6.0 <0.01 86.8 7.3 90.3 56 <0.001
ZsHz (cmH20lliter/secy  2.35  0.39 212 039 <0.01 2.35 0.35 1.88 0.32 <0.001
PF (liter/sec) 9.57 1.95 994 285 NS 9.97 2.07 1045 1.54 NS
Vis (liter/sec) 7.97 1.74 8.15 1.29 NS 7.77 1.68 8.21 1.17 NS
Vso (liter/sec) 4.72 1.18 5.47 1.51 <0.05 4.75 1.20 5.69 143 <0.001
Ves  (liter/sec) 2.03 0.66 2.26 0.59 <0.05 2.09 0.76 2.18  0.68 NS
Vso/Vas 241  0.43 246  0.59 NS 2.37  0.40 2.46  0.50 NS
AVeo () 419 151 455 122 NS 51.8 19.1 489 147 NS
AVes (%) 26.9 139 43.8 149 <0.01 37.7 7.7 32.8 118 NS
VisoV  (liter) 0.40 0.12 0.37 0.14 NS 0.42  0.09 0.40  0.09 NS
VisoV/FVC (%) 9.3 3.3 8.6 3.6 NS 9.5 2.5 9.3 24 NS
Vvisov  (liter/sec) 0.74 0.45 0.73  0.47 NS 0.61  0.34 0.61 0.35 NS
4N: (%o/liter) 1.47  0.50 1.30  0.47 NS 1.29 040 120 0.44 NS

Values are Mean * SD. p value indicates significant difference from before inhalation values.

Table 5. Pulmonary function tests before and after inhalation of orciprenaline and atropine of 20 asymptomatic

smokers
Orciprenaline Atropine
before after p value before after p value
Mean SD Mean SD Mean SD Mean SD

vC (liter) 453  0.43 457  0.48 NS 452  0.44 458  0.44 NS
%VC (%) 109.6 9.6 1109 10.7 NS 109.8 9.0 110.8 9.2 NS
FVC  (liter) 454 0.44 455  0.51 NS 454  0.43 457  0.43 NS
%FVC (%) 109.8 89 1109 115 NS 110.3 94 110.8 9.2 NS
FEVio (liter) 3.78  0.47 392 048 <0.01 3.72 0.3 3.93 0.45 <0.001
FEV1.0% (%) 83.4 4.8 81.2 189 NS 81.8 5.1 82.4  19.0 NS
ZsHz (cmHz20/liter/sec)y  3.30  0.70 2.68 0.52 <0.001 3.30 0.67 2.38 0.38 <0.001
PF (liter/sec) 8.64  1.06 9.16 0.93 <0.05 891 1.20 950 1.10 <0.01
Vs (liter/sec) 7.15  0.97 7.80 1.02 <0.01 6.99 0.75 811 1.056 <0.001
Vs0 (liter/sec) 4.08 0.80 468 0.85 <0.01 398 0.77 493 0.96 <0.001
Ves  (liter/sec) 1.47 047 1.74 0.54 <0.001 1.45 0.46 1.64 046 <0.001
Vs0/Ves 295 0.83 2.89 0381 NS 292  0.79 2.83  0.60 NS
AVso (%) 439 172 451 174 NS 42.6 143 423 16.8 NS
AVes (%) 19.1 115 28.2 13.8 <0.05 22.6 13.2 249 165 NS
VisoV  (liter) 085  0.25 0.47 0.18 <0.001 0.82  0.29 0.58 0.24 <0.001
VisoV/FVC (%) 18.2 5.7 10.5 39 <0.001 18.2 6.6 13.0 53 <0.001
Vvisov (liter/sec) 095 0.39 057 0.25 <0.001 0.88  0.38 0.64 0.35 <0.001
ANz (%/liter) 1.69  0.46 1.23 0.36 <0.001 1.84 0.39 1.51  0.38 <0.001

Values are Mean *= SD. p value indicates significant difference from before inhalation values.

liters/sec to 2.26 =+ 0.59 liters/sec (p<0.05) in
nonsmokers. In smokers all the flow rates (PF,
Vis, Voo, Ves) increased significantly as shown in

Table 5.

Atropine inhalation: In nonsmokers no remark-
able changes were observed in flow rates after

atropine inhalation except Vso which increased
from 4.75 = 1.20 liters/sec to 5.69 =+ 1.43
liters/sec (p<0.001), but in smokers PF in-
creased from 8.91 + 1.20 liters/sec to 9.50 =+
1.10 liters/sec (p<0.01), Vi from 6.99 = 0.75
liters/sec to 8.11 + 1.05 liters/sec (p<0.001),



408 Md. Masudur Rahman

p<0.01

P<0.001

-
P<0.01 P <(0.001
r l v L

L ¥
P <0.001
I -

1
P<0.001
f 1

Z3Hz (cmH,0/liter/sec)

-

oL

BN §
ISEAR

n

At.

Op

Or.

oF

Or. C At.

Fig. 8. Effects of orciprenaline or atropine on Zsm: in nonsmokers
(O—) and smokers (@——@®). Zsuz decreased after inhalation of or-
ciprenaline or atropine in both the groups. C = control, Or. = after or-
ciprenaline inhalation, At. = after atropine inhalation. p values indicates

significant difference.

Vso from 3.98 £ 0.77 liters/sec to 4.93 = 0.96
liters/sec (p<0.001) and Vzs from 1.45 = 0.46
liters/sec to 1.64 = 0.46 liters/sec (p<0.001). In
nonsmokers Vso/Ves was 2.41 * 0.43 and
2.37 *= 0.40 before and 2.46 + 0.59 and
2.46 = 0.50 after inhalation of orciprenaline and
atropine, respectively. In smokers the value was
295 + 0.83 and 2.92 = 0.79 before and
2.89 = 0.81 and 2.83 %= 0.60 after inhalation
of orciprenaline and atropine, respectively. No
significant difference of Vio/Ves was obtained be-
tween nonsmokers and smokers before and af-
ter inhalation of orciprenaline or atropine.

6) AVso and AVes:

AVso and AVes represent the airway respon-
siveness while breathing air and helium. There
was no significant change in 4Vso after inhala-
tion of bronchodilators in both nonsmokers and
smokers, but AVzs increased significantly from

26.9 = 13.9% to 43.8 = 14.9% (p<0.01) in
nonsmokers, and in smokers it increased from
19.1 £ 11.5% to 28.2 + 13.8% (p<0.05) after
orciprenaline inhalation. No change was ob-
served after atropine inhalation.

7) Volume of isoflow (VisoV):

Orciprenaline inhalation: Fig. 10 reveals the
change of VisoV/FVC after drug inhalations. Af-
ter orciprenaline inhalation no significant change
was observed in nonsmokers (it decreased from
9.3 = 3.3% to 8.6 £ 3.6%) but it decreased sig-
nificantly from 18.2 * 5.7% to 10.5 + 3.9%
(p<0.001) in smokers.

Atropine inhalation: Fig. 10 shows that after
atropine inhalation there was no significant
change of VisoWFVC in nonsmokers (it
decreased from 9.5 £ 2.5% to 9.3 £ 2.4 %).
In smokers the value of VisoV/FVC decreased
significantly from 18.2 + 6.6% to 13.0 + 5.3%
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Fig. 9. Airway responsiveness with orciprenaline
and atropine in nonsmokers and smokers. Results
indicates that orciprenaline exerts its effect on both
central and peripheral airways, and atropine exerts
its effect predominantly on central airways.

O =nonsmoker orciprenaline, A =nonsmoker atropine,
@ =smoker orciprenaline, A =smoker atropine.

(p<0.001) after atropine inhalation. In compar-
ison with the control value, percentage decrease
of VisoV/FVC in smokers was greater after or-
ciprenaline inhalation (decreased 43.9% in or-
ciprenaline and 28.9% in atropine inhalation,
respectively) than atropine inhalation (Fig. 9).
8) AN::

After inhalation of orciprenaline or atropine,
no significant change of AN: was observed in
nonsmokers (it decreased from 1.47 + 0.50%/
liter to 1.30 + 0.47%/liter after orciprenaline
and from 1.29 + 0.40%/liter to 1.20 = 0.44%/
liter after atropine inhalation). However, the
value decreased in smokers significantly from
1.69 = 0.46%/liter to 1.23 = 0.36%/liter
(p<0.001) after orciprenaline and from
1.84 = 0.39%/liter to 1.51 = 0.38%/liter
(p<0.001) after atropine inhalation (Fig. 4).

9) End-tidal He concentration and distribution
of ventilation (FEty,):

FETHem, FETH% and FETH% were determined
before and after orciprenaline inhalation in five
nonsmokers and seven smokers as shown in Ta-
ble 6. Tracings of one nonsmoker and one smok-
er are also shown in Fig. 11. Fer,, was lower
in smokers especially at first Fery,, and after
orciprenaline inhalation FEery, improved in
smokers. In nonsmokers, no change of Fery,
was observed after drug inhalation.

10) Acute effect of smoking on pulmonary
functions:

Fig. 12 shows the mean = SD values of
Zsn: before and after smoking a cigarette
(above) and effect of orciprenaline inhalation af-
ter smoking (below). After smoking a cigarette
Zsn: increased significantly from 3.16 += 0.35
cmH:0/liter/sec to 4.14 = 0.75 cmH:0/liter/sec
(p<0.01) and returned to the pre-smoking level
within 30 min but it did not decrease below the
pre-smoking level. Inhalation of orciprenaline
decreased Zsm: significantly and below the con-
trol value (from 3.84 £+ 0.32 cmH:0lliter/sec to
2.92 = 0.11 emH:0O/liter/sec, p<0.01).

Fig. 13 shows the mean = SD values of
VisoVIFVC before and after smoking a cigarette
(above) and the effect of orciprenaline after
smoking was observed (below). VisoV/FVC in-
creased significantly after smoking (increased
from 17.4 £ 6.6% to 20.6 = 7.1%, p<0.01).
Then inhalation of orciprenaline decreased the
value of VisoV/FVC significantly from
20.6 £ 0.71% to 13.3 £+ 4.9% (p<0.01) and be-
low the control value and action of orciprena-
line was effective for one hr. No significant
changes of FEVio were observed either after
smoking (above) or after orciprenaline inhalation
as shown in Fig. 14.

Furthermore, Fig. 15 shows that the mean %
SD values of Zsm: reflect the acute effect of
cigarette smoking with prior inhalation of or-
ciprenaline, atropine or lidocaine. It shows that
Zsu: decreased significantly after inhalation of
orciprenaline or atropine (decreased from
3.02 = 0.29 cmH:0lliter/sec to 2.52 * 0.18
cmH:0lliter/sec in orciprenaline, p<0.01 and
from 3.08 * 0.41 cmH:O/liter/sec to 2.36 =+
0.30 cmH:0/liter/sec in atropine, p<0.01) and
after smoking a cigarette, there was a tenden-
cy for the value of Zsm: to increase (increased
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Fig. 10. Effects of orciprenaline or atropine on VisoV/FVC in nonsmok-
ers (O——0) and smokers (@——@®). VisoV/IFVC was significantly higher
in smokers and improved after inhalation of orciprenaline or atropine. No
significant change was observed in nonsmokers. C = control, Or. = after
orciprenaline inhalation, At. = after atropine inhalation. p value indicates

significant difference.

Table 6. End-tidal helium concentration in nonsmokers and smokers before and after orciprenaline inhalation

Before orciprenaline inhalation

After orciprenaline inhalation

FETy,, FETy,,

FETH%)

FETg,,, FETq,, FETq,,

Nonsmokers (n=5) 7.16 = 0.32 8.90 = 0.23 9.68 * 0.08

Smokers (n="7)

6.38 = 0.80 8.74 = 0.56 9.52 = 0.45

7.18 = 031 898 + 0.33 9.70 = 0.17

7.07 £ 0.92 9.00 = 0.56 9.67 = 0.36

Values are Mean + SD. FETy,,, FETy,, and FETy,, = end-tidal helium concentration (%) obtained following
one, two and three inhalations of a gas mixture containing 10% helium, 20% oxygen and 70% nitrogen.

from 2.52 * 0.18 cmH:0/liter/sec to 3.14 =
0.26 cmH:0/liter/sec in orciprenaline and from
2.36 + 0.30 cmH:0Olliter/sec to 2.72 = 0.41
cmH:0/liter/sec in atropine). In spite of the in-
creasing tendency, in comparison with the con-
trol value, orciprenaline or atropine significantly
inhibited the acute effect of smoking on Zsma.
There were no changes of Zsn: after inhalation
of lidocaine and even after smoking.

Fig. 16 shows that VisoW/FVC was also
decreased from 18.0 = 6.9% to 10.3 = 4.3%
(p<0.001) after orciprenaline inhalation and

from 17.8 + 7.1% to 13.5 = 5.6% (p<0.02) af-
ter atropine inhalation. After smoking a
cigarette, there was a tendency for the value of
VisoV/FVC to increase (increased from 10.3 =+
5.6% to 14.2 = 6.1% in orciprenaline and from
135 = 5.6% to 174 + 5.7% in atropine).
Although there was a tendency for the value of
VisoV/FVC to increase after smoking with pri-
or inhalation of orciprenaline or atropine, but in
comparison with the control value, both drugs
significantly inhibited the acute effect of smok-
ing. There were no changes of VisoV/FVC af-
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Fig. 11. Changes of helium concentrations during
three slow vital capacity breathing maneuvers in
a nonsmoker (above) and a cigarette smoker (be-
low), before (left) and after (right) inhalation of or-
ciprenaline. In each subject, three successive
plateaus below the 10% Fery, line represent ex-
pired concentration (%) after first, second and
third breath of helium. In smoker Fer,, was
lower than nonsmoker, especially at first
Fery,.
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Fig. 12. Acute effect of smoking a cigarette on
Zsnz and effect of orciprenaline with time course
was observed in five smokers. Changes of Zsuz
was significant immediately after smoking a
cigarette only and the value returned to control lev-
el within 30 min (above). Inhalation of orciptrna-
line after smoking decreased the value of
respiratory impedance below the control rapidly
(below).

=+ significant difference from control value. (p<0.01)

30r
20f X
= 10F
S t
%) 4 smoking
> ok — 1 1 1 1 1 1
{x,
=
2 30r
>
20} Fx
10f f '
L smoking orciprenaline
(;_ 1 1 1 n 3

cC 0 5 10 15 30 60
Time (min)

Fig. 13. Effect of smoking a cigarette on

VisoWFVC was significant (above). Inhalation of or-

ciprenaline after smoking decreased the value be-

low the control level quickly (below).

+* sigmificant difference from control value. (p<0.01)

ter inhalation of lidocaine and even after smok-
ing. Lidocaine completely prevented the acute
effect of smoking in the present study.

There were no changes of FEV1o after inha-
lation of orciprenaline or lidocaine, but inhala-
tion of atropine significantly increased the value
of FEVio from 3.73 + 0.37 liters to 3.98 =
0.28 liters (p<0.05). No significant changes were
observed after smoking (Fig. 17).

Fig. 18 shows that lidocaine inhalation neither
induced bronchodilatation nor any change of pul-
monary function tests followed by orciprenaline
inhalation induced significant bronchodilatation.

DISCUSSION
Mead and his associates”? have shown that
maximal expiratory flow (Vmax) at a given lung
volume is determined by elastic recoil pressure
(Pst) and upstream resistance (Rus). Airway
resistance consists of two components, resistance
due to convective acceleration (Rca) and friction-
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Fig. 14. Effect of smoking a cigarette on FEV1o.
There was no significant change after smoking.
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Fig. 15. Effect of cigarette smoking on Zsuz in five
smokers with prior inhalation of orciprenaline
(@—@), atropine ( &A—~A ) or lidocaine (0—10).
Zsnz decreased significantly after orciprenaline or
atropine inhalation. After that smoking a cigarette,
there was a tendency to increase Zsuz but in com-
parison with the control value (O—O) it was signifi-
cantly inhibited. Lidocaine inhalation did not induce
bronchodilatation and completely abolished the effect
of smoking on ZsHz.

significantly difference from pre smoking control
value (** p<0.01).

significantly difference from post smoking control
value (8p<0.05, §8p<0.01, §88p<0.001)
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Fig. 16. Effect of smoking on VisoV/FVC in five
smokers with prior inhalation of orciprenaline
(0—®), atropine (&—=A) or lidocaine
(O—0). VisoVIFVC decreased significantly after
inhalation of orciprenaline or atropine. After that
smoking a cigarette, there was a tendency of in-
creasing the VisoV/FVC value. But in comparison
with the control value (O—O) inhalation of or-
ciprenaline or atropine significantly inhibited the
smoking effect. Lidocaine inhalation did not induce
any change and completely abolished the effect of
smoking.
significantly difference from pre smoking control
value (** p<0.02, *** p<0.001).

significantly difference from post smoking control
value (8p<0.05, §8§p<0.01, 888p<0.001).

5.0r
E
= 4.0F X
=
=
€3

3.0F

Control Drug Smoking

inhalation

Fig. 17. Effect of smoking on FEVio in five
smokers with prior inhalation of orciprenaline
(@—@), atropine (A—-A) or lidocaine
(O—-0). There were no significant changes after
smoking in comparison with control (O—-O) value
but FEV10 increased significantly after inhalation
of atropine.

» reveals significant difference from control value
(p<0.05)



Reversibility of Airway Dysfunctions in Smokers 413

40 30r V.O
— *
=S =
ICHE N g
S | VisoV/FVC =
= 300 208 180 =
g |2 2
S |3 =
s |E
It ok
S Lidocai Orciprenaline ]

1docaine rciprenaline
2.0r 10 inhalation inhalation ]2‘0
L L
oC

. 1 1 : 0
0 Control A/Lidocaine A/Orciprenaline

inhalation inhalation

Fig. 18. Effect of orciprenaline inhalation on
Zswz, VisoV/IFVC and FEVio after inhalation of
lidocaine in three smokers. Lidocaine did not in-
duce bronchodilatation following inhalation of or-
ciprenaline induced significant bronchodilatation,
indicates that lidocaine inhalation did not affect
bronchial smooth muscle.

significantly difference from control value
(* p<0.05, ** p<0.01)

al resistance (Rfr) this relationship is represented
by following equation:
Vmax = Pst / (Rea + Rfr)...(1)

During forced vital capacity maneuver at
higher lung volumes, equal pressure point (EPP),
defines the point within the airways where in-
trabronchial pressure and pleural pressure be-
comes equal, remains predominantly in large
airways and most of the resistance to airflow is
due to convective acceleration and turbulence,
both of which are density dependent®®*:*%,

Furthermore, it has been known that
resistance due to laminar flow predominates
over resistance due to Rca at low lung volumes.
Since, resistance due to laminar flow is inversely
proportional to the square of the cross-sectional
area, Rus is markedly reduced in small airway
because the cross-sectional area is considerably
increased. Flow at the lower lung volumes
should be paid attention as a marker of detect-
ing lesion in small airway. Macklem and
Wilson*¥ have also demonstrated that the
movement of EPP occured below 25% of VC in
normal person. Following increase in resistance
offered by upstream airways and loss of elastic
recoil due to disease or aging, the EPP moves
further towards the alveoli and may be located
in small airways following the decrease of ex-
piratory flow at a given lung volume**®.

As mentioned above, Rca and turbulence is
density dependent and resistance due to lami-
nar flow is viscosity dependent. Therefore,
reduction of gas density after breathing helium
decreases the Rus and turbulence and improves
the flow as shown in Fig. 2. However, because
Rfr tends to predominate at lower lung volumes
and laminar component tends to increase, flow
at lower lung volumes will become more viscosi-
ty dependent. He+O: mixture has lower densi-
ty than air but viscosity of that is not so
different. Therefore, flow at MEFV curve with
air and He+O: becomes identical at lower lung
volumes, that is the mechanism of occurring
volume of isoflow. This study shows that Vs
was significantly lower in smokers than in nons-
mokers (p<0.05) and although VisoV/FVC was
less than 10% (mean) in nonsmokers, however,
in smokers VisoV/FVC was 18.2% (mean). It was
significantly higher than nonsmokers (p<0.001).
The higher value of VisoV/FVC obtained in
smokers may be due to two reasons, from equa-
tion (1), these are: 1) increased upstream
resistance and 2) loss of elastic recoil pressure
of the lung. However, the smokers of this study
were young except one who was 53 years old.
There was no past history of cough or sputum
production and they were free from COPD be-
cause of their normal FEVie and Dreco and
their response to bronchodilators®®. In this
study, peripheral airways dysfunction in smok-
ers was detected by higher VisoWFVC value
which was probably due to increased Rus rather
than to loss of elastic recoil pressure®.

Moreover, distribution of ventilation is also an
important marker of airway dysfunction. It has
been reported that there was impairment of dis-
tribution of ventilation in smokers®. Distribu-
tion of ventilation was measured by slope of
phase I of SBN: washout (4N:z) and it was
significantly higher in smokers (p<0.05). FETy,
was also measured and it was lower in smok-
ers than nonsmokers. There are three possible
explanations for this observation: 1) a relative-
ly larger residual volume (RV) in smokers leads
to greater overall dilution of inhaled helium, 2)
uneven ventilation results in lower helium con-
centration at late expiration and 3) disturbance
of mixing in the lung. But RV did not differ be-
tween nonsmokers and smokers (Table 3). There-
fore, difference and disturbance in distribution
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of ventilation might be due to increased Rus.

It has been established either by pulmonary
function tests or pathological examinations that
smoking causes changes in peripheral airways.
Thus, airway dysfunctions detected in smokers
seemed to be 1) narrowing of the peripheral air-
ways and 2) disturbance in distribution of ven-
tilation. Though there was a difference in
distribution of ventilation between nonsmokers
and smokers, no significant relationship was ob-
served between VisoV/FVC and Ne.
Moreover, Dosman et al'® have suggested that
distribution of ventilation might influence the
response of maximal expiratory flow inhaling
He+0O:. Fairshter and his associates'™ have ob-
served that distribution of ventilation also in-
fluced VisoV. Furthermore, Zsx: was higher in
smokers and there was a good relationship be-
tween VisoV/IFVC and Zsm: (r = 0.491,
p<0.05).

According to Bode and his associates®, abnor-
malities in pulmonary function in smokers were
reversible at least in part following cessation of
smoking. McFadden and Linden® demonstrat-
ed an improvement of maximal mid-expiratory
flow rates in 21 of 25 smokers treated with
prolonged oral bronchodilator. In the present
study it was also evaluated that the pulmonary
airway dysfunctions in smokers were reversible
after inhalation of a single dose of orciprenaline
or atropine. Namely, VisoV/FVC was significant-
ly decreased from the control value and flow-
rates of MEFV curve were increased. Distribu-
tion of ventilation was also improved.

The data presented in Tables 4 and 5 suggest
that there is a greater improvement in FEVio
and Zsw: in response to atropine than to or-
ciprenaline and a moderately greater improve-
ment of VisoV/FVC and flow-rates at low lung
volumes after inhalation of orciprenaline. Thus,
orciprenaline appears to exert its effect upon
both large and small airways and atropine ex-
erts its effect predominantly on large airways.
Moreover, the acute response and reversibility
of pulmonary airway abnormalities by orciprena-
line may suggest that the narrowing of the
peripheral airways is due to bronchospasm
rather than to mucus plugging or mucosal
edema®™.

Nakamura et al®® measured the central and
peripheral airway resistance simultaneously and

reported that cigarette smoke inhalation in va-
gus intact dogs increased the peripheral
resistance (Rp) to 239% of the control value and
the central resistance (Rc) increased to 112%,
but in bilateral vagotomized dogs, Rp increased
to 143% and Rc increased to 104%. They con-
cluded that cigarette smoking mainly increased
Rp via vagal reflex. According to Sellick and
Widdicombe®™®, lung irritant receptors are
complexes of nerve terminals that ramify
beneath and between the cells of the airway
epithelial lining.

Their histological structure and site are con-
sistent with their sensitivity to intraluminal
chemical and mechanical irritant stimuli. They
are stimulated by a variety of conditions and
cigarette smoke is one of them****®, Stimula-
tion of irritant receptors by dust and irritant
gases such as ammonia, sulfur dioxide and
smoke cause vagal reflex hyperpnea and vagal
reflex bronchoconstriction in man and other ex-
perimental animals**85%5%5:5)  Nadel and
Comroe® have found a decrease in sGaw with-
in one minute after starting to smoke a cigarette
and observed the response from 10 to 40 min
and they have suggested that the response was
due to vagal stimulus reflex by smoke particles
similar to that initiated by dust particles rather
than nicotine, because inhalation of the latter in
aerosol form did not elicit broncho-
constriction'.

In this study, the main cause of airway dys-
functions for smoking might be due to smoke
particles rather than nicotine through vagal
reflex. Hawkins et al® showed that guinea pig
tracheal response to nicotine was unaffected by
atropine.

Since, the changes of airway dysfunctions due
to smoking seemed to be reversible, acute effect
of cigarette smoking on pulmonary function tests
was also investigated. According to Rees et
al®® reproducible changes of airway resistance
occurred within 30 seconds of smoking. Subjects
of the present study smoked a cigarette in a
usual way and immediately thereafter a signifi-
cant response on Zsw and VisoV/FVC was ob-
served. The acute increase of Zssz and
VisoV/IFVC after smoking decreased to the con-
trol level within 10 to 30 min. Inhalation of or-
ciprenaline after smoking decreased the values
below the control level which was maintained for
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Fig. 19. Innervation of human airway smooth mus-
cle: the three components of the autonomic ner-
vous system. In addition to classical adrenergic and
cholinergic nervous system, there is a third com-
ponent to the autonomic nervous system shown by
the dashed lines. The non-cholinergic, non-
adrenergic pathways is inhibitory to airway smooth
muscles, the neurotransmitter of which is likely to
be an intestinal peptides (VIP). There may also be
an excitatory non-cholinergic pathway, which may
consists of collateral branches of afferent nerves
which release substance P. Specific receptors for
these neurotransmitters present on airway smooth
muscle cells.

Figure drawn originally by Barnes, P.J.” was
modified partially by the author.
B = adrenergic receptor, M = muscarinic choliner-
gic receptor, V = VIP receptor, Sub P = sub-
stance P, P = substance P receptor, ACh =
acetylcholine. ------ » = site of effect of drugs.

one hr. In addition, inhalation of orciprenaline
or atropine prior to smoking significantly inhibit-
ed the acute effect of smoking. Why were there
airway responses after smoking in subjects
previously treated with orcipranaline or atro-
pine? it is known that orciprenaline is a beta
adrenergic agonist drug, activates adenyl cy-
clase, increases cAMP and produces smooth
muscle relaxation. Since smoking causes further
secretion of acetylcholine from post ganglionic
nerve endings, it induces contraction of smooth
muscles. Atropine is a competitive antagonist of
acetylcholine which could not completely block
the acute effects of smoking. The following rea-
sons may be given: 1) The dose of atropine used

in this study (0.05 mg/kg) was insufficient to
completely antagonize acetylcholine secreted af-
ter smoking. 2) atropine is not a ganglion block-
er. 3) The noncholinergic afferent stimulatory
pathways are present in the airways. As shown
in Fig. 19, it has been repoted that the non-
cholinergic afferent stimulatory pathway, so-
called third nerve pathway, may run together
with the afferent fibres of vagus nerve"®?®.
Stimulation of these afferent fibers releases sub-
stance P, which is a bronchial smooth muscle
constrictor™®*,

Lundberg®® concluded that substance P in-
duced contractions were resistant to atropine,
suggesting a direct effect of substance P on the
bronchial smooth muscle.

There are many reports on use of local
anesthetics for the study of acute effects of
smoke inhalation and nicotine in living animals
and in bronchial smooth muscle strip prepara-
tions. It has been shown that drugs having a lo-
cal anesthetic action abolishes the acute
contraction of bronchial smooth muscle induced
by nicotine and smoke*?.

In this study, lidocaine inhalation did not in-
duce bronchodilatation and completely prevent-
ed the acute effects of smoking. There is
evidence that intact vagus nerve pathways are
supplied to the irritant receptors of the bronchial
epithelial lining and that inhalation of lidocaine
blocked the afferent pathways in vagus and
prevented the reflex action of irritant receptors
after smoking. There is a question of whether
lidocaine inhalation also affects the bronchial
smooth muscles. Although in the present study
as shown in Fig. 18 lidocaine inhalation did not
induce bronchodilatation, following inhalation of
orciprenaline induced significant bronchodilata-
tion. This indicates that lidocaine did not affect
bronchial smooth muscles in the subjects of this
study.

Based on the results of this study, the author
have concluded that pulmonary airway dysfunc-
tions in asymptomatic cigarette smokers were
due to bronchospasm causing narrowing of the
peripheral airways and difference in distribution
of ventilation. All these abnormalities were
reversible after inhalation of orciprenaline or
atropine and cholinergic nerve plays an impor-
tant role in peripheral airway dysfunctions in
smokers.
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