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Fig 1 Acute effect of smoking a single filtered cigarette on bronchial responsiveness to methacholine ( PD;,Grs and Dmin) in
13 non-smokers. Control measurement of bronchial responsiveness was repeated on day 3 in eight of 13 subjects; there were no
differences in PD,,Grs or Dmin between the two control days. Neither PD,,Grs nor Dmin changed after smoking a single
filtered cigarette.

PD3s Grs (unit)

A _, B
300} . . St
° o
2 5
$ ocf s 5t
S . & *
5 © & .
0l . : -
L] [ ]
10 ) . VA . X
control controtl
D
300} I
L] L ]
v 100} ° n .
+ e °* + °
Q_ . [ ] L]
3ol f a . °
L] L]
10 A n. I i
10 30 100 300 10 30 100 300
control propranolol

Fig2 Effect of propranolol and smoking a single filtered cigarette on PD,sGrs in 10 of the 13 subjects tested on days 1-5,
PDyGrs was expressed on a logarithmic scale. The solid line is the line of identity. A—smoking v control day (day 1). There
was no difference in PD,,Grs between the two days. B—propranolol day v control day. Nine subjects had a lower PD,Grs on
the propranolol day (p < 0-01). C—smoking with propranolol (P+ S) v control day. After smoking with propranolol PDGrs
values were lower than control values (p < 0-01). D—propranolol v P+ S day. Values are scattered along the line of identity
and no additive effect of smoking on propranolol induced hyperresponsiveness was observed.
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Mean (SD) values for lung function and bronchial responsiveness before and after challenges

Lung function Bronchial responsiveness
FvC FEV, Vmaxg, Vmax Log Dmin Log PDyGrs
(1) (1) (lIs) (lls) (unit) (unit)
Day 2 (n = 13) before FC 4-57 (0-51) 4-02 (0-46) 494 (1-33) 1-96 (0-78) 1-30 (0-42)* 1-86 (0-36)*
after FC 4-56 (0-52) 4-00 (0-47) 4-89 (1-:30) 1-94 (0-67) 1-24 (0-38) 1-87 (0-39)
Day 4 (n = 10) before Prop 4-50 (0-57) 3-90 (0-49) 4-70 (1-33) 1-80 (0-78) 1-37 (0-44)* 1-93 (0-38)*
after Prop 4-49 (0-58) 3-86 (0-46) 4-53 (1-25) 1-73 (0-59) 0-74 (0-57)1 1-51 (0-38)1
Day 5 (n = 10) before Prop, FC 4-53 (0-62) 393 (0-53) 471 (1-27) 1-84 (0-71) 1-37 (0-44)* 193 (0-38)*
after Prop, FC 449 (0-57) 3-76 (0-51)t  4:37(1-19)% 1-78 (0-60) 0-63 (0-55)} 1-63 (0-31)
Day 7 (n = 9) before NFC 4-83 (0-44) 4-45(0-56) 5-81(1-24) 2-76 (1-06) 1-31 (0-55)§ 1-93 (0-46)§
after NFC 4-84 (0-46) 4-36 (0-51)t 5-61 (1-22) 2-40 (0-84)t 1-23 (0-44) 1-92 (0-45)

*Both Dmin and PD,;Grs were measured on day 1 and the number of the subjects differed between the test days.

tp <0-05; Ip <0-01 for differences from values before challenge.
§These were measured on day 6

FC, smoking a single filtered c1garette, Prop, inhalation of propranolol aerosols; NFC, smoking a single non-filtered cigarette; FVC, forced vital

capacity; Vmaxg,

differ significantly during the five test days (days 1-5)
or on the other two test days (6 and 7).

All subjects except the two ex-smokers complained
of transient cough and nausea after smoking a single
filtered cigarette. The two indices of bronchial respon-
siveness did not change significantly after subjects had
smoked a single filtered cigarette (figs 1 and 2A). Mean
(SD) log Dmin was 1-30 (0-42) units on day 1 and 1-24
(0-38) units on day 2 and log PD,,Grs was 1-86 (0-36)
units on day 1 and 1-87 (0-39) units on day 2. When the
control methacholine challenge was repeated in eight
of the 13 subjects on day 3 neither log Dmin (1-25
(0-42) units) nor log PD;Grs (190 (0-32) units)
differed substantially from values on day 1 (1-:27 (0-35)
and 1-95 (0-28) units). No subject showed more than a
two fold change in Dmin or PD,;Grs between day 1
and day 3. Lung function was not affected by the
smoking challenge (table).

Inhalation of propranolol (day 4) did not change
lung function but bronchial responsiveness increased
significantly (table). Mean (SD) log Dmin decreased
from 1-37 (0-44) to 0-74 (0-57) units (p < 0-01) and log
PD,,Grs decreased from 1-93 (0-38) to 1-51 (0-38) units
(p < 0-01) (fig 2B). These changes in Dmin and
PD,Grs correspond to 4-3 and 2-6 fold decreases in
threshold concentrations of methacholine. When
subjects had smoked a single filtered cigarette after
inhalation of propranolol (day 5), FEV, decreased
from 393 (0-53) to 3-76 (0-51) 1 (p < 0-01) and Vmax,,
from 4:71 (1-27) to 437 (1-19) I/s (p < 0-01). After
inhalation of propranolol (day S) log Dmin decreased
from 1-37 (0-44) units (day 1) to 0-63 (0-55) units (day
5; p < 0-01) and log PD,,Grs from 1-93 (0-38) units
(day 1) to 1-63 (0-31) units (day S; p < 0-01) (fig 2C).
The decrease in Dmin correlated with the decrease in
PD,,Grs (r 076, p < 0-01). There were no

'max,;, maximum flow at 50% and 25% of vital capacity.

differences in Dmin or PD,Grs between day 4
(pretreatment with propranolol alone) and day 5 (after
the smoking of a single cigarette following propran-
olol) (fig 2D).

In contrast to the lack of effect of a filtered cigarette,
smoking a single non-filtered cigarette (day 7)
decreased mean (SD) FEV, from 4-45 (0-56) to 4-36
©-51) 1 (p < 0:05), Vmax from 5-81 (1-24) to 5-61
(1-22) I/s (p < 0-05), and Vmax25 from 2-76 (1-06) to
2-40 (0-84) 1/s (p < 0-01). The two indices of bronchial
responsiveness did not change; log Dmin was 1-31
(0-55) units before (day 6) and 1-23 (0-44) units after
smoking (day 7) and log PD,,Grs was 193 (0-46) units
(day 6) and 1-92 (0-45) units (day 7).

Discussion

This study shows that smoking a single filtered or non-
filtered cigarette does not affect bronchial responsive-
ness to methacholine in healthy non-smokers.
Although the f adrenergic blocker propranolol
increased bronchial responsiveness, smoking a single
cigarette after propranolol inhalation did not make
bronchial responsiveness greater than with pro-
pranolol alone.

The smoking of three cigarettes is known to cause a
large decrease in FEV,,"” and thus the smoking of two
or more cigarettes might be expected to enhance
bronchial responsiveness. In the present study the
smoking challenge was limited to a single cigarette, as
the non-smokers complained of nausea or cough from
having to smoke a single filtered cigarette. Thus we
could not increase the challenge.

We had expected that the effect on the bronchial
responsiveness from smoking would be increased by
pretreatment with propranolol, as propranolol is
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known to potentiate the effect of smoking by a
decrease in the flow rates on the maximum expiratory
flow-volume curve'® and an increase in the response to
acetylcholine'® or histamine." This, however, did not
occur. Possibly the inhaled dose of propranolol in this
study was too low to block the baseline # adrenergic
tone of the airway completely. Although we observed
a significant effect of propranolol combined with
smoking on indices of lung function, such as FEV,,
Vmaxs,, and Vmax,s, smoking a filtered cigarette alone
did not change them. Nevertheless, pretreatment with
propranolol alone increased bronchial responsiveness.
We think therefore that the dose of propranolol we
used may have inhibited the relaxing effect of the f
adrenergic stimuli on the airway smooth muscle.

Bronchial responsiveness to methacholine has not
been reported to increase after propranolol adminis-
tration in normal subjects.”'* In other studies of
normal subjects, however, bronchial responsiveness to
acetylcholine and histamine has been increased by
pretreatment with propranolol.”?'* We have observed
both an increase in bronchial responsiveness after
propranolol and significant bronchoconstriction from
smoking after pretreatment with propranolol. Zuskin
et al 01'* moreover have shown that pretreatment with
propranolol increases the immediate bronchoconstric-
tion caused by smoking a cigarette. These considera-
tions may mean that f adrenergic blockade renders the
airway hyperresponsive to both smoking and metha-
choline. We did not, however, observe an additive
effect of smoking on bronchial responsiveness to
methacholine in the airway treated with propranolol
(fig 2D). As bronchoconstriction did not occur after
pretreatment with propranolol, the unopposing effect
of parasympathetic activity may not operate in normal
individuals. The increase in bronchial responsiveness
caused by propranolol may be due primarily to the
abolition of the sympathetic dilator tone in the airway.

Hulbert et al have reported that during the early
phase after exposure to cigarette smoke exudative
changes were observed in the epithelium of guinea
pigs, and that an infiltration of polymorphonuclear
cells appeared six hours after exposure.” They also
found that bronchial responsiveness in guinea pigs was
increased 30 minutes after exposure to cigarette
smoke," and speculated that the increased airway
permeability observed during the early phase of
inflammation would increase bronchial responsive-
ness.

In a preliminary experiment with three subjects we
performed a methacholine inhalation test 30 minutes
after they had smoked a single cigarette, as Hulbert et
al had observed an exudative change in the epithelium
30 minutes after exposure to cigarette smoke. We did
not, however, observe any change in bronchial respon-
siveness. An important difference is that the dose of

cigarette smoke in Hulbert’s study was 100 puffs in the
guinea pig," * whereas we used only one cigarette in
our human subjects.

This study was supported by a grant from the Smoking
Research Foundation of Japan.
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