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Background: Acetaldehyde, a main factor in alcohol-induced 
asthma, causes bronchoconstriction indirectly through hista- 
mine release; and tachyphylaxis in response to repeated in- 
halation of acetaldehyde is observed in patients with asthma. 
Objective: The study was designed to clarify the mechanism 
of tachyphylaxis in response to acetaldehyde-induced bron- 
choconstriction. 
Methods: We investigated the bronchial response to inhaled 
acetaldehyde in 10 patients with asthma who were treated 
with indomethacin in a double-blind, randomized, placebo- 
controlled, crossover fashion. 
Results: The mean acetaldehyde concentration causing a 20% 
fall in F E V  1 with placebo increased significantly from 13.0 
mg/ml (geometric SEM = 0.115) to 31.1 mg/ml (geometric 
SEM = 0.069) over a period of i hour (p < 0.01), whereas 
there was a slight but not significant tachyphylaxis during 
indomethacin treatment. The tachyphylactic effect, expressed 
as logarithmic value of the second PC2o minus logarithmic 
value of the first PC2o , was significantly (p < 0.05) reduced 
from 0.380 (0.066) with placebo treatment to 0.148 (0.094) 
with indomethacin treatment. 
Conclusion: These results suggest an important role of cyclo- 
oxygenase pathway products in decreased response to re- 
peated inhalation of acetaldehyde in patients with asthma. 
(J Allergy Clin Immunol 1997;99:620-3.) 
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Bronchial hyperresponsiveness, which is usually mea- 
sured by histamine, acetylcholine, or methacholine is a 
main feature of bronchial asthma. Challenges with his- 
tamine and acetylcholine cause airway narrowing, 
mainly through direct action on airway smooth-muscle 
receptors; whereas exercise-, alcohol-, hyperventilation-, 
and cold air-induced bronchoconstriction are caused by 
secondary substances such as endogenously released 
histamine? -4 Although Manning et al. 5 demonstrated, in 
patients with asthma, that tachyphylaxis occurs on re- 
peated challenges with inhaled histamine but not with 
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Abbreviations used 
GSEM: Geometric standard error of the mean 

PC20-AcCHO: Acetaldehyde concentration causing a 
20% fall in FEV1 

inhaled acetylcholine, Ruffin et al. 6 reported no change 
in bronchial responsiveness to inhaled histamine with 
repeated testing. Currently, although the occurrence of 
tachyphylaxis in response to exogenously administered 
histamine has not been clearly established, we have 
demonstrated that tachyphylaxis in response to hista- 
mine is observed only when histamine is released en- 
dogenously after inhalation of acetaldehyde. 7 

Acetaldehyde, a rapidly generated metabolite of eth- 
anol, is thought to be a main factor in alcohol-induced 
asthma. Findings indicating that alcohol-induced 
asthma, which occurs in response to acetaldehyde-pro- 
duced histamine, is a condition that occurs only as the 
result of a genetic alteration in the metabolism of 
alcohol are that: (1) blood acetaldehyde and histamine 
concentrations increase during alcohol-induced bron- 
choconstrictionS; (2) inhaled acetaldehyde provokes 
bronchoconstriction indirectly through histamine release 
in guinea pigs 9 and patients with asthma1°; (3) both 
bronchoconstriction induced by inhalation of acetalde- 
hyde 1° and acetaldehyde-induced bronchial hyperre- 
sponsiveness ~1 occur not only in patients with so-called 
alcohol-induced asthma but also in virtually all patients 
with asthma; (4) the activity of aldehyde dehydrogenase, 
which oxidizes acetaldehyde to acetate, is a major factor 
in determining exacerbations of asthma after alcohol 
intake12; (5) among patients with asthma in Western 
societies, who usually do not experience bronchocon- 
striction in response to alcohol, severe asthma attacks 
follow alcohol intake in those with chronic alcoholism 
who are taking the aldehyde dehydrogenase inhibitor 
disulfiram as a component of alcohol abstinence thera- 
py13; (6) terfenadine, a selective histamine Hi-antago- 
nist, completely inhibits alcohol-induced bronchocon- 
striction. 2 

On the other hand, we have reported that thrombox- 
ane A2 is involved in acetaldehyde-induced bronchocon- 
striction in patients with asthma. 14 These observations 
prompted us to consider that local production of inhib- 
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itory pros taglandins  might  play a par t  in tachyphylaxis in 

response  to r epea ted  chal lenges with acetaldehyde.  Fur-  
the rmore ,  no  study has, to our  knowledge,  examined  the  
role of pros taglandins  in tachyphylaxis in response  to 
b ronchocons t r i c t ion  med ia t ed  by endogenous  his tamine.  
W e  the re fo re  examined  the  effect of indomethac in ,  a 
cyclooxygenase inhibi tor ,  on  tachyphylaxis in response  to 
r epea ted  inha la t ion  of acetaldehyde.  

METHODS 
Subjects 

Ten patients with asthma and a mean age of 43.8 years (SEM, 
4.4 years) participated in this study (Table I). All were lifelong 
nonsmokers (never-smokers) and had not had a respiratory 
tract infection for at least 8 weeks before the study. Each 
patient with asthma satisfied the American Thoracic Society 
definition of asthma, a5 

This study was carried out when patients' symptoms were 
mild and stable while they were taking an aerosol [32-agonist, 
oral theophylline, or both. They had not received steroid 
therapy for at least 8 weeks. This study was approved by the 
ethics committee of our university hospital. 

Study protocol 
Bronchoprovocation in response to acetaldehyde was re- 

peated twice, separated by 1 hour, on two occasions 2 weeks 
apart. Indomethacin, a cyclooxygenase inhibitor, was given 
orally in a dose of 25 mg four times a day for 3 days and 25 mg 
at 7:00 AM on the fourth day (test day) in a double-blind, 
randomized, placebo-controlled, crossover fashion. All medica- 
tion, except for pretreatment with indomethacin or placebo, 
was stopped at 10:00 aM on the previous day to allow a washout 
time of at least 24 hours. The bronchial reactivity to inhaled 
acetaldehyde was then measured at 10:00 AM on the test day. 
Informed consent was obtained from all subjects. 

Acetaldehyde bronchoprovocation 
Acetaldehyde bronchoprovocation was performed by using 

the method we previously described. 7,10 Briefly, acetaldehyde 
was dissolved in physiologic saline solution to make sequential 
series of doubling concentrations of 80 to 0.16 mg/ml. Saline 
and acetaldehyde solutions were inhaled from a nebulizer 
(DeVilbiss 646; DeVilbiss Co., Somerset, Pa.) operated by 
compressed air at 5 L/min. The nebulizer output was 0.14 
ml/min. Saline solution was inhaled first for 2 minutes, and 
FEV1 was measured (Chestac 55; Chest Ltd., Nagoya, Japan). 
If the change in FEV~ from the baseline value was 10% or less, 
inhalation of acetaldehyde was started; and if the saline solution 
caused a change in FEV1 of more than 10%, the test was 
stopped or postponed. Acetaldehyde was inhaled for 2 minutes 
by mouth tidal breathing and followed immediately by measure- 
ments of FEV~. Increasing concentrations of acetaldehyde were 
inhaled until a fall of 20% or more in FEV~ occurred. F E V  1 w a s  

measured three times, and the best FEV~ value of three 
attempts was recorded each time. 

Data analysis 
The acetaldehyde concentrations producing a 20% fall in 

FEV 1 (PC20-AcCHO) were calculated from the individual 
semilogarithmic dose-response curve; the results of PC2o- 

AcCHO were converted to log values for statistical analysis, and 
values were expressed as geometric standard error of the mean 
(GSEM). The degree of change in acetaldehyde responsiveness 

TABLE I. Subject characteristics 

FVC FEV 1 
Subject Age (% (% FEVI/FVC 

No. (yr) Sex predicted) predicted) (%) Treatment 

1 57 F 87.8 71.9 70.0 Sa 
2 28 F 119.4 114.4 90.0 Sa 
3 28 F 99.4 91.7 81.4 Sa 
4 54 M 97.8 86.4 76.1 Sa 
5 37 F 118.3 99.3 73.0 Th, Sa 
6 57 M 114.9 99.6 76.1 Th, Sa 
7 37 M 115.6 98.3 74.2 Sa 
8 47 F 102.3 86.4 72.4 Sa 
9 65 F 102.5 91.7 73.9 Th, Sa 

10 28 M 108.8 92.2 75.8 Sa 
Mean 43.8 106.7 93.2 76.4 
SEM 4.4 3.3 3.5 1.9 

FVC, Forced vital capacity; Sa, salbutamol through metered-dose in- 
haler; Th, orally administered theophylline. 

(APC2o-AcCHO) was calculated as logarithmic value of the 
second PC20 minus logarithmic value of the first PC20. Percent 
change in baseline FEV1 between the first and second chal- 
lenges with acetaldehyde (AFEV1) was calculated as: (baseline 
FEV1 on second challenge - baseline FEV~ on first challenge) 
+ baseline FEV~ on first challenge. 

Baseline forced vital capacity and FEV~ values and AFEV1 were 
expressed as means and SEM, and these values were compared 
between placebo and indomethacin by using paired Student's t 
test. After the pretreatment with indomethacin, a 20% fall in 
FEV1 was not obtained in one of 10 subjects at the highest 
concentration of acetaldehyde administered, and therefore a min- 
imal estimate was obtained by calculating the cumulative PCzo- 
AcCHO on the next doubling concentration beyond the highest 
administered. Because of these censored data, PCzo-AcCHO 
values between placebo and indomethacin treatment were com- 
pared by using Wilcoxon signed-rank test. Correlations were 
obtained by using Spearman's nonparametric rank correlation. 
Significance was based on a 95% confidence level (p < 0.05). 

RESULTS 
The  basel ine  F E V  1 values before  the  first and  second 

provocat ions  were 2.82 L (SEM = 0.23) and  2.70 L 
(SEM = 0.23) af ter  p lacebo adminis t ra t ion  and  2.74 L 
(SEM = 0.22) and  2.67 L (SEM = 0.26) af ter  indometh-  
acin adminis t ra t ion.  The re  was no  significant difference 
be tween  basel ine  F E V  1 values ob ta ined  on  any two of 
the  four occasions, and  AFEV1 values on  each test  day 
(-3.8 [SEM = 2.8] af ter  placebo; -3.8 [SEM = 2.3] after  
indomethac in )  were  identical.  

The  geometr ic  m e a n  PC2o-AcCHO after  p lacebo ad- 
minis t ra t ion  significantly increased (p < 0.01) f rom 13.0 
mg/ml ( G S E M  = 0.115) to 31.4 mg/ml  ( G S E M  = 0.069) 
1 hour  af ter  the  first chal lenge (1.26 [SEM = 0,219] 
doubl ing doses) (Fig. 1), indicat ing tachyphylaxis in 
response  to r epea ted  inha la t ion  of acetaldehyde.  Af te r  
i ndomethac in  t rea tment ,  no significant increase (a 
change  of 0.490 [ G S E M  = 0.312] doubl ing doses) was 
observed be tween  the  first (19.6 mg/ml  [ G S E M  = 
0.133]) and  second chal lenges (27.6 mg/ml  [ G S E M  = 
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FIG. 1, Effects of indomethacin on tachyphylaxis in response to 
repeated inhalation of acetaldehyde at 1-hour intervals. Tachyphy- 
lactic effect disappeared after pretreatment with indomethacin. 

0.94]) (Fig. 1). In addition, there was no significant 
difference in the first measurements of PC20-AcCHO 
between indomethacin and placebo. Because the power 
of the study to determine the difference between the 
baseline PC2o-AcCHO was 71.9%, there is a possibility 
that the absence of statistical significance is a type 2 
error because of the small sample size. The APC2o- 
AcCHO value was significantly (p < 0.05) reduced from 
0.380 (GSEM = 0.066) to 0.148 (GSEM = 0.094) on 
pretreatment with indomethacin (Fig. 2). No significant 
correlation was observed between AFEV1-AcCHO and 
APC20-AcCHO on each treatment. 

DISCUSSION 

In this study we investigated the effect of indometha- 
cin on tachyphylaxis in response to acetaldehyde-in- 
duced bronchoconstriction in 10 patients with asthma. 
The results of this study showed that indomethacin 
reduced the tachyphylactic effect on repeated inhalation 
of acetaldehyde at a 1-hour interval and that the degrees 
of changed bronchial responsiveness to acetaldehyde did 
not relate to the change in baseline FEV> Because we 
already reported that inhalation of acetaldehyde by the 
same method causes no significant bronchoconstriction 
in healthy nonasthmatic subjects, 1° no control subjects 
participated in this study. 

It has been reported that indomethacin (50 mg, 
administered four times daily for 4 days) does not affect 
baseline pulmonary function in patients with asthma. ~6 
Similar results were obtained in our study, supporting 
the view that prostaglandins have a minimal effect on the 
resting tone of the asthmatic airways in vivo. Indometh- 
acin caused no significant change in baseline PC2o- 
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FIG. 2. Degree of tachyphylaxis in response to repeated inhala- 
tion of acetaldehyde, expressed as logarithmic value of second 
PC20 minus logarithmic value of first PC20. 

AcCHO; this conflicts with our previous finding that a 
selective thromboxane A 2 synthetase inhibitor, oza- 
grel hydrochloride, reduced PC20-AcCHO. 14 The pos- 
sible reasons for this discrepancy are that inhibition of 
thromboxane synthesis leads to production of bron- 
chodilating prostaglandins 17, 18 and/or that the dosage 
of indomethacin used in the study was insufficient to 
suppress the thromboxane synthesis compared with 
the dosage of ozagrel hydrochloride in our previous 
report. 14 

In this study there is a slight but not significant 
tachyphylaxis during indomethacin treatment, suggest- 
ing the contribution of bronchodilating prostaglandins, 
such as prostaglandins E 2 and I2, to the tachyphylaxis in 
response to acetaldehyde. Indeed, a similar phenome- 
non has been described on bronchoconstriction pro- 
voked by exercise, 19 hypertonic saline solution, 2° and 
ultrasonically nebulized distilled water. 21 We did not 
examine the effect of thromboxane, one of the cycloox- 
ygenase products, on the tachyphylactic effect in our 
subjects. Jones et al. 22 reported the absence of tachyphy- 
laxis (measured as PC2o at a 1-hour interval) in response 
to repeated inhalation of the thromboxane mimetic 
U46619, making it likely that the reducing effect of 
indomethacin on tachyphylaxis in response to acetalde- 
hyde results from a decrease in production of prosta- 
glandins rather than thromboxane. 

Our previous report 1° demonstrated that inhaled acetal- 
dehyde produces bronchoconstriction, which is caused by 
release of histamine in patients with asthma. The origin of 
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his tamine  re leased  by ace ta ldehyde  in as thmat ic  airways is 

unclear ,  a l though ace ta ldehyde  causes d o s e - d e p e n d e n t  his- 

t amine  re lease  f rom leukocytes f rom pat ients  with a s thma  
in vitro. 8 Pros taglandins  E 2 and  12 are  also p r o d u c e d  by 
po lymorphonuc lea r  leukocytes,  23 suggesting that  acetalde-  

hyde  directly p roduces  pros taglandins  in as thmat ic  airways. 
However ,  because  h is tamine  is a po t en t  inducer  of  pros ta -  
glandin synthesis, 24-26 h is tamine  re leased  endogenous ly  by 

ace ta ldehyde  might  s t imulate  the  p roduc t ion  o f  prostaglan-  
dins. 

B e c a u s e  no  r e duc ing  effect  o f  i n d o m e t h a c i n  was  ob-  
s e rved  in two subjec ts  (Fig. 2), a n o t h e r  m e c h a n i s m  for  

tachyphylaxis  in r e s p o n s e  to a c e t a l d e h y d e  migh t  be  
p r e s e n t  (e.g., d e p l e t i o n  o f  h i s t a m i n e - r e l e a s i n g  cells such  
as leukocytes ,  loss o f  sensit ivi ty to  a c e t a l d e h y d e  wi th  
r ega r d  to h i s t amine  re lease ,  and  r e l ea se  o f  p ro t ec t ive  

ca t e c ho l a m ine s ) .  A l t h o u g h  the  m e c h a n i s m  o f  t he  re f rac-  
tory  p e r i o d  a f te r  an initial  exerc ise  task  or  i nha l a t ion  o f  

h y p e r t o n i c  sa l ine  so lu t ion  is n o t  r e l a t ed  to  m e d i a t o r  
d e p l e t i o n  or  r e l e a se  o f  ca t echo lamiues ,  27, 2s f u r t h e r  s tud-  

ies o f  a c e t a l d e h y d e - i n d u c e d  t achyphy lax i s - - invo lv ing  

t e c h n i q u e s  such  as t h e  m e a s u r e m e n t  o f  h i s t amine ,  p ros -  
tag landin ,  and  c a t e c h o l a m i n e  c o n c e n t r a t i o n s  in the  air- 
way  or  c r o s s - t a c h y p h y l a x i s - - a r e  also r equ i red .  F u r t h e r -  

m o r e ,  b e c a u s e  t h e r e  is also c o n c e r n  abou t  nonspec i f ic i ty  
o f  i n d o m e t h a c i n  for  cyc looxygenase  p r o d u c t s  o f  arachi -  
don ic  acid  m e t a b o l i s m ,  m o r e  specif ic  inh ib i tors  o f  cyclo- 

oxygenase ,  such  as n a p r o x e n ,  w o u l d  be  usefu l  to con f i rm  
our  conc lus ion  tha t  p r o s t a n o i d s  c o n t r i b u t e  to t achyphy-  
laxis in r e s p o n s e  to ace t a ldehyde .  

In  conc lus ion ,  t h e s e  resul ts  sugges t  tha t  b ronchod i l a t -  

ing p r o s t a g l a n d i n s  a re  involved in t h e  tachyphylaxis  in 
r e s p o n s e  to a c e t a l d e h y d e - i n d u c e d  b r o n c h o c o n s t r i c t i o n  
in pa t i en t s  wi th  a s thma .  
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