
Abbreviations used 
FEV,: Forced expiratory volume in 

1 second 
PD,,: Provocative dose (of cold air) caus- 

ing a 20% fall in FEV, 
SD,: Baseline standard deviation 
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Salmeterol is a new long-acting and highly se- 
lective &-agonist agent. Clinical studies have 
shown that it has a very long (at least 12 hours) 
duration of action in terms of its bronchodila- 
tor effect1 and that its effect on bronchial hyper- 
responsiveness may even be longer. In a recent 
study we showed that salmeterol administered 
in a single dose of 50 pg still had a complete 
blocking effect on hyperventilation-induced asth- 
ma in four of 12 subjects (one third) who were 
tested up to 12 hours later.’ The recommended 
dose of this preparation varies between 50 and 
100 pg every 12 hours. 

The aim of this study was to expand our previ- 
ous work on characterizing the magnitude and 
duration of action of inhaled salmetereol on hy- 
perventilation-induced bronchoconstriction in a 
more detailed way, especially on the interval be- 
tween 12 and 24 hours and later after its admin- 
istration. We also wanted to compare the efficacy 
of two different doses, 50 and 100 pg. 

recent modification in their need for a bronchodilator) 
were included in the study. The project was accepted by 
a local ethics committee, and a written consent form 
was obtained from each participant. 

Study design 

METHODS 
Subjects 

Twelve adult subjects who satisfied the criteria for 
the diagnosis of asthma3 and were in a clinically stable 
state (no nocturnal awakenings because of asthma, no 
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We conducted a three-treatment crossover double- 
blind study. Subjects came to the hospital for tour 
series of tests, each of which lasted for a maximum 
period of 40 hours. For the first series of tests (days 1 
and 2), subjects arrived at 690 PM, and after a 15 
minute rest in the laboratory, spirometry was assessed. 
The baseline within-day (or more precisely, within 36- 
hour) variability of the response of cold air was first 
determined by repeating the test several times, once to 
establish the baseline (time 0) and then 1, 12, 18, 24, 
and 36 hours later. The mean baseline provocative dose 
of cold air causing a 20% fall in forced expiratory 
volume in 1 second (FEV,) (PD,,) and the baseline 
SD (SD,) were assessed in each subject. The subjects 
did not use any bronchodilators during this 36-hour 
period. Baseline FEV, had to be within + 10% of the 
first value before each cold air challenge. 

For the next three series of tests, the subjects also 
arrived at 690 PM. After a rest of 15 minutes, spirom- 
etry was assessed. Baseline FEV, had to be within 10% 
of the first value obtained on day 1 before for first cold 
air challenge was performed. The result of the test had 
to be reproducible from one visit to the next (i.e., less 
than 2 between-day SDS from the mean PD,,). On the 
3 treatment days, after functional recovery from the 
first cold air challenge (FEV, within 10% of baseline), 
the study drug was administered with a standard me- 
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tered-dose inhaler under the direct supervision of the 
technician. The treatment was assigned in a double- 
blind and random way. Subjects were given 50 ug of 
salmeterol (2 puffs of 25 ug + 2 puffs of placebo), 100 
Kg of salmeterol (2 + 2 puffs of 25 kg) or a placebo 
(2 + 2 puffs of placebo). Pulse rate, systolic and dia- 
stolic blood pressure, and tremor were assessed before 
and 15 minutes after the drug was inhaled and again 
with each subsequent cold air challenge. Cold air chal- 
lenges were repeated 1 and 12 hours after administra- 
tion of the treatment drug. If there was no evidence of 
a blockade of the bronchial response to cold air (PD, 
within 1 SD, of the standardized baseline PD,, value 
[see belowl), the study was terminated. However, if 
there was a suggestion of a blockade (value greater 
than standardized baseline PD,, + 1 SD,), the cold air 
challenge was repeated after 18 hours. The same crite- 
ria were applied to determine whether there was a need 
to continue the study and repeat the cold air challenge 
after 24 and 36 hours. 

There was an interval of at least 7 days between each 
drug treatment, and all three treatments were admin- 
istered within 4 weeks. All subjects were receiving 
inhaled beclomethasone. They were challenged in a 
constant relationship to their last dose, and the dose of 
inhaled corticosteroid was kept constant during the 
study period. 

Cold air inhalation test 

The cold air inhalation test was performed with the 
Airjet Breathing Device (ITS System, Stoneridge, 
N.Y.) as described elsewhere.“ 

Analysis of results 

Dose-response curves to cold air were drawn on a 
noncumularive semilogarithmic scale by relating the 
ventilatory equivalent on the abscissa and the percent- 
age change in FEVi on the ordinate. PD,, was inter- 
polated on the dose-response curve. PD, was extrap- 
olated in the case of changes in FEV, from 16 to < 20% 
because the curve is linear for these intervals.4 Refer- 
ence values for FEV, and FEV,/forced vital capacity 
were taken from Knudson et al.’ The logarithmic 
transformation of PD,, was used in the analysis of 
results. 

The baseline within-day variability of PD, assessed 
by the SD, was determined for each subject by studying 
the distribution of the PD, results on days 1 and 2 at 
times 0, 1, 12, 18, 24, and 36 hours. The between-day 
variability of PD,, results was assumed to be similar to 
the within-day variability of baseline PD,. If the latter 
was between 0.5 and 2 times the recognized between- 
day SD of PD,, in our laboratory (i.e., 0.28 on a log, 
scale),4 this value was kept for analysis (which was the 
case in 11 of 12 instances); if it was less than 0.5 times, 
the between- and within-day variability of baseline 
PD,, for any individual subject was assumed to be 0.14 
on the log, scale. (This was the case for subject no. 2 
only.) The subject would not have been included in the 

analysis of results if the value were more than 2 times 
the SD,. 

To define the change in PD,, between time intervals 
on a treatment day, we used the following formula: 
[PD,, (0) + d 6 (mean baseline PD,, at times 0, 1, 12, 
18, 24, and 36 hours of baseline days 1 and 2)1/l + d 
6) where PD,, (0) = value of PD, at time “0” on 
treatment days. A significant blocking effect on the 
response to cold air was defined as a PDzo at time “X” 
that was greater than standardized baseline PD,, + 2 
SD,. Return to baseline was defined as PD, within 
standardized baseline PD,, + 1 SD,. The duration of 
the blocking effect of each treatment was therefore 
determined by the interval required to return to base- 
line, as defined above, provided that a blocking effect 
had been found at time “X” + 1 hour. If there was no 
significant effect at that time, the effect of the drug was 
defined as nil. Any change in PD,, on treatment days 
was therefore corrected for the within-day variability of 
PD,, as observed on days 1 and 2 (standardized 
change) and was considered significant when it ex- 
ceeded 2 (i.e., more than 2 SDS over the standardized 
baseline PD,,). A value between 2 and 6 was consid- 
ered to be a partial blockade. A complete blockade was 
defined as a change of less than 15% in FEV, even 
after maximal voluntary ventilation was achieved, cor- 
responding to a standardized change greater than 6. 
Categorical analysis of the results (no blockade, partial 
blockade, or complete blockade) was performed with 
logistic regression for ordered categoric variables. 

RESULTS 

The mean age of the 12 participating subjects 
was 46 + 15 years, and the duration of asthma 
was 19 + 18 years. All took inhaled beclometha- 
sone at a daily dose varying from 200 to 2000 p,g. 
Mean baseline FEV, value was 74% ? 15%. 
Eight subjects had FEV, values less than 80% of 
the predicted value, and six had an FEV, forced 
vital capacity ratio of less than 70%. The first 
PD,, value obtained on day 1 varied from 15 to 64 
L/min (mean of 32 L/min), a wide range of val- 
ues.4 Baseline FEV, and PD,, were not signifi- 
cantly different on each study day (F = 1.9 and 
1.8, respectively; p > 0.05). Within-day variability 
was not different from the between-day variability 
except in one subject. The duration of the block- 
ing effect was 2.4 + 5.3 hours for placebo, 
19.6 + 16.1 hours for salmeterol at a dose of 50 
pg, and 19.8 ? 15.6 for salmeterol at a dose of 
100 kg. The magnitude of the blocking effect in 
terms of changes in the standardized baseline 
PD,, (see Methods) was 1.2 + 0.3, 11.5 + 4.8, 
and 9.9 + 5.2, 1 hour after the drug was given for 
placebo, salmeterol 50 kg and salmeterol 100 pg, 
respectively. The corresponding figures were 
1.2 -+ 0.4, 6.6 2 6, and 6.2 + 6, respectively 12 
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TABLE I. Actual PD,, values (in liters per minute) at various intervals according to treatment days 

Time intervals in relation to drug administration 

Subject No. Baseline 1 hr 12 hr 18 hr 24 hr 36 hr 

1 Placebo 39 
Salmeterol 50 kg 50 
Salmeterol 100 bg 52 

2 Placebo 40 
Salmeter kg 37 
Salmeterol 100 kg 39 

3 Placebo 80 
Salmeterol 50 pg 94 
Salmeterol 100 kg 53 

4 Placebo 67 
Salmeterol 50 jkg 52 
Salmeterol 100 kg 53 

5 Placebo 17 
Salmeterol 50 Kg 22 
Salmeterol 100 pg 19 

6 Placebo 29 
Salmeterol 50 pg 35 
Salmeterol 100 pg 50 

7 Placebo 42 
Salmeterol50 pg 49 
Salmeterol 100 kg 37 

8 Placebo 35 
Salmeterol 50 kg 34 
Salmeterol 100 pg 44 

9 Placebo 31 
Salmeterol 50 kg 22 
Salmeterol 100 kg 43 

10 Placebo 47 
Salmeterol 50 pg 26 
Salmeterol 100 kg 27 

11 Placebo 46 
Salmeterol 50 pg 54 
Salmeterol 100 kg 30 

12 Placebo 72 
Salmeterol50 bg 75 
Salmeterol 100 bg 40 

47 47 49 
99 42 44 

101 101 59 
81 38 ND 
78 78 35 
47 81 81 
34 NA 72 

NA NA 48 
NA 48 38 

58 63 ND 
NA NA NA 
NA NA NA 
NA NA 13 

16 25 18 
57 13 21 
33 32 ND 

NA 46 24 
NA 34 44 

20 59 40 
NA NA 36 
NA NA 35 
32 30 ND 
29 49 27 
60 40 38 
35 10 ND 

NA 72 76 
44 14 49 
55 28 39 

NA 27 23 
NA 28 32 
33 ND 41 
96 94 94 
79 79 79 
82 72 ND 

NA 106 80 
73 61 63 

ND 
ND 

65 
ND 
ND 

33 
ND 
ND 
ND 
ND 
101 
NA 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
ND 
ND 
ND 
ND 
ND 

94 
54 

ND 
ND 

61 

ND 
ND 

50 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NA 
NA 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

57 
ND 
ND 
ND 
ND 
ND 

62 
49 

ND 
ND 

87 

NA, Fall in FEV, 5 15% achieved at maximum voluntary ventilation; ND, no test done. 

hours after the drug was given. The individual ’ 
PDu, values are shown in Table I. The changes 
were comparable for the two different doses of 
salmeterol. The number of subjects who had com- 
plete and partial blockades at each of the time 
intervals is shown in Table II. There was a signif- 
icant difference in the proportion of subjects who 
were still experiencing the blocking effect 12 
hours after inhaling the two active preparations 
by comparison with the placebo (p = 0.03), but 
there was no significant difference between the 
two active preparations (p > 0.05). There was 
also a significant difference in the proportion of 

subjects still experiencing the blocking effect at 18 
hours when placebo was compared with active 
preparations but not when the two active drugs 
were compared. The only subject who showed a 
complete blockade 36 hours after inhaling both 
active formulations was rechallenged 42 hours 
after the 100 u,g dose and still had complete 
blockade. The proportion of subjects who experi- 
enced complete and partial blockade was not 
significantly different in relation to the daily use 
of beclomethasone (five subjects took I 1000 pg 
daily as compared with seven who required a 
larger dose). 
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TABLE II. Number of subjects who showed complete and partial blockade after inhaling drug 

Hours after administration 

1 12 18 24 36 

Com!plete blockade 
Placebo 2 2 0 0 0 
Sallmeterol 50 p,g 10 5 2 1 1 
Sedmeterol 100 pg 8 5 3 1 1 

Partial + complete blockade 
Placebo 2 2 0 0 0 
Salmeterol 50 p,g 10 8 3 3 2 
Salmeterol 100 pg 11 6 5 3 2 

Any change in PD, on treatment days was corrected for the within-day variability of PD, as observed on days 1 and 2 
(standardized change) and was considered significant when it exceeded 2 (i.e., more than 2 SDS over the standardized baseline 
PD,). A value between 2 and 6 was considered to be a partial blockade. A complete blockade was defined as a c 15% change 
in PEV, even after maximal voluntary ventilation was achieved, corresponding to a standardized change > 6. The study had 80% 
power to detect a difference of 7 subjects between any two groups for both complete and partial + complete blockades at 1 and 
12 hours. 

There were no significant changes in systolic 
and diastolic blood pressures or in pulse rate at 
any of the time intervals for those receiving the 
active me:dication in comparison with those re- 
ceiving placebo. Tremor was present in one sub- 
ject who was receiving 50 pg of salmeterol and in 
three after they were given the 100 kg dose. 
Other side effects included difficulty in sleeping in 
two subjects. 

DISCUSSION 
We previously showed that a single inhalation 

of 50 ug of salmeterol could block the broncho- 
constriction induced by hyperventilation of cold 
dry air for an interval of 16 hours.’ The present 
study extends these findings in two ways. First, by 
repeating the hyperventilation test on several oc- 
casions after 12 hours, which was not done in the 
previous study, we were able to show that the 
mean duration of the blocking effect is almost 20 
hours. Second, by giving two doses of sahneterol 
(50 and 100 pg) instead of only one (50 pg) as in 
our previous study, we showed that the magnitude 
and duration of effect were comparable. The 
majority of previous studies on salmeterol used 
only one single dose (generally 50 pg) to evaluate 
its acute effect in terms of either bronchodilata- 
tion or of its blocking effect on bronchial hyper- 
responsiveness, another key feature of asthma. 
These results are relevant because it is important 
to set the ideal dose of a P,-adrenergic agent in 
regard to its bronchodilator and bronchoprotector 
effects, since questions have been raised about 
possible deleterious effects of short-acting p2- 
adrenergic agents in the treatment of asthma. 

Derom et al6 recently assessed the blocking 
effect of 50 and 1000 pg of salmeterol in 12 
subjects with asthma who were followed up for up 
to 12 hours after methacholine testing. The mag- 
nitude of the protective effect was greater with 
the 100 pg dose as compared with the 50 ug dose 
at 1,4,8, and 12 hours after administration of the 
drug. No test was carried out at later intervals. 
These results are different from our findings: we 
did not detect any significant difference in either 
the magnitude or duration of the blocking effect 
between 50 and 100 pg. There is no explanation 
for these discrepancies other than that the stimuli 
were different and there was no correction for the 
within-day variability of methacholine responsive- 
ness in the study by Derom et al6 

We used a study design in which we first as- 
sessed the within-subject variability of responsive- 
ness to hyperventilation of unconditioned air. 
This allows for a proper estimate of the magni- 
tude and the duration of the effect, since any 
change that occurs after administering a medica- 
tion can occur by chance. The within-subject vari- 
ability was comparable to that obtained in a 
previous study. 

In conclusion, our findings would suggest that a 
dose of 50 ug has a blocking effect similar to that 
of 100 kg on bronchial responsiveness assessed by 
a natural stimulus, hyperventilation of uncondi- 
tioned air, as well as a lower occurrence of 
tremor. Furthermore, even if the administration 
modality of every 12 hours is usually suggested, 
the duration of the blocking effect was longer 
than this interval in at least half of the subjects 
included in the study. It would be interesting to 
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compare the duration of the bronchodilator and 
blocking agents on bronchial responsiveness in 
subjects with asthma assessed on two occasions 
because it can be postulated that the duration of 
the blocking effect can be longer than the bron- 
chodilator effect. Discrepancies between the 
bronchodilator and the bronchoprotective effects 
can be related to the number of available p2- 
receptors. 

We thank Real Laliberte, PhD, from Glaxo Canada, 
Inc., Bureau d’affaires du Quebec for invaluable and 
sustained collaboration, and Katherine Tallman for 
reviewing the manuscript. 
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Papain-induced allergic rhinoconjunctivitis in 
a cosmetologist 

Aila Niinimiiki, MD,” Kari Reijula, MD, PhD,& d Tapio Pirilii, MD, PhD,” and 
Anna-Maija Koistinen, MD’ Oulu, Finland, and Milwaukee, Wis. 

Papain is a proteolytic enzyme extracted from 
the sap of the papaya tree and fruits (Carica 
papya). Papain has been widely used in medicine 
as a digestive, in treatment of insect and jelly-fish 
stings, in intradiscal therapy of lumbar disc pro- 
trusions, and in debridement of ulcers and ne- 
crotic tissue. Papain can be found in digestive 
aids, douche powders, meat tenderizers, and in 
beer chill-proofing agents. Additionally, papain 
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can be used in tanning of skins and hides, in 
chewing gum manufacture, and in caroid tooth 
p0wder.l 

Papain is highly immunogenic in both human 
beings and animals. Papain has caused allergic 
asthma, rhinitis, and even a case of lethal anaphy- 
lax&‘-” Here we report the first case of papain- 
induced hypersensitivity associated with cosmetics 
in a beauty salon worker after use of abrasive 
cream containing papain on her clients. 

CASE REPORT 
The patient, a 30-year-old nonatopic woman, had 

been the owner of a beauty salon for 5 years. The 
patient had used an abrasive cream, which was pre- 
pared by mixing two powders into a moisturizing cream 
(Piana Cosmetici, Bologna, Italy). One powder in- 
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