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seems to contribute to the aspirin-elicited reactions.

Since 1902, acetylsalicylic acid (aspirin, ASA) has
been known to cause unexpected intolerance reac-
tions (21). Aspirin-induced hypersensitivity reac-
tions include airways obstruction, naso-ocular symp-
toms, urticaria, angioedema, and gastrointestinal
symptoms. These symptoms may occur in isolation
or in any combination. Aspirin-induced broncho-
spasm typically afflicts patients with chronic asthma
associated with rhinitis with or without polyps (the
classic triad (15)). On the other hand, urticaria and
angioedema mainly develop in subjects with a his-
tory of chronic urticaria (19). Especially the syn-
drome of aspirin-induced asthma (AIA) may involve
severe, long-lasting, and sometimes fatal airway ob-
struction. The prevalence of AIA is estimated to be
between 2.5 and 159, in adult asthmatic patients

(19).
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The ability of aspirin and other nonsteroidal anti-inflammatory drugs
(NSAIDs) to inhibit the cyclo-oxygenase which catalyzes formation of
prostaglandins appears to be central to the mechanisms involved in aspirin
sensitivity. We have investigated whether the plasma levels of acetylsalicylic
acid (ASA) and its main metabolite salicylic acid (SA) at the time of
intolerance reactions correspond with the concentrations required for enzyme
inhibition in vitro. Twelve aspirin-sensitive and 15 aspirin-tolerant subjects
were followed during provocation with aspirin. ASA and SA concentrations
in plasma were determined by HPLC. After oral provocation (up to

460 mg cumulative dose), the levels of ASA and SA in plasma were equivalent
in aspirin-sensitive and aspirin-tolerant subjects. For the aspirin-sensitive
subjects, at the time of adverse reaction, the concentration range was
2.9-33.3 pM for ASA and 18.1-245 pM for SA. Oral provocation with
sodium salicylate yielding 10-fold higher SA levels did not elicit intolerance
reactions. Statistically significantly lower levels of ASA and SA (P<0.01)
evoked airway obstruction, as compared with merely extrapulmonary
symptoms. Bronchial absorption of aspirin was found after inhalation of
lysine-aspirin and was comparable in asthmatic and nonasthmatic subjects.
In three aspirin-sensitive subjects who developed airway obstruction, the
plasma levels for ASA and SA were 0.9-2.6 pM and 0.0-6.7 uM,
respectively. In conclusion, the plasma levels of ASA reached at the time
of a positive reaction are of the magnitude known to inhibit cyclo-oxygenases.
Neither differences in bioavailability of ASA nor the formation of SA
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Although many hypotheses have been proposed
to account for either aspirin-sensitivity in respiratory
and cutaneous organs, or the underlying disease in
these locations, the pathogenetic mechanism behind
this intriguing syndrome remains unknown (2, 3, 7,
21, 26). However, aspirin-sensitive patients are in-
tolerant of all the nonsteroidal anti-inflammatory
drugs (NSAIDs) which act by inhibition of the cyclo-
oxygenase enzyme, thereby abrogating formation of
prostaglandins and thromboxane (19, 21). After de-
sensitization with repeated doses of aspirin, cross-
desensitization to the same type of NSAIDs also
occurs (14). The likelihood of different NSAIDs to
provoke bronchoconstriction in sensitive asthmatic
patients is related to their individual potencies as
inhibitors of cyclo-oxygenase in vitro (22), and evi-
dence of cyclo-oxygenase inhibition in vivo has been
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demonstrated during nasal and oral aspirin provo-
cation (13, 21). Although it seems obvious that the
cyclo-oxygenase inhibition somehow triggers the in-
tolerance reactions, it remains a mystery why only
certain persons develop this intolerance.

While the pharmacokinetics of ASA is well char-
acterized in healthy volunteers (for review, see ref.
9), plasma concentrations of ASA have not been
studied in aspirin-sensitive subjects after ingestion of
provocative doses of aspirin. One study has included
measurement of plasma salicylic acid (SA), the main
metabolite of ASA (17). Because relatively low doses
of ASA (10-300 mg) are sufficient to elicit an intol-
erance reaction, measurement of plasma ASA in
aspirin-sensitive subjects requires a method which is
more sensitive than that used in clinical practice for
diagnosis of intoxication. In this study we used a
highly sensitive HPLC method to measure plasma
ASA and SA levels during aspirin provocation in
aspirin-sensitive subjects with either respiratory or
cutaneous manifestations, as well as in aspirin-
tolerant patients.

First, it was considered to be pertinent to deter-
mine whether disturbances in absorption or subse-
quent hydrolysis of ASA into SA may contribute to
the aspirin-syndrome. ASA is normally rapidly hy-
drolyzed to salicylic acid (SA) in the gut and liver
and in erythrocytes, and only minute amounts of
ASA reach the circulation (9). Therefore, we also
evaluated the clinical significance of the amounts of
SA generated from ASA. Secondly, to evaluate fur-
ther the hypothesis that aspirin-induced reactions
may be linked to inhibition of the cyclo-oxygenase
enzyme, we wanted to investigate whether the con-
centrations of ASA and SA that actually occur at the
time of intolerance reaction are sufficient to inhibit
the enzyme in question (10). Because bronchoprovo-
cation with lysine-aspirin does not elicit extrapulmo-
nary responses (8, 12), it was of interest to find out
whether measurable ASA and SA levels could be
demonstrated at all.

Material and methods

Plasma levels of ASA and SA were followed during
oral or bronchial provocations with cumulative doses
of acetylsalicylic acid in 27 subjects. The subjects
were recruited from patients referred to the asthma
and allergy clinic at the Karolinska Hospital. Con-
secutive patients were selected for provocation on
the basis of possible aspirin-sensitivity. The subjects
had either a positive history of a suspected adverse
reaction to aspirin or other NSAIDs, or the typical
clinical findings of aspirin-asthma, which include
prominent nasal symptoms (watery rhinitis, nasal
congestion, polyposis, loss of ability to smell). Ten
subjects underwent oral aspirin provocation; nine
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were challenged by inhalation of aspirin, and eight
were challenged by both routes. In addition, four of
the aspirin-sensitive asthmatic subjects were chal-
lenged with increasing oral doses of sodium salicy-
late. The study was approved by the local ethics
committee, and the subjects gave informed consent.

Provocations were conducted in the hospital, the
procedures being essentially as described (8). Moni-
toring of clinical symptoms included inspection of
the nasal mucosa, and physical examination of the
eyes, skin, and lungs. Pulmonary function was fol-
lowed by measurement of forced expiratory flow vol-
ume during 1s (FEV,) by a Vitalograf®, and ex-
pressed as percent change from base line. The oral
provocations involved ingestion of increasing doses
of acetylsalicylic acid every 45 min. After intake of
a placebo capsule containing lactose, incremental
doses (10, 50, 100, and 300 mg) of ASA were suc-
cessively administered. The provocation was stopped
at the appearance of a “positive” reaction, or when
the highest dose of ASA had been reached. A posi-
tive reaction in the airways was defined as a fall in
FEV,=209, from base line, or as a decline=159%,
if combined with apparent development of rhonchi.
Extrapulmonary positive reactions were naso-ocular
responses (profound nasal congestion, rhinorrhea,
and ocular injection), flush, urticaria, and angio-
edema. With this protocol for oral challenge, reac-
tions may occasionally develop later and become
severe (8). Therefore, a highly trained, experienced
physician was always present and resuscitative
equipment readily available.

The bronchoprovocation with ASA was per-
formed by inhalation of a solution of lysine-ASA
(Aspisol®, Horby Bayer AG, Germany), the con-
centration of ASA being 25 mg xml ', from a jet
nebulizer (Aiolos, Medicinsk Teknik AB, Sweden).
First 1 ml of the diluent was inhaled. Thereafter,
provided FEV, did not change by more than 109,
from prechallenge base line, incremental doses of the
lysine-ASA solution were administered by inhala-
tion of 1, 3, 9, and 27 tidal breaths and finally 1 ml
of the solution. The interval between doses was
30 min. Including the final dose of lysine-ASA, a
maximum of 75 mg of ASA could have been inhaled.

Analyses of plasma ASA and SA

For the analyses of plasma ASA and SA concen-
trations, blood samples of 5 ml were drawn before
the start of the provocations and after ingestion of
the placebo capsule or after inhalation of the diluent.
Thereafter blood was drawn at 45 min after each
oral dose or at 30 min after each inhaled dose dur-
ing the oral and bronchial provocations, respectively.
In case of a positive reaction, blood was drawn at
a time when the symptoms had developed. The blood



samples were collected in heparinized tubes contain-
ing 5mg sodium fluoride/ml. The samples were
cooled in an ice bath and immediately centrifuged,
transferred to polypropylene tubes, and frozen in a
dry ice/ethanol bath. The samples were stored at
—~70°C and analyzed within 4 weeks. ASA and SA
were extracted from acidified plasma to diisopropyl
ether and determined by reversed-phase HPLC using
a PRP-1 5 p column. The mobile phase was 34%,
acetonitrile in 0.1 M H;PO, with pH 2.2 and a flow
rate of 1.2 ml/min and UV-detection at 229 nm. The
lower limit of sensitivity was 0.1 pg/ml for both com-
pounds.

Statistical evaluation

Statistical hypotheses were tested by Student’s t-test
for independent variables, and a P value of less than
0.05 was considered to be significant. Results are
expressed as means + SD.

Results

Plasma levels of ASA and its rapidly formed me-
tabolite, SA, were followed during cumulative oral
aspirin provocations in 18 subjects with suspected
aspirin intolerance. Although comparatively low
doses of aspirin were administered (the cumulative
dose being between 10 and 460 mg), increasing
plasma levels of both ASA and SA could be de-
tected during the course of provocation. Nine of the
subjects developed clinically evident adverse reac-
tions (Table 1), whereas nine were tolerant of the
highest dose of aspirin administered. As illustrated
in Fig. 1, the plasma levels of ASA and SA did not
differ between the aspirin-sensitive and the aspirin-
tolerant subjects. The two groups were comparable
with respect to sex, history and age; that is, each

Table 1. Aspirin-sensitive patients: characteristics and results
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Fig. 1. Plasma levels of ASA and SA (means + SD) in aspirin-
sensitive and aspirin-tolerant subjects after ingestion of single
doses of 10, 50, 100, and 300 mg of ASA at 45-min intervals.
Number of subjects is shown below each bar. Blood samples were
collected before start of provocation and at 45 min after each
dose. After 10-mg dose, ASA levels were below detection limit in
12/16 subjects and just above this limit in four subjects. There was
no statistically significant difference in plasma ASA or plasma SA
levels between the two groups.

group comprised four men and five women; four
were asthmatic and five had rhinitis, polyposis, urti-
caria, and/or angioedema; and the mean ages were
44416 (+SD) and 48 + 10 (+ SD) years in the
aspirin-sensitive group and in the aspirin-tolerant
group, respectively.

Fig. 2 shows a pronounced airway obstruction
evoked by 160 mg of aspirin orally in one of the

Cumulative aspirin dose

Plasma level pig/ml

Subject Age History Regular treatment Oral; mg Inhaled; no breaths ASA SA Reaction

MS 57 Asthma 1B, IS, 0B, OT 160 1.10 11.4 FEV,—48% congestion

Lv 47 Asthma 1B 90 0.53 4.40 FEV,~15%, g-i

BS 69 Asthma B, IS, OT 460 1.50 9.00 FEV,—17%, rhinitis/congestion
RTN 44 Asthma B, 1S 60 0.61 2.50 FEV,-33%

CR 23 Angioedema - 460 3.15 21.6 Angioedema

KS 26 Angioedema — 460 6.50 12.4 Angioedema

AB 22 Urticaria - 460 5.42 18.4 Urticaria

1S 46 Rhinitis - 460 2.10 33.8 Rhinitis/congestion, flush

KB 40 Rhinitis NS 460 6.00 25.6 Rhinitis/congestion

AB 20 Asthma B, IS, NS 40 (~30 mg) 0.21 0.42 FEV,-38%

VN 40 Asthma 1B, IS, NS 40 (~30 mg) 0.46 0.92 FEV,—18%, rhonchi cough

N 44 Asthma NS 7(~5mg) 0.16 b.d. (0.09) FEV,~15%, rhonchi cough, PEFR — 20%

IB=inhaled B-agonist; IS=inhaled corticosteroid; OB=oral -agonist; OT=oral theophylline; NS=nasal corticosteroid; b.d.=below detection limit; g—i=gastrointestinal symptoms;

PEFR=peak expiratory flow rate.
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Fig. 2. Time course of oral aspirin provocation in one sensitive
asthmatic patient. Airway obstruction started to develop after
cumulative dose of 160 mg. Thirty minutes after onset of symp-
toms, plasma concentrations of ASA and SA were 1.1 and
11.4 pg/ml, respectively. FEV, declined by 489, of the base-line
value, and rescue treatment was given.

asthmatic subjects. The fall in FEV, (489%, ) was as-
sociated with a striking rise in plasma SA levels,
whereas the rise in ASA levels was comparatively
modest. For the aspirin-sensitive subjects as a group,
mean plasma levels after oral challenge were 2.9 + 2.2
(+SD) ugxml~" of ASA and 15.5+10.3 (+ SD)
pg x ml ' of SA (the concentration range being 0.5—
6.0 uxml~' for ASA and 2.5-33.8 pgxml~"' for
SA, respectively) at the time of adverse reaction.
Five of these patients had typical extrapulmonary
symptoms in response to the provocation, i.e., pro-
fuse rhinorrhea, flush, urticaria, and angioedema, but
did not show an airway reaction, whereas four of the
patients responded with airway obstruction. The
levels of ASA and SA (i.e., the doses; see Fig. 1)
were significantly lower in the group which devel-
oped bronchoconstriction (P<0.01), as shown in
Fig. 3.

Four aspirin-sensitive asthmatic patients under-
went cumulative oral provocation with sodium sal-
icylate (1440 mg cumulative dose). Despite plasma
SA-levels amounting to 1 log order of magnitude
above the plasma SA-levels measured during aspi-
rin provocation in sensitive patients, sodium salicy-
late failed to evoke adverse reactions in this group
of patients (Fig. 4). As expected, ASA was not de-
tected in plasma.

Bronchial provocations with inhaled lysine-ASA
were performed in 17 subjects, eight of whom were
asthmatic, and nine subjects with normal airways.
Three of the asthmatic patients developed a signif-
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Fig. 3. Four aspirin-intolerant patients developed airway obstruc-
tion, whereas five acquired typical extrapulmonary symptoms.
Airway responses occurred at significantly lower plasma levels of
ASA and SA (0.74 + 0.3 and 6.09 + 4.7 pg/ml, respectively) than
did extrapulmonary symptoms (3.95 + 1.9 and 20.1 + 9 pg/ml for
ASA and SA).
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Fig. 4. SA plasma levels during cumulative oral provocation with
sodium salicylate in four aspirin-sensitive asthmatic patients. All
four tolerated drug despite SA plasma levels exceeding by 10-fold
SA levels measured at occurrence of airway obstruction during
aspirin provocation in same group of patients.

icant airway response without extrapulmonary symp-
toms (Table 1), while the remainder did not develop
any signs of an adverse reaction in response to the
highest dose of ASA administered (i.e., about 60
breaths of a 25 mg x ml ' solution). The bronchial
provocations resulted in small but detectable
amounts of both ASA and SA in plasma. For the



aspirin-tolerant subjects, these levels did not differ
between asthmatic and nonasthmatic subjects, as
illustrated in Fig. 5. Even in the three aspirin-sensitive
asthmatic patients, who inhaled less of the lysine-
ASA solution, bronchial absorption of ASA and SA
was shown to occur. At the time of a bronchocon-
strictive response, mean + SD plasma levels were
0.28+0.16 pgxml ™" and 0.45+ 0.46 pgx ml ™' for
ASA and SA, respectively (Fig. 6), levels which were
lower than after the oral challenges. For compari-
son, the plasma ASA and SA levels measured at the
time of airway obstruction after oral aspirin provo-
cation are shown in Fig. 6.

Discussion

It is not known why certain persons exhibit intoler-
ance to ASA and other NSAIDs. The present in-
vestigation was intended to determine whether or
not differences in pharmacokinetics of ASA could
contribute to the propensity for reacting adversely.
This possibility had not been assessed previously.
Since the plasma levels of ASA and SA after stan-
dardized cumulative oral provocation with ASA
were identical in aspirin-sensitive and aspirin-
tolerant subjects, the findings refute the hypothesis
of differences in the rate of absorption or subsequent
hydrolysis of ASA into SA as an important feature
in the pathogenesis of ASA-intolerance. Interest-
ingly, in their classic paper of 1967, Samter & Beers
(15) mentioned a series of in virro experiments which
indicated that the rate of deacetylation and plasma
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Fig. 5. ASA and SA plasma levels after inhalation of 1 ml of
_25-mg/ml aspirin solution in five aspirin-tolerant asthmatic sub-
Jects (0.2540.09 and 0.82 + 0.54 pg/ml) and nine subjects with
normal airways (0.29 + 0.08 and 1.01 + 0.44 pg/ml).
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Fig. 6. ASA and SA plasma levels in four aspirin-sensitive asth-
matic patients undergoing oral aspirin provocation and in three
aspirin-sensitive asthmatic patients after inhalation of lysine-
aspirin. Concentrations were measured when significant airway
obstruction had developed.

protein binding was also normal in aspirin-sensitive
patients, but the experimental data were not given.

It is reasonably well established that cyclo-
oxygenase inhibition is the single mode of action in
common for all drugs that evoke intolerance reac-
tions in subjects with aspirin-intolerance (22). In
fact, the potency of a drug as cyclo-oxygenase in-
hibitor is one factor which may predict the risk of
intolerance reactions. However, the plasma level of
aspirin or any other NSAID at the time of the in-
tolerance reaction has not been determined previ-
ously. Therefore, it was of interest to find that
the plasma levels of ASA at the time of the clinical
appearance of an intolerance reaction were in
the range (0.2 pgxml ™ '=6 pgxml ' = 1.1-33 uM),
which compares to what is known to be required for
inhibition of cyclo-oxygenases by ASA in various
in vitro systems (for review, see ref. 11). To the best
of our knowledge, studies have not been performed,
even in aspirin-tolerant subjects, to establish, by ac-
tual parallel measurements, the plasma levels of ASA
and SA that correlate with in vivo inhibition of pros-
taglandin biosynthesis, but it seems reasonable to
assume that significant inhibition of cyclo-oxygenase
activity should occur when the plasma concentra-
tion of ASA is in the low micromolar range (11).
Other properties of some NSAIDs, such as inhibi-
tion of neutrophil function and suppression of
antigen-antibody reactions, require much higher drug
concentrations; e.g., 2-3 mM for salicylates (1, 10).
Therefore, the present findings lend further support
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to the concept that inhibition of the cyclo-oxygenase
is fundamental in the process leading to aspirin-
elicited intolerance reactions.

Although the plasma levels of SA at the time of the
reactions were much higher than those of ASA,
provocation with sodium salicylate, yielding, on av-
erage, an additional 10 times higher plasma level of
SA, failed to evoke intolerance reactions. This cor-
roborates the clinical experience with SA and clearly
demonstrates that SA is not responsible for the ad-
verse reactions to aspirin (21). Incidentally, SA is at
least 20 times less potent than ASA as a cyclo-
oxygenase inhibitor in vitro (1, 25). It has been re-
ported that certain salicylate derivatives, which are
devoid of cyclo-oxygenase inhibiting effect in clini-
cally used doses, are well tolerated by aspirin-
sensitive subjects (4, 23). On the other hand, it is
possible that sufficiently high doses (anti-rheumatic)
of salicylate derivatives that are weak cyclo-
oxygenase inhibitors may evoke adverse reactions in
these patients, as has previously been suggested (18).
Nevertheless, our own findings and those of Szc-
zeklik et al. (22, 23) strongly support the view that
clinically used doses of SA (0.5-1.5g) yielding
plasma levels of SA below 150 pgxml~' can be
tolerated by ASA-sensitive patients.

In addition, the present data may serve as a guide-
line for selecting the concentrations of aspirin that
are relevant in experiments attempting to explore the
mechanism of aspirin-intolerance. For instance,
much basic research focuses on the effects of cyclo-
oxygenase inhibition iz vitro in different blood-,
lavage-, and tissue cells. It is worth consideration
that some in vitro studies (2) have used considerably
higher concentrations of ASA than those presently
shown to occur during the intolerance reaction.

Subjects who reacted with airway obstruction had
lower plasma concentrations of ASA and SA at the
time of the reaction, as compared with those who
only developed other symptoms. The reason for this
difference is not known. The number of subjects was
limited, but should this observation be a consistent
finding, it might give some clues in the search for the
basic abnormality in aspirin-sensitivity. One possi-
bility is that skin and connective tissue cells are ex-
posed to lower levels of ASA than those of the lung.
Alternatively, the target cells resident in the lungs
may be more sensitive to ASA than are the target
cells in the skin or connective tissue. A difference in
the plasma levels at the time of pulmonary and ex-
trapulmonary reactions may bring into question the
view that a circulating cell is the common trigger of
pulmonary and extrapulmonary symptoms. In op-
position to this view, as also implied by the results
of the aspirin-inhalation (see below), the findings
suggest that the intolerance can be related to a spe-
cific dysfunction of tissue-residing cells. There is evi-
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dence of mast cell activation in association with
aspirin-elicited reactions (5, 16). Since mast cells are
one major source of leukotrienes in the lung, it is of
interest that cysteinyl-leukotrienes have been shown
to be significant mediators of the airway obstruction
induced by aspirin (6, 7). It has also been reported
that a subset of patients with systemic mastocytosis
exhibit aspirin-intolerance (20), a fact which may
lend further circumstantial support to the hypothe-
sis that tissue mast cells have altered function in
subjects with aspirin-sensitivity. Of course, one pos-
sibility is that mechanisms other than inhibition of
cyclo-oxygenase contribute to aspirin-induced extra-

pulmonary expressions such as urticaria, angio-

edema, and rhinitis. For instance, pretreatment with
a histamine H,-antagonist has been reported to
block the skin symptoms but not the airway obstruc-
tion after aspirin-challenge (12, 24), indicating that
other mediators, such as leukotrienes, are more im-
portant in the lung.

Finally, bronchial absorption of ASA and SA did
occur to the same extent in aspirin-sensitive and
aspirin-tolerant asthmatic patients as well as in nor-
mal subjects. This has not been shown previously.
It thus seems that airway inflammation does not
influence absorption of ASA. Williams et al. (26)
found no plasma salicylate after bronchoprovoca-
tion with lysine-aspirin, but they used another method
for measurement. Interestingly, after bronchial
provocation, the plasma levels of ASA, and in par-
ticular SA, were lower at the time of airway response
than after oral challenge. This finding gives further
support to the view that the airway obstruction is
triggered locally in the airways.

In conclusion, the plasma concentration of ASA
reached at the time of a positive reaction is of the
dimension that is known to inhibit cyclo-oxygenases,
but does not amount to the levels required for other
effects of aspirin. Together with the previous dem-
onstration of a positive correlation between the anti-
cyclo-oxygenase activity in vitro of the drugs in ques-
tion and their potency to induce asthmatic attacks in
sensitive patients (22), two basic criteria are satisfied
which are required to explain the action of a drug in
terms of enzyme inhibition (10): 1) the plasma con-
centrations achieved must be sufficient to inhibit the
enzyme, and 2) there must be a reasonable correla-
tion between the antienzyme activity and the po-
tency of the drug. Differences in bioavailability of
ASA or formation of SA do not seem to contribute
to the aspirin-elicited reactions.
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