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The cycloorygerurse theory of aspirin-indrced asthma. A. SzczeHik
ABSTRACT: Aspirin-induced asthma ls a distinct clinical syndrome whlch
affects about lÙVo oî adult asthmatics. In these patients aspirln and several
other analgesics precipitate asthmatlc attacks. The ldea that the attacks
might result from the speciflc lnhibition of a single enzyme, namely
cyclooxygenase, has gained both experimental and cl inical support.
I t  s t i m u l a t e d  a  n u m b e r  o f  h y p o t h e s e s  o n  t h e  m e c h a n i s m  o f
bronchaconstriction. All these hypotheses, here dlscussed, operate within
the framework of the cyclooxygenase theory. Their maJor assumption ls
that lnhibition of cyclooxygenase triggers specific biochemical reactlons
which lead to open asthma attacks.
Eur Respir J., 1990, 3, 588-593.

The major i ty of  people to lerate aspir in wel l .
Asthmatics, however, are an exception. In about lÙVo of
adults with asthma, but rarely in asthmatic children,
aspirin and other non-steroidal anú-inflammatory drugs
(NSAID) precipitate asthma attacks. This distinct
clinical syndrome is called aspirin-induced asthma (AIA)
tl-3]. It appeals to pharmacologists, biochemists and
clinicians as a remarkable model for the study of
mechanisms operating in asthma.

Many concepts have been advanced to explain the
pathogenesis of AIA [3, 4]. The idea t]rat the attacks
might result from the specific inhibition of a single
erzyme, namely cyclooxygenase, in the respiratory tract
has been, perhaps, most discussed. It stimulated a
n u m b e r  o f  h y p o t h e s e s  o n  m e c h a n i s m s  o f
bronchoconstriction. All of these hypotheses operate
within the framework of ttre cyclooxygenase theory. Thus,
their major assumption, now rather fìrmly established, is
that inhibit ion of cyclooxygenase triggers specific
biochemical reactions which lead to open asthma attacks.

Formulation of the theory

A hypothesis was put forward t5l that in sensitive
pal.ients, precipitation of asthma attacks by certain anal-
gesics results from inhibition of cyclooxygenase, leading
to an imbalance of prostanoids in the respiratory tract.
pyqloo4ygepase, an atypical lipoxygenase, is present in
most human tissues, including lungs. It inqoduces two
mo_!.ecg!gs o,f oxyge,n into arachidonic acid, converting it
into a pjoltaglaqd.in- peroxide. Ihis is the béginning of
the  metabo l ic  pa thway lead ing  to  fo rmat ion  o f
prostaglandins, throm boxane an d prostacyclin. C yc loox y-
genase is inhibi ted by aspir in,  and several  other
analgesics; a phenomenon which might explain their
pharmacological action [6].
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In the early seventies, allergic mechanisms as an
explanation for aspirin intolerance were vigorously pur-
sued. Conrary to these concepts, the cyclooxygenase
theory proposed that precipitation of asthmatic attacks
by aspirin is not based on antigen-antibody reactions, but
stems from the pharmacological action of the drug. The
original observations [5, 7] that the drug intolerance could
be predicted on the basis of its in vitro inhibition of
cyclooxygenase, have been consistently reaffirmed
during the ensuing years t8l.-puidence in fauour ef_ths
gJglggrygglelg_ tieqy t3l can be summarized as
follows:
1)  ana lges ics  w i th  an t icyc looxygenase ac t iv i t y
invariably precipitate bronchoconstriction in aspirin-
riénsitive patients;
4 qgqtrgqiqq-nq,t- alhqting cyc-lqoxygqnase are devoid
of br_onciq_spastic plgp,eqttps in these patients;
3) there is a positive correlation between the potency of
analgesicj;- to inhlblt gyclqqxygenase in vitro and their

Epn9J-tq 
induce asthmatic attacks in the sensitive

patlents;
4) thgdggrgg of eqTyma_úg inhibition that is sufficient to
precipitate bronchoconstriction is an individual hallmark
@ u s, lTThe fhfCsFolf close for an y an tic yc loox y genase i n
a particular patient ís known, one can predict the
threshold doses for other analgesics in that paúent);
5) in vitro anli-cyclooxygenase inhibitors activate plate-
lets to release cytotoxic mediators in aspirin-sensitive
asthmatics, but not in the atopic asthmatics or healthy
subjects [9, 10];
6) in parienrs with AIA inhibirion of thromboxane A,
(TXA2), next to cyclooxygenase enzyme in the ara-
chidonic acid cascade, neither precipitates asthmatic
attacks nor alters pulmonary function I l];
7) aficr aspirin desensitization, cross-desensiúzation [o
other analgesics which inhibit cyclooxygenase also
dgcurs t8l.
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Thus, the inhibition of bronchial cyclooxygenase by
aspirin-like drugs appears to set off a chain of reactions
leading to asthma attacks in aspirin-intolerant patients.
Wh4q_follows at the biochemical level remains largely
p_q$rown, (fig. 1).

if cyclooxygenase had been inhibited. The definition of
leukotrienes suggested that they would provide potent
mediation of neurophil intlux into the tissue via the action
of leukotriene Bo (LTB4), and a potent stimulation for
bronchoconstriction, mucosal permeability and mucus
secrelion by the actions of leukotriene Co (LTC4), leukot-
r ien_e D4 (LTD.),  and leukotr iene Eo ILTE.) .  The
explanat ion for  aspir in- induced asthma was then
postulated as simply being caused by shunting of
arachidonic acid from the generation of prostaglandins to
the biosynthesis of leukotrienes. In a simplified way, it
would be a redirection of flow in a bifurcated vessel:
from the blocked arm to an open one. More sophisticated
-elplaq4tions have been put forwarcil Biosynihetr óf
leukotrienes could be enhanced by overproduction of
l2-hydroperoxyeicosatetraenoic acid ( 1 2-I{PETE) t l4l or
relncval of inhibiting control of PGETTPGL t151. Both
iossiUiiites are a logióal consequenc" of cyríoo*ygenase
pathway inhibition.

ThereissomeglLe_ri4gllq]Sgp11qf tfqr*lheqqUc,p_pt-qf
str1FT1_ar_aqh" oiic àcid 

-metaUóùsm, 
ttto"gtr .tini.ut

qyldqnqa is- srll! lasking. In a guinea-pig moOei ór
anti gen -induced anaphylax is, pretreatment of ani m als with
indomethacin resul ted in an augmentat ion of  the
pulmonary mechanical response to intravenous antigen
and this was accompanied by an increased generation of
LTB4 [16]. In antigen-challenged sheep lung in vivo,
cyclooxygenase inhibition enhanced leukotriene produc-
tion [17]. Pretreatment of passively sensitized human
airways with indomethacin resulted in an increased
release of leukotrienes from human bronchi in response
to both antigen and anti-IgE stimulation [18]. However,
others have found t19l that in normal human parenchyma
an anti-IgE challenge in the presence of indomethacin
does not produce a shift towards leukotriene formation.

Two groups studied the release of leukotrienes into the
1tasal cavity following aspirin administration to patients
with AIA. Onromu et al. [20] noticed an increase in
mean LTC. concentration in nasal washings of 7 aspirin-
sensitive asthmatics following nasal spray provocaúon
with aspirin. However, clinical symptoms occuned within
1-2 min of the challenge, while LTC. increase was
observed 60 min later. FrRneRr et al. [21] used oral
aspirin to provoke clinical symptoms in 5 intolerant
patients. During the provoked reactions, LTC. increascd
in 3 patients. In 2 of rhe 5 patients a fall in pGE, pre-
ceded appearance of clinical symptoms. In the óonrol
subjects, ingestion of higher doses of aspirin (650 mg)
resulted in a distinct fall in PGE, without the release of
LTC4 into nasal washings. A receirt study by BrscaaRu ef
al. [22) has cast serious dóubt on rhe validity of media-
lor measurement. in nasal lavage in relation to symptoms
following local nasal challenge.

It is not clear in which cells of the respiratory tract
alteraúons in arachidonic acid metabolism might occur.
Leucocytes, especially eosinophils, present in large
amounts in nasal and bronchial tissue of aspirin-sensitive
asthmatics [3, 23] could be considered as a source of
lcukotrienes. Gorrzl et al. [24] suggested a generalized
abnormality of the regulation of arachidonic acid oxida-
tive pathways in peripheral blood leucocytes of patients

a 12-HETE _'9ò' 4 \
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Fig. 1. - Aspirin-induced asthma hyporhetical aherations in arachidonic
acid metabolism following inhibition of cyclooxygenase by aspirin.
AA: arachidonic acid; COX: cyclooxygenase; LOX: lipoxygenase;
LGH': cyclic endoperoxido Hr: PGI: prostacyclin; pGs: prostaglandins;

T1r'.ùl*boxane {-_LTA.: leulkorriene Ao; LTB.: ieukotriene B.;

I-I9i 
leukotriene C.; L-TD.: leukotriene no; lîlllqeutcorriene Eo: li-

HETE: l2-hydroperoxyeicosarerraenoic acìa; l5-HETE: l5-hydioper_
oxyeicosatetraenoic acid; Lfi: lipoxin A; LXB: lipoxin B. pGEr:
prostaglandin Er; PGF-: prostaglandin F_.

Early explanations

At the time of public4tion of the cyclooxygenase hy-
pothésis t5l, qè onty èiCosanoids known úo bó produced
by the cells of the respiratory tract were plostaglandinJ,
g^Gjr) an{ pro-qtgtanOin F2. (PGF2,I. Ii was 

-presumèé

[12], thereforè, that although- cycloóiygenase was inhib-
i ted by aspir in,  a select ive def ic iency among the
cyclooxygenase products must also occur, such that
bronchodilator PGE2 was decreased relative to bron-
bhoconstrictor PGF;. This idea was not universally
appealing because, although the efficacy of aspirin and
certain other NSAIDs as inhibitors of cyclooiygenase
was clearly dcmonsftated, relative effects on @GHr)-pGE2
isomerase and PGH,-PGF.,^ isomerase were not.

An ear ly explanlat ion* l5] ,  that  aspir in-sensi t ive
as thmat ics  migh t  re ly  more  on  pGE"  than on  the
B-adrenergic system to keep their bronchí unobstructcd,
seems unlikely today. These paúents, indecd, respond
bctter to inhaled PGE2 rhan do o[her asrhmarics [13] but
clinical practice leavei no doubt that their lung funcúon
also improves subsrantially following inha-larion of
B-mimcrics.

Participation of leukotrienes

Y)2JZ when lqqlqrienes wgle S_ssovqlq{!, ir became
afparurt rtrar aractridéniò acio òo"ld be diverred from rhe
cyclooxygenase pathway to the 5-lipoxygenase pathway,

ér AA -+--+Lr*A++Lre+

'-Q.. LTC4
LTD4

--.. LTEa

Y Cytotoxic
mediator
from platelets
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with AIA. Two recent studies do not support this

idea. Ntz.q,Nrow sra' et aI. [25] studied production

tl fory.orphonuclear leucocytes of 5-dehydroper-

oxyeicosatetraenoic acid (5-HÉTE) and LT.BI in 10

àriirin-ttnsitive asthmatici and l0 matched healthy

coit ots. The blood cells were obtained before admini-

sùation of the threshold doses of aspirin, uld during the

.rpiri"-i"duced reactions. Initiat levels of eicosanoids

determined did not differ between the nrvo groups' and

remained unchanged following aspirin challenge' J:-o
et al. [26] measur"ed ttre produótion of LTB. and LTC. in

oeriuhìral btood leucocytes sdmulated by calctum lono-

fiffi A lzlai. Thev compared 4 gro-ups (controls'

it.q., atopic and intiinsic asthma) before and after
indomethàcin challenge. All three asthmatic groups

;;;.4 more LTC4 d'an the lt?dmv 
con*ols' but there

wasnodifferencebetweenasprrrn-intolerantpatienBand
uói. oi intrinsic ones. LTBr-nloducrion (as well as PGE,

un,i fXgrl ** .i*il. in ait^four groups. Indomethacin

did not uftotleukotriene generation in any of the groups

studied.
The concept of arachidonic acid shunting -needs an

additional assumption that the airways o{ aspirin-

intot.r*t paúents -" *ot" sensiúve to leukotrienes than

those of other patients with asthma 127)' If not'.all asth-

rnutir patients 
^would 

react with bronchoconstriction in

response to aspirin-like drugs' Three research groups

àtÍàiessed this problem. Vn'ou et al' [28] and BLq'Nco

itgf ;;ured bronchial response to LTC4 in lO.aspirin-

,.nritint asthmatics as compared to l0 controls' They

wereunabletofindanysignificantdifference.Snxernexa
et sI. [30] studied airwaÍ responsiveness to methacho-

iine, hista*ine-and LTD. in iZ patients with AIA' 13

futibnt, with extrinsic àsthma and 12 patients with

intrinsic asthma. There were no significant differences in

either concentrations of any of the agents producing a

207o fall in forced expiralory volume in one second

GEV,I or the slope of SJ, changes among the groups

ÀtuOiód. The only positive finding was -somewhat
delayed recovery in fE,V, following challenge with

LTD; in the aspiún-intolerant group as compared to the

on.it. These !rye $gdi-es{q lbt rupport t'h-e concept of

increased Uron-Chiàt reaòúvity to LTC4 or LTD.' How-

lver;-ine t.rur* ofjlryt--4 àt. lztl luqrys,tc selec'tive
tn.1*g" i,11 airway le-sponsiveness of L'TE.' The.V meas-

úeo a yn rati in ihe specific airway conductance

iollowing hisramine and LTE4 inhalation in 5 subjects

*in urpírin_induced asthma ano in 15 asthmatics with-

out urpirin sensitivity. The airways of aspirin-intolerant

puii."ir had a signifióant, 13-fold increase in responsive-

n . r r toLTE4re- la t i ve toh is taminewhencomparedto
control asthmaúcs. Interestingly, this hyperresponsive-

ness to LTE4 was abolished after alpirin-desensitization.

T h e c o n c e p t o f d i v e r s i o n o f a r a c h i d o n i c a c i d
metabolism fròm prostanoids to leukotrienes is hard to

u..rpi in view 
'of 

t it.ty compartmentalization of

ru.hidonic acid in the lung [32]. This concept still awaits

testing with a powerful, ipecific leukotriene inhibitor.

In a recent trial [33] pretreatment of aspirin-intolerant

asthmatics with lgrko-trlg4e -inhibitol lailed !9.nryven1-*f 
i rin -prec ip itatel bronóh'o spasm, $e b ioava i labi I i ty of

the inhibitor, administered by inhatation remained,

however, uncertain.

Platelet involvement

In the last few yezìrs attention has been paid to

p"*iúi. participatió"- gJ pla,tlte{s in pathogenesis of

tronchial asthmà [34, 35], Faftiqubtly !q as.p-5rn-!4duced

ósttrma [9; l4]. In patients with AIA' asplnn -cnatlenge
*àv.ìetuo to actiuatión or peripheral blood platelets which

il;ú;i, úre ti.e courr" òt bionchospastic reaction [36].

In contrast to piut.f"t activation' the detection of

.nOóg.nous platélet-acdvating factor (PAR release has

n o t b e e n a c o n s i s t e n t f i n d i n g . A s p i r i n - i n d u c e d
Uion.t o"onstriction does not seem to be based on the

contracting properties of p6p t36l
In 1982, Macl-oun et aI. [14] noticed that platelets

l2-HETE stimulated the generat' ion of I ' .TBo and

S-fpgfg in mixed platelet-lóucocyte suspension'.These

uurttoit hypothesi,.'d tttut administration of aspirin to

imorli*t'padents with asthma may lead gincreased

;;;;il;"ir tz-tpsrE in their.Platelets I11l 
because

3i i*pait.n cyclooxvgenase and 12-Iipo*Jg*Tt ll-tl
ói Ué.uuse of inhibition of peroxidase actrvrty 'n

piuù.tr. The teteateO l2-HETE could activate 5-

ffi*yg.nase of circulating blood leucocytet Tg pulmo-

;ty futopt ug.t; gtnttuéo leukotrienes would precipi-

tate asthma.- 
Rwrr^ and co-workers [9, 10] reporrcq that platelets

isolatedfrompatientswithaspirin.inducedasthmareacl
uuìorrn.ir y in^ vitro to aspirin.and other cyclooxygenase

inhibitors Uy gen-eratine iY=tocidal molerrrle*q that can kill

parasiú c ra* at Àtf 
"i"" 

iit" 
-Anl 

g s ha{. n o .s i m i I ar ef fec t

6n lfur.f.$ from nbrmal donorJ or allergic_asthmatics.

rni' uunormality, according to the authors [38], appears

to be urso"iut"ú'*itt the inhibiting properties of the

analgesics on the cyclooxygenase pathway' that leads to

I à.ir.rt ot rt e uiioing ói prostaglandin endoperoxide

tctl !o its receptors 91-tht 
platelet membrane'

NzeNrowr* ,r al' Í251 measured l2-FIPETE produc-

tion by platetea in 10 ̂ pirin-r.nsirive asthmatics and 10

matchedtrealttrvconrolsbeforeandafteradminisnaúon
of the thresn;lJ-Jor.r of aspirin. Iniriat levels of

l2-HPETE did not differ between the two groups'

Following aspirin challenge' I2-HPETE increase [o

similar levels ìn both groups. These data do not support

u .on..pt that thera is a generalized abnormality

in arachidonic acid oxidativJ pathways in .platelets of

urp iti n r." t i tiue asitt *atic s. IryI-9-t p::':: li "? gYl":l
nrlsncvclin infusions on aépirin challengc also ralses

à;;o,|,u'oou, f*rrcipation oi plarclets in the reactions

fisCussèd [rlt.

Compartmentalization of eicosanoids in the lungs

An interesúng hypothqg-i; was recently proposed by

Gnycr-ewso ifqi.fí-n Uat".l on the idea that arachidonic

iAa=,fl;Cfrìr* in the lungs is compartmentalized t32l'

ilut' 3qt--!rgglle-B!-e-q-by 
smoqth muqcle of large
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q i rways ,  TXA2 by  cont rac t i le  e lements  o f  lung
parenchyma, prostacyclin is produced by vascular
endothelium, while leukotrienes are released by leucocytes
residing in the lungs and by fibroblasts. Alr these com-
partments can be stimulated simultaneously by an immu-
nological reaction.

. The lyR_gtheqis posrulares th4t in patients with
AIA cF' lóoxfgènàse of  ta ige airwàys i r -  *o. .
susceptible to p_harmacological inhibition than that of lung
parenchyma. I1-99UWuetee, an ingestion of antil
cyclooxygenase 

-rlrug 
-causes an increasé in TXAr/pGE,

ratio. The m_oSl _likSly _qlplapagon for an augríented
selecdf er*."p1lbjt11y--or_'Uròu_c-bialry.róo*iàE,ras"to
qg ics_iffle,lte inféc-rion of $sJpÉ_;rwaysb_l@91lf*ryfi[_AiA [+Ò, 4ri. lhis chronic infection
migJi-efinei anangé the biochenfrar .n-u.L.irii* or
éVcloglygenase in upper airways or make it easily
accessible to analgesics. If the hypothesis is right, then
simultaneous pretreatment of-  pat ients wi f i  ixe,
synthetase inhibiror and TXAzrpGfq receptor anuagonisi
should protect  them against  t t re aspir in- induced
bronchoconstriction.

--*'*.- '*---"t

*ji{.:ieI
viruses have been implicated in pathogenesis of asthma

[42, 43], including aspirin intoleranc e 14, 40), though in
the latter case no explanati-on was offered as ó now virat
lqfectiol cou-id ue nnteo with cyctoo*yjenase_
gependent mechanism. Surch explanation has been given
by a recenr hypothesis [[t].

The hypothesis posturates that aspirin-induced asthma
results from chronic viral infection_. In gesponse to a vims,
a tong time after the inirial e*púure, specific .ytoto*i.
lrmltlgcyres are produced. rhèir actrviìy is suppressed
!v fcEr.produced by pulmcinary atveotar macróinug"r.
$ tt*y-c-tpplygqnas e a_n alge si c s b! ock pG E, p1q{u c ú on,and allow cytotoJdc rymphocytes to artaek àn-o titt tn"i,
Sget cells, i.e. virus-infected cells of the respiratory t u.i.
Purit tg this reaction, toxic oxygen intermediareg,
.y1gfolat enzymes and 4g{iators are released, which
precrprtate atmcks of asthma. These acute atracks ,an
be prevented by avoidance oî all drugs with anti_
cyclooxygenase activity. Ho_wever, asttrmà continues [o
Iu: q protracted coursé- bècause of chronic viral
lntecuon.

T: hypothesis is bases on the following concepts:
l) The clinical course of aspirin-inducJd asrhàa is
reminiscent of viral infectron lq4, qt.
2) Latency or semi:lalg1cy of viruseq !s being increas_
pg,tJ_rgg__ognry9! [46, 47).In man, a notablè e*ampte isEpstein-Barr virus, causing infecrion which p".rii[ ro,
life, and is subject to reactivat"ions. Inrerestingiy, ioÀ. or
the clinical manifestations of acute Epsteii-Éarr virus
infection, such as Guillain-Barré syndr^ome, hepaúlis or
suppression of haematopoiesis may be caused by ,..on-
dary immune responses to latently infecrcd ty-it o"ym
t481.
3) Qytotqxic T-lymphocytes form a part of rhe human
.ljnmune system in the respiratory ru.i. They in.r.or" in

:!lqP{!_!n-Lespeqrc_!o yiral infecrions and are hrghly'sp_egific.

4) Lung. macrophages produce pGE, which suppresses
rmmunologrcar response [49], including cytgtoxic acdv-
ity of lvmphocyres [50, 5l]. Thii intribit ion can be
overcolle !y anti-cyqlooxygeriasé analgesici, which
dggrive macrophages of pGE;.

Several of the hypotheses présented here are now being
actively tested. New hypotheses might be expected to
emerge as the role of other eicosanoids, such as 15-
lipoxygenase products, become more clear. Though
aspirin-induced asthma guards its secrets well, it attracts
more and more scientists and clinicians, convinced that
unravelling the mysteries of this syndrome will give new
insight into the pathogenesis of asthma.
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La théorie de la cycloorygénase pour I'asthma in^duit par
l'Aspir ine. A. SzczeHik.
RÉSUtvtÉ: L'asrhme induit par I'Aspirine est un syndrome
clinique bien défini, qui atteint environ l07o des a.sthmariques
adultes. Chez ces patients, I'Aspirine et d'auues analgésiques
peuvent déclencher des crises asthmatiques. L'idée que la crise
pourrait résulter de I'inhibition spécifique d'une seule enryme,
en I'occurrence la cyclooxygénase, trouve des confirmations à

la fois expérimentales et cliniques. Elle a stimulé rm cerrain
nombre d'hypothèses stu les mécanismes de la bronchocon-
striction. Toutes ces hlpothèses decrites ici se devéloppment
dans le cadre de la théorie de la cyclooxygénase. [,eur suppo-
sition principale est que I'inhibition de la cyclooxygénase
stimule des réactions biochimiques spécifiques que conduisent
à des crises d'asthma franc.
Eur Respir J., 1990, 3, 587-593.


