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Ten aspirin (ASA)-sensitiv,e patients with asthma underwent double-blind, placebo-c'ontrolled

oral challenges with salsalate followed by ASA-sensitive confrmatory challenges. All 10 patients

sustained asthmatic reactions to ASA, but only tw,o developed respiratory reactions to 2 gm of

salsalate. In these two patients, repeat c'onfirmatory challenges with 2 gm of salsalate
reproduced the same asthmatic reactions. Both patients were desensitized to ASA, and
cross-desensitization with 2 gm of salsnlate w,os then achieved. We conclude that salsalate, a
weak inhibitor of cycloox,-genase in vitro, is less likell- than ASA to induce asthma in known
ASA-sensitive patients with asthma but may occasionally cross-react in these patients. Such
reactions were mild and easily treatedwith Br-agonists. (J Atrcncr CttN luuuNor
1990:86:749-58. )

In l9l I , Vane,' using rat stomach and colon tissues
for in vitro studies, reported that ASA and NSAIDs
shared a common pharmacologic effect, namely, the
inhibit ion of an enzyme, prostaglandin synthetase (cy-

clooxygenase). lndomethacin was found to be 20
times more potent than ASA in inhibit ing prostaglan-
din synthetase, whereas sodium salicylate was con-
siderably less potent. Since that t ime, it has been
demonstrated that those NSAIDs that inhibit prosta-
glandin synthetase in vitro induce asthmatic reactions
when they are ingested by known ASA-sensitive sub-
jects wi th asthma.r  t

Salsalate (salicylsalicylic acid) is an effective anti-
inflammatory agent that is used in the treatment of
arthrit is.s Salsalate is a dimer of salicylic acid and is
depicted in Fig. l, along with salicylic acid and ASA
for comparison. Before absorption, while it is in the
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small intestine, salsalate is partially hydrolyzed to two

molecules of salicylic acid. Metabolic studies dem-

onstrate that the predominant fraction of orally ad-

ministered salsalate is converted to salicylic acid,

whereas a much smaller fraction of salsalate (157o) is

absorbed unchanged and converted to a glucuronide

conjugate before excretion in the urine.ó'7 The effects

of salsalate and salicylic acid on prostaglandin syn-

thesis in vitro and in vivo are inconsistent.s-rr
Although salsalate has not been systematically stud-

ied in ASA-sensitive subjects with asthma, one study

demonstrated changes in lung-function values after

ingestion of sodium salicylate (a major metabolite of

salsalate) in a few ASA-sensitive patients with

asthma.r2 A case report of one patient with nasal pol-

yps, asthma and rheumatoid arthritis, who developed

asthmatic attacks after ASA and naproxen, is avail-

able.'3 This interesting patient underwent oral chal-

lenges with tartrazine (no adverse effect), low-dose
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salsalate, 50 mg (60 minutes later she developed ur-

ticaria, chest t ightness, and a l lTc decline in the peak

flow rate). and low-dose choline magnesium trisali-

cylate, 100 mg (30 minutes later she developed an-

gioedema, wheezing, chest t ightness, and a 25o/c de-

cline in peak flow rate).
The present study was designed to evaluate cross-

sensitivity of salsalate in known ASA-sensitive pa-

tients with asthma and with particular emphasis on

increasing the challenge doses of salsalate to thera-

peutic levels. It appeared logical to assume that if

cross-reactivity were to occur, we would need to chal-

lenge with full therapeutic doses of salsalate because

this drug is presumed to be a weak inhibitor of cy-

clooxygenase.

MATERIAL AND METHODS

Ten otherwise healthy volunteer ASA-sensitive patients
with asthma. whose expiratory flow curves were normal
(FEVr. -70Va of predicted or best previously achieved
for that individual), were enrolled in the study. All pa-

tients gave a prior histor.v of an asthmatic reaction to
ASAi NSAIDs or had undergone asthmatic reactions to ASA
in the GCRC. Patients were admitted at a time when their
asthma was in relative remission. If medications were

J .  ALLERGY CLIN.  IMMUNOL'
NOVEMBER 1990

needed, patients continued to take corticosteroids (inhaled,

seven paiients; and/or systemic' nine patients) and theoph-

ylline. During the study, adjustments were made in corti-

costeroids and theophylline doses for most patients to main-

tain stability of lung function' Sympathomimetics, antihis-

tamines. and cromolyn were stopped 24 hours before

entering the studY.

FEV' was measured every hour during the challenge pe-

riods. On day l, placebo challenges were conducted at 3-

hour intervals to establish stability of the asthnÌa. If asthma

was not stable, the patient was either discharged and read-

mitted at a later date or treated in the GCRC until stability

was achieved and the baseline placebo-treatment day yielded

a variat ion of <l5Vo change in FEV' values during the I l -

hour study. Starting on day 2 and continuing through

day 3. double-blind, oral challenges with salsalate (Disal-

cid, 0.5 gm, 3M Pharmaceuticals. St '  Paul. Minn"

and specially made matching 0.125 gm capsules) and

nonlactose-containing matching placebos were performed at

3-hour intervals. The smallest dose of salsalate was admin-

istered first, followed by larger doses in sequence' including

a prerandomized matching placebo dose inserted in the chal-

lenge sequence of each day. The salsalate-challenge doses

were 0.25. 0.5. l .  and 2 gm. Spirometry measurements

were recorded at l, 2, and 3 hours after the fìrst two doses

and up to 5 hours afìer the third dose on each day' Study

design required FEV' values to decline by >2oo/c from base-

l ine to demonstratc signif icant bronchial obstruction. Pa-

t ients experiencing a signif ìcant decrease in FEV, did not

receive addit ional salsalate chal lenges at that t ime. These

patients wcre asked to return to the GCRC to undergo repeat

double-bl ind chal lenges with placebo and salsalate'

Nasal reactors

Signs and symptoms of reactions in the upper airway

were simultaneously recorded' A posit ive response con-

sisted of rhinorrhea plus any of the following: ocular che-

mosis. inject ion and periorbital swell ing, nasal congestion,

and paranasal  s inus Pain .

ASA challenges

All l0 ASA-sensit ive patients then underwent single-

bl ind, oral ASA challenges. ' '  ASA desensit izat ion was then

performed'' and completed in all l0 patients' Broncho-

spastic reactions to ASA and salsalate were treated with

aerosolized isoetharine HCI (Bronkosol: Winthrop Phar-

maceuticals. New York. N.Y.) del ivered by intermittent

positive-pressure breathing machine or hand-held nebulizer.

Nasal and ocular reactors were treated with oxymetazoline

HCI (Afr in nasal spray; Schering Pharmaceuticals. Kenil-

worth, N.J.) and/or naphazoline HCI (Vasocon-A opthal-

mic drops; tolab Pharmaceuticals, Wil lowdale, Ontario,

Canada).

RESULTS

Eight of l0 patients completed the placebo chal-

lenges, followed by the double-blind, salsalate

challenges without any objective adverse respiratory

effects. One of eight patients complained of chest
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tightness on day 2 of the salsalate challenge' but lung-

function studies remained normal during that chal-

lenge day. All eight patients underwen' 
:Tl 

O:l

challenges with resulting respiratory reacttons' ex-

periencing a)207o decline in FEV' values after ASA'

Five of the eight patients also developed upper respi-

ratory tract reactions (classic responders)'

Two of the l0 patients were found to have.stable

baseline challenges with placebo and then experienced

a > Z } T o d e c l i n e i n F E V , a f t e r i n g e s t t n g 2 g m o f s a l -
salate during both the first and confirmatory Couble-

blind challenges. Upper respiatory tract reactions were

also noted but only after the confirmatory challenges'

These data are depicted in Figs' 2 to 5' ASA chal-

lenges were positive in both patients (Figs' 6 and 7)

whó also weie desensitized to ASA (Figs' 8 and 9)'

Unfortunately, one patient (M' L') had unstable air-

ways at the end of ASA desensitization and' after

reintroduction of salsalate, 2 gm, experienced a de-

cline of FEVr values of 267o (Fig' 8)' However' crit-

ical review of the challenge procedure that da1 reveals

that the morning baseline FEVr value was low' a find-

ing consistent with active asthma in this patient'

Therefore, the decline of 26Vo rn FEVI values could

not be unequivocally attributed to salsalate and may'

in fact, have been ,pontun"ous asthma activity' Un-

fortunately for logistìcal reasons' the challenge could

not be repeated during that GCRC admission' Two

months after disch arge, the patient underwent sinus

surgery. She returned to the GCRC 8 months later'

while she continued treatment with ASA to maintain

desensitization, and was challenged with salsalate'

2 gm, without adverse effect (Fig' 10)' The second

puíi.n, was desensitized to ASA and ingested 2 gm

salsalate the next day without any change in FEV'

value (Fig.  9) .

Confidence band statistical analysis

Assuming random patient enrollment in the study'

the 957o confidence interval is 77o to 56Vo; (i'e'' be-

tween 
'|Vo to 56Vo of the ASA-sensitive population

with asthma is predicted to cross-react if doses of

2 gm of salsalate are administered)'

DISCUSSION

Only 2ll0 ASA-sensitive patients with asthma

were found to react also to salsalate in this double-

blind, placebo-controlled' oral challenge study'

i

, l l
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Therefore. between l% and 56c/c of the ASA-sensitive
population with asthma is predicted to be sensitive to
salsalate if dosages of 2 gm are used. By deduction.
smal ler  doses of  salsalate (  I  gm or less) would be
expected to induce asthmatic reactions in a smallcr
percentage of ASA-sensitive patients; in fact. these
doses did not induce asthmatic reactions in any of our
l0 ASA-sensitive patients. This study does not ad-
dress the issue of salsalate sensitivitv in the seneral
population.

Current ly,  the mechanisms by which ASA/NSAIDs
induce respiratory reactions are only partially clarif ied
and understood.a Since the blockade of cyclooxygen-
ase by ASA/NSAIDs is universal . r  such inhibi t ion.
by itself, cannot account for the specificity of the
ASA-induced react ions,  which occur in only a mi-
nority of patients with asthma.r Therefore, it is es-
sential to focus on simultaneous biomolecular events
to define, accurately, the mechanisms of these reac-
tions. One interesting possibil i ty is the forrnation of
arachidonic productsro during ASA-induced respira-
tory reactions. These lipoxygenase products. acting
as powerful vasodilators, bronchoconstrictors. and

chemotact ic factors.  are excel lent  candidates to in i -
t iate and perpetuate ASA-induced react ions. ' "  ' t  The
work by Ferrer i  et  a l . ' '  measured LTC* in nasal  se-
cret ions dur ing ASA-induced respiratorv rcact ions and
found elevated LTC* levels. Na'al secreticlns of pa-
tients with tolerant asthma or normal subjects did not
contain LTC* either before or during ASA ingestion.
LTC., was not found in nasal secretions afier ASA
desensitization in the same patients who had formed
LTC. dur ing ASA-induced nasal  react ions.  By con-
trast, PGE, was reduced (inhibited) in the nasal se-
cretions of all patients and control subjects. demon-
strating that the universal eff-ect of ASA on cycloox-
ygenase enzymes was operative and by itself could
not account for the reaction. The above fìndings are
interesting because they suggest that ASA stimulates
unknown lung cells to form archidonate at the same
t ime that cyclooxygenase is inhibi ted by ASA. Only
the 5-lipoxygenase pathway is then available for me-
tabolism of the formed arachidonate. thus ensuring
rapid formation of leukotriene products. Such obser-
vations do not prove that LTC* causes the nasal re-
act ions and only by impl icat ion suggest that  s imi lar
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above observat ions on the potent ia i  rnechanisnts  t l t '

ASA-inducecl respiratory reactions do suggcst that

drugs. which prevent arachidonate irom passinu

through the cyclooxygenase pathway. share a poten-

t ial  to induce a bronchoconstr ictor response in the

respiratory tract ol ASA-sensit ive subjects with

asthma.r . ' '  r7  I f  sa lsa la te  is  cross- react ing in  son le

ASA-sens i t ive  pat ients .  we would there lore expect

that  sa lsa la te ,  or  i ts  major  metabol i te .  sa l icy l ic  ac id '

should inhibit  cyclooxygenase in vitro and presumably

in  v ivo.  Wi th  bov ine seminal  ves ic les  and a system

of conversion of rH-arachidonic acid into PGE, and

PGF., in vitro effècts of salsalate' ASA' and indo-

methacin were compared. At a concentrat ion of l0- '

mol/L. percent inhibit ion of prostaglandin synthesis

was sa lsa la te ,  13.6 ;  ASA,  48.6;  and indomethac in ,

97.1 (3M Pharmaceut ica ls  data on f ì le ) '  These data

indicate that salsalate is a weak inhibitor of cycloox-

ygenase in vitro when i t  is compared to ASA and

indomethacin.
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In one s tudy.  ura l  adnt in is t ra t inn 0 t '  sa lsa la te  d ic l

not  s ign i f ìcant lv  inh ib i t  aggrcgat ion o f  hunran p la tc-

l e t s . r *  l n  an t l t he r  s tud , v .  o ra l  adn l t n i s t r a t i ons  o t 'ASA

and sa lsa la tc  wcre contpared w' i th  respect  to  thc i r  c l -

lec ts  ( )n  lcvc ls  o t 'arach idonate nretabol i tcs  in  thc  sc-

rum anc l  ur ine in  l0  heal thv  vo luntcers ' "  
' fhe 

resu l ts

ind icated min imal  supprcss ion t l l '  serun i  (p la te le t -

derived) throntboxane B, and PGE, al ier 3 da;-s of

adnt in is t ra t ion 0 l -  sa lsa la tc  (3  gnr f  day) .  whercas v i r -

tua l ly  complete  suppress i t )n  ( )ccurred a l ier  admin is-

t r a t i on  o f  ASA (3 .9  gm/day  f o r  up  t o  3  days ) '  Sa l -

sa la te  was a lmost  as potent  as ASA in  supprcss ing

urinary excretion of PGE, and a metaboli te of PGF,'

Untortunately. studies of '  the eff 'ects of salsalate on

human or  an i rna l  pu lmt lnary  ce l ls  are not  ava i lab le '

The above cl iscussion is cr i t ical to our deductivc

reasoning regarding potential cross-reactivi ty in ASA-

sens i t ive  pat ients  wi th  asthma because of  the fo l low-

i n g p o i n t s : F i r s t . a l l N S A l D s t h a t c r o s s - r e a c t w i t h

A S A i n h i b i t c y c l t l t ) X y g e n a s e i n m a m m a l i a n t i s s u c s

in  v i r ro . r  Second.  the dosage of  NSAIDs that  inh ib i t

cyclooxygenase in vitro is roughly equivalent to the

d o s a g e o l . t h e d r u g t h a t i n d u c c s r e s p i r a t t l r y r e a c t i o n s

in  ASA-sens i t ive  sub jects  wi th  asthma. t  Th i rd ,  in  a l l

ins tances in  which ASA desens i t iza t ion has been at -

l110

' I -

15o/o
change

4127188
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tempted in ASA-sensit ive subjects wsith asthma, this

procedure has been successful, ' '  and furthermore,

cross-desensit izat ion between ASA and the NSAIDs

rout ine ly  occurs . r  r5  r7

Salsalate reactions cannot be unequivocal ly char-

acterized as being identical to reactions induced by

ASA and the NSAIDs. However. the preponderance

of data are consistent with the notion that salsalate.

and i ts  major  metabol i te .  sa l icy l ic  ac id ,  are  weak in-

hibitors of cyclooxygenase and that large doses of the

drug are required to inhibit  cyclooxygenase in vitro

and incluce asthmatic reactions in ASA-sensit ive sub-
jec ts  wi th  asthma.  Cross-desens i t iza t ion was c lear ly

demonstrated for patient T. P. ( Fig. 9), but the se-

quence of events in the second patient ( Fig. 8) is more

cclnvoluted. Unfortunately, after undergoing desen-

s i t iza t ion wi th  ASA and rece iv ing ASA.  0 .65 gm,  in

the morning. the patient was unable to remain in the

GCRC another 24 hours because of personal reasons.

Theretbre. as a conrprornise. she was adntinistered

sa l sa la te .2  gm.  a t  t ha t  t ime  (F ig .  t ì )  and  sus ta ined  a

m i l d  dec l i ne  i n  F tV r  va lues .  w 'h i ch  cou ld  have  been

duc to  unstab le  a i rways.  E ight  n lonths la ter ,  whi le  she

was descns i t ized to  ASA.  she re turned to  the GCRC

and u,as cha l lenged wi th  sa lsa la te  again .  At  that  t in te .

therc w'ere not any adverse efîècts. and thc F-EV, val-

ues re  maincd s tab le .  Our  in terpreta t ion is  that .  w 'hen

thc  pa t i en t  i n i t i a l l y  e rpc r i cnced  a  dec l i ne  i n  FEV ,

va luc w ' i th  sa lsa la tc  a t ier  ASA desens i t iza t ion.  she

was inconrp le te lv  dcsens i t ized and thcre l r l rc  s t i l l  had

hyper i r r i tab le  a i rways af tc r  her  ASA- induced resp i -

ra tory  react ions.  g iv ing thc appearancc o l '  a  lack o t

cross-descns i t iza t ion.  When her  a i rways became sta-

blc. shc returned at a later date and was fbund tt l  be

cross-dcscns i t izcd to  sa lsa la te .

Fronr  a  pract ica l  s tandpoin t .  as  wi th  o ther  NSAIDs.

i t  appears  prudc:nt  to  warn ASA-sens i t ive  pat ients  wi th

asthnra about thc potential adverse ef l-ects of salsalate.

S ince many subjects  wi th  asthma are a l ready avo id ing

ASA and are in an unknown category with respect to

ASA sens i t iv i ty .  these subjects  wi th  asthma should  be

cclnsidered potential reactors to salsalate. Whether or

not rcactions to salsalate actual ly occur at dosages
(2 gm is not clear, although our data do not support

such a hypothesis. In one previous case report.r l

50 mg of salsalate was associated with urt icaria and

some wheezing in  a  pat ient  sens i t ive  to  many chal -

lenge materials, but FEV, values were not obtained,

and peak f low measurements were marginal ly

changed. Furthermore, this female patient reacted to

a low dose of another nonacetylated sal icylate, chol ine

magnesium tr isal icylate. I t  appears unl ikely that her

Salsalate cross-sensitivity with ASA 757

case represents an extension of the shared pharma-

cologic effects of NSAIDs on cyclooxygenase, par-

ticularly because of the low dose of salsalate and the

urticarial type of reaction.
Finally, in view of the mildness of the reactions to

salsalate in our two patients, it should be safe to chal-

lenge patients with salsalate at starting doses of 0.5

to I gm of salsalate and increase up to 2 gm.Even

in known ASA-sensitive subjects with asthma, 8/ l0
of our patients could take 2 gm of salsalate without

any adverse effect. If additional salsalate reactors
were identified by challenges, they could also be

managed with ASA desensitization and then cross-

desensitization with salsalate.r5 The opposite approach

of desensitization to salsalate was not attempted, and

it is therefore not known whether or not such an ap-
proach would be possible. Another weak cyclooxy-
genase inhibitor, acetaminophen, was a poor desen-

sitizing analgesic in patients demonstrated to be sen-

sit ive to it,r" although cross-desensitization after ASA

desensitization was clearly demonstrated in these pa-

t ients.
In summary, weak inhibitors of prostaglandin syn-

thesis appear to cross-react in a minority of patients

sensi t ive to ASA/ NSAIDs and only when large doses

of drug are presented. This supports the concept that

those analgesics. such as salsalate and acetaminophen,
which are weak inhibitors of cyclooxygenase in vitro,

are less l ikely to induce re spiratory reactions in known

ASA-sensi t ive subiects wi th asthma.* '  r t '
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