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Tryptase and histamine release during

aspirin-induced respiratory reactions

John v. Bosso, MD,* Lawrence B. Schwartz, MD, PhD,** and

Donald D. stevenson, MD* La Jolla, calif., and Richmond, va.

The involvement oJ'mast cells in the pathogenesis of aspirin (ASA)-induced respiratttrt' reactions

was investigated b1- measuring, serum levels of tr,,-ptase, a neutral profease that is a speciJlc

marker of mast cell activation. ASA challenges were performed in l7 ASA-sensitit'e patients with

asthma and rhinosinusitis, and tryptase and histamine let'els were measured in their venous

blood samples. In three subiects who experienced moderate to severe respiraton' reactions

extending to the skin andlor gastrointestinal tract, marked elevations oJ tUptase lev'els in

postreaction serum samples (peak !evels, 5...9 antt 40'0 nglml) were discot'ered in Wo of these

three subjects, and a small elevation of trt'ptase occurretl in the serum of the third sub'iect (3'l

nglml peak). Plasma histamine levels in postreaction samples were signiJtcantl,v elevated over

basel ine y,alues in al l  three subjects (A mectn plasma histamine,238 pglml versus 56 pglml for

the remaining l4 subiects:p < 0.04). In the remaining l4 subiec'ts' v'ho e'rperienced similar

respiratrtrt, reactions without extrapnlmon(tr\ svmptoms tluring aspirin challenge' chtmges in

tn,ptase antl histamine lev'els vnere not ttbservecl. (J AUenCv CttN IUUUNOT 1991:88:830-7')

Key words: Aspirin, aspirin-sensitiv,e rhinosinusitis, nonsteroidal anti-infarnmatory: drug' FEV''

mast cell

Estimates of the prevalence of ASA sensitivity

among adults with asthma range from 97c to 44c/c,

clepending on the method used to detect the disease

and the subpopulation studied.' t '  Currently, the mech-

anism of ASA-induced respiratory reactiotts in ASRA

patients remains unknown. Histamine and leuko-

trienes have been detected in nasal secretions of ASRA

patients during ASA-induced respiratory reactions'7

Histamine may be released by MCs' basophils, an-

tigen-processing cells, and possibly bacteria, whereas
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Abbreviut ions Lrsed

MC:
EOS:

GCRC:

IT:
LTB.,, LTC., LTD., LIE.:

ASA: AsPi r in

ASRA: AsPir in-sensit ive rhino-

sinusit is-asthmatic
Mast cel l
Eosinophil
General Cl inical Re-

search Center
lmmunotheraPY
Leukotrienes 8., C., Dr,

and E.

MCs, EOSs, neutrophils, and macrophages are ca-

pable of releasing leukotrienes'

Tryptase, a neutral protease. is known to be the

dominant protein component of the secretory granules

of each of the two defined types of human MCs'8'0

These inc ludeMCrandMCr .ce l l s 'MCrce l l sconta in
tryptase ( 10 pg per lung MCr cell), but not chymase'

unà u.. the predominate type in the lung (particularly

in alveoli) and intestinal mucosa' MCt6 cells contain

both neutral proteases (35 pg of tryptase and 4'5 pg

of chymase per skin MCrc cell) and are the predom-

inate type of MC in the skin and intestinal submucosa.

Iryptase is present in all metachromatic MCs of the
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TABLE l .  S ing le -b l ind  3_day ora l
ASA cha l lenge*

Tryptase re lease of  ASA_|nduced react ion g31

TABLE l l .  Respiratory t ract  react ions that
occur  dur ing  ASA and NSAID cha l lenges

Classification Reaction
Time Day 1 Day 2 Day 3

[ì av Placebo ASA.
I l  av  P lacebo  ASA.
I plr Placebo ASA.

3 o r 3 0 m g
60 nr-e
100  mg

A S A .
ASA.
A S A .

r 5 0
32s
6-50

nlg

lrìg

mg

Class ic

Pure asthma
Pure rh in i t is
Part ial asthma

No reaction

More than 20% decrease in FEV,
values combined with naso_
ocular reaction

A 20% dec l ine in  FEV,  va lues
Nasoocular reaction alone
FEV,  va lues dec l ine by l5% to

20%. combined wi th  a  naso_
ocular reaction

No cr, iclg6('e tìrr'rcacf ion

" lndiv iduar ize 'd b1' the phrs ic ian b. th w, i th respect  t '  incrc,nrcntalrncrcase in ASA dosage and rrn l rns or 'adnr in ist rar i .nF^,n, sre'ens.n DD. i;; il ;l'l';illfi'.]' illli'ir',1r,rr,,,

sk in .  lung.  and bowel  t issue.  A l though t ryptase is
present  in  negl ig ib le  amounrs in  huÀan úasophi ls
(0 .04 pg per  basophi l ) . , r  i r  has nor  been detected at
a l l  in  o ther  tvpes of  ce l ls  in  the per iphera l  b lood,  sk in .
lung.  and bowel .  Thus.  , r1 , .p ,0 i .  leve ls  in  serum can
s.-rve to specif icai lv indicate that r\{c act ivat ion has
occurred. r r  Leve ls  o f  serunr  t rvptase >5 ng/ rn l  are
t-v'pical ly f .und f ionr r to -r h.urs af ier the clnset of
svstemic  anaphy lax is . , r  Nornra l  le r , ,c ls  are ( l  ng i  ml(unpubl ished data) .  whereas less severe a l lerg ic  re_
i"rct ions or samples col lectecl nlore than 4 houis al ier
the onset of svmptonls n.ìav be associated with levels
l ionr  I  to  -5  ng/ rn l .

Bccausc-  rnost  ASRA pat ients  n lust  take maintc_
nancc svstemrc c( ) r t ic ( )s t r . r . i i rs .  the potcnt iar  e f lèc t  or .
c ( ) r t icostcr . ids  rn  t r {c  ' -unct i .n  is  i 'p t r r tant .  In  r , , i t ro
s tuc l ics  , f 'human a i^ r  a- r  \ {cs .  prc t reate cr  * ' i th  or  wi th-
out dexarrethiìsone . cr icr n.t  rerear .nt,  cr i | tercnces in
r ' ed ia t r r  r e r case . ' '  Thu : ; .  c resp i t c  t he  use . f ' c , r t i c . -
s ter . ids  in  .ur  s tuc l l ,popula t i ,n .  r . l ,e  w,ou lc i  not  expect
thcsc drugs to  in f ' luence thc resu l ts  o f . th is  s tudr , .

Rccentl1,, .  a patient \ \ , ,as reportc-cl r i  ho presc_ntej u i th
severe asthr r ia  and v .mi t ing 30 nr inutes a f ìer  insest ion
o l '7-5  nrg o f  indornethac in .  Trv-ptase serum leve ls  were
markedly  e levatec i  in  th is  pat ient  c rur ing h is  react ion
and dec l ined wi th  a  ha l f i i r ,c  c t f  l t / :  h .urs . r+  Another
patient reportedly developed bronchospasm ancl urt i_
car ia  I  hour  a l ier  insest ion o f  ó50 rng of  ASA.  Ap_
preciably elevatecl trvptase levels were also cletected
in  t h i s  pa t i en t . r l

In an effbrt to unclerstan<J better the mechanism of
ASA-induced reactions. we uncJertook a study to cJe_
termine whether MC activation occurred in ASRA
pat ients  dur ing ora l  ASA chal len-ues.

MATERIAL AND METHODS
Patients

All patients were aaurts with known reversibre obstructive
airwa-v disease and rhinosinusit isi  nasar porvposis. previous
and current histories of arergic respiratory tract cr isease.
previous cutafìe'us tests f .r  i rnmediate h'persensit ivi ty re-
actions. and treatment with IT werc recorded. Al l  patients

l{SAl D, Nonsteroidal anti_inf lammatory drug.
From Stevenson l)D. 

-sirnon RA. Aspir in ìensit iv, i t1,. :  respiratory
and cutaneous manif-estat ions. In Nf icldreton E Jr. Reed cE. EIr is
EF. Adkinson NF Jr. yunginger JW. eds. Al lergy: principles ancì
pracr ice.  3rd  ed.  St .  Lou is :  CV Mosbv.  lggg:15.12.

had histories of lower respiratory tract reactions (wheezinc,
dvspnea. and chest t ightness) af ier ASA or nonsteroid antr_
inf lammatory drug ingestion; some patients also observecl
conconti tant nasoocular svmptoms (rhinorrhea. nasal ob_
struction. postnasar drainage. ancr ocurar irr i tat ioni water-
ing)  dur ine the i r  pre ' ious ASA- induced reacr ions.  Scns i t iv -
I tr" to ASA was documented bv oral ASA challenses (a
p.sit ive rcacti .n being a prerequisite for part iciparion in the
study). ' '  Informccl conscnt f  r tr  proceciures appro'ed b1, the
Huntan Subjects'  Committee w,as obtainecl fbr each patient.

Chal lenge procedure

Ser,enteen ASRA patients underwent single_bl incl oral
ASA challenges in the ccRC ar Scripps Crrnic ancr Research
Fbundation. Challenges were pertornted at a t ime when the
pat rent 's  asthma was in  re la t ive remiss ion;  that  is .  FEV,
values were at reast 70c/r of pre<iicted or of the best nrevi-
ouslv rccorded' with an absorute varue ) r.5 L. rf  at ldi t ionar
corticosteroids were needeci. they were administered in the
week preceding chal lenge to induce remission in asthma.
Theophyl l ine treatfnent was continued. but antihistamines.
cromolyn. and inhaled sympathomimetic agents were
stopped 24 hours befbre challenge because these drugs have
been demonstrated to modify rhinitic or bronchospaitic re-
sponses to ASA.'.  The dosing protocoì for the single_bl ind,
3-day oral ASA chailenges is summarized in Tabre I.  A
detai led descript ion of the chal lenge procedure has been
described elsewhere. ' '  patients are not tord about the con-
tents of opaque capsules nor the chal lenge sequence <ìuring
their stay in the GCRC.

Glinical reactions to ASA
The classifìcation of respiratory reactions that occur crur-

ing ASA challenges is outl ined in Table II .  During the
challenge procedure. bloocl pressure and pulse .ut. *.r"
recorded' and cutaneous and gastrointestinar reactions were
also noted as they occurred. Nasoocular signs and symptoms
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TABLE l l l .  Resul ts of  oral  ASA chal lenges in 17 pat ients:  Respiratory and systemic react ions
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ASA-provoking
Patient dose (mg)

Respiratory
reaction

type

Maximal
Maximal 7o nasoocular
decl ine in sign/symptom Gastrointestinal cutaneous

FEV' grade sign/symptom sign/symptom

R .  M .
S .  G .
G .  R .

100
100
60

60
60

1 5 0
ó0
30
60
60
60
60
60
6

60
60
60

Classic
Classic
Classic

Classic
Pure asthma
Pure asthma
Pure asthma
Classic
Classic
Classic
Classic
Pure asthma
Classic
Pure asthma
Classic
Classic
Classic

3 l
58
44

28
35
L J

26
30
28
20

. / .J

2 l
3 l
28
a a
J J

58

4 +
1 +
3 +

3 +

Nausea
Diarrhea
Bloating / ab-

dominal dis-
tension col ic

Severe flushing
Macular rash

Mild f lushingî r
L - T

î l

L ' T

L ' T

l - r

1 - L
L I

3 +
) J -

î l

a - r

were graded on an intensity scale of I * to 4 + with I +

representing minimal to mild and 4 * representin,s severe

nasal/ocular reactions. Inîormaticln about the presence or

absence of extrapulmonary manifèstations of the ASA re-

action was not made known to the laboratory conducting

the assays.

Tryptase assay

Venous serum samples were collected at baseline (before

ASA challenge), 30. 60. 120. and 300 minutes after onset

of cl inical reaction (as defìned by a 20c/c decl ine in FEV'

values from baseline with or without concomitant naso-

ocular signs/symptoms). An addit ional serum sample was

obtained at the end of the ASA desensitization protocol 3

hours after the patient ingested 650 mg of ASA without

adverse effects. Samples were stored at - 70' C. All sera

were assayed for tryptase with a sandwich ELISA assay

described elsewhere." '  The lower l imit of sensit ivi ty with

40 pl of serum per assay was 2.5 ng/ml. Currently, levels

>5 ng / ml are considered to be elevated and reflect excessive

MC degranulat ion. Levels between 2.5 and 5 ng/ml may

also occur with mild or local MC discharge or reflect early

or late timing of blood sampling relative to onset of MC

discharge.

Histamine assay

Venous plasma samples were collected in ethylenedi-

aminetetraacetic acid tubes at baseline. the time of recog-

nized clinical reaction. and at the end of the desensitization

protocol. 3 hours at ier ingesting ASA. 6-50 mg' Samples

were storeci at - 70o C belbre assay' Plasma was assayed

for histamine by radioimmunoassay (AMAC' Inc" West-

brook. Maine). The lower l imit of sensit ivi ty with 100 pl

o f  p lasma per  assay was 20 Pg/ml '

Statistical analYsis

Analysis of histamine values was perlormed with an in-

dependént Student's /  tesq f test. Wilcoxon's signed-rank

test. and regression analysis were used to understand further

the results of subgroups of ASA reactors'

RESULTS
Patients' profi les

Of the I 7 patients, l0 had a history of lgE-mediated

rhinit is or asthma as well as positive wheal-and-flare

cutaneous test, but only 3 patients were currenfly

judged to have active allergic respiratory disease'

Seven of the l0 patients had received IT in the past'

but only two were continuing this treatment at the

time of stucly. with respect to interpretation of Tables

III and lV, of the three subjects who were found to

have elevated serum tryptase levels, patients R' M'

ancl G. R. had previous allergic respiratory disease'

and R. M. had received IT in the past' Patient S' G'

had negative wheal-and-flare cutaneous testing in the

past. All three patients were taking systemic corti-
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TABLE lV. Results of
ASA desensi t izat ion

his tamine and t ryptase leve ls  before,  a t

Tryptase release of ASA_|nduced reaction g33

react ion,  and af ter

Plasma histamine (pg/ml)
Serum tryptase (ngi ml)

ASA chal lenges

Patient Before Raction
After ASA

desensit izat ion *

ASA chal lenges

Before Peakî
After ASA

desensitization r
R .  M .
S .  G .
G R
K W
M .  D .
N .  C .
R.  t - .
D .  K .
H .  G .
D L .
T . H
w. F.
R .  S .
P .  M .
R A
P. P.
S .  S .

100
8ó

t 2 7
-+8
78
l l

l+

r 0 2
.13

r00
38
- 51
77

l l . l
72
75
-s0
93

-5 1,1
266
' \ A 1
- + l

78
8 l
,5:

l l 6
1 3 9
{J2
56
40
37
96
50

l f  I
I ' + -

94
19

1 7 1
r ' t+ :

1 8 3
t20
72
-7 1

4 l
^ 1+-r

268
3ti
39
76

5'13
36

ND
77
53

< l . -5
< 2 . 5
<2. ,5
<2. -5
<2. -5
< 2 . 5
<2. -5
< 2 . 5
< 2 . 5
< 2 . 5
<2. ,5
< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5

5 l  . 9
40.0
3 . 1
2 . 5

<2. -5
< 2 . 5
<2. -5
< 2 . 5

2 . 5
< 2 . 5

/ . . i

2 . 5
l . J

< 2 . 5
< 2 . 5
<2. -5
<2.-5

< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5

'  < 2 . 5
< 2 . 5
< 2 . 5
< 2 " 5
< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5
< 2 . 5
<2. -5
< 2 . 5
< 2 . 5' [ J lood 

s i rn rp lc ,  f  ukcn  . ì' :Peuk  
lc r  e l  o l  t r r  p t l rse

hru rs  a f ' t e r  i nges t ing  ASA.6 -50  ng .  u i th .u t  an 'measurao , . . , , n , .o ,  , . - r . * -is  thc highest  'arue recurded bet*een 30- 300-minute I  react i 'n .

crs te^r ids  and theophyt ine a t  the r rme . f  ASA char-lenge and s tuch, .  Of  the renra in ing l . l  pat ients .  l0  weretak ing  s ) s t cm ic  co r r i cos t c ro ids .

Clinical reactions to ASA
As presented in Table II I .  al l  ASRA parienrs un_clcr-eoing ASA chal lenges met cr i ter ia for  an ASA_induccd asthmat ic rcact i .n.  Twerve pat ients had cras-sic responses consist ing of  a c lecl ine in FEV, )20c/c

fiom baseline with concomitant nasoocular signs andsympronìs (rhinorrhea, nasal blockage, pàstnasal
drainage, and conjunctival injection). Five patients
had an asthmatic response without a nasoocular com_pclnent. Hypotensive reactions. as defined Uy u O.opin systolic blood pressure to (90 mm Hg. did notoccur in any of the patients.

Also depicred in Table III are rhe disringuishing
lèatures of  the ASA_induced reacr ions exhiài , .0 UiR. M. and S. G. These two pat ients had react ions
characrerized by 

11!erate and iarge declines in FEV,va lues  (31% and 5g% fbr  R.  M. lnd  S.  G. .  , . rp . ._
tively) and severe (4 + ) nasoocular signs and symp_toms; in addition. there was progression to involvethe gastrointest inal  t ract  wi th on. ' iu, , .nt  (R. M.)  ex_periencing signifìcant nausea lasting 2 hours and the

other patient (S. G. ) having watery dianhea and severe
cutaneous f ìushing last ing for  90 minutes.  Both pa_
t ients '  ASA-provoking doses were 100 mg. al l  other
sub.jects except N. C. had ASA_provoking doses <60
mg. Af ier  ASA chal lenge with Ob mg of  ÀSA. par ienr
G. R. ha<t a substantial asthmatic reaction with a de_cl ine in FEVr of  4 l% in addi t ion to a moderate (3 *  )nasoocular reaction. The patient aiso experienced ab_dominal cramping and a macular rash. None of theother l4 patients in this srudy had gastrointestinal
s igns or symptoms. and only one pat ient  (D. K.)  ex_perienced a transient cutaneous flush during their re-act ion.

Serum tryptase levels

Of the patients with classic responses to ASA chal_lenge. two pat ients (R. M. and S. C.)  were found tohave marked elevations in serum tryptase levels duringtheir reactions compared to baseline values. One pa_
tient (G. R.) with a classic respiratory reactlon to ASAand associated gastrointestinal and cutaneous reac_
tions demonstratecl a small rise in serum tryptase toa^level  of  3.1 ng/ml.  As presentecl  in Table [V,  f iveof the remaining l4 subjects appeared to have a riseln serum tryptase levels to the lower l imits of detec_
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r 50
0900

60

5 5

' r 0 0  1 2 0 0  
+ 1 3 0 0

|-;l^l
l 1 0 0 M G  I

a r 0 0 0
I

I A S A I
lsorvrc.l

1  4 0 0  1  5 0 0

Time of DaY +

F t G . l . l n s u b j e c t R . M , , A S A - r e a c t i o n o n s e t o c c u r r e d b e t w e e n l 3 3 0 t o l 3 5 0 h o u r s W | t n a n a -
soocu la r  reac t ion ,  fo l l owed  qu ick l y  by  a  b ronchospas t l c  response  (FEV '  dec reased  31o io ' )  Marked

t r y p t a S e r e l e a s e , p e a k I e v e | , 5 1 . 9 n g m | ; t h i s s u b j e c t a I s o e x p e r i e n c e d g a s t r o i n t e s t i n a I s y m p t o m s
( n a u s e a )  b e t w e e n  1 4 0 0  a n d  1 6 0 0  h o u r s '

t i .n" 2.5 ng/ml. Samples fro'r the rer-naining nine with release of Mc rnediators and their effects on

subjects clid not change from the baseline values of target organs'

<2.-5  'g /ml .  

j l la r rBc r rL ' ' r r r  t r ru  uq ' )vr r r rv  

_ :  
As presented in  Table  IV.  a t  the end of  ASA de-

In  F ig .  1  is  dcp ic tec l  the sequence of  R.  M. 's  re-  sens i t iza t ion.  when each of  the 17 subjects  ingestcd

action and the accompanying erevation of serum tryp- 650 mg of ASA without adverse cl inical eff 'ect '  serunl

tase lcvels. Ten to 30 minutes after rhe onset of cl inicar ,ryproù revels. obtainecl 3 hours at ier ASA' 650 nlg'

react ion.  the f i rs t  post react ion sample conta ined a were <2 '5  ng/ml '

:iJi:i'-fJ'*:J:f ,::' ;1"$.::1:J';;1.::i l': P'asma histamine'eve's
reaction. by which time FEV, values had returned to plasma histamine levels from baseline and as soon

normal. perhaps as a result of treatment with meta- as possible atìer onset of reaction are l isted in Table

proterenol. A tryptase level 57: hours atler onset.f IV. plasma from subjects R. M' and s' G' demon-

the reaction was sti l l  eleva ted Q4'4nglml) during a strated a significant increase in histamine values at the

time when nasoocular symptoms persisted but 3 hours time of clinical reaction compared with baseline levels

af ìer  gasrrointest inal  symptoms had encred. In Fig.  2 ( . \  h istamine value: R'  M " 414 pg/ml:  À histamine

are depicted data f rom S. G.,s react ion.  The rrvptase values: s.  G. , l lg pg/ml) '  Plasma from G' R'  dem-

levels measurecl at 20, 40. and 70 minutes postreaction onstrated a defìnite but smaller increase (a histamine

were  inc reasecr .  20 .6  to  29 .g .  peak ing  a t  40 .0  ng /ml .  va lue :  G.  R. .  l  l9  pg /ml )  a r  r ime o f  rnse t  o f  ASA-

In this case. the peak tryptase level prececie<J the low- induced reaction' The mean a plasma histamine value

est FEV, value by 40 minutes. Five hours afìer the tor these three subjects (238 pui ml) was signifìcantly

onset of trris reaction. the serum tryptase level con- greater than the mean À for the other 14 subjects

t inuec l  to  be  e leva tec l  (16 '8  ng lml i  a t  a  t ime when iqpg/ml ) '  p  <0 '04 '  A fewof  theothersub jec tswere

FEV' varues had returnecl to normal. systemic rlush found to have small increases in hir;tamine (D' K'

and diarrhea had subsided. but nasal congestion had with mild flushing, demonstrated an increase from 43

persisted. Based.n these elevated levels of  t ryptase to 139 pg/mt.  an, t  K'  w' ,  P'  M" and P'  P'  demon-

in the serum. all or part of the reactions was consistent strated a rise of >30 pgi ml)' but most values at re-

, , , , , , ,  ' a t , -  

-
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FIG'  2 '  In  sub ject  s '  G. ,  ASA-react ion onset  occurred at  1300 hours .a t  40  0  ng rmr ,  was  measu red  du r i ng  p ro found  b ronchospasm (FEV, ,nasoocu ra r  r eac t i on  (4  + ;  ; n  add i t i on  t o  a  cu taneous  ( seve re  f r ush ing )rhea)  response las t ing f rom 1330 to  1500 hours .

action were the same or below baseline values. As a
group of  l4 pat ients,  stat ist ical  analysis of  the mean
histamine levels. comparing before reaction with re-
act ion wi th Student 's paired r  tests,  were p > 0.05,
or not significant. After ASA desensitization, indi_
vidual plasma histamine levers were rower than base-
l ine values in 9/  l7 subjects,  including pat ient  S. G.
In 8/ l7 subjects, histamine levers were elevated in
the acute desens.it ization samples. The mean post_
ASA desensitizarion histamine lever fbr the group was
I l0 pg/ml,  as contrasted to the basel ine mean'of  76
pg/ml. This difference was nor statisticaily significant
w i t h  a p  >  0 . 0 5 .

Other statistical studies

Regression analysis contrasting either tryptase or
histamine levels with changes in FEVr uuiu., *...
not significant.

DISCUSSION

Evidence for MC activation dunng ASA_incluced
respiratory reactions was found in three of r 7 sensitive

sub.jects on the basis of elevations of serum tryptase
and plasma histamine levels. None of the ..*uining
l4 ASRA subjects.  wi th ASA reacr ions r imited to a
respiratory response, had detectable tryptase in their
serum; pat ient  D. K.,  however.  wi th mi ld f lushing in
addition to his respiratory reaction, experienced a
modest rise in histamine at the onset of clinical re_
action.

The specificity of tryptase as a marker for
human MCs has been demonstrated in previous studies
by immunohistochemical and biochemical tech_
niques.n.rr' 16 '7 Tryptase is a preformed mediator,
stored along with histamine and proteoglycan in the
secretory granules of MCs. The degranulation of.
MCs. w-hether by immunologic or nonimmunologic
mechanisms and regardless of the inhibit ion of pràs_
taglandin synthesis, is accompanied by the relea.se of
this enzyme. The systemic reactions experienced by
three subjects in the current study and by two subjecé
reported previousryrr'rt were associated with elevated
levels of serum tryptase. MC activation therefore is
implicated in some AsA_ilduced reaction, unJ up_
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pears to correlate with reactions extending beyond the
7 '

resprratory tract.--Foi 
ittót. subiects with reactions limited to the re-

spiratory tract, ,..u* tryptase levels were not detect-

atly eleuated, and rises in histamine levels were mod-

est, if they occurred at all. Differences in the mag-

nitude of the respiratory reactions cannot explain these

findings, since patient R. M., with the highest peak

tryptase level (51.9 ng/ml). experienced broncho-

spasm with an FEVr value declining by 3l7c ' Fwe ot

the l4 patients without elevated tryptase levels in their

sera experienced bronchospasm. with FEVr values be-

tween 3lc/c and 58c/a. Whether this reflects a limited

abil ity of mediators released in respiratory tissue to

enter the circulation' an insuffìcient magnitude or

speed of release of mediators to raise systemic levels.

oi lack of involvement of MCs in these latter patients'

reactions is not known. ln those subjects with modest

elevations in histamine'but not tryptase. basophils

could be the source of the histamine. Interestingly.

the two patients with the largest rise in tryptase reacted

to a 100 mg dose of ASA' whereas provoking doses

of ASA for all other subjects. except N' C" were 60

mg or less. Dose-dependent reactions occur after ASA

challenge. suggesting the possibil i ty that challenge of

these two subjects with larger doses of ASA might

have induced a larger. perhaps systemic' response'

with associated elevated levels of histamine and tryp-

tase anticipated. \-ag1e-1lran ong cell type may be ac-

t i v a t e d i n A S A - i n d u c e d r e a c t i o n s . e a c h c e l l t y p e r e -

{uìiíng à different threshold concentration of ASA to

î-nduce a response'T rtt re However' against MC acti-

uit ion requiring a higher ASA-provoking dose' pa-

tient N. C. received 150 mg of ASA with only a23c/c

decline in FEV, and no elevation of either tryptase or

histamine. we are more inclined to anticipate that the

state of actiúiit of pulmonary cells' including mac-

rophàges, MÒs, and EOSs, is l ikely to be important

in the dosage of ASA required to induce the reaction

and the degree of severity of the reaction itself'

Af terASA-inducedreact ion, thereleaseoftryptase
into the circulation appears to occur more gradually

than histamine release. [n the current study, three pa-

tients with ASA-induced symptoms extending beyond

the respiratory tract demonstrated significant hista-

mine release at the onset of the clinical reaction' This

finding was similar to that in a previous study in which

h is taminewase leva tedshor t l ya f te r theonseto fASA-
inducedrespiratoryreact ions.part icular lywhenf lush-
ing and gastrointestinal symptoms also occurred'' '

These three subjects exhibited peak levels of tryptase

at I to 2 hours after the onset of clinical reactions.

The time course during anaphylaxis to a bee-sting

challenge has been studied in detail; peak levels of

tryptase were observed I to 2 hours after the sting

J ALLERGY'"?i'lÌlT|,Ì*

and then declined under apparent first-order kinetics

with a half-life of :2 hours, whereas peak levels of

histamine occurred 5 minutes after the sting and re-

turned to baseline by l5 to 30 minutes' Both disas-

sociation of histamine and tryptase from granule ma-

trix within the MC and extrusion of these products

through cell membranes govern the kinetics of his-

tamine and tryptase release into extracellular spaces'

In the current study, neither the provoking dose of

ASA nor the time to onset of clinical symptoms can

be predicted accurately, and onset of reaction was

difficult to establish precisely' Therefore' blood sam-

pling began after the observed onset of clinical re-

u.tiónt ( FEV, declined by 20c/c or more)' [n most

patients. nasoocular symptoms and signs preceded a

d e c l i n e i n F E V , v a l u e s b u t a r e d i f f i c u l t t o i d e n t i f y i n
their earliest phase' Histamine levels may have risen

and returned to baseline before sampling. In addition.

Simon et al.r" have demonstrated that spontaneous

histamine release. with elevated plasma levels' occurs

frequently during increased asthma activity of any

ryp;. even when release was not associated with ASA-

inr lucecl  react ions.  However.  in evaluat ing ASA-in-

duced respiratory reactions. measurement o[ tryptase

àppears to be a more practical and specific marker of

MC activation than is histamine'

Activation of MCs may account for some or all of

th-el-features -o-f d$A induced reactions' llistaming'
LJC*. and prostaglandin D, are released or formed by
-lffi 

uód hlve-p.ìéiit etfects on thè vasòulature- and

smooth mu.sóle in lu1g. l\ i fì. and gastrointestinal t is-

G;.' Hirilt"i;. ffi;pffi. of ìnduóing ttrè sastro-
i'irtestinàt and cutaneous reactions and may be the ma-

joi mediator in syGmic ,yrnpto'nt extending bevond

ihà respiratory rracr. lndirect supporr for this idea is

ih. ,tuày by Szczclik and Senwenskal who pretreated

ASA-sensitive patients with an antihistamine and were

able to either block or ameliorate the systemic or na-

soocular symptoms, but not the bronchospastic re-

sponse, in patients challenged with ASA' Similar

bìocking studies with cromolyn have prevented or de-

layed asthmatic responses to ASA challenges'tt tug-

gesting that MC products, such as leukotrienes' may

induce the bronchospastic response to ASA' ln urine

samples, elevated levels of LTE*' a metabolite of

LTq. t tandofL fCr innasa l lavagef lu id?were found
in sensitive subjects with asthma after AsA challenge.

but not in control subjects undergoing similar expo-

sure to ASA. Leukotrienes, formed from lipid mem-

branes of MCs, macrophages, and EOS' are good

cand ida tes to inducesevereandpro lo l rgedbroncho-
spasm, a characteristic clinical pattern in ASA-in-

ducecl respiratory reactions'7 In addition' amplifica-

tion crf the local tissue response to MC activation may

occurbyrecrui tmentandact ivat ionofothercel ls, for
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example, secretion of LTBr may arrract neutrophils.
and secretion of platelet_activating factor n,rf ui,ru.,EOSs. It appears l ikely that a concert of. cells andmediators are responsible fbr the ASA-incluced re_actions. Leukotrienes mav produce prolonged bron_chospasm ancl histamine may produce imrnediare
bronchospasm. as well as utf,e, extrapulmonary ef_f-ecrs' other mecriar.rs await ru.trr..-i.t i"ì,,"" ' r"uclarifìcation ol' their roles.

Tryptase revers in the serum of ASA-desensitized
sub-iects were not elevatecl. Histamine revers were in-consistent af ter  acute ASA desensi t izat ion,  tencl ing tobe sl ight ly lower in most pat ients.  a f inding consistent
with previous studies of desensitizect sJblects., Inthose subjects with higher postdesensitization hista_
mine levels.  i t  is  possible ihat  eSA desensi t izatron
was not completed at the cellular level. even though
clinical reactions were not observed. Additionar sam-pl ing af ier  lon_e-term ASA desensi t izat ion wi l l  be nec_essary to answer th is quest ion.  Thus, ASA desensi_
tization appears to attenuate the MC response to ASA.

In summary. MC activation occurs cluring the sys_temic response to ASA chal lenge in some sensi t ive
subjects. whether this reflects aiirect or indirect ef-fèct of ASA on MCs and to w,hat extent other celltypes are invorved was not adcrressed in these studies.
Addi t ional  stucr ies are arso needea to measure rocar-

::::..::i:_.r: 
of' tryprase i n th e re sp i rarorv rrau . perhaps

In ocurar.  nasar.  . r  b* lnchiar f ru icrs.  to assess whether
or  n ( ) [  l< lca l  \ lC  ac t i 'a î i .n  oce  urs  tn  rn ( )s t  ASA_:cn_
sitive subjects w'ith asthma r.l,ho cro n.t generatc serurn
levels of trvptase cluring ASA_induced respiratory re_act ic lns.

We arc inclcbtcd.to thc nursing ancl laboratorv staf.f  ol.the GCRG fìrr their in'aruabre assìstancc- rn perr.rming theprr t .c r l '  we thank the w. rd  process ing s ta f '  . f ' the Dc-par tn ìent  o f 'Nf  . rccurar  and Expcr inre  n tar  Medic ine for  the i rassrstance in prcparati .n .1' this nìanuscrpt. ancr Diana r)ui lf ìrr  technical assistancc uith tr\ptase nleasurentents.
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