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Kinins are Generated In Vivo following Nasal Airway

Challenge of Allergic Individuals with Allergen

DAVID PROUD, ALKIS TOGIAS, ROBERTM. NACLERIO, SYLVIA A. CRUSH,
PHILIP S. NORMAN,and LAWRENCEM. LICHTENSTEIN, Division of Clinical
Immunology, Department of Medicine, The Johns Hopkins University School
of Medicine at The Good Samaritan Hospital, Baltimore, Maryland 21239

A B S T R A C T Using a recently developed model of
nasal challenge, we have obtained data that clearly
demonstrate, for the first time, kinin generation during
a local allergic reaction in vivo. Allergic individuals
(n = 8) and matched nonallergic controls (n = 8) were
challenged intranasally with the appropriate antigen
and nasal washes were taken before and after challenge.
Washes were assayed for kinin, histamine, and [3H]-N-
a-tosyl-L-arginine methyl ester (TAME)-esterase ac-
tivity. Increased kinin generation was found by ra-
dioimmunoassay (RIA) in the nasal washes of all the
allergics (5,560±1,670 pg/ml) but in none of the con-
trols (38±16 pg/ml). The presence of kinin was highly
correlated with that of histamine and TAME-esterase
activity and with the onset of clinical symptoms
(P < 0.001). Serial dilutions of nasal washes produced
RIA displacement curves that paralleled the standard
curve, and recovery of standard kinins that were added
to nasal washes was 100±4% (n = 14). Kinin recovery
was identical in both allergics and controls and did not
vary significantly with antigen challenge. The immu-
noreactive kinin in nasal washes was stable to boiling
and not precipitated by ethanol, but completely de-
stroyed by carboxypeptidase B. It was evenly distributed
between the sol and gel phases of nasal washes. High
performance liquid chromatography analysis of the im-
munoreactive kinin in nasal washes showed it to be a
mixture of lysylbradykinin and bradykinin. We con-
clude that kinins are produced during local allergic
reactions in the nose and may contribute to the symp-
tomatology of the allergic response.
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INTRODUCTION

It is generally accepted that the pathogenesis of IgE-
mediated inflammatory processes is the result of the
involvement of a variety of mediators (1). Kinins are
potent local hormones that exhibit a range of phar-
macological actions which have led to the suggestion
that they may be important mediators of inflammatory
reactions (2, 3). While the potential clearly exists, how-
ever, for a role of kinins in IgE-mediated events in
vivo, much of the evidence to support such a role has
been circumstantial. In addition, most of the existing
direct evidence for kinin generation during IgE-me-
diated events is based on determination of blood kinin
levels (4, 5) and must be viewed with caution in light
of more recent reports indicating that earlier meth-
odology resulted in spuriously high values (6-8).

In view of such criticism of the validity of existing
data, the recent development of a reproducible and
controlled system for nasal antigen challenge (9) pro-
vided us with an excellent opportunity to reexamine
the potential for kinin involvement in a local allergic
reaction. The pathogenesis of allergic rhinitis is pre-
sumed to involve an IgE-mediated mechanism and the
present nasal challenge model has already allowed the
demonstration that antigen administration leads to the
release of mast cell mediators in vivo (9). We now
report the first clear demonstration of kinin generation
during a local allergic reaction in vivo and correlate
kinin generation with the production of other media-
tors and with the onset of clinical symptoms.

METHODS

Subjects
Healthy male and female volunteers between the ages of

18 and 55 were recruited and they gave informed consent
prior to study. Allergic individuals were defined as having
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seasonal symptoms to an antigen to which they had a positive
intradermal skin reaction at a concentration of 10 protein
nitrogen units/ml or less of crude allergen extracts. Nonal-
lergic individuals had no seasonal symptoms and negative
skin tests to antigen extracts (100 protein nitrogen units/ml).

Nasal challenge and sample collection
Ragweed pollen, ragweed extract, and mixed grass extract

(Greer Laboratories, Lenoir, NC) were used as allergens.
Pollens were insufflated in the nose by the method of Ro-
senberg et al. (10). Known amounts of ragweed pollen
(3.18±0.2 X 108 grains/g) were combined with lactose to
obtain a total weight of 28.4 mgand were placed in a gelatin
capsule. The capsule was placed in a Spinhaler (Fisons, Bed-
ford, MA), which was adapted for nasal application and con-
nected to a French-Rosenthal dosimeter. When the dosim-
eter was activated (four times for 2 s with a driving pressure
of 10 lb/in2), -25 mg of pollen and lactose (±15%) was
expelled into the nose. When antigen extracts were used,
they were placed in a DeVilbiss 646 nebulizer (DeVilbiss
Co., Somerset, PA) which was adapted to fit into a nostril.
Like the Spinhaler, it was attached to a dosimeter that al-
lowed the delivery of 0.08 ml of extract from the nebulizer
into the nose. In the present study, individuals were given
increasing doses of pollen or extract and monitored for the
onset of clinical symptoms (sneezing) and for mediator out-
put. Six individuals from each group were challenged with
extract and two with pollen. There was no difference in the
nature of the response to extract or pollen.

Although nasal airway resistance (NAR)' was measured
by anterior rhinometry, the unpredictable effects of washing
the nose with saline on this parameter, together with the use
of oxymetazoline hydrochloride (Afrin, Schering Corp., Ken-
ilworth, NJ) to maintain nasal volume, meant that NAR
could not be considered a quantitative parameter. Conduc-
tance (NAR-') data, however, is presented for illustrative
purposes.

Nasal washes were obtained by instructing patients to tilt
their heads backwards -30° from the horizontal while in
the sitting position, to hold their breath, and refrain from
swallowing. 5 ml of normal saline (Cutter Laboratories,
Berkeley, CA) was instilled into each nostril and after 10 s,
the patients flexed their necks and expelled the mixture of
mucus and saline into a collection vessel. Samples were im-
mediately made 40 mMin EDTAand stored on ice until the
conclusion of the experiments. In some experiments, aliquots
were collected in the presence and absence of EDTA for
comparison of kinin values. In kinin recovery experiments,
standard bradykinin was added to nasal washes immediately
upon collection. In all cases, upon conclusion of the exper-
iment, the nasal washes were centrifuged at 15,000 g and
4°C for 15 min and the sol phase was separated from the
mucus phase. All samples were stored at -80°C until as-
sayed.

To test for the destruction of kinin in nasal washes by a
known kininase, nasal washes were incubated for 5 min and
37°C with hog pancreatic carboxypeptidase B (Sigma Chem-
ical Co., St. Louis, MO) at a final concentration of 40

1 Abbreviations used in this paper: HPLC, high perfor-
mance liquid chromatography; NAR, nasal airway resis-
tance; NAR', conductance; PEG, polyethylene glycol,
TAME, 3H-N-a-tosyl-L-arginine methyl ester.

Mg/ml. Samples were then boiled for 1 min, centrifuged, and
assayed either by bioassay or radioimmunoassay (RIA). Con-
trols consisted of aliquots of the same nasal washes that were
incubated with buffer and then boiled.

Mediator assays
Kinin RIA. The RIA that was used employed Tyr8-bra-

dykinin (Peninsula Laboratories, Belmont, CA) which was
iodinated by the method of Hunter and Greenwood (11). A
5-il (0.5 ug) aliquot of Tyr8-bradykinin was mixed with 30

l 0.05 M phosphate buffer, pH 7.4, and 5 Ml (0.5 mCi) Na
"25I (Amersham Corp., Arlington Heights, IL). The reaction
was initiated by the addition of 5 Ml (1 MAg) of chloramine
T and was allowed to proceed for 10 min on ice before being
terminated by the addition of 10 Ml (2 Mg) Na2S205. lodinated
bradykinin was separated from free iodine by chromatog-
raphy on a column (0.8 X 6 cm) of Dowex AG1-X4, chloride
form (Bio-Rad Laboratories, Richmond, CA). The iodinated
bradykinin was diluted 1:4 with 0.2 MTris/0.01 MEDTA/
0.1% lysozyme, pH 6.4, and frozen in aliquots. The specific
activity of the labeled bradykinin obtained by this method
was 1.3-1.4 Ci/,umol.

Rabbit antiserum to bradykinin was produced by multiple
intradermal injections of bradykinin which had been cou-
pled to chicken serum albumin by the method of Goodfriend
et al. (12), and was a gift from Dr. John Pisano, National
Heart, Lung, and Blood Institute, Bethesda, MD.

Assays were performed in 0.2 MTris/0.01 MEDTA/0.1%
lysozyme, pH 6.4, and all dilutions were made in this buffer.
A 200 Ml volume of standard bradykinin or unknown, at
suitable dilutions, was incubated with 100 ,l of labeled bra-
dykinin (10,000 cpm) and 100 Ml of antiserum (1:140,000
final dilution) for 20-24 h at 4°C. The maximum binding of
labeled in the absence of nonlabeled antigen for the assay
(-5,000 cpm) was determined by running tubes in which
sample was replaced with buffer, while nonspecific binding
was determined by using tubes containing 100 Ml of labeled
bradykinin and 300 Ml of buffer. This method of determining
nonspecific binding gave values identical to those obtained
by using nonimmune sera or an excess of bradykinin standard
and was used for convenience. Nonspecific binding in this
assay was usually -400 cpm. In all cases, antigen-antibody
complex was separated from free antigen by polyethylene
glycol (PEG) precipitation as follows. With all tubes in ice-
water, a 400 ul volume of cold 1% bovine gammaglobulin
(Sigma Chemical Co.) was added to each tube. This was
followed by the addition of 800 Ml of cold 30% PEG8,000
(Fisher Scientific Co., Pittsburgh, PA). All tubes were vortexed
and centrifuged at 3,000 rpm for 5 min at 4°C. Supernatants
were removed by aspiration, and the precipitates were washed
by adding 800 ,ul of cold 15% PEG8,000 and vortexing. The
tubes were centrifuged once more, supernatants were aspi-
rated, and the radioactivity associated with the precipitate
was counted. The bovine gamma globulin and both PEG
8,000 solutions were prepared in RIA buffer from which the
lysozyme had been omitted. Samples of human urine that
were collected in acid and pepstatin (13) and stored in aliquots
at -20°C were used as quality controls in the assay. Results
were calculated using a Spline-fit computer program.

The assay was capable of detecting a minimum dose of
20 pg bradykinin/ml. Inter- and intra-assay coefficients of
variation (SEM/mean X 100%) are 2 (n = 8) and 5%
(n = 6), respectively. There was an excellent correlation
between the RIA and bioassay. The assay did not distinguish,
on a molar basis (ED50 = 2 X 10-10 Min each case), between
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the three mammalian kinins (bradykinin, lysylbradykinin,
and methionyllysylbradykinin), and would also recognize
other nonmammalian kinins, such as polisteskinin (14), that
have the same carboxyterminus ('30% cross-reaction).
Cleavage of bonds within the kinin moiety resulted in almost
complete destruction of cross-reactivity, particularly if bonds
near the carboxyterminus were affected. Highly purified
human kininogen displayed <2% cross-reaction, on a molar
basis, in this assay. No other cross-reacting materials are
known.

Kinin bioassay. The biological activity of kinins in nasal
washes was demonstrated by using isolated rat uterus as pre-
viously described (15).

Histamine. For histamine determinations, 0.8 ml of sam-
ple was mixed with 0.2 ml of 8% HC104 and centrifuged for
10 min at 1,000 g. Supernatants were assayed by an auto-
mated spectrofluorometric assay (16) and concentrations of
histamine of 21 ng/ml could be measured with an accuracy
of ±5%.

[3H]-N-a-tosyl-L-arginine methyl ester (TAME)-esterase.
Enzyme(s) that have arginine esterase activity were assayed
essentially by the method of Imanari et al. (17), which is
based on the liberation of tritiated methanol from the synthetic
substrate TAME. A 40-Al aliquot of nasal sample and 10 AI
of 0.2 MTris buffer, pH 8.0, were added to a 1.5-ml eppendorf
microtube. A 10 Al volume (- 1.5 X 105 dpm) of [3H]-TAME
(Amersham Corp.) was then added with mixing and the tube
was placed in a counting vial containing 10 ml of Econofluor
(New England Nuclear, Boston, MA) and 50 MI of stop solution
(1 vol glacial acetic acid/9 vol 0.02 MTAME). The counting
vial was then tightly capped and after 1 h, the reaction was
terminated and the tritiated methanol was partitioned into
the Econofluor by shaking. The vial was then counted for 4
min in a liquid scintillation spectrometer.

Ethanol extractions
To test the stability of the nasal kinin to ethanol precip-

itation, and to compare the kinin content of the sol and gel
phase of nasal washes, the following procedure was used.
Nasal samples, with and without added standard kinin, were
separated into sol and gel phases by centrifugation as de-
scribed above, and equal amounts of each phase (determined
by both weight and volume) were used. 4 ml of 95% ethanol
was mixed with 1 ml of sample (either sol or gel) and left
on ice for 15 min. The mixture was then centrifuged at 1,000
g for 10 min and the supernatant was removed while the
sediment was washed with 0.5 ml of 80% ethanol and the
centrifugation repeated. Both supernatants were combined
and vacuum-extracted to dryness. The sample was reconsti-
tuted to 1 ml with 0.2 MTris/0.01 MEDTA/0.1% lysozyme,
pH 6.4, and assayed as described above.

High performance liquid chromatography
(HPLC) analysis
Kinin-containing nasal washes from an individual were

pooled and prepared.for analysis by passage over Sep-Pak
C1, cartridges (Waters Associates, Milford, MA). After wash-
ing with 0.05% trifluoroacetic acid/0.025% triethylamine,
pH 2.5 (solution A), kinins were eluted from the cartridge
by using 50% solution A/50% solution B (solution B: 80%
acetonitrile in solution A) and concentrated to 50-100 MI by
using a Savant Speed Vac concentrator (Savant Instruments,
Inc., Hicksville, NY). Recovery of [3H]bradykinin by this
procedure was 90%. Samples were centrifuged at 10,000 g

for 2 min to remove any particulate material before appli-
cation to the column. To ensure that there was no carry-over
of standard kinins into the nasal samples, the sample loop
was washed with acetonitrile after each run and a negative-
control run was performed before the application of the nasal
samples.

Kinins were separated by using a Beckman Model 324
liquid chromatograph equipped with a 3.9 X 300 mm,u-
Bondapak C18 column of 10-,um particle size (Waters Asso-
ciates). Separation was performed under isocratic conditions
at a flow rate of 1 ml/min with a mobile phase consisting of
75% solution A/25% solution B. Absorbance was monitored
at 210 nm and 1 ml fractions were collected. Fractions were
concentrated to 50-100 ul by using the Savant concentrator
and reconstituted to 1 ml with 0.2 M Tris/0.01 M EDTA/
0.1% lysozyme, pH 6.4, for assay as described above.

When standard kinins were added to control nasal washes
and put through the Sep-Pak extraction and HPLCprocedure,
final recoveries were 84±11 for bradykinin, 74±7 for lysyl-
bradykinin, and 84±8% for methionyllysylbradykinin (n
= 3 in each case). The minimum amount of each kinin which
could be detected by A210 was -30 ng for bradykinin and
20 ng each for lysylbradykinin and methionyllysylbradykinin.

RESULTS

The experimental protocol used and representative re-
sults for a nonallergic control and an allergic individual
are shown in Figs. 1 and 2, respectively. Individuals
from both experimental groups frequently had signif-
icant levels of mediators in the resting state. To ensure
a low, stable base line, four washes were performed.
Oxymetazoline hydrochloride was then administered
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FIGURE 1 Nasal challenge of a nonallergic control. The ex-
perimental protocol is shown at the top of the figure. Smaller
arrow indicates saline wash and larger arrow indicates ad-
ministration of the material indicated. Ragweed extract dos-
ages are in thousands of protein nitrogen units per milliliter
(K). NAR-' is nasal conductance expressed in liters per sec-
ond per centimeter H20. Hist, histamine; lact., lactose.
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FIGURE 2 Nasal challenge of an allergic individual. Ragweed
pollen dosages are in grains (gr). Hist, histamine; lact., lactose.

and an additional wash was performed 10 min later.
Two administrations of lactose were given as controls
and then increasing doses of antigen were insufflated.
Nasal washes were performed at fixed time intervals
after administration of placebo or antigen. As seen in
Fig. 1, the control individual did not produce any me-
diators or show clinical symptoms at any level of antigen
used. In contrast, the allergic individual (Fig. 2), while
showing no response to placebo challenge, produced
kinins in a dose-dependent response to antigen chal-
lenge. Generation of kinin was accompanied by the
production of histamine and TAME-esterase activity,
and was associated with the onset of clinical symptoms
as indicated by the onset of sneezing. At the higher
doses of antigen used, there was a clear decrease in
nasal airway conductance despite the earlier admin-
istration of oxymetazoline. The apparent production of
TAME-esterase that was seen following the first placebo
challenge of this individual was not representative of
other experiments. The lack of production of other me-
diators at this point suggested an aberrant TAME-es-
terase value.

Since kinins are known to be easily destroyed in vivo
(18), early experiments (n = 5) were performed by
collecting nasal washes in the presence and absence of
EDTA (an inhibitor of some of the major human ki-
ninases). Typical results are shown in Fig. 3. While
the qualitative response to antigen challenge was iden-
tical in both cases, the maximum kinin response was
threefold higher in the presence of EDTA; this indicated
the presence of kininase activity in nasal secretions.
All experiments were, therefore, performed by col-
lecting nasal washes in EDTA.

O A -

30 60 90 120 150 180

TIME (min)

FIGURE 3 Collection of nasal washes in the presence and
absence of EDTA.

Before performing experiments on matched allergics
and nonallergic controls, it was necessary to demon-
strate that the RIA could provide accurate quantitative
measurements. This was done by showing that serial
dilutions of nasal samples produced a RIA displacement
curve that paralleled the standard curve (Fig. 4). In
addition, it was shown that recovery of standard kinins
that were added to nasal washes at collection was
101±3% (x±SEM; n = 11) for control individuals and
100±4% (n = 14) for allergics. Recovery of added kinins
showed no significant variation at any stage in the ex-
perimental protocol. It was also shown, by ethanol ex-
traction of mucus, that immunoreactive kinin was
evenly distributed between sol and gel phases of the
nasal washes; therefore, the sol phase was used for all
further assays.

The kinin data obtained after antigenic challenge of
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FIGURE 4 Parallel cross-reaction of nasal washes in the kinin
RIA. Serial dilutions of a postchallenge nasal wash containing
immunoreactive kinin were compared with the standard
curve. Bmax, maximum binding in absence of nonlabeled an-
tigen.
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TABLE I
Kinin Production in Response to Intranasal Antigen Challenge

Controls Allergics

Base line Response Base line Response

pg/mi pg/ml

<20 <20 <20 520
<20 <20 <20 5,000
<20 <20 <20 1,830
<20 <20 130 9,950
100 150 600 9,925

<20 <20 <20 580
<20 <20 200 12,900
<20 40 60 4,140

i±SEM = 38.5±16 x±SEM = 5,560±1,666

Base-line values are those in the last placebo wash. Response values
indicate the maximum kinin concentration observed after antigenic
challenge.

eight allergic individuals and eight nonallergic controls
is summarized in Table I. Base-line values refer to those
after the last placebo challenges while response values
refer to the maximum amount of kinin generated in
postantigen challenges washes. Dramatic increases in
kinin were seen after antigen challenge of allergic pa-
tients, but no significant kinin generation occurred with
nonallergic controls. A similar picture was seen for
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of sneezes or the maximum concentration of mediator in the
nasal wash of each subject. The arithmetic means for each
parameter are represented by horizontal lines.

other mediators and for sneezing (Fig. 5). By Wilcoxon
paired analysis, sneezing and the concentrations of ki-
nins, histamine, and TAME-esterase activity were all
significantly elevated in allergics challenged with an-
tigen as compared with nonallergics (P < 0.001).

No fixed ratio was observed for the levels of various
mediators produced by an individual. However, if me-
diator release is defined as positive when a threefold
increase occurred after antigen challenge as compared
with levels after the last placebo challenge, and sneezing
is defined as positive when it occurred three or more
times after antigen administration, then kinin gener-
ation was highly correlated with sneezing and the pro-
duction of each of the other mediators (P < 0.001) by
Fischer's exact test. No positive response was observed
for a parameter in any nonallergic control.

To clearly define that the immunoreactive material
detected by RIA was truly kinin, a variety of param-
eters, in addition to immunological identity and linear
addition of standard bradykinin, were used. The im-
munoreactive kinin was stable to boiling and was not
precipitated by ethanol, but was completely destroyed
(n = 3) by incubation with carboxypeptidase B, the
most potent kininase known (18). In addition, those
nasal washes with high levels of immunoreactive ma-
terial were shown to produce contraction of the iso-
lated rat uterus (n = 3). This ability to contract the
uterus was also abolished by carboxypeptidase B
(n = 3).

HPLCanalysis of the immunoreactive kinin in nasal
washes is shown in Fig. 6. The conditions used enabled
separation of standard lysylbradykinin and bradykinin
by a difference of 5.5 min in retention time. Standard
methionyllysylbradykinin (not shown) had a retention
1.5 min longer than that of bradykinin. Application of
varying levels of the three standard kinins showed that
a similar recovery of immunoreactive material was ob-
served for each of the three kinins (73±1 for bradykinin,
76±3 for lysylbradykinin, and 76±1% for methionyl-
lysylbradykinin; n = 3 in each case). An excellent cor-
relation between A210 and recovered immunoreactivity
was observed for each kinin. Buffer control runs that
were performed immediately after chromatography of
the standards showed little or no immunoreactivity. In
contrast, chromatography of a nasal sample (Fig. 6 C)
revealed two peaks of immunoreactivity with retention
times that corresponded exactly to those of lysylbra-
dykinin and bradykinin. In the case of the patient
shown, lysylbradykinin represented 25% of the total
immunoreactivity recovered. A second patient (not
shown) also showed two peaks of immunoreactivity with
lysylbradykinin representing 34% of the total kinin de-
tected. In both cases, methionyllysylbradykinin was not
detected. Since recoveries of all three kinins from con-
trol washes were comparable, the above results cannot
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be explained on the basis of selectively lower recoveries
of lysylbradykinin and methionyllysylbradykinin.

DISCUSSION

The known ability of kinins to produce all the cardinal
signs of inflammation, including vasodilatation, in-
creased vascular permeability, and edema, makes them
prime candidates as important mediators of IgE-me-
diated inflammatory events. The recent description of
proteases that are released from human mast cells by
IgE-mediated mechanisms (19-21) and that are capable
of interacting with the kinin system and the Hageman
factor-dependent pathways provided the first clear ra-
tionale to explain kinin formation during the allergic

response. However, despite the report that high mo-
lecular weight kininogen is consumed during human
anaphylaxis (22), there has been little direct evidence
of in vivo kinin formation during allergic reactions and
attempts at blood kinin measurements have been com-
plicated by technical difficulties and by the short sur-
vival time of these peptides in the circulation. In light
of these problems, we decided to focus on an alternate
in vivo system.

The nasal airways are readily accessible and samples
may be obtained by relatively noninvasive techniques.
In spite of these advantages, there have been few at-
tempts to study mediator release in the nose and these,
by and large, have not been definitive. The only previous
report on the existence of kinin-like activity in the
nasal secretions of allergic patients (23) was limited by
the inability to obtain adequate samples from nonal-
lergic controls or from allergic subjects prior to chal-
lenge. In addition, kinin activity was found in only
half of the allergics tested after challenge and no at-
tempt was made to identify the kinin-like material.

The present results, on the other hand, show a clear
relationship between the generation of kinin and the
onset of clinical symptoms observed after antigen chal-
lenge. In addition, kinin production was highly cor-
related with the appearance of histamine and TAME-
esterase activity. Whether the antigenic challenge pro-
cedure used in the present study adequately reflects
field exposure is uncertain, but it should be emphasized
that several patients in the present study, as well as
numerous others studied since, responded when only
10 grains of pollen were blown into the nose. The level
of kinin response seen in the present studies was dra-
matic; there were increases of up to 250-fold that seen
in the last placebo wash. To our knowledge, no other
system has been studied which showed such increases.
Since the kinin-generating ability in blood is consid-
erable, an obvious concern was whether sneezing, which
was induced by antigen challenge, resulted in blood
contamination in nasal washes as a result of the rupture
of blood vessels. In none of the individuals studied did
we find any evidence of blood contamination and nasal
washes obtained from allergic individuals who sneezed
spontaneously, or as a result of mechanical stimulation
with tissue paper, contained no detectable levels of
kinins. In addition, it is unlikely that the parallel RIA
displacement curves and excellent recoveries of added
kinin would be observed in the presence of blood con-
tamination. Finally, the presence of considerable
amounts of lysylbradykinin in nasal washes cannot be
explained purely on the basis of activation of the plasma
system because plasma kallikrein produces only bra-
dykinin (24). The failure to detect methionyllyslbra-
dykinin in the present studies was not particularly sur-
prising. This peptide has, to date, only been detected
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in acidified plasma (25) or urine (26) and is probably
not normally present in vivo.

The occurrence of both lysylbradykinin and bra-
dykinin in nasal washes raised the possibility that several
enzyme systems may be involved in kinin production.
The nasal allergic response is presumed to involve the
release of mast cell mediators. Of the mediators detected
to date, only histamine is limited strictly to mast cells
and basophils. There is also some evidence, however,
that much of the TAME-esterase activity detected in
nasal washes (9) resembles the major neutral protease
described from human mast cells (27), and prostaglan-
din D2, which has also been detected (9), is the major
cyclooxygenase product of human mast cells. Since ki-
ninogenase activity has been detected in human mast
cells (19) and basophils (28), it is an attractive possibility
that these enzymes may contribute to kinin generation
in the nose. Alternatively, mast cell proteases capable
of activating the Hageman factor-dependent pathways
(20, 21) may play a role in the activation of plasma
kallikrein that diffuses into the nasal mucosa, or Hage-
man factor may be activated as a result of damage to
the mucosa or submucosal tissue. A possible involvement
of the glandular kallikrein system must also be consid-
ered since salivary kallikrein is released by sympathetic
nerve stimulation (29, 30) and kallikrein-like activity,
perhaps from salivary glands in the nose, has been
detected in nasal secretions of the cat upon stimulation
of the vidian nerve (31). Finally, the possibility exists
that one enzyme system is responsible for the generation
of lysylbradykinin, and that bradykinin may be formed
as a result of the action of a kinin-converting amino-
peptidase, such as the one described from human
serum (32).

In summary, we have presented the first clear dem-
onstration of kinin generation during a local allergic
reaction in vivo. Nasal washes can be assayed for kinin
directly, yielding reliable quantitative estimates and
kinin generation was highly correlated with clinical
symptoms and the generation of other mediators. The
kinin generated in response to antigenic challenge was
a mixture of lysylbradykinin and bradykinin. While
the exact means of kinin production awaits delineation,
we conclude that kinins are produced during the allergic
response and may contribute to the symptomatology
of the allergic reaction.
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