Ibuprofen augments bradykinin-induced
glycoconjugate secretion by human nasal
mucosa in vivo

James N. Baraniuk, MD,* Phyllis B. Silver, MSc,**
Michael A. Kaliner, MD,** and Peter J. Barnes, MB, DSc*
London, England, and Bethesda, Md.

Bradykinin (BK) stimulates vascular permeability and glycoconjugate secretion in human nasal
mucosa. Since some of the effects of BK may be mediated by autocrine generation of
arachidonic acid metabolites, the influence of ibuprofen, a cyclooxygenase inhibitor, on
BK-induced nasal secretion was studied. Six normal male subjects had nasal provocations with
0, 10, 100, and 1000 nmol of BK before and after treatment with 400 mg of ibuprofen.
Secretions were collected by nasal lavage. Total protein (marker of protein secretion),
glycoconjugate (mucous cell marker), lysozyme (serous cell marker), and albumin (marker of
vascular permeability) were measured. Basal glycoconjugate secretion was higher after
ibuprofen (219 = 32 ug/ml) than before (81 + 56 ug/ml; p < 0.05 by analysis of variance).
BK stimulated significant, dose-dependent albumin, total protein, and glycoconjugate secretion.
Lysozyme secretion was not stimulated. BK (1000 nmol) significantly increased total protein
secretion, tenfold to twentyfold, and albumin secretion by 40-fold to 60-fold. Ibuprofen did not
alter BK-induced total protein or albumin secretion. Glycoconjugate secretion after ibuprofen
treatment was significantly higher than normal at 10 nmol (p < 0.05), 100 nmol (p < 0.02),
and 1000 nmol of BK (519 pg/ml + 74 versus 213 = 15 pgi/ml; p < 0.05). Therefore, BK
induces vascular permeability and exocytosis from glycoconjugate-containing cells but does not
stimulate serous cells. Ibuprofen increases baseline secretion of glycoconjugate and enhances
BK-induced glycoconjugate secretion. Ibuprofen does not alter BK-induced vascular
permeability. (J ALLERGY CLIN IMMUNOL 1992;89:1032-9.)

Key words: Bradykinin, ibuprofen, albumin, glycoconjugate, mucus, lysozyme, mucosal

secretion, rhinitis

BK is generated by human nasal mucosa during
allergic, nonallergic, and infectious nasal inflamma-
tion.'* BK induces vasodilation, vascular permeabil-
ity, and the secretion of an albumin-rich fluid.*'" The
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Abbreviations used
BK: Bradykinin
OD: Optical density
CV: Coefficient of variation

ANOVA: Analysis of variation
PGE,, PGD,: Prostaglandins E, and D,
15-HETE: 15-Hydroxyeicosatetraenoic acid

PAF: Platelet-activating factor
LTC,, LTD,: Leukotrienes C, and D,
AA: Arachidonic acid

vascular permeability is likely due to the direct binding
of BK to vascular B,-receptors,” '* since '*I-labeled
BK binding sites are present on the vascular smooth
muscle and endothelium of all vessels in human nasal
mucosa.”® B,-receptors have not been identified by
human nasal provocation studies® or competitive li-
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gand binding studies in sheep turbinate'? or human or
guinea pig lung. "

In contrast to the vascular responses to BK, glan-
dular secretion is less well studied. BK stimulates
glycoconjugate secretion in vitro even though *I-la-
beled BK binding sites are not found on glands or the
epithelium.” This finding suggests an indirect route
of stimulation. Since some of the effects of BK in
respiratory mucosa may be due to autocrine release
of PGE,," '* thromboxanes,'” peptidyl leukotrienes, '
15-HETE." and PAF,” and since PAF,? 2 LTC,,
LTD,,** and 15-HETE?® potently stimulate mucous
glycoconjugate release from respiratory tissues in vi-
tro and in vivo,*** it is possible that autocrine release
of eicosanoids mediates BK-induced glandular secre-
tion. If this finding is so, modulation of AA
metabolism'* #7733 could alter the effects of BK
on mucosal secretion.

The effects of ibuprofen on macromolecule secre-
tion during BK nasal provocation were determined in
normal subjects with the well-characterized nasal
provocation technique according to the method of Ra-
phael et al.**** Total protein (nonspecific measure of
protein secretion), lysozyme (serous cell marker), gly-
coconjugate (marker of mucus-containing cells), and
albumin (marker of vascular permeability) were mea-
sured with standard methods.****

METHODS
Subjects

Six normal men, aged 24 to 37 years, who gave informed
consent, were studied with a protocol approved by the Royal
Brompton Hospital Ethics Committee. None of the subjects
had nasal symptoms, pathology, sensitivity to aspirin, or
recent ingestion of nonsteroidal anti-inflammatory drugs.

Subjects had BK nasal provocation (“Normal” on Figs.
1 to 4). and then at least 3 days later, received ibuprofen
(400 mg, by mouth) 2 and 6 hours before their second BK
nasal provocation (“Ibuprofen” on Figs. 1 to 4). In prelim-
inary studies. two BK nasal provocations in a separate group
of normal subjects, separated by 3 days, had no effect on
total protein, albumin, or glycoconjugate secretion (data not
presented).

Sneezes were counted, and sensations of nasal and throat
burning were noted. Rhinorrhea and the sensation of nasal
congestion were not assessed since application of saline
during the protocol could confound subject responses. Nasal
patency was not measured.

Nasal provocation

An established technique of nasal provocation with saline
lavage and vacuum-suction removal of the lavage fluid and
nasal secretions was used.® ***’ Pliable 8F catheters with 2
to 3 mm holes, 3, 15, and 30 mm from the tip, were inserted
30 to 35 mm into each nostril and connected to a specimen
trap and suction apparatus. Hand-actuated metered-dose in-
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halers (Schering-Plough, Kenilworth, N.J.) werc used to
administer 5 to 10 ml of saline at 0.1 ml per spray during
a 10-minute period to suspend, mobilize, and remove preex-
isting secretions. After a 10-minute waiting period. the
washing was repeated with 5 m! of saline sprayed into each
nostril in a 30- to 60-second span. These preliminary lavage
fluids were discarded. The total time for the preliminary
washing was approximately 20 to 25 minutes.

With the vacuum turned off, an initial challenge with
1 ml of saline was performed bilaterally by applying se-
quential doses of 0.1 ml of saline from a | ml syringe in a
30-second period onto the inferior turbinate and anterior
inferior meatus and having the subject sniff. The vacuum
was turned on 30 seconds later. After 10 minutes, 5 mi of
saline was administered to each nostril, and the saline-in-
duced secretions (0 nmol of BK) collected separately. Ap-
proximately 85% of the administered lavage fluid was re-
covered.

BK (1 mmol) was diluted with saline, and | mf aliquots
containing 10, 100, and 1000 nmol were prepared. BK (10
nmol) was administered to -one nostril in the same fashion
as saline (above). After 10 minutes of incubation. both
nostrils were separately lavaged with 5 ml of saline cach as
outlined above. Subsequent doses of 100 and 1000 nmol of
BK were administered by the same protocol. The total pro-
cedure time was approximately 70 minutes.

Lavage fluids were vigorously shaken and then centri-
fuged (800 g for 5 minutes) (o remove MACroscopic Mucous
globules. Visual inspection of vigorously shaken samples
revealed few macroscopic mucous globules in the present
protocol. The resulting fluids were frozen for later analysis.
Inclusion of macroscopic gel phase mucous globules can
interfere with the colorimetric and turbidometric methods
used for macromolecule quantification.

Total protein

The methods according to Baraniuk et al.” and Lowry et
al.* were scaled down for use in 96-well microtiter plates
(NUNC, Copenhagen, Denmark). Bovine serum albumin
was used as a standard. The OD (650 nm) was measured
with a Dynatech (Alexandria, Va.) microtiter-plate reader.
Sample protein concentrations were interpolated from stan-
dard curves. The CV was +2.4%.

Since BK was collected in the nasal secretions. the max-
imum possible contribution of BK to the total protein mea-
surements was determined. If 100% of the admimstered
1000 nmol of BK was recovered in 5 ml of lavage fluid,
the BK would account for 12.5 pg/ml. Total protein mea-
surements for samples with 1000 nmol of BK were corrected
for this amount.

Albumin

Human serum albumin was measured by a competitive
ELISA. " The CV was +3.4%.
Glycoconjugate

An estimate of glycoconjugate mucopolysaccharide con-
tent was made with an hexose assay.® "' In preliminary
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FIG. 1. Ibuprofen treatment had no significant effect on BK-induced total protein secretion. BK
induced dose-dependent secretion before ibuprofen treatment (open bars) and after treatment

(hatched bars).

studies, it was determined that all the hexose-containing
material in lavage fluid was precipitated by ethanol or tri-
chloroacetic acid and stained with alcian blue. Since alcian
blue is a specific stain of goblet and mucous cells in human
nasal mucosa, this infers that these cells were the origins
of the lavage fluid glycoconjugates. Specific mucin and
proteoglycan fractions produced by human nasal mucosa
were not quantified.* ** Porcine stomach type II mucin
(Sigma Chemical Co. Ltd., Poole, Dorset, England) in sa-
line was used as a standard glycoconjugate. After hydrolysis
in 0.2 N NaOH, samples were heated in orcinol-60% sul-
furic acid to 80° C, and then the OD at 420 nm was mea-
sured. Sample concentrations were interpolated from stan-
dard curves. The CV was = 2.0%. Since the concentrations
of glycoconjugates are quoted in terms of micrograms of
standard glycoconjugate per milliliter, these concentrations
are not additive with total protein, lysozyme, or albumin
concentrations. BK did not interfere with this assay.

To test if ibuprofen altered the yield of centrifugation-
precipitable glycoconjugates, baseline samples from normal
and ibuprofen-treated subjects were centrifuged (800 g for
5 minutes, as above), and the supernatants were carefully
and completely aspirated. Original uncentrifuged samples,
centrifuged supernatants, and centrifuge tube pellets, were
hydrolyzed in NaOH (as above), and the orcinol assay was
carried out.

Lysozyme

Standard solutions of lysozyme in pH 7.4 phosphate-
buffered saline were prepared.® ** The reduction in OD of
a suspension of Micrococcus lysodiecticus cell walls (Sigma

Chemical Co. Ltd.) was measured at 450 nm. BK did not
interfere with this assay. The CV was *+3.6%.

Statistics

The mean + standard error of the mean was determined
for each parameter. Dose dependence of secretion was de-
termined by ANOVA for repeated measurements. When sig-
nificant dose dependence was found, differences from base-
line values (0 nmol of BK) were compared for each dose
by ANOVA, and the lowest dose producing a significant
change is quoted in RESULTS. The effects of ibuprofen
treatment were determined by comparing results before and
after ibuprofen treatment by ANOVA. Significant differ-
ences caused by ibuprofen treatment are depicted in Figs.
1 to 4.

RESULTS
Symptoms

Nasal and throat burning were reported after 100
nmol (three subjects) and 1000 nmol of BK (five sub-
jects). The same number of sneezes (0.7 = 0.3 after
1000 nmol of BK) were recorded in the presence and
absence of ibuprofen.

Total protein secretion

After 0 nmol of BK, normal subjects had 45 = 11
pg/ml of total protein in their nasal lavage fluid,
whereas after ibuprofen, they had 91 = 38 pg/ml
(Fig. 1). The difference was not significant
(p < 0.20). BK induced significant dose-dependent
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FIG. 2. Ibuprofen treatment had no significant effect on BK-induced albumin secretion. Ibuprofen
treatment (hatched bars) induced significantly more albumin secretion after 0 nmol of BK com-
pared with pretreatment levels (open bars) (p < 0.05). BK induced dose-dependent secretion of
albumin both before and after ibuprofen treatment.

protein secretion. Secretion after 10 nmol of BK was
significantly different from baseline (p < 0.01) both
before and after ibuprofen treatment. After 1000 nmol
of BK, total protein secretion reached 846 * 168
pg/ml in normal subjects and 1065 =+ 75 pg/ml after
ibuprofen treatment (p < 0.50). Ibuprofen treatment
did not significantly alter the total protein secreted in
response to 10, 100, or 1000 nmol of topically applied
BK.

Albumin secretion

After 0 nmol of BK, ibuprofen-treated subjects had
significantly more albumin in their lavage fluid
(22 = 5 versus 9.0 * 3.0 pg/ml; p < 0.05) (Fig.
2). BK induced significant dose-dependent albumin
secretion before and after ibuprofen treatment. Secre-
tion after 10 nmol of BK was significantly different
from baseline before (p < 0.01) and after (p < 0.05)
ibuprofen treatment. Ibuprofen treatment had no sig-
nificant effect on the amounts of albumin secreted after
10, 100, or 1000 nmol of BK.

The ratio of albumin to total protein is a measure
of vascular permeability.®® The ratios rose from
20% = 7% (normal subjects before ibuprofen treat-
ment) and 24% =+ 2% (ibuprofen-treated) under base-
line conditions to 73% = 7% (normal subjects before
ibuprofen treatment) and 76% * 5% (ibuprofen-
treated) after 1000 nmol of BK. Therefore, treatment
of normal subjects with ibuprofen marginally in-

creased their baseline albumin secretion but did not
alter BK-induced albumin secretion.

Glycoconjugate secretion

After 0 nmol of BK, normal subjects secreted
81 = 56 pg/ml of glycoconjugate: (Fig. 3}, but ibu-
profen-treated subjects secreted significantly more,
219 % 32 pg/ml (p < 0.05).

Centrifugation of baseline samples from normal
(54 = 29 pg/ml after centrifugation versus 76 + 11
pg/ml if samples were uncentrifuged) and ibuprofen-
treated (219 + 52 pg/ml after centrifugation versus
247 =+ 19 pg/ml if samples were uncentrifuged) sub-
jects did not significantly reduce the amount of gly-
coconjugate in solution and did not yield detectable
amounts of centrifugation-precipitable glycoconju-
gates. This finding indicates the absence of significant
macroscopic mucous globules in these samples.
Therefore, the increase in glycoconjugate secretion
observed after ibuprofen treatment likely reflects a real
increase in macromolecular secretion and not ibupro-
fen-induced dissociation of secreted mucous globules.

BK stimulated significant glycoconjugate secretion.
Before ibuprofen treatment, normal subjects secreted
significantly increased amounts of glycoconjugate
only after 1000 nmol (247 + 54 pg/ml; p < 0.001
compared with that of baseline). After ibuprofen treat-
ment, however, BK induced significant glycoconju-
gate secretion with 100 nmol (p < 0.05 compared
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FIG. 3. Effect of ibuprofen treatment on BK-induced glycoconjugate secretion (hatched bars);
significantly more glycoconjugate secretion after 0 nmol of BK compared with pretreatment
levels {open bars) (p < 0.05). Significantly more BK-induced glycoconjugate secretion by ibu-
profen-treated group after 10 nmol (p < 0.01), 100 nmol (p < 0.2), and 1000 nmol of BK {p < 0.02)

compared with levels of pretreatment group.

with that of baseline). Significantly more glycocon-
jugate secretion was induced after ibuprofen treatment
by 10 (213 = 15 pg/ml; p < 0.01), 100 (332 = 45
pg/ml; p < 0.02), and 1000 nmol of BK (519 = 74
pg/ml; p < 0.05) compared with pretreatment values
(Fig. 3). Therefore, treatment of normal subjects with
ibuprofen led to increased basal glycoconjugate se-
cretion and increased BK-induced glycoconjugate se-
cretion.

The glycoconjugate to total protein ratio, a measure
of the relative contribution of glycoconjugates to the
total amount of secretion, was 1.8 = 0.8 before ibu-
profen treatment and 2.2 * 0.6 for ibuprofen-treated
subjects after 0 nmol of BK. After 1000 nmol of BK,
the ratio was 0.29 = 0.06 before ibuprofen treatment
and 0.46 = 0.03 after ibuprofen treatment. The dif-
ference was significant (p < 0.05). The decrease in
the glycoconjugate to total protein ratio was consistent
with the increasing contribution of albumin secretion
after BK provocation.

Lysozyme secretion

In baseline secretions, 9 = 3 pg/ml of lysozyme
was secreted before ibuprofen treatment and 14 = §
jvg/ml after ibuprofen treatment (Fig. 4). BK did not
induce lysozyme secretion before ibuprofen treatment.
After ibuprofen treatment, 10 nmol of BK induced
the highest concentration of secreted lysozyme
(35 = 9 pg/ml), but this amount was not signifi-
cantly different from the baseline value (p < 0.10).
However, this amount was higher than that secreted

before ibuprofen treatment (9 = 3 pg/ml; p <
0.05). BK and ibuprofen did not have consistent,
dose-dependent effects on serous-cell lysozyme se-
cretion.

DISCUSSION

BK induced dose-dependent total protein and al-
bumin secretion in normal male subjects, both
before and after ibuprofen treatment. These and other
results® ! indicate that the major effect of BK in
human nasal mucosa is B,-receptor—mediated vaso-
dilation and vascular permeability.® ‘> '* Tbuprofen
treatment had no effect on BK-induced vascular per-
meability. A similar lack of effect on vascular per-
meability has been observed in guinea pig airways.”

BK stimulated dose-dependent glycoconjugate se-
cretion before and after ibuprofen treatment. The dose
of BK required to stimulate significant glycoconjugate
secretion was tenfold higher than the dose required to
increase vascular permeability. Therefore, BK appears
to induce vascular permeability more readily than gly-
coconjugate secretion.

Although glycoconjugates are produced by sub-
mucosal mucous cells and epithelial goblet cells, sub-
mucosal serous cells produce lysozyme and other pro-
tein products.® ** In vitro, BK does not stimulate
lysozyme exocytosis from human nasal mucosa (Pe-
den D. Personal communication). This observation
has now been confirmed for normal subjects in vivo.
After ibuprofen treatment, however, there was a trend
to higher lysozyme secretion in the baseline lavage
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FIG. 4. Effect of ibuprofen treatment on BK-induced lysozyme secretion. BK did not stimuiate
lysozyme secretion. |buprofen treatment fhatched bars) induced significantly more lysozyme
secretion after 10 nmol of BK (p < 0.05) compared with pretreatment levels (open bars); no

other significant changes in lysozyme secretion.

and after the initial 10 nmol dose of BK. BK did not
induce dose-dependent serous-cell exocytosis because
subsequent doses did not produce any additional ly-
sozyme secretion. It is possible that after ibuprofen
treatment, BK induced contraction of glandular ducts
and/or myoepithelial cells and caused the extrusion
of lysozyme-containing mucus without serous-cell
exocytosis. This observation is in contrast to the dose-
dependent response of glycoconjugate-containing
cells, suggesting that these cell populations may be
regulated by different sets of mediators.

Autocrine generation of PAF and AA metabolism
could account for some of the effects of BK in re-
spiratory mucosa.'”* BK receptors may be linked to
phospholipase A,, phospholipase C, and other signal-
transducing enzymes,* * since administration of BK
in various systems generates PGE,,'> '¢ thrombox-
anes,” peptidyl leukotrienes,”® 15-HETE,” and
PAF.* L TC,, LTD,, and 15-HETE potently stimulate
mucous glycoconjugate release.’3' Cyclooxygenase
inhibition and shunting of AA to the lipoxygenase
pathways could lead to increased generation of LTC,
and LTD,.* Increased production of prosecretory ei-
cosanoids, or decreased production of inhibitory pros-
taglandins, could potentially explain the increased
amounts of glycoconjugate secretion observed under
basal conditions and after BK by ibuprofen-treated
subjects, as well as similar effects in vitro.”> > How-
ever, ibuprofen has been found to decrease BK-in-
duced glycoconjugate secretion from human nasal mu-

cosal explants in vitro. "> The explanation for this con-
trary effect in vitro is unclear but could be due to other
physical properties of the drug® or differences be-
tween in vivo and in vitro conditions.

The inability of ibuprofen to alter vascular per-
meability suggests that the direct effects of BK alone
were so potent that any additional contribution by lipid
and other autocrine vasoactive agents could not be
detected. Nasal provocations with LTC,* LTD,*
PGD,,*® and PAF-acether’ induce vasodilation with
increased nasal airway resistance but without pruritus,
sneezing, or significant rhinorrhea in the doses used.
However, the constituents of the secretions from these
nasal provocations have not been biochemically an-
alyzed, and therefore, the effects on glandular exo-
cytosis and vascular permeability have not been eval-
uated. It will be important to analyze the macromol-
ecules secreted after provocation with these agents to
determine their relative effects on vascular and glan-
dular processes in vivo.

BK-induced vasodilation, vascular permeability,
and glycoconjugate secretion could be of pathologic
importance during rhinitis, asthma, chronic bronchi-
tis, aspirin sensitivity, viral infections, and other in-
flammatory states. The recent introduction of specific
BK, PAF, and leukotriene antagonists will allow ex-
ploration of the specific effects of BK on vascular
permeability and glycoconjugate secretion in patho-
logic settings and determine if BK generates autocrine
mediator release in human nasal mucosa in vivo.
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