Estimation of nasal epithelial lining fluid using

urea as a marker
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Background: The luminal surface of respiratory mucous membranes is lined with an epithelial
lining fluid (ELF) layer. Previous attempts to determine ELF volumes in airways have used
dyes or freely diffusible molecules such as urea, yet have not led to a universally accepted
method. The nasal mucous membrane provides an accessible area to examine whether urea is
an appropriate marker of respiratory ELF volume.

Methods and Results: Collection of undiluted nasal secretions after either glandular
stimulation or induction of vascular permeability confirmed that plasma urea and nasal urea
concentrations are equivalent. Baseline ELF volume was calculated as 800 plfnostril. The
calculated molar concentrations of urea in ELF did not vary with either methacholine or

histamine challenge.

Conclusions: These data indicate the plasma, interstitial, glandular, and ELF urea
concentrations are equivalent and, therefore, that urea is a useful marker of ELF volume in the
nasal mucosa. (J AvLercy CLin Immunor 1993;92:457-65.)
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Nasal secretions are a complex mixture of wa-
ter, electrolytes, proteins, lipids, and sugars de-
rived from many sources. Serous glands, which
secrete the host-defense proteins, lysozyme, lacto-
ferrin, and secretory IgA (SIgA), and mucous
glands, which secrete mucoglycoproteins, are
plentiful in the nasal mucosa.” * Plasma proteins,
such as albumin, IgG, and nonsecretory IgA
(NSIgA), may be secreted during periods of vas-
cular permeability or may diffuse from the inter-
stitial tissues into glands, becoming incorporated
into the glandular secretions.>® Cellular products
from epithelial cells, goblet cells, plasma cells,
mast cells, and inflammatory cells in the nasal
mucosa may also contribute to nasal secretions.

The luminal surface of respiratory mucous
membranes are lined with an epithelial lining
fluid (ELF) layer. ELF lubricates, humidifies, and
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Abbreviations used

BAL: Bronchoalveolar lavage
ELF: Epithelial lining fluid
HSA: Human serum albumin

NSIgA: Nonsecretory IgA
SIgA: Secretory IgA

protects the mucosal epithelium. ELF also plays
an important role in host defense, being the site
where SIgA, lysozyme, lactoferrin, and IgG re-
side. In 1934, Lucas and Douglas initiated the
concept of the bilaminar mucous layer.> ” The
outer viscous gel (or mucous) layer, 5 to 10 pm
deep, is composed of products of the mucous
glands and goblet cells and rides on the tips of the
cilia.® ® The stems of the cilia beat in the watery
inner sol (or serous) layer, 5 to 8 um deep, which
originates from serous giands or transudates from
the cells lining the airways.

The proteins and cells recovered during bron-
chial lavage procedures vary from patient to pa-
tient. In repeated lavage procedures, variation
occurs secondarily to inconstant recovery of wash-
ings. In an effort to estimate recovery and thereby
standardize protein concentrations, early investi-
gators reported protein concentrations in bron-
choalveolar lavage (BAL) fluid relative to the
concentration of albumin.'®'? However, in disease
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states, the concentration of albumin in ELF can
be quite elevated because of vascular leakage.” In
1983, Baughman et al.,* using methylene blue as
an external marker, calculated the volume of ELF
to be 11 ml in the lavaged lung segment. Critics
considered this volume to be too high because of
binding of methylene blue to tissue.** In 1986,
Rennard et al.”* used endogenous urea as a dilu-
tion marker in BAL aspirates. The dilution of
urea by the BAL fluid was used to calculate the
ELF volume (1.7 ml in the lavaged lung segment,
for a total lung ELF volume of 20 to 40 ml). Jones
et al.'® noted urea to be a more consistent marker
of ELF volume than albumin in both normal
subjects and patients with interstitial lung disease.
However, Marcy et al.'® argued that urea had
limited use as a marker of ELF volume. They
suggested that the high concentration gradient
generated by the urea-free lavages caused a rapid
diffusion of urea into the residual lavage fluid,
which resulted in an inappropriate increase in the
level of urea in BAL fluid during sequential
lavage procedures, thus leading to an overesti-
mate of the ELF volume.

The upper airway is lined by respiratory epithe-
lium overlaying a mucous membrane that resem-
bles that of the conducting airways. The nasal
mucous membrane is easily accessible for fre-
quent, atraumatic lavage and affords the oppor-
tunity to test the hypothesis that urea is a reason-
able marker of ELF volume. More important, by
measuring the protein constituents of nasal ELF
relative to urea, it may be possible to further
understand the factors that control protein and
solute movement into the ELF and to determine
the effects of certain physiologic responses on
ELF.

METHODS
Subjects

Thirty-six volunteers were studied, 22 men and 14
women aged 19 to 42 years, in a total of 48 observa-
tions. Patients were considered to be atopic on the basis
of a history of seasonal symptoms and confirmatory skin
tests. Though 22 patients were atopic, 14 patients were
nonatopic, inasmuch as they had negative histories of
allergic symptoms and negative skin tests. In each
protocol, no subject was studied within 3 weeks of
recovery from an upper respiratory tract infection. No
patients were receiving immunotherapy. Subjects with
systemic diseases (renal, hepatic, cardiovascular, or
respiratory), with active asthma, or with a history of
systemic anaphylaxis were excluded. All medications
were discontinued before the subjects entered the stud-
ies, and no medications were allowed during the pro-
tocols. Informed consent was obtained from all pa-
tients.
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Serum collections

Blood (5 ml) was collected by antecubital venipunc-
ture for serum urea measurement.

Nasal lavage methods

Aspiration/nasal lavage technique. The aspira-
tion/nasal lavage technique, which has been described
in detail,> * * ' was used for both the baseline ELF
protocol and the protocol involving calculation of the
molar concentrations of proteins. A nasal catheter was
inserted 4 cm into the nasal cavity below the inferior
turbinate. All challenges were performed by instillation
of 0.13 ml chailenge substance (dose delivered will be
reported in each protocol) by aerosol spray. Ten min-
utes later, each nostril was subjected to lavage with 4 ml
normal saline with simultaneous collection into sepa-
rate specimen traps via wall suction. Patients sat com-
fortably with their heads level throughout the proce-
dures. No changes in head position were required. With
this technique the secretions from each nasal cavity
could be collected and analyzed separately. In 140
samples that were analyzed, an average of 3.58 ml was
recovered (89.5% recovery).

Expulsion method. An expulsion method described
elsewhere was used to determine the ELF volume of
the entire nasopharyngeal cavity in 24 volunteers. Sa-
line (5 ml) was instilled into each naris while subjects
tilted their heads back at a 60 degree angle with the
glottis closed. After 5 to 10 seconds, lavage fluid was
forcibly expelled into a collection vessel. Recovery
volume was 4 to § ml.

Collection of undiluted nasal secretions

To determine the urea concentration in undiluted
nasal secretions, six volunteers (four men, two women,
four with atopy, aged 27 to 40) underwent provocation
studies with methacholine and histamine (see Fig. 1 for
graphic depiction). The right nostril was challenged
with 32.5 mg methacholine. The resulting secretions
were collected during a 10-minute period. The nostril
was not subjected to lavage; the volume of secretions
was sufficient to permit aspiration of undiluted mucus.
One hundred micrograms of atropine sulfate, 0.025%
(courtesy of Muro Pharmaceuticals, Inc., Tewksbury,
Mass.), was applied to the left nostril to reduce reflex
glandular secretions.! After 10 minutes, the nostril was
subjected to lavage to remove residual atropine. Hista-
mine 1.3 mg was then applied to the same nostril that
received atropine. The resulting secretions were col-
lected during a 10-minute period. The nostril was not
subjected to lavage; again, the volume of secretions was
sufficient to permit collection of undiluted mucus. Na-
sal lavage samples were kept on ice until the end of
each protocol, then centrifuged (45,000 g for 5 min-
utes), aliquoted, and stored at —70° C for subsequent
analysis.

Assays

Total protein (TP). Protein in each sample was
measured by either the standard or enhanced protocols
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FIG. 1. Collection of undiluted nasal secretions. After four saline prewashes, right nostril was
chalienged with 32.5 mg methacholine {MCh). Resulting secretions were collected by aspiration
during 10-minute period. Left nostril was pretreated with 100 wg atropine sulfate to reduce reflux
glandular secretions. Ten minutes later, after lavage with saline, left nostril was challenged with
1.3 mg histamine {Hist). Resulting secretions were collected during 10-minute period.

of the microtiter bicinchoninic acid assay (Pierce
Chemical Co., Rockford, Ill.) with bovine serum albu-
min used as the standard. The assay range for the stan-
dard protocol was between 15.6 and 2000 pg/ml and for
the enhanced reaction between 3.9 and 250 pg/ml.
Albumin. Human albumin was measured by a com-
petitive ELISA. A microtiter plate was incubated with
100 pl per well anti-human serum albumin (HSA;
Organon Teknika-Cappel, Malvern, Pa.) diluted 1:500
in 0.1 mol/L carbonate buffer, pH 9.6, for 1.5 hours at
25° C. The wells were then blocked with 0.05% gelatin
in a buffer consisting of phosphate-buffered saline, pH
7.4, and 0.05% Tween 80 (Fisher Scientific Co., Pitts-
burgh, Pa.). In separate tubes, 200 pl of a mixture of
peroxidase-conjugated anti-HSA (Organon Teknika-
Cappel) diluted 1:500 in the phosphate-buffered sa-
line/Tween 80 buffer and 2 pg/mi HSA (Sigma Chem-
ical Co., St. Louis, Mo.) was added to 200 pl of each
sample or HSA standard. Triplicate aliquots of these
combinations were transferred to a fresh microtiter
plate and incubated at 25° C for 30 minutes, then
transferred into the blocked plate (100 wl per well) and
incubated at 25° C for 1 hour. The reaction was
developed with an o-phenylenediamine dihydrochloride
substrate (Sigma Chemical Co.) and read at 490 nm.
The assay range was between 0.75 and 100 pg/mi.
Lactoferrin. Human lactoferrin was measured by a
noncompetitive ELISA as previously reported.> ** The
assay range was between 1.5 and 200 ng/ml.
Lysozyme. Human lysozyme was measured by a
turbidimetric assay based on the enzymatic hydrolysis
of bacterial cell walls as previously described.? The
assay range was between 3.0 and 100 pg/ml.
SIgA and NSIgA. Human total IgA and SIgA were
assayed by direct, noncompetitive ELISAs as previously
described.” The assay ranges were between 3.1 and 400

ng/ml. NSIgA was calculated as the difference between
total IgA and SIgA.

IgG. Human IgG was measured by a noncompetitive
ELISA as previously described.” The assay range was
between 3.1 and 100 ng/ml.

Urea. Urea was measured with Sigma Diagnostics
Kit No. 66-UV (Sigma Chemical Co.), a spectrophoto-
metric assay based on the enzymatic hydrolysis of urea.
For serum samples, 5-pl samples were incubated with
1000 pl reagent. For nasal lavages, 20-ul samples were
incubated with 300 pl reagent. The average absorbance
from 336 to 344 nm was measured. Sigma glucose/urea
nitrogen combined standard (Sigma Chemical Co.) was
used as the standard.

Statistics

All data are presented as means and standard errors.

Calcuilations

With the use of serum and nasal urea, one can
calculate the dilution of ELF by the lavage fluid ac-
cording to the following equation:

- [Urea)serum{mg/dl)
B [Urea]nasal(mg/dl)

With this dilution factor (Df), one can then calculate
the concentration of various proteins in the nasal ELF
as follows:

Molar concentration of protein in ELF =
[Protein](mole/L) x (Df)
or
[[Protein],uu(ug/ml) X [Df] x [10° mlA]
[Molecular weight](gm/mole) x [10° pg/gm]
[Protein](mol/L. ELF)
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FIG. 2. Comparison of components in undiluted nasal secretions and serum. Nasal secretions
were collected after stimulation with 32.5 mg methacholine or 1.3 mg histamine. Serum was
obtained at time of challenge. Levels of serum urea, nasal urea after methacholine, and nasal urea
after histamine were equivalent (A). In contrast, levels of serum total protein and albumin were
40-fold and 100-fold higher, respectively, than levels of nasal total protein and albumin after
methacholine challenge (B and C). After histamine challenge, levels of nasal total protein and
albumin increased to 9-fold and 10-fold less than levels of serum total protein and albumin.
Serum lysozyme levels were 200-fold and 150-fold lower than those of nasal lysozyme after

methacholine and histamine challenges (D).

With the use of this dilution factor, one can also
calculate the volume of ELF recovered in lavage fluids
thus: Volume of ELF in lavage fluid (Volg ¢
Lavage) = Collection volume/Df. Assuming that all wash
fluids equilibrate with the ELF being sampled, one can
estimate the volume of ELF sampled by accounting for
both lost and recovered wash fluids as follows:

Volume of ELF sampled =

VO]ELF Lavage
Collection volume — VOlg; p 1 avage
Lavage volume

RESULTS
Analysis of undiluted secretions

To examine the premise that urea is in equilib-
rium in body fluids (and thus can be used to
calculate ELF volume), the concentrations of
urea and proteins in undiluted nasal secretions
were compared with those in serum (Fig. 2).
Levels of serum urea (15.02 = 0.93 mg/dl), nasal
urea after methacholine challenge (13.02 + 1.29
mg/dl), and nasal urea after histamine challenges
(12.32 + 1.00 mg/dl) were equivalent (Fig. 2, A).
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Resting ELF concentration® After methacholinet After histamine#
Albumin (umol/L) 0.76 + 0.20 0.59 = 0.34 96.59 + 40.26
IgG (pmol/L) 0.22 = 0.07 0.38 = 0.19 27.65 = 9.01
NSIgA (pmol/L) 045 = 0.15 0.61 = 0.15 3.55 = 0.82
Lysozyme (pmol/L) 20.13 £ 4.32 33.54 + 4.42 34.23 = 4.64
Lactoferrin (uwmol/L) 043 £ 0.12 2.07 £ 049 373 £ 152
SIgA (wrol/L) 0.32 = 0.04 0.53 = 0.10 0.54 = 0.10
UREA (mmol/L) 333 £ 021 2.96 = 0.03 3.00 = 0.00
ELF volume (pl) 136 = 17 827 + 166 882 = 162

*Initial lavage.
tLavage after stimulation with 32.5 mg methacholine.
fLavage after stimulation with 1.3 mg histamine.

In contrast, serum total protein (89.71 mg/ml) was
40-fold higher than the total protein in nasal
secretions after methacholine challenge (2.21
mg/ml) and 9-fold higher than the total protein in
nasal secretions after histamine challenge (10.10
mg/ml; Fig. 2, B). The level of albumin in serum
(57.37 mg/ml) was more than 100-fold higher than
that found in nasal secretions after methacholine
challenge (0.51 mg/ml; Fig. 2, C). After induction
of vascular permeability by histamine challenge,
the level of albumin in nasal secretions increased
to 5.79 mg/ml, only 10-fold less than that in
serum. The level of serum lysozyme (0.005 mg/ml)
was significantly lower than that of nasal lysozyme
after methacholine (1.04 mg/ml) or histamine
(0.71 mg/ml) challenges (Fig. 2, D). These data
indicate that, in contrast to a marked disequilib-
rium between the proteins in nasal secretions and
plasma, urea is in equilibrium throughout these
compartments.

Molar concentrations of proteins in ELF

The molarity of each protein, on the basis of its
concentration, molecular weight, serum urea con-
centration, and nasal urea concentration, was cal-
culated at baseline, after instillation of 32.5 mg
methacholine, and after instillation of 1.3 mg
histamine, by the aspiration/nasal lavage method
(described in the Methods section) (Table I).
Whereas the molar concentration of each protein
in nasal lavage fluid was found in micromolar per
liter concentrations, urea was measured at 100 to
10,000 times these levels (3 mmol/L). In baseline
ELF, the vascular proteins, albumin, IgG, and
NSIgA, were found at concentrations of 0.76,
0.22, and 0.45 pmol/L, respectively. After stimu-
lation with methacholine, these values did not
significantly change. In contrast, after stimulation

with histamine, both albumin and IgG increased
126-fold to 97 and 28 pmol/L, respectively. NSIgA
increased 8-fold to 3.6 pmol/L. The glandular
proteins, lysozyme, lactoferrin, and SIgA, were
found in baseline ELF at concentrations of 20,
0.43, and 0.32 pmol/L, respectively. After both
methacholine and histamine stimulation, there
was a similar increase in glandular proteins.
Lactoferrin increased 5-fold to 2.1 pmol/L after
methacholine and 8-fold to 3.7 wmol/L after his-
tamine challenge, although the increase was not
significantly different between the stimuli.
Lysozyme and SIgA increased 1.7-fold after both
stimuli to 34 and 0.54 pmol/L, respectively. Urea
remained steady at 3 mmol/L in resting ELF, after
methacholine challenge, and after histamine chal-
lenge.

Baseline ELF volume

Baseline samples of nasal lavage fluids were
collected from 18 volunteers by the aspira-
tion/nasal lavage technique. The volume of ELF
in the lavage fluid was calculated by dividing the
recovery volume by a dilution factor composed of
the concentration of urea in serum divided by the
concentration of urea in nasal secretions, a mod-
ification of the equation described by Rennard et
al."” The estimated volume of ELF sampled by the
4-ml lavage was then calculated, taking into ac-
count the lost lavage fluid and the recovered ELF
(see Methods section). The volume of ELF sam-
pled in these patients was 136 + 17 pl (Table II).
The lavage method used in this experiment sam-
pled the anterior portion of the nasal cavity.
Therefore, to determine the total volume of ELF
in the nasopharyngeal cavity, 24 volunteers under-
went lavage by an expulsion method, which
washes most of the nasal cavity, as well as the
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TABLE Il. Determination of ELF urea and calculated ELF volumes

Aspiration method*

Expulsion methodt

Baseline urea Baseline ELF volume

Baseline urea Baseline ELF volume

Patient (mg/di) {ul) Patient (mg/dl) {nl)
1 0.57 111 1 1.68 821
2 0.75 159 2 1.97 918
3 0.86 199 3 2.00 1019
4 1.43 286 4 232 1006
5 1.12 143 5 0.95 536
6 1.43 123 6 1.49 475
7 0.22 62 7 0.73 265
8 0.47 103 8 1.28 657
9 0.04 11 9 0.62 324
10 0.52 116 10 1.94 932
11 0.51 113 11 1.03 358
12 0.89 200 12 1.88 732
13 1.03 132 13 2.66 2494
14 1.42 286 14 0.81 260
15 0.39 89 15 0.71 377
16 0.61 141 16 0.95 593
17 0.26 70 17 0.95 365
18 0.43 99 18 0.75 464
Mean 0.67 136 19 1.52 746
SEM 0.09 17 20 2.09 899
21 1.39 1229
22 2.75 2127
23 0.85 513
24 1.49 1087
Mean 1.45 800

SEM 0.13 111

*Four milliliters lavage fluid aspirated with inserted catheter.
tFive milliliters lavage fluid instilled in nostril, then expelled.

upper pharynx. The calculated ELF volume of
each nasal cavity by this method was 800 + 111
pl. Although the aspiration method samples only
17% of the nasopharyngeal mucosal surface, be-
cause of patient acceptability and ease of perfor-
mance this method was used for the study of the
molar concentrations of proteins in ELF. From a
baseline of 136 ul, ELF volume was calculated to
increase similarly to 827 and 882 pl after metha-
choline and histamine challenge, respectively.

DISCUSSION

The usefulness of urea as a marker of the ELF
volume on the nasal mucosa was examined. Al-
though much work has been done examining ELF
in the lung, there have been no recent studies of
nasal ELF. Urea, a 60-dalton plasma molecule
that equilibrates throughout tissues, moves across
the renal tubular epithelium via a specialized urea
transporter, also found in the mammalian red

blood cell.*® [**C]-urea enters erythrocytes within
0.1 seconds.® A polar molecule, urea is moder-
ately soluble in lipid. Galluci et al.** calculated
the urea permeability coefficient of phospholipid
(lecithin) bilayers as 4.0 X 10~° cm/sec. The per-
meability coefficient across dog alveolar epithe-
lium was determined to be 2.7 X 10™° cm/sec®
and 2.3 X 10~° cm/sec (compared with 0.7 X
10~° cm/sec for *Na).** In comparison, the max-
imal permeability of albumin across endothelium
and epithelium in sheep lungs is 4.9 x 107° and
0.58 x 10~° cm/sec, respectively.”

Whereas the transport mechanism of urea in
the nasal mucosa is unknown, the transport of
materials across the lung has been extensively
studied. According to Enna and Shanker,® the
adsorption of urea from the air space of the lung
into the blood occurs within 4 minutes. In an
attempt to compare markers of ELF volume,
Effros et al.”” filled rat lungs with lavage fluid for
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5 seconds, 2 minutes, and 6 minutes. The
BAL/plasma urea ratio increased rapidly after the
2- and 6-minute dwell times, whereas the ratio for
the electrolytes, Na+, Cl—, and Ca+ +, re-
mained unchanged, which indicated that the urea
had diffused into the air spaces. In addition, after
only 1 minute, radiolabeled [*“C]-urea had leaked
into the air spaces at twice the rate of “Na+. The
authors believed that urea could only be used for
calculating ELF dilution if the lavage could be
completed within 1 minute. Juettner et al.*® used
a closed, nonregenerating fluid reservoir to exam-
ine pulmonary exchange of solutes in pigs. They
noted that urea most closely resembled Na+, in
that both had high permeability constants that
increased exponentially in the lavage fiuid.

Rennard et al.'® noted that increased dwell
times (1 and 5 minutes) resulted in increased
concentrations of urea, glucose, and albumin in
BAL fluid. The increase, which was inversely
related to the molecular weight, was greatest for
urea. Seitsema et al.”® noted that urea more than
doubled its level in BAL fluid within 5 minutes. In
isolated dog lungs, Cross et al.*’ noted that urea
levels in alveolar fluid reached 55% of those for
blood urea after 15 minutes of dwell time. It has
also been shown that water enters residual BAL
solution from the interstitium during lavage.*
Kelly et al.,® with the use of tritiated water,
demonstrated a bidirectional flux of water across
the alveolar membrane during lavages with mini-
mal dwell time. However, according to Taylor et
al.,* the permeability coefficient of urea over the
alveolar membrane is one twentieth that of triti-
ated water. In a recent study, Van de Graaf et al.*
found urea influx to be equal in a healthy subject
during BAL procedures with durations of 185 and
380 seconds.

In our experiments, because nasal lavages take
only 30 to 60 seconds to perform and there is
minimal dwell time inasmuch as secretions are
collected continuously, the urea content of the
collected nasal lavage fiuids should reflect the
concentration of urea in ELF and not the rapid
flux of urca. Moreover, the exchange of urea in
the experimental models cited herein occurs in
the alveoli, which are specialized tissues designed
for the free exchange of diffusible molecules. The
nasal mucous membranes, by contrast, more
closely resembles conducting airways with a tight
control over fluid exchange. Indeed, after an ini-
tial washout of resident nasal secretions, we found
the urea concentration and estimated ELF vol-
ume to be constant in multiple lavage procedures
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separated by various time intervals ranging from 2
minutes to 2 hours (data not shown).

On stimulation with methacholine or histamine,
urea in undiluted nasal secretions was discovered
to be equal to urea levels in serum. This observa-
tion confirms the hypothesis that urea can be used
to reflect levels of nasal ELF. In contrast, the
level of the plasma protein albumin was 100-fold
lower in ELF than in serum. After the induction
of vascular permeability with topical histamine,
the level of albumin increased 10-fold in ELF,
achieving the ratio of albumin/total protein con-
centrations that was found in serum. As noted by
Persson, the existence of this ratio in secretions
suggests that there is a bulk flow of proteinaceous
plasma into the ELF during periods of vascular
permeability. As expected, the glandular protein
Iysozyme was consistently 150- to 200-fold higher
in ELF than in serum.

These data confirm that there exists an equilib-
rium between vascular urea and nasal urea (as
well as interstitial urea). The calculation of ELF
volume on the basis of dilution of nasal urea by
the lavage fluid is therefore valid. Moreover, urea
can be used to measure relative changes in ELF
volume and the concentration of various proteins.
On the basis of these studies, nasal ELF may be
collected and the relative dynamics of secretion
assessed by measuring urea and representative
plasma and glandular proteins.

The baseline anterior mucosa ELF volume was
calculated in 18 volunteers as 136 = 17 ul. The
variation among individual subjects may have
been secondary to individual anatomic differ-
ences. The lavage fluids, collected by an aspira-
tion technique, washed the anterior portion of the
nasal cavity but probably failed to wash the pos-
terior aspect. To determine the baseline ELF
volume in the entire nasal cavity (including some
undetermined portion of the upper pharynx), 24
volunteers underwent baseline nasal lavage pro-
cedures by an expulsion method, which washes
most of the inner surface of the nasal cavity. The
ELF volume was calculated as 800 + 111
pl/nostril, which indicated that the aspiration
method samples about 15% of the nasopharyn-
geal mucosal surface washed by the expulsion
procedure.

The dynamic flux of proteins into nasal secre-
tions is illustrated by Table I, which displays the
calculated molarity of each protein and urea at
baseline and after methacholine and histamine
provocations. Methacholine-induced glandular se-
cretion caused the ELF to become enriched with
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glandular proteins, whereas vascular proteins re-
mained relatively unchanged. Histamine-induced
microvascular permeability caused elevations in
the concentrations of albumin and other plasma
proteins more than 100-fold. However, after both
methacholine and histamine challenges, the con-
centration of urea remained constant. Thus the
increase in urea reflects the increase of ELF
volume, whereas the increase in proteins reflects
the specific secretion of vascular proteins during
periods of vascular permeability or of glandular
proteins during glandular secretion. Earlier stud-
ies have also demonstrated that glandular pro-
teins become relatively enriched in secretions af-
ter cholinergic stimulation and that plasma pro-
teins are selectively enriched in secretions after
histamine or allergen challenges on a microgram
per milliliter basis."”> Therefore the current anal-
ysis, which used actual molar concentrations, may
provide an improved basis of comparing protein
concentrations after various stimuli.

Notwithstanding the problems associated with
the use of urea to measure ELF by BAL, the data
reported herein indicate that this method can be
used in the nasal mucosa and probably in the
conducting airways. On the basis of these obser-
vations, lavage procedures of the lower airway
that use techniques that restrict access to alveoli
might be enhanced by measurement of urea and
estimation of volume.

It seems likely that the capacity to generate
respiratory ELF with such greatly varied constit-
uents must reflect an important host-defense
mechanism. Glandular secretion and plasma exu-
dation may serve as primary mucosal defense
reactions.” Therefore the ability to pharmacolog-
ically manipulate the proteins in ELF may be a
novel means to treat or prevent infections.

We would like to thank Ronald Crystal, Mark
Knepper, and Michael Flessner for their advice, and
Phyllis Silver for developing the albumin assay.
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