Leukotriene C, release in upper respiratory
mucosa during natural exposure to ragweed
in ragweed-sensitive children
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With high-pressure liquid chromatography and specific radioimmunoassay, the concentration of
leukotriene C, (LTC,) was measured in nasopharyngeal secretions (NPS) of groups of children
with allergic rhinitis before, during, and after the ragweed-pollen season. Increase LTC,
concentrations in NPS were noted in all the children during the pollen season; the concentration
of LTC, increased from a preseasoned mean of 1.87 * 0.43 ng/ml to 5.52 = 0.7 ng/ml at the
peak of the ragweed season (p < 0.001). The mean LTC, concentration 2 weeks after the end of

the ragweed season declined only to about 4.45 = 1.04 ng/ml. The seasonal variation

of LTC, concentrations and symptom scores of the children paralleled the pattern of the
ragweed-pollen count. All children studied were ragweed sensitive, and six children were
additionally sensitive to Alternaria (mold). The mold-sensitive children demonstrated higher
concentrations of LTC, in their NPS before and continued 1o have high LTC, levels after the
peak ragweed season, coinciding with peaks of mold-spore counts. Data presented in this study
suggest that mast cells and other target cells in the nasal mucosa of children with allergic
rhinitis produce pharmacologically active mediators, such as LTC,, during natural exposure to
ragweed or Alternaria. (J ALLERGY CLIN IMMUNOL 1988,82:414-8.)

Elevated concentrations of histamine have been
demonstrated in the NPS of allergic subjects during
experimental challenge with allergens, such as rag-
weed pollen and ragweed extracts.! Recently, in-
creased concentrations of LTC, have been found in
allergic adult volunteers after experimental inhalation
of ragweed pollen and cold dry air.>* No data exist
regarding leukotriene production during natural ex-
posure to ragweed pollen. The objective of the present
study was to evaluate the production of LTC, in the
upper respiratory tract of ragweed-sensitive children
during naturally acquired exposure to atmospheric
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Abbreviations used
HPLC: High-pressure liquid chromatography
NPS: Nasopharyngeal secretions
LTC,: Leukotriene C,
PBS: Phosphate-buffered saline
RIA: Radioimmunoassay

ragweed pollen during the ragweed season in the com-
munity,

MATERIAL AND METHODS
Study population

Sixteen children, 11 male and five female subjects, rang-
ing in age from 5 to 12 years, with a history of allergic
thinitis, were enrolled in the study. All subjects were rag-
weed sensitive, as demonstrated by positive skin tests. Of
these subjects, six children were found to be sensitive to
Alternaria mold. Additionally, a group of 12 normal healthy
subjects, who had no history of allergy to ragweed or Al-
ternaria, was included as control subjects. Informed, writ-
ten consent was obtained from the parents of all patients.
Symptoms such as rhinorrhea, nasal congestion, and sneez-
ing were recorded on an arbitrary scale of 0 to 3 (0, none;
1, mild; 2, moderate; and 3, severe). The scores were com-
piled weekly from the daily diaries. Atmospheric pollen and
mold-spore counts were recorded daily from August 1 to



VOLUME 82
NUMBER 3, PART 1

October 1. Ragweed pollen and Alrernaria spores were col-
lected with Rotorod model 62A (Ted Brown Associates,
Los Altos Hills, Calif.) and a retracting collector rod head
for intermittent sampling.

Collection of NPS

In Buffalo, N.Y., ragweed-pollen season began about
Aug. 17, 1986, and ended by Sept. 17, 1986. NPS sam-
ples for LTC, concentration were collected on August 15,
approximately 2 weeks before recording of the highest
ragweed-pollen counts, on August 29, during the highest
counts, and on September 26, 2 weeks after the end of the
season. In 10 subjects, samples were taken before, during,
and after the ragweed season. In five children, samples were
collected only before and during the peak season, and in
one child, only during and after the peak of the ragweed
season.

NPS washes were collected by use of a suction catheter
and a trap. A 3 ml volume of PBS was instilled gently into
the nostrils of the children in six consecutive 0.5 m] volume
instillations, followed each time by gentle suction. The cath-
eter was then rinsed into the trap with 1 ml of PBS. Total
recovery of the instilled PBS was 69.1 * 19.5%. Samples
were kept on ice while they were being transported to the
laboratory. The samples for LTC, determination were stored
at —70° C until they were assayed.

Measurement of LTC, by HPLC

A 1 ml volume of NPS washes was incubated with 4 ml
of HPLC-grade methanol (Aldrich Chemical Co., Milwau-
kee, Wis.) for 2 hours in ice and centrifuged at 1000 g at
4° C for 15 minutes. The supernatant was vacuum extracted
to dryness, and the residue was dissolved in 5 ml of 20%
methanol and applied to a Sep-Pak cartridge (Waters As-
sociates, Milford, Mass.). The sample thus prepared was
subjected to vacuum extraction to dryness, and the residue
dissolved in 0.5 ml of 30% methanol. Five nanograms of
purified preparation of prostaglandin B, (Sigma Chemical
Co., St. Louis, Mo.) was added as an internal standard,
and the entire sample was injected into a 4.6 by 25 cm C,,
reverse-phase column (Beckman Instruments, San Ramon,
Calif.). Elusion of LTC, was performed isocratically in an
HPLC system (Pharmacia, Piscataway, N.J.) with a mixture
of 80% methanol, 20% water, 0.05% trifluoroacetic acid,
and 0.5% triethylamine, both from Pierce Chemical Co.,
Rockford, Ill. Recovery of LTC, was 84 * 9%. Purified
preparations of LTC, were used as standards and tested in
parallel with the samples.

RIA for LTC,

The presence of LTC, in HPLC-separated fractions was
verified by a specific RIA (New England Nuclear, Boston,
Mass.). Peaks of LTC, collected after the separation with
HPLC and other peaks as positive and negative controls
were dried and then resuspended in the assay buffer. A tracer
containing [*H]LTC, was added to the samples, and a small
amount of standard assay antibodies was subsequently
added. After incubation, absorption of the excessive an-
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FIG. 1. Individual and mean LTC, concentrations in NPS
of all children before, during, and after the peak ragweed
season; individual concentration (#——e); mean concen-
tration (O—-0).

tibodies by charcoal suspension, and centrifugation at
1500 g for 15 minutes, the supernatant was added to
Alomlight, a scintillation solution (DuPont Co., Boston,
Mass.), and the radioactivity was measured in an LS 9000
liquid scintillation counter (Beckman Instruments, Fuller-
ton, Calif.). Recovery of LTC, concentrations from HPLC-
separation fractions to RIA was 76 + 11% (n = 5). The
concentration of LTC, was extrapolated from a standard
curve of purified LTC, provided in the assay kit and mea-
sured in the same time as the samples.

Statistical analysis

Two-tailed ¢ test for dependent measures was used for
analysis of LTC, concentrations and patient symptom scores.
As the measurements of leukotrienes were done in duplicate,
the standard error of the mean was used instead of standard
deviation.

RESULTS
Changes in LTC, concentrations during
ragweed season

The concentrations of LTC, in the NPS of non-
allergic healthy subjects before the ragweed sca-
son ranged from O to 1.2 ng/ml (mean concentra-
tion, 0.39 = 0.05). Eighty-three percent (10/12) of
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FIG. 2. Relationship of the mean atmospheric pollen
counts per square meter (¢——e} to the mean LTC, con-
centration (0—0) in NPS and to the mean symptom
scores (0——0) of all the children before, during, and after
the peak ragweed season.

the control subjects had LTC, concentrations of
<1 ng/ml. The individual and mean LTC, concen-
trations did not exhibit significant changes during or
after the ragweed season (data not presented). By con-
trast, the individual concentrations of LTC, in NPS of
the ragweed-allergic subjects increased up to sixfold
during the peak ragweed season compared to the pre-
season baseline. The mean LTC, concentrations in-
creased from 1.87 * 0.43 ng/ml before to 5.52 +
0.7 ng/ml during the peak ragweed season (p <
0.001). The activity declined after the season to about
4.45 = 1.04 ng/ml (Fig. 1). However, this differ-
ence was not statistically significant.

Relationship of LTC, concentration to the
mean symptom scores

The individual symptom scores in general were
higher during the ragweed season, and the mean symp-
tom scores of the study population as a whole in-
creased from 6.8 + 1.6 before to 10.61 = 1.5 dur-
ing the ragweed season (p < 0.05) and then decreased
to about 7.8 + 2.1. The elevations of the mean LTC,
concentrations often paralleled the increase of the
ragweed-pollen counts and the mean symptom scores
of the children. However, as illustrated in Fig. 2, both
LTC, concentration and the symptom scores remained
elevated well beyond the disappearance of most at-
mospheric ragweed pollen (Fig. 2).
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FIG. 3. Relationship of the mean atmospheric mold-
spore counts per cubic meter (0—-—0) to the mean LTC,
concentration in NPS of mold-sensitive (a- - -a) and mold-
nonsensitive (o- - -0} children before, during, and after the
peak ragweed season.

Relationship of LTC; concentation to
mold-spore counts

An attempt was made to quantitate Alternaria mold-
spore mass during the ragweed season and assess its
impact on LTC, activity in the NPS in ragweed-
sensitive children. The Alternaria spore counts dem-
onstrated two peaks, one before and one after the
ragweed season (Fig. 3). The mean spore counts were
12.3 = 4.2 before, 4.3 = 1.2 during, and 30.6 =
6.7 spores per cubic meter after the ragweed season.
The concentrations of LTC, in patients having mold
sensitivity in addition to ragweed sensitivity were
compared to the concentrations in mold-nonsensitive
subjects. The children with both ragweed and mold
sensitivity exhibited higher concentrations of LTC,
during the entire study period. The possible effect of
Alternaria on LTC, concentrations appeared to be
greatest during prepeak and postpeak ragweed season,
coinciding with the highest Alternaria counts, as il-
lustrated in Fig. 3. It is of interest to note that the
mean LTC, concentrations manifested further in-
creases in the mold-sensitive group, even after the end
of ragweed season.

DISCUSSION .

Data obtained in this study provide evidence for the
release of LTC, in the nasopharynx of ragweed-
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sensitive children during natural exposure to atmo-
spheric ragweed pollen. Both the individual as well
as the mean LTC, concentrations increased signifi-
cantly from a preseasonal low baseline level to high
concentrations during the peak ragweed season.

LTC, has recently been found in a variety of disease
processes, including cystic fibrosis, hypoxemia in
neonates, adult respiratory distress syndrome, and
during acute viral respiratory infections.*” Sulfido-
peptide LTC, and LTD, are the most potent constric-
tors of bronchial smooth muscle and stimulate airway
mucus production.® ® In addition, leukotrienes in-
crease vascular permeability and possess important
immunoregulatory functions.'®'* With the use of new
separation techniques, release of sulfidopeptide LTC,
and LTD, has been identified after stimulation of mast
cells'* ' and other inflammatory cells, such as eosin-
ophils, 'S monocytes, and macrophages.'” '* Mast cells
and the other inflammatory cells, such as basophils
and eosinophils, are present in NPS of children during
allergic reaction'® * and are most probably the major
source for the LTC, found in NPS.? To date, LTC,
has been identified in the NPS of adult volunteers only
under experimental conditions during challenge with
ragweed antigen and exposure to cold dry air.>* The
study reported here clearly demonstrates that natural
season exposure to atmospheric pollen is associated
with the production of LTC, in the respiratory mucosa
of ragweed-sensitive children in a manner similar to
the observations reported with experimentally induced
exposure.

The increase in the mean LTC, concentration during
the peak ragweed season paralleled the increase in
the pollen counts. However, the decrease of LTC,
concentration after the peak season was only partial,
and some children continued to exhibit high concen-
trations of LTC, after the decline in pollen counts from
the atmosphere. It is of interest to note that the mean
symptom scores of the children followed a similar
pattern as the LTC, concentration, including parallel
increase toward peak season and moderate decrease
after the season. However, no direct correlation ex-
isted between individual levels of LTC, and the symp-
tom score. The persistence of clinical symptoms and
high concentrations of LTC, beyond the peak ragweed
season may be due in part to the concomitant pres-
ence of other atmospheric allergens, such as Alter-
naria mold, in addition to the ragweed pollen. The
persistence of symptoms beyond the peak pollen
season, known as the “priming effect,” is a well-
described phenomenon in allergic subjects.?? Small
amounts of ragweed-pollen antigen have been dem-
onstrated to exist in the air long after the peak
ragweed-pollen season.
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Such environmental allergenic activity can lead to
persistence of symptoms and mediator release in
primed individuals.?? Furthermore, it has been sug-
gested that natural exposure to ragweed can also prime
an individual to subsequent exposure to other aller-
gens.?> > This possibility is strongly supported by the
observations that subjects sensitive to both ragweed
and Alternaria exhibited highest LTC, concentrations
during the entire ragweed season, and the concentra-
tions even increased after the disappearance of rag-
weed. The potential role of plasma kallikrein and other
late-phase mediators of inflammation in the persis-
tence of symptoms has been studied by other inves-
tigators.* #* Their role, however, was not studied in
the present population of subjects.

Based on the data presented in this study, it is sug-
gested that LTC, is regularly released in the respiratory
mucosa of children with allergic rhinitis. The LTC,
concentration appears to increase significantly in
ragweed-sensitive children during natural seasonal ex-
posure to ragweed. It is suggested that mucosal mast
cells and other effector cells in the nasal mucosa may
produce mediators, such as LTC,, during natural ex-
posure to environmental allergens.
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