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Abstract

Using a sensitive single isotope enzymatic assay we measured
bronchoalveolar lavage (BAL) fluid histamine in asymptomatic
normal (nonallergic), allergic rhinitic, and allergic asthmatic
subjects. Normal subjects were found to have little or no de-
tectable amounts of histamine in BAL fluid (11±11 pg/ml), and
few BAL fluid mast cells. In comparison, the allergic rhinitics
and allergic asthmatics had much higher amounts of BAL fluid
histamine (113±53 and 188±42 pg/ml, respectively), and a sig-
nificantly greater number of BAL fluid mast cells. Furthermore,
despite having equivalent baseline pulmonary function values,
allergic asthmatics with BAL fluid histamine levels > 100 pg/
ml required only 7±2 breath units of methacholine to induce a
20% drop in forced expiratory volume in 1 s (FEV1) (PD" FEV1)
while asthmatics with BAL fluid histamine levels < 100 pg/ml
required 49±19 breath units (P < 0.05). These data suggest that
allergic asthmatics have ongoing lung mast cell degranulation
that might contribute to the etiology of airway hyperresponsive-
ness.

Introduction

Allergic asthma is associated with marked hyperreactivity of the
airways to a variety of stimuli (1 -11 ). Many of the pathophys-
iologic features of allergic asthma can be attributed to mast cell
mediators (1-3, 9-16). For example, histamine (1, 3, 10), leu-
kotrienes (9-1 1), prostaglandins (2), and other mediators (16)
have been shown to induce airway constriction. The release of
mediators from mast cells may occur as a result of both specific
(e.g., allergen) and nonspecific (e.g., cold air) stimuli (17). Pre-
vious studies have suggested that there is a relationship between
the allergic state and mast cell mediator release, and airway cho-
linergic hyperresponsiveness (18-21). Since released histamine
is a marker for mast cell degranulation, assessment of bron-
choalveolar lavage (BAL)' fluid histamine is one means of eval-
uating local mast cell degranulation occurring in the airways.
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1. Abbreviations used in this paper: BAL, bronchoalveolar lavage; OPT,
O-phthalaldehyde; PD20 FEyV, provocative methacholine dose producing
a 20% decrease in the forced expiratory volume in I s; (3H)SAMe, S-
(Methyl-3H)adenosyl- I -methionine.

The purpose of the present study was to determine the amount
of histamine in BAL fluid from normal, allergic rhinitic, and
allergic asthmatic subjects, and to ascertain if elevated BAL fluid
histamine levels are associated with methacholine bronchial hy-
perresponsiveness. Our findings indicate that allergic subjects,
and especially allergic asthmatic subjects, have significantly
higher baseline BAL fluid histamine levels and mast cell numbers
than nonallergic subjects. Furthermore, among the allergic asth-
matics, higher BAL fluid histamine levels were associated with
marked airway cholinergic hyperresponsiveness.

Methods

Reagents. Histamine diphosphate, 1-methylhistamine, O-phthalalde-
hyde (OPT) spray, toluidine blue, and Wright stains were purchased
from Sigma Chemical Co., St. Louis, MO; acetone, chloroform, NaOH,
and HCl were from Fisher Scientific Co., Fair Lawn, NJ; Methacholine
was from Baker Pharmaceuticals, Phillipsburg, NJ; S-[methyl-3H]-
adenosyl-l-methionine ([3H]-SAMe) (65-78 Ci/mmol) was from New
England Nuclear Corp., Boston, MA; Whatman silica thin-layer chroma-
tography (TLC) plates (LK6D) were from Whatman, Inc., Clifton, NJ.

Subjects. Subjects were adult, nonsmokers between the ages of 18
and 45 yr. Three groups were studied: mild seasonal allergic asthmatics,
allergic rhinitics, and normal volunteers. Each subject had a complete
medical history and physical examination and was skin tested intrader-
mally with a routine battery of allergens (Center Laboratories, Port
Washington, NY). Awheal size 5 X 5 mmor greater than diluent control
was considered positive. The allergic asthmatics had a history of mild
seasonal asthma, were skin test positive to the appropriate allergens, and
had a positive methacholine aerosol challenge. The criteria used to define
a positive methacholine challenge are detailed below. The allergic rhinitics
had no history of seasonal or perennial asthma, had positive skin tests
to at least three common inhalant allergens with symptoms of rhinitis
and conjunctivitis upon exposure to the allergens, and did not respond
to 5 or less mg/ml of methacholine during aerosol challenge. Normal
controls had no symptoms of respiratory allergy, no immediate family
history for allergic diseases, negative allergen skin tests, and a negative
methacholine challenge.

Methacholine bronchoprovocation. Methacholine aerosol challenge
was performed according to the procedure outlined by the American
Academy of Allergy Committee on Standardization of Bronchoprovo-
cation (22). A Johns Hopkins dosimeter was used to deliver concentra-
tions of methacholine from 0.075 to 25 mg/ml. Subjects were given five
breaths of each concentration of methacholine by taking slow deep breaths
from functional residual capacity to total lung capacity, without breath
holding. A 20% drop in FEVI (below diluent baseline) which persisted
for at least 5 min was considered a positive response. The provocative
dose producing a 20% decrease in FEVI (PD20 FEVI) was calculated
(22) and expressed as breath units (1 breath unit = I mg/ml inhaled
methacholine).

BAL. These studies strictly conform to the guidelines for BAL in
asthmatic subjects that were recently proposed by the National Institutes
of Health, the American Academy of Allergy and Immunology, the
American Thoracic Society, and the American College of Chest Physicians
(23), as well as our own proposed guidelines (24). Prior to lavage and/
or bronchoprovocation, each subject was required to have an FEVI > 60%
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of predicted and not less than 2L. Subsequently, each subject gave written
informed consent for the study, which had been approved by the Human
Subjects Review Committee of the University of Iowa. Subjects were
required to abstain from food or fluids the morning of the lavage or for
6 h before lavage if it was done in the afternoon. All allergic subjects
were lavaged while clinically asymptomatic and "out of season" (i.e.,
when they were minimally or not exposed to allergens that elicited their
symptoms). All subjects were prepared for BAL in a manner routine for
all bronchoscopies, including BAL, at the University of Iowa (24). Atro-
pine sulfate, 0.6 mg i.m., and morphine sulfate, 8 mg i.m., were given
one half hour before the procedure. Xylocaine (4%) was used topically
to prevent coughing and to effect local anesthesia. Each individual also
inhaled two puffs (0.65 mg/puff) of metaproterenol 15 min before bron-
choscopy. Bronchoscopy was performed using a fiberoptic bronchoscope
(BR-4B/2, Olympus Corp., NewHyde Park, NY). Lavage was performed
by injecting five 20-ml aliquots of warmed (370C) normal saline (total
= 100 ml) into subsegmental bronchi. Immediately thereafter, suction
was applied and the fluid recovered in a sterile trap. The lavage fluid was
subsequently filtered through two layers of sterile gauze, and the cells
were pelleted at 250 g for 5 min. The lavage supernatants were then
aliquoted and stored at -70'C until histamine analyses were performed.

BAL cell counts. The residual cell pellet (see above) was Iresuspended
and washed twice in Hanks' balanced salt solution (without Ca2" and
Mg2+). A small sample of the cells was then counted in a Coulter counter
(model FN, Coulter Electronics, Hialeah, FL). The total cell count was
then divided by the BAL fluid volume and expressed as cells/ml BAL
fluid.

Differential cell counts were done as previously described (24). Ap-
proximately 100,000 cells (0.01 ml) were spun at 1,200 rpm for 5 min
onto a glass slide using a filter card and cytocentrifuge (Cytospin-2,
Shandon Southern Instruments, Sewickley, PA). The cytocentrifuge
preparations were then air dried and stained with Wright-Giemsa. Dif-
ferential cell counts were obtained by identifying and counting 200 cells
per slide using light microscopy. The differential cell counts are expressed
as percentages of the total cell number.

Since mast cells were difficult to identify using the Wright Giemsa
stain, at least one other cytocentrifuged slide (containing 25,000 cells)
from each lavage sample was stained with 0.5% toluidine blue in 0.5 M
HC1 for 2 h. Using this staining technique and light microscopy, the
metachromatic granules of mast cells are easily identified allowing the
differentiation of these cells from other nucleated cells. The percentage
of mast cells present in BAL fluid was calculated by counting the number
of mast cells identified per 25,000 cells.

Determination of histamine levels. Histamine was assayed using a
sensitive isotopic enzymatic assay (25) employing histamine-N-meth-
yltransferase from rat kidneys that was prepared by the method of Shaff
and Beaven (26). 10 ,l of BAL fluid or histamine standard (0, 100, 200,
400, 600, 800, 1,000, and 2,000 pg histamine/ml) were incubated with
20 Ml of histamine-N-methyltransferase, 0.5 Ml (236 nCi) of [3H]SAMe,
and 10 Ml of 0.1 Mphosphate buffer, pH 7.4, for 90 min at 37°C. The
reaction was stopped by the addition of 10 Al of 3.8 Mperchloric acid.
The samples were then centrifuged and 10 ul of 10 N NaOHand 300
Mi of chloroform were added to the resultant supernatants. The samples
were subsequently mechanically shaken and then centrifuged once again.
The aqueous layer was removed, the chloroform layer washed with 100
,Ml of 3.3 NNaOH, and the tubes shaken and centrifuged as before. The
chloroform layer was removed, evaporated to dryness under a stream of
nitrogen, and then resuspended in chloroform in preparation for TLC.
The samples plus 10 Mi of l-methylhistamine (I mg/ml in 50% methanol)
were streaked onto activated TLC plates. The plates were developed in
ascending fashion in an acetone/ammonium hydroxide mixture (95: 10)
to 10 to 15 cm (about 30 to 45 min) and visualized under ultraviolet
light after being sprayed with OPT. Each 1-methylhistamine spot was

scraped from the plate, extracted in 0.1 N HCI, and assayed for radio-
activity by liquid scintillation counting. Unknown values are calculated
by comparing the mean counts per minute of triplicate samples with a
calibration curve ofthe standard samples (100 to 2,000 pg/ml) constructed
by the least-squares method. The replicates of each sample usually differed

from each other by < 15%. To negate any possible influence that lavage
fluid itself might have on the assay, the standard curve for histamine
was routinely assayed in dialyzed BAL fluid. All results are provided as
mean±SE, and each statistical method employed is described in the text.

Results

Initial measurements of histamine added to dialyzed BAL fluid
by an automated spectrofluorometric technique (27) indicated
that the lowest level of sensitivity of this assay in our study was
1 to 2 ng/ml. No histamine could be detected in 15 BAL fluid
samples assayed using the automated spectrophotometric tech-
nique (27). Wetherefore did two experiments to determine the
stability of histamine in BAL fluid. Histamine at concentrations
of 1 to 100 ng/ml was added to a BAL fluid sample, incubated
for 3 h at room temperature, and then assayed using the auto-
mated spectrofluorometric technique. The amount of histamine
added directly correlated to the amount of histamine measured
(r = 0.99). Moreover, no loss of measurable histamine was found
after 24-, 48-, and 72-h incubations of parallel lavage fluid sam-
ples to which 5 ng histamine/ml was added. These data indicate
that there were no substances present in the BAL fluid that in-
terfered with the automated spectrofluorometric assay, and that
histamine was stable in BAL fluid. The normal level of histamine
in lavage fluid thus, is less than that which can be detected by
an automated fluorometric technique (27).

Wethen used a sensitive single isotope enzymatic assay for
measuring lavage fluid histamine (25). The assay involved ex-
tracting [3H]-1-methylhistamine generated by the enzyme N-
methyltransferase acting on histamine in the presence of
[3H]SAMe into chloroform, and isolating the [3H]-l-methylhis-
tamine by TLC. Histamine added to dialyzed lavage fluid could
be accurately measured from 100 to 2,000 pg/mi using this assay
(Fig. 1). The lowest limit of sensitivity of the assay (i.e., that
point where the counts per minute were significantly, by t test,
above background) was 100 pg/ml. Analyses of the net counts
per minute above background induced by 100 pg/ml in 20 assays
indicated a mean increase of 80 counts per minute, P < 0.001
by paired sample t test. Since the actual assay employs 10 til of
sample, it is therefore, sensitive to at least 1 pg of histamine.

To estimate the precision of the assay, one lavage fluid sample
was assayed on 10 separate days, with the mean±SE and range
of results shown in Fig. 2. Moreover, this same sample was as-
sayed on 10 separate days after the addition of 1,000 pg hista-
mine/ml to confirm the reproducibility of the assay at higher
levels (Fig. 2). The mean net increase in lavage fluid histamine
was 998 pg/ml in these later samples. Since most of the BAL
fluid samples had values that were in the lower range, we also
tested the reproducibility of the assay by repeatedly measuring
the histamine content in one sample that had approximately
200 pg histamine/ml. This sample was assayed on seven different
days and had a mean±SE histamine content of 215±15 pg/ml
with a range of 180 to 298 pg histamine/ml. Thus, these data
indicate that the assay is very sensitive and reproducible at both
high and low levels of histamine.

Wethen measured the BAL fluid histamine content in 69
samples: 36 from allergic asthmatic; 14 from allergic rhinitic;
and 19 from normal subjects. The mean±SEand range of results
are presented in Fig. 3. The data were analyzed using the SAS
Computer Software System (Cary, NC) on an IBM 370 com-

puter. Using an analysis of variance F test, the means of the
three groups were found to be significantly different (F = 3.95,
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Figure 1. Standard curve of histamine added to dialyzed BAL fluid.
The results represent the mean±SE from 20 standard curves. The line
was determined by linear regression analysis (r = 0.99). At 100 pg/ml,
the counts per minute measured were significantly different from base-
line (P < 0.001 by paired sample t test).

P = 0.024). Wethen employed the Tukey-Kramer studentized
range test for pairwise comparisons of the three groups. Allergic
asthmatics were found to have a mean BAL fluid histamine
level significantly greater than normals (P < 0.05) who had little
or no detectable BAL fluid histamine (Table I). Allergic rhinitic
subjects had a mean lavage fluid histamine level that was greater
than normal, but less than allergic asthmatic subjects. However,
the differences between the mean histamine level measured for
those with allergic rhinitis and those measured for the normal
and allergic asthmatic subjects were not significant by the Tukey-
Kramer test.

As shown in Table I, the three groups did not have a signif-
icantly different number of lavage cells per milliliter of BAL
fluid. Moreover, the differential cell counts were similar for all
three groups. However, the allergic asthmatics did have a sig-
nificantly higher percentage of eosinophils than either the allergic
rhinitics or normal subjects. Both the allergic asthmatics and
allergic rhinitics had significantly more mast cells than the nor-
mals (Table I). The metachromatic mast cells were easily iden-
tified using the toluidine blue stain. The mast cell granules stained
red violet affording a striking contrast between these cells and
other nucleated cells, which had a faint orthochromatic stain
(Fig. 4).

Since the lowest limit of sensitivity of the histamine assay
determined by paired sample t test was 100 pg histamine/ml
(Fig. 1), values < 100 pg histamine/ml were calculated by linear
interpolation of the standard curve. The mean BAL fluid his-
tamine level for the allergic asthmatics was > 100 pg/ml (188±42
pg/ml), but many asthmatics had BAL fluid histamine levels
that were either undetectable, or < 100 pg/ml. We, therefore,
compared the allergic asthmatics who had histamine levels < 100
pg/ml to those who had histamine levels > 100 pg/ml to deter-
mine if elevated BAL fluid histamine was associated with any
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Table I. Comparison of Three Study Groups

Allergic asthmatics Allergic rhinitics Normals

Number of subjects 36 14 19
Histamine (pg/ml)* 188±42 113±53 11±11
Lavage cells/ml 110,403±8,623 117,677±12,039 i33,677±13,544
%Eosinophilst 1.0±0.3 0.2±0.1 0.2±0.1
%Mast cellsf 0.05±0.01 0.07±0.02 0.02±0.01

Statistical significance (P < 0.05) calculated by Tukey-Kramer Studentized Range Test. * Allergic asthmatics significantly different from normals.
tAllergic asthmatics significantly different from allergic rhimitics and normals. I Normals significantly different from allergic rhinitics and allergic
asthmatics.

other factors (Table II). Despite equivalent baseline pulmonary
function values, the asthmatic patients who had higher BAL
fluid histamine levels had significantly lower methacholine PD20
values. However, there were no significant differences in the
numbers or percentages of BAL fluid cells between the two asth-
matic groups. Thus, in allergic asthmatics, an elevated BAL fluid
histamine level is associated with increased airway responsiveness
to inhaled methacholine, but not to baseline pulmonary function
values or BAL fluid cellular content.

Discussion

These data clearly indicate that a sensitive isotope enzymatic
assay (25, 26) developed for the measurement of plasma hista-
mine can be used to measure BAL fluid histamine. The assay
used for this study was sensitive to at least 100 pg histamine/ml
(1 pg/sample), and was very reproducible at both high and low
ranges of histamine. Using this assay, normal subjects were found
to have little or no detectable amounts of histamine in BAL
fluid. In contrast, allergic asthmatics had significantly higher
amounts of histamine in BAL fluid compared with normals (P
< 0.05). Allergic rhinitics were found to have BAL fluid hista-
mine levels that were intermediate to those measured for normal
subjects and allergic asthmatics. Moreover, the BAL fluid sam-
ples were obtained at a time when the allergic subjects were
asymptomatic and not exposed (or minimally exposed) to the
allergens that elicited their symptoms. The amount of histamine
measured in the BAL fluid from the allergic subjects thus may
be lower than that present when these subjects are exposed to
clinically significant levels of allergen and are symptomatic.

It is unlikely that the drugs used to premedicate the subjects
prior to lavage contributed to the elevated histamine levels noted
in allergic asthmatics. It would be expected that atropine (cho-
linergic antagonist) and metaproterenol (beta-agonist) would ei-
ther have no effect, or inhibit nonspecific mast cell histamine
release (28, 29). Although morphine may cause mast cell de-
granulation, it does so by a nonimmunologic mechanism (30).
Thus, morphine would be predicted to cause histamine release
in all subjects equally. Topical xylocaine instilled into the upper
airways would not be expected to result in degranulation of lu-
minal mast cells located in subsegmental bronchi. It is also un-
likely that these drugs would interfere with the histamine assay
since, with the possible exception of metaproterenol, none of
these drugs would be expected to achieve measurable quantities
in the airway lumen. Moreover, the histamine assay uses a ra-

dioenzymatic technique with a TLC separation, making it a

highly specific assay. Finally, since all three study groups received

the same drugs, any elevation in BAL fluid histamine due to
effects of the drugs on mast cells or on the histamine assay would
be expected to be noted for all three groups equally. Thus, the
elevated levels of histamine measured in BAL fluids from allergic
asthmatics probably reflect mast cell degranulation occurring
naturally in the airways and not factitiously due to the drugs
employed as premedications.

There exists the possibility that the elevated histamine levels
measured in the BAL fluid of asthmatics is due to the lavage
process itself. That is, the actual physical process of exposure of
mast cells to saline and suction through the bronchoscope could
conceivably cause mast cell degranulation. We, therefore, ob-
tained 11 BAL fluid samples (8 from asthmatics and 3 from
normal subjects) and reaspirated these samples through the
bronchoscope. The measured histamine levels did not signifi-
cantly change after passing them through the bronchoscope a
second time. Thus, it appears unlikely that the elevated BAL
fluid histamine levels measured for the allergic asthmatics oc-
curred as a result of the lavage procedures.

Humanlung mast cells contain - 4 to 10 pg histamine/cell
(31, 32) and release about 20% of their histamine content when
stimulated with anti-IgE (31). Therefore, assuming a mean of
20% histamine release, one would expect that normal subjects
and allergic asthmatics would need - 10 to 15, and 150 to 250
mast cells/ml BAL fluid, respectively, to produce the measured
amounts of BAL fluid histamine. The normal subjects did in
fact have about 15 mast cells/mil BAL fluid, but the allergic
asthmatics had an average of only 50 mast cells/ml BAL fluid.
This observation is consistent with previous studies (32) in which
allergic asthmatics were found to have a significantly greater
number of mast cells/ml BAL fluid than normal. However, the
number of mast cells predicted to be necessary for the production
of the measured asthmatic BAL fluid histamine levels is greater
than the number actually obtained. It is, therefore, quite likely
that a portion of the histamine measured in BAL fluid comes
from extraluminal mast cells. An electronmicroscopic study
demonstrated that as much as 2%of the alveolar wall in man is
occupied by mast cells (33). An average concentration of 350
mast cells/mm2 of alveolar wall was found in normal lung. These
mast cells were found within 1 lsm from the luminal surface.
Moreover, there was ultramicroscopic evidence of extraluminal
mast cell degranulation. Thus, it is not unexpected to find that
the number of luminal mast cells identified by light microscopy
does not correlate well with the measurement of free histamine
in BAL fluid.

There are several other possible reasons for the lack of cor-
relation between BAL fluid histamine levels and the numbers
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Figure 4. Photomicrograph of a cytocentrifuged preparation of BAL cells from a patient with allergic asthma stained with toluidine blue. A low
(10OX) power (A) and high (250X) power (B) view showing the easily identified dark staining mast cells.

Bronchoalveolar Lavage Histamine and Methacholine Hyperresponsiveness 1201



Table II. Comparison of Allergic Asthmatics with High and Low BAL Histamine

Histamine < 100 pg/ml Histamine > 100 pg/ml

Number of subjects 19 17
Histamine (pg/ml) 15±7 382±60 P < 0.001
FEVI (ml) 3,504±234 3,735±245 P= NS
Methacholine PD20 (breath units) 49±19 7±2 P < 0.05
Lavage cells/ml 116,739±12,931 104,066±11,596 P = NS

%Macrophages 89.4±2.2 92.1±1.6 P = NS
%Lymphocytes 8.1±1.9 5.7±1.4 P= NS
%Neutrophils 1.6±0.4 1.1±0.3 P = NS
%Eosinophils 0.9±0.2 1.1±0.5 P = NS
%Mast Cells 0.04±0.01 0.06±0.02 P = NS

Statistical comparisons calculated using Student's t test.

of mast cells counted in BAL fluid. These include: nonmast cell
sources of histamine (e.g., bacteria [34]); variable percentages
of histamine released per mast cell; and the inability to detect
mast cells that have degranulated using light microscopy. Since
all of these subjects were asymptomatic and had no evidence of
infection, it is unlikely that bacterial histamine contributed sig-
nificantly to the measured histamine content in BAL fluid. It is
possible, however, that mast cells from some asthmatics are more
likely to release histamine in vivo and/or the amount of hista-
mine released from these mast cells is greater than that released
from mast cells from other subjects. Consistent with this hy-
pothesis is the observation that the number of mast cells in the
BAL fluids from the asthmatics with histamine levels less than
100 pg/ml was not significantly different from the number of
mast cells in the BAL fluid from allergic asthmatics with higher
BAL fluid histamine levels (Table II). Alternatively, since we
did not use electron microscopy to examine the BAL fluid cells,
degranulated mast cells might not have been identified on to-
luidine blue stained cytocentrifuged preparations by light mi-
croscopy.

Of note was the finding that the three study groups also dif-
fered by the number of eosinophils present in BAL fluid. Since
eosinophils play a significant role in the pathophysiology of al-
lergic asthma (35), it is not unexpected to find that the allergic
asthmatics had more BAL fluid eosinophils than either the al-
lergic rhinitics or normals. However, among the allergic asth-
matics, the number of luminal eosinophils was not associated
with the amount of BAL fluid histamine, the number of BAL
fluid mast cells, or the degree of airway hyperreactivity. One
interpretation of these data might be that eosinophils do not
play as significant a role as mast cells in the etiology of airway
hyperreactivity. However, the numbers of eosinophils identified
in BAL fluid in this study may not reflect the numbers of eo-
sinophils in the walls of airways and/or their state of activation.

Allergic asthmatics are known to have cholinergic hyperre-
sponsiveness (18-21), which may predispose these individuals
to increased bronchospasm. It was of interest, therefore, to de-
termine if allergic asthmatic individuals who had significant air-
way mast cell degranulation (as manifested by elevated BAL
fluid histamine) were also more sensitive to inhaled methacho-
line. Wecompared the mean methacholine PD20 FEVI values
from allergic asthmatics who had BAL fluid histamine levels
> 100 pg/ml to the PD20 values from those who had levels < 100

pg/ml. As shown in Table II, the asthmatics with higher BAL
fluid histamine levels were clearly more sensitive to inhaled
methacholine (P < 0.05). Moreover, with the exception of in-
creased airway reactivity, elevated BAL fluid histamine levels
in allergic asthmatics were not associated with any other mea-
sured parameters.

The interrelationships among mast cell degranulation, mast
cell mediators, and airway cholinergic hyperresponsiveness are
undoubtedly complex. A number of mast cell mediators could
be important in the pathophysiology of airway hyperreactivity
in allergic asthma (1-3, 9-16). Histamine, for example, has been
shown to be capable of stimulating airway cholinergic (vagal)
afferent nerves, (36) and to potentiate vagal efferent transmission
as well (37-39). Our data imply that the physiologic events oc-
curring as a result of mast cell degranulation might very well
influence airway responsiveness to cholinergic stimuli. This
concept agrees with a recent report that found that significant
increases in methacholine airway responsiveness may occur in
allergic asthmatics subsequent to inhaled allergen challenge (21).
Moreover, Leff and co-workers have demonstrated that para-
sympathetic stimulation may potentiate the response to antigen
challenge in central airways through augmented mast cell me-
diator release (40). It is, therefore, conceivable that mast cell
mediators released in the airways enhance cholinergic trans-
mission, which in turn contributes to both bronchial hyper-
reactivity and augmentation of further mast cell degranulation.

The exact mechanisms underlying airway hyperresponsive-
ness are incompletely known, but likely involve a variety of
factors including baseline airway geometry, autonomic nervous
control of the smooth muscle, the smooth muscle cell itself,
bronchial mucosal permeability, and epithelial damage and in-
flammation (41). The present study supports the notion that
mast cell mediators may also contribute to the etiology of airway
hyperresponsiveness in allergic asthma.
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