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Effects of inhaled histamine, methacholine and
capsaicin on sputum levels of a2-macroglobulin

Halla Halldorsdottir, Lennart Greiff, Per Wollmer, Morgan Andersson,
Christer Svensson, Ulf Alkner, Carl G A Persson

Abstract bronchoconstriction produced by cap-
saicin and methacholine.Background – Plasma exudation-derived
(Thorax 1997;52:964–968)proteins and peptides contribute sig-

nificantly to inflammation in the airway
Keywords: histamine, methacholine, capsaicin, a2-mucosa in vivo. In the guinea pig trachea
macroglobulin, sputum.both histamine and the neurogenic stim-

ulant capsaicin produce acute mucosal tis-
sue distribution and luminal entry of bulk
plasma, whereas cholinergic agonists fail Inhalation of either histamine or methacholine
to produce this effect. Of these agents, only is widely used to assess bronchial hyper-
histamine induces mucosal exudation of responsiveness.1 2 These two agents contract
plasma in human nasal airways. The exu- tracheobronchial smooth muscle and it is
dative effect of the above agents on human largely this pharmacological action that causes
bronchi remains unknown. airway obstruction. However, other actions are
Methods – The bronchial exudative re- not common to both mediators – for example,
sponses to inhalation of histamine, metha- histamine, being an inflammatory mediator,
choline, and capsaicin were examined in is a potent exudative agent in many tissues
two groups of healthy volunteers. Sputum including animal airways3 and human nasal
was induced on three occasions in each airways4 whereas methacholine and analogues
study group by inhalation of hypertonic are without this action or evoke only marginal
saline (4.5%) given as an aerosol for 40 increases in mucosal output of plasma proteins
minutes using an ultrasonic nebuliser. The in vivo, even at high dosage levels.3 5

second and third occasions were preceded Inhaled capsaicin causes cough in animals
by histamine and capsaicin challenges in and man.6 7 In guinea pigs and rats, capsaicin
the first study group, and by histamine also induces prompt entry of plasma (neuro-
and methacholine challenges in the second genic exudative inflammation) into the airway
study group. Histamine and methacholine lumen.8 Increased microvascular permeability,
were given in cumulative doses (total doses whether due to capsaicin or histamine, is bestDepartment of 3160 lg, respectively) or until a 20% re- determined as luminal entry of bulk plasma;Clinical Physiology,
duction in forced expiratory volume in oneUniversity Hospital, plasma extravasated in response to histamine

Malmö, Sweden second (FEV1) was achieved. Cumulative will thus promptly and effectively be trans-H Halldorsdottir doses of capsaicin were inhaled until mitted across the epithelial lining, even in air-P Wollmer
coughing prevented the subjects from ways with a healthy epithelium that has a

Department of drawing a full breath. Sputum levels of a2- normal tight junction as an absorption barrier.9

Otorhinolaryngology, macroglobulin (720 kDa) were measured This swift and obligatory epithelial passage ofHead and Neck
as an index of mucosal exudation of bulkSurgery bulk plasma may be important in airway de-

L Greiff plasma. fence reactions because the biologically active
M Andersson Results – Histamine increased mean (SE) peptides and proteins contained in the plasmaC Svensson

sputum levels of a2-macroglobulin from exudate can neutralise agents already on the
Department of 2.72 (1.01) lg/ml (95% confidence interval mucosal surface before epithelial integrity is
Clinical Pharmacology (CI) 0.49 to 4.94) to 18.38 (8.03) lg/ml (95% lost.10 The epithelial passage has practical re-C G A Persson

CI 0.49 to 36.27) in the first group, and search consequences; exudative indices con-
University Hospital, from 1.66 (0.84) lg/ml (95% CI −0.18 to tained in readily obtained airway surface liquids
S-221 85 Lund, 3.49) to 9.43 (3.63) lg/ml (95% CI 1.59 to may adequately reflect increases in the per-Sweden

17.27) in the second group. In contrast, meability of the subepithelial microcirculation.9

Department of capsaicin evoked no exudation (sputum Whereas capsaicin evokes luminal entry of bulk
Bioanalytical levels of a2-macroglobulin 1.21 (0.28) lg/ plasma in guinea pig airways,8 this responseChemistry, Astra ml (95% CI 0.59 to 1.83)) and methacholine has been difficult to detect in human nasalDraco, Lund, Sweden

produced a minor increase in sputumU Alkner airways.11–13 Indeed, capsaicin given at dose
levels of a2-macroglobulin (2.90 (0.92) lg/ levels which cause pain has not produced anyCorrespondence to:

Dr L Greiff. ml (95% CI 0.90 to 4.89)). detectable exudative response13 even in the al-
Conclusions – These results indicate thatReceived 5 December 1996 lergic nasal airways that exhibit both neuro-

Returned to authors histamine is a useful agent for studying genic hyperresponsiveness (increased pain to4 February 1997
bronchial exudative responsiveness inRevised version received topical capsaicin13) and microvascular exu-

24 March 1997 man and that exudative effects are only dative hyperresponsiveness (exaggerated exu-Accepted for publication
25 July 1997 of marginal importance in the cough and dative response to topical histamine14).
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The present study was undertaken because the nebulised solution as well as the number
of inhaled breaths. Three concentrations werethere is little information about exudative re-

sponses to inhaled mediators in human bron- used for each agent. The maximum number of
breaths for one dose was 12. Hypertonic salinechi. Moreover, even if topical allergen challenge

has indicated that there is a luminal entry of was administered using an ultrasonic nebuliser
(Aerosonic, DeVilbiss, Somerset, Pennsyl-bulk plasma in both human bronchi15 16 and

human nasal passages,16 17 there is no general vania, USA) which generates droplets with a
mass median diameter of 1–5 lm at a minimumacceptance of the concept that exudative prop-

erties of mediators will be expressed similarly nebulisation rate of 0.3 ml/min.
in human nasal and bronchial mucosae. In this
study we have thus tested the hypothesis that
histamine is an exudative agent in human    

bronchi. We have also examined whether
methacholine and capsaicin produce plasma Before the histamine and methacholine chal-

lenge series a baseline FEV1 was recorded –exudation responses in the lower human air-
ways. In order to obtain airway surface samples that is, the highest FEV1 recorded of three

consecutive tests – using an electronic spir-we have employed the technique of sputum
induction by inhalation of hypertonic saline. ometer (Vitalograph-Compact II, Buckingham,

UK). Thereafter, the subjects inhaled in-As an index of luminal entry of bulk plasma
we have analysed sputum levels of a2-macro- creasing doses of histamine or methacholine

starting with an initial dose of 2 lg. FEV1 wasglobulin which is one of the largest plasma
proteins and which previously has been val- recorded one and three minutes after each

challenge. Challenges were continued until aidated as a particularly useful index of plasma
exudation responses in human airways.14 16 cumulative dose of 3160 lg had been given or

until a 20% decrease in FEV1 from baseline
was achieved.

Methods
 
Sputum was induced by inhalation of aero-   

Before the capsaicin challenge series a baselinesolised hypertonic saline in two separate studies
each performed on three study days. On the FEV1 was recorded as described above. There-

after, the subjects inhaled increasing doses offirst day sputum induction was performed with-
out any pharmacological challenge, on the sec- capsaicin starting with an initial dose of 1.5 ng.

The number of coughs was monitored andond day sputum induction was preceded by
inhalation of aerosolised histamine, and on the FEV1 was recorded one and three minutes after

each challenge. Challenges were continuedthird day by inhalation of aerosolised capsaicin
(first study) or methacholine (second study). until a cumulative dose of 2410 ng had been

given or until a 20% decrease in FEV1 fromThe sputum concentration of a2-macroglobulin
was measured as an index of mucosal exudation baseline was achieved, or until the subjects were

unable to take a full breath due to coughing.of bulk plasma. The washout time between the
challenges was two weeks. The study was of
an open design.

 
Sputum was induced by inhalation of hyper-
tonic saline at control and at about five minutes

Study 1 comprised 11 healthy subjects (nine after the histamine, methacholine, and cap-
saicin challenge tests. Aerosolised hypertonicmen) aged 22–30 years and study 2 comprised

14 separate healthy subjects (seven men) aged saline (4.5%) was inhaled at resting ventilation
rate for 40 minutes. Thereafter, the subject was22–25 years. The subjects had no history of

allergy, asthma, or recent nasal and bronchial instructed to rinse the mouth three times with
20 ml water, to clear the throat, and to coughdisease, and no history of recent drug treat-

ment. They all had a baseline forced expiratory sputum into a container. The quality of the
sample was assessed by its macroscopic ap-volume in one second (FEV1) of more than

90% of the predicted FEV1. The study was pearance on a Petri dish. The sample was put
into a tube, without attempting to separateapproved by the local ethics committee and

informed consent was obtained. sputum from small amounts of any additional
fluid, and frozen (−20°C) for later analysis of
a2-macroglobulin.

  
Bronchial challenges with histamine, capsaicin,
and methacholine were carried out using a   a2-

The sputum samples were processed by ultra-dosimetric aerosol delivery system based on an
air jet nebuliser (Spira Electro 2, Respiratory sonication for 15 minutes and centrifugation

at 32 000g for 15 minutes. This procedure wasCare Center, Hämenlinna, Finland). Aerosol
delivery was set to commence after inhalation chosen in favour of mucolytic agents to avoid

interference with the a2-macroglobulin ana-of 0.1 litres and nebulisation then continued
for one second. The volume of each inspiration lysis. The levels of a2-macroglobulin were

measured using a radioimmunoassay sensitivewas approximately 1.0 litre and the flow rate
was approximately 0.5 l/s. The inhaled dose to 7.8 ng/ml. Rabbit anti-human a2-macro-

globulin (Dakopatts, Copenhagen, Denmark)was varied by changing the concentration of
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966 Halldorsdottir, Greiff, Wollmer, Andersson, Svensson, Alkner, et al

Table 1 Effects of inhalational histamine, capsaicin, and methacholine challenges on mean (SE) FEV1 (%) recorded three minutes after challenge in
study groups 1 and 2

Study group 1 Study group 2

Histamine FEV1 No. of Capsaicin FEV1 No of Histamine FEV1 No of Methacholine FEV1 No of
(lg) (%) subjects (ng) (%) subjects (lg) (%) subjects (lg) (%) subjects

2 96 (1) 11 1.5 99 (1) 11 2 99 (1) 14 2 98 (1) 14
10 97 (1) 11 7.6 99 (1) 11 10 100 (1) 14 10 98 (1) 14
40 98 (1) 11 31 100 (1) 11 40 99 (1) 14 40 97 (1) 14

160 95 (2) 11 122 99 (1) 10 160 91 (3) 14 160 95 (2) 14
460 86 (3) 11 351 101 (1) 5 460 77 (4) 13 460 93 (2) 13

1360 80 (3) 8 1037 100 (1) 5 1360 77 (4) 7 1360 87 (2) 13
3160 78 (4) 3 2410 101 (2) 4 3160 83 (0) 1 3160 86 (2) 10

was used as anti-serum and standard human the subjects were unable to take a full breath.
A mean final cumulative capsaicin dose of 1029serum (Behringwerke Diagnostica, Marburg,

Germany) as standard. Human a2-macro- (340) ng produced this effect. The cumulative
numbers of coughs associated with capsaicinglobulin (Cappel-Organon Teknika, Turnhout,

Belgium) was iodinated using the lacto- challenges were 32 (9).
Sputum was obtained in nine out of 11 base-peroxidase method. Tracer and standard (or

sample) were mixed with anti-serum before line inductions in the first study group and in
all 14 baseline inductions in the second group.adding goat anti-rabbit anti-serum (Astra

Draco, Lund, Sweden). The bound fraction After challenge with histamine, capsaicin, and
methacholine sputum was obtained at all in-was measured using a gamma counter (Phar-

macia, Uppsala, Sweden). The intra-assay and ductions. Data points from subjects not pro-
ducing baseline sputum samples have beeninter-assay coefficients of variation were 3.8–

6.0% and 3.1–7.2%, respectively. excluded from the statistical evaluation, but if
included they neither affect the outcome nor
the results as presented below. The sputum
volume recovered varied somewhat between 

Differences in sputum levels of a2-macro- subjects and between challenges, with re-
covered volumes after control saline, histamine,globulin between control and challenge situ-

ations were analysed by Friedman test and, if and capsaicin of 1.70 (0.30) g, 2.34 (0.37) g,
and 1.65 (0.26) g, respectively, in the first studystatistical significance emerged, by Wilcoxon

signed rank test. A p value of less than 0.05 group and 1.75 (0.19) g, 3.04 (0.50) g, and
2.54 (0.46) g in the second study group. Thewas considered significant. Data are presented

as mean (SE), with or without 95% confidence sputum recovery was significantly increased
after histamine in the second group comparedintervals (CI) as appropriate.
with control saline (p<0.01) but otherwise the
recovery was not significantly different in the
sputum induction series.Results

The baseline FEV1 recorded before the chal- Histamine produced significant mucosal
exudation of a2-macroglobulin in both the firstlenge and sputum induction series was re-

producible in both study groups. The mean (p<0.05) and second study group (p<0.01)
(table 2) with sputum levels of a2-macro-intra-individual coefficient of variation was

3.30 (0.8)% in the first group and 2.6 (0.5)% globulin increasing from 2.72 (1.01) lg/ml
(95% CI 0.49 to 4.94) to 18.38 (8.03) lg/mlin the second group. Histamine produced dose

dependent reductions in FEV1 in both study (95% CI 0.49 to 36.27) in the first study group,
and from 1.66 (0.84) lg/ml (95% CI −0.18groups. A mean final cumulative histamine

dose of 1851 (376) lg was required to produce to 3.49) to 9.43 (3.63) lg/ml (95% CI 1.59
to 17.27) in the second group. In contrast,a 23 (2)% reduction in FEV1 in the first group,

and a mean dose of 996 (213) lg was required capsaicin failed to produce mucosal exudation
of a2-macroglobulin (1.21 (0.28) lg/ml (95%to produce a 28 (3)% reduction in FEV1 in the

second group (table 1). Similarly, in the second CI 0.59 to 1.83); table 2). Indeed, the total
recovery of a2-macroglobulin (concentrationgroup methacholine produced a dose de-

pendent reduction in FEV1 with a mean final of a2-macroglobulin multiplied by recovered
volume of sputum) was significantly reducedcumulative methacholine dose of 2528 (287) lg

required to produce a 18.4 (2.6)% reduction by capsaicin challenge (p<0.05). Methacholine
produced a minor but significant increase inin FEV1 (table 1). In contrast, capsaicin did not

significantly affect FEV1 (table 1) but produced the sputum levels of a2-macroglobulin (2.90
(0.92) lg/ml (95% CI 0.90 to 4.89), p<0.05;dose dependent cough finally so intense that
table 2).

Table 2 Mean (SE) sputum levels of a2-macroglobulin (lg/ml) at baseline and after
challenge with histamine, capsaicin, and methacholine

Discussion
Study group 1 (n=11) Study group 2 (n=14) This study, involving healthy subjects, has
Challenge a2-macroglobulin Challenge a2macroglobulin shown that histamine, in addition to broncho-

constriction, produces marked bronchial mu-Control 2.72 (1.01) Control 1.66 (0.84)
Histamine 18.38 (8.03)∗ Histamine 9.43 (3.63)∗∗ cosal exudation of plasma (a2-macroglobulin).
Capsaicin 1.21 (0.28) Methacholine 2.90 (0.92)∗ In contrast, methacholine produces broncho-
∗ p<0.05, ∗∗ p<0.01 difference between control and each challenge. constriction but only marginally increases the
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sputum levels of a2-macroglobulin. We have posed airways may be unaffected. Hence, the
histamine-induced microvascular and epithelialfurther shown that a dose of capsaicin that

produces a very pronounced cough response exudation of plasma in the present study cannot
suggest any change in the absorption capacityfails to produce bronchial mucosal exudation

of plasma. These observations provide some of the bronchial mucosa.
Histamine may be an important mediatorbasic pharmacological information on the bron-

chial effects of airway challenge agents which in airway inflammation. Particularly in acute
allergic asthma, histamine has been found toare commonly employed in health and disease.

They may also elucidate mechanisms in the contribute to the bronchial obstruction.23 It
has recently been shown that endobronchialhuman bronchial mucosa including whether or

not neurogenic inflammation occurs in man. allergen challenge is promptly followed by lu-
minal entry of large plasma proteins includingInhalation of hypertonic saline produces

bronchoconstriction in patients with asthma fibrinogen15 and a2-macroglobulin.16 The pres-
ent data, although obtained in healthy subjects,whereas this response is not produced in

healthy subjects.18 Another effect of inhalation suggest that histamine may be partly re-
sponsible for the biologically active molecularof hypertonic saline in man is the induction

of sputum production, particularly in patients milieu of plasma-derived proteins and peptides
in the allergic bronchi.with asthma, but also in healthy subjects.

Whether this response represents a micro- Capsaicin had no effect on bronchial exu-
dation even when given in a dose that producedvascular exudative effect has not been clarified.

We have previously shown that nasal ad- a strong cough response in healthy subjects.
This indicates a high selectivity in action andministration of hypertonic saline does not affect

the baseline appearance of plasma proteins in supports the use of capsaicin as a specific test
agent for the assessment of sensory cough re-nasal mucosal surface liquids, but that hyper-

tonic saline may increase plasma exudation sponsiveness in human bronchi.6 7 The present
observations with capsaicin also suggest thatresponses produced by histamine.19 If trans-

latable to human bronchial airways, this finding neurogenic inflammatory exudation may not
occur in human bronchi. In view of the previoussuggests that hypertonic saline induced sputum

production in combination with inhalation data on human nasal airways where capsaicin
has failed to produce plasma exudation inchallenges with exudative inflammatory me-

diators, particularly histamine, may be used as allergic rhinitis even in the presence of a
neurogenic hyperresponsiveness13 and a micro-an experimental tool in exploring human airway

responses. vascular exudative hyperresponsiveness,14 this
lack of exudation in the human airway shouldIn the present study we took great care to

rinse the oral, pharyngeal, and hypopharyngeal come as no surprise. Although our data argue
strongly against the validity of the neurogeniccavities after challenge and before attempting

to cough sputum in order to minimise con- inflammation hypothesis, we do not question
the view that the human airway mucosa maytamination of saliva.20 This procedure increases

the likelihood that the recovered a2-macro- hold tachykinergic sensory nerves and that pep-
tide mediators from these nerves exert im-globulin comes from the bronchial airways.

The sputum levels of a2-macroglobulin have portant physiological effects.24–26

The present results with methacholinebeen expressed as the sample concentration,
without any correction for sputum volume, thus inhalation are consistent with observations in

the human nasal and the guinea pig tra-reflecting as far as possible the concentration of
a2-macroglobulin in airway mucosal surface cheobronchial airways where even very high

dose challenges with agent merely produce aliquids as they are after admixture with the
inhaled saline and the additional “secretion” slight increase in the levels of plasma proteins

in the mucosal surface liquids.3 5 The slightthat is induced by deposits of hypertonic saline.
We have shown that inhaled histamine pro- (1.7-fold) increase in sputum levels of a2-ma-

croglobulin seen after methacholine challenge,duces bronchial exudation of plasma in man.
This exudative response was marked at a dose although statistically significant, needs to be

confirmed since there is currently no knownof histamine that produced about a 20% re-
duction in FEV1. We have previously shown, mechanism by which muscarinic agents may

increase microvascular permeability. In con-by analysis of plasma proteins in nasal lavage
fluids, that the mucosal output of a2-macro- trast, methacholine and histamine are known

to have about the same potency as constrictorsglobulin induced by histamine challenge can
be taken to represent output of all plasma of human bronchial smooth muscle.27 The

difference between histamine and metha-proteins.14 It has also been shown previously
in animal airways that acute microvascular and choline in their effects on bronchial plasma

exudation would favour the use of the latterepithelial passage of plasma induced by an
inflammatory stimulus is a non-sieved process.3 agent as a more specific bronchoconstrictor by

the inhaled route in man.It therefore appears likely that the levels of a2-
macroglobulin recorded in the present study In studies using histamine as a topical chal-

lenge agent a microvascular exudative hyper-represent mucosal exudation of bulk plasma.
It is evident from previous studies involving reponsiveness has been reported in allergic

rhinitis14 and common cold.28 Hence, it wouldthe human nose21 and the guinea pig tracheo-
bronchial airways22 that, despite the marked be of interest to explore bronchial exudative

responsiveness in health and disease and theincrease in the outward (exudative) per-
meability of the airway epithelium, the mucosal present method (involving histamine or another

acute vascular permeability agent) may beabsorption of luminal solutes in histamine ex-
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of protein in methacholine-induced nasal secretions. Amused for this purpose. The flooding of mucosal Rev Respir Dis 1988;138:413–20.
6 Collier JG, Fuller RW. Capsaicin inhalation in man and thetissues with the potent binding proteins of

effects of sodium cromoglycate. Br J Pharmacol 1984;81:plasma and the movement of this plasma ex- 113–7.
7 Midgren B, Hansson L, Karlsson J-A, Simonsson BG,udate into the airway lumen may affect the fate

Persson CGA. Capsaicin-induced cough in man. Am Revof inflammatory cell products: Accordingly, in Respir Dis 1992;146:347–51.
8 Persson CGA, Erjefält I, Andersson P. Leakage of macro-patients with ongoing allergic rhinitis we have

molecules from guinea-pig tracheobronchial micro-found that simple histamine challenges move circulation. Effects of allergen, leukotrienes, tachykinins,
and anti-asthma drugs. Acta Physiol Scand 1986;127:95–cell products such as interleukin 6, which is
105.located in the allergic mucosal tissue, into the 9 Persson CGA, Svensson C, Greiff L, Andersson M, Wollmer
P, Alkner U, et al. Use of the nose to study the inflammatoryairway lumen.29 It therefore appears possible
response in the respiratory tract. Thorax 1992;47:993–to use histamine challenge as an experimental 1000.

10 Persson CGA, Erjefält I, Alkner U, Baumgarten CR, Greiffaid to improve the recovery of inflammatory
L, Gustafsson B, et al. Plasma exudation as a first linecell products by lavage and sputum induction mucosal defence. Clin Exp Allergy 1991;21:17–24.

11 Bascom R, Kagey-Sobotka A, Proud D. Effect of intranasaltechniques. It should be of particular interest
capsaicin on symptoms and mediator release. J Pharmacol

to examine the effect of histamine on the entry Exp Ther 1991;259:1323–7.
12 Rajakulasingam K, Polosa R, Lau LC, Church MK, Holgateof cytokines into the lumen of the airway since

ST, Howarth PH. Nasal effects of bradykinin and cap-
these molecules are tightly bound and are car- saicin: influence on plasma protein leakage and role of

sensory nerves. J Appl Physiol 1992;72:1418–24.ried by the a2-macroglobulin30 that was shown
13 Greiff L, Svensson C, Andersson M, Persson CGA. Effects

to increase several fold in this study. of topical capsaicin in seasonal allergic rhinitis. Thorax
1995;50:225–9.We conclude that mucosal exudation of 14 Svensson C, Andersson M, Greiff L, Alkner U, Persson

plasma can be monitored in human bronchial CGA. Exudative hyperresponsiveness of the airway micro-
circulation in seasonal allergic rhinitis. Clin Exp Allergyairways by measurement of a2-macroglobulin 1995;25:942–50.

in induced sputum. The known mechanisms 15 Salomonsson P, Grönneberg R, Gilljam H, Andersson O,
Billing B, Enander I, et al. Bronchial exudation of bulkof microvascular and epithelial exudation make plasma at allergen challenge in allergic asthma. Am Rev
Respir Dis 1992;146:1535–42.it unlikely that a challenge could have produced

16 Svensson C, Grönneberg R, Andersson M, Alkner U, An-extravasation of plasma into the lamina propria dersson O, Billing B, et al. Allergen challenge-induced
exudation of a2-macroglobulin across human nasal andwithout incurring an increase in luminal levels
bronchial microvascular-epithelial barriers. J Allergy Clinof plasma proteins that could be sampled by Immunol 1995;96:239–46.

17 Naclerio RM, Meier HL, Kagey-Sobotka A, Adkinson Jr.sputum induction. In agreement with previous
NF, Meyers DA, Norman PS, et al. Mediator release afterobservations in guinea pig tracheal and human nasal airway challenge with allergen. Am Rev Respir Dis
1983;128:597–602.nasal airways, histamine produces mucosal

18 Eschenbacher WL, Boushey HA, Sheppard D. Alterationexudation of bulk plasma in human bronchial in osmolarity of inhaled aerosols cause broncho-
constriction and cough, but absence of a permeant anionairways. In contrast, methacholine had only a
causes cough alone. Am Rev Respir Dis 1984;129:211–5.slight effect and capsaicin failed completely 19 Greiff L, Wollmer P, Svensson C, Andersson M, Alkner U,
Persson CGA. Effects of hypertonic saline on mucosalto produce exudative inflammation in human
exudation of plasma in human airways. Allergy Clin Im-bronchial airways. The latter observation sug- munol News 1994;Suppl 2:76.

20 Pizzichini E, Pizzichini MMM, Efthimiadis A, Evans S,gests that the concept of neurogenic inflam-
Morris MM, Squillace D, et al. Indices of airway inflam-

mation may not translate to human bronchi in mation in induced sputum: reproducibility and validity of
cell and fluid-phase measurements. Am J Respir Crit Carevivo. Taken together, the present data suggest
Med 1996;154:308–17.

that histamine may be a useful exudative chal- 21 Greiff L, Wollmer P, Pipkorn U, Persson CGA. Absorption
of 51Cr-EDTA across the human nasal mucosa in thelenge agent in human bronchi and support
presence of topical histamine. Thorax 1991;146:630–2.

the pharmacological selectivity of methacholine 22 Greiff L, Erjefält I, Wollmer P, Pipkorn U, Persson CGA.
Effects of histamine, ethanol, and a detergent on exudationand capsaicin as bronchoconstrictor and cough and absorption across the guinea pig airway mucosa in
vivo. Thorax 1991;46:700–5.inducing agents, respectively.

23 Wood-Baker R, Holgate ST. The comparative actions and
adverse effect profile of single doses of H1-receptor anti-
histamines in the airway and skin of subjects with asthma.This study was supported by the Swedish Medical Research
J Allergy Clin Immunol 1993;91:1005–14.Council (projects 8308 and 10841), the Vȧrdahl Foundation,

24 Barnes PJ. Neural control of human airways in health andand the Swedish Association against Asthma and Allergy. We
disease. Am Rev Respir Dis 1986;134:1289–314.thank Maria Johansson for expert bioanalytical work and Lena

25 Joos GF, Germonpre PR, Pauwels RA. Neurogenic inflam-Glans for expert laboratory assistance.
mation in human airways: is it important? Thorax 1995;
50:217–9.

26 Spina D. Airway sensory nerves: a burning issue in asthma?
1 Hargreave FE, Woolcock AJ, eds. Airway responsiveness: Thorax 1996;51:335–7.

measurement and interpretation. Mississauga: Astra Phar- 27 Finney MJB, Karlsson J-A, Persson CGA. Effects of
maceuticals Canada, 1985. bronchoconstrictors and bronchodilators on a novel

2 Woolcock AJ, Salome CM, Yan K. The shape of the dose- human small airway preparation. Br J Pharmacol 1985;
response curve to histamine in asthmatic and normal 85:29–36.
subjects. Am Rev Respir Dis 1984;130:71–5. 28 Greiff L, Andersson M, Ȧkerlund A, Wollmer P, Svensson

3 Erjefält I, Persson CGA. Inflammatory passage of plasma C, Alkner U, et al. Microvascular exudative hyper-
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