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Products of neutrophils and eosiMphils increase the responsiveness of human 
isolated bronchial tissue. A.R. Hallahan, CL. Armour, JL. Black. 
ABSTRACf: This study examines the possibility that products or neutro
phUs and eoslnophUs could Increase the responsiveness or human Isolated 
bronchial tissue. Neutrophlls and eoslnophlls were Isolated from the 
peripheral blood of healthy volunteers. The cells were incubated with 1 J.l.M 
calcium lonophore A23187 for 10-15 mln then centrifuged, the supematant 
collected and stored at -70°C. Human bronchial rings (2-3 mm diameter, 3-4 
mm long) were prepared from specimens resected at thoracotomy. The 
tissues were suspended in organ baths under a 1 g load and changes In tension 
measured Isometrically. Stable contractions to bolus doses or histamine 
(0.1-10 J.l.M) or to electrical neld stimulation (40-100 V, 4-16 Hz, 1 ms for 
20 s) were established. Supernatant from 106 neutrophlls or 105 
eoslnophUs was then added and tissue responsiveness reassessed. Neutro
phil supematant increased tissue responsiveness to histamine and elec
trical field stimulation by 54±17% (o::S, p<O.OS) and 18±7% (n=6, p<O.OS), 
respectively. Eosinophll supematant Increased the histamine response 
by 60±23% (n=8, p<0.05) while tissue responsiveness to electrical field 
stimulation was unchanged (n=3). Thus, as neutrophUs and eosinophlls 
can change the responsiveness of human bronchus in vitro it is possible 
that they do this in vivo and may not simply be temporally related to the 
development of bronchial hyperresponslveness. 
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Bronchial hyperresponsiveness (BHR) is a character
istic feature of asthma but the mechanisms of BHR are 
not known [1). BHR may be due to an abnormality in 
the airway smooth muscle. In vivo and in vitro airway 
responsiveness correlate in a dog model of hyperrespon
siveness [2] but not in humans [3--5]. However, in these 
human studies removal of the tissue from its inflamed 
environment in vivo and study some time later may have 
resulted in the loss of short lived inflammatory 
mediators critical for the development of 
hyperresponsiveness in vitro. 

Inflammatory cell products have been shown to 
increase airway responsiveness in some animal models 
[9, 10] but not others [11]. However, the effects of 
inflammation on human isolated airways have not 
been previously examined. Thus, this study investi
gated the possibility that neutrophil and eosinophil 
products could increase the responsiveness of human 
isolated bronchial tissue to histamine and electrical 
field stimulation. 

Airway inflammation is strongly implicated as the cause 
of BHR but the roles of the different types of inflamma
tory cells remain controversial. The actions of neutro
phils and eosinophils on airways have been of particular 
interest. Neutrophils are associated with some acute 
models of BHR [6] but raised levels are not seen in 
stable asthma [7]. This suggests that airway inflamma
tion may only transiently increase airway responsiveness. 
Eosinophil levels are raised in bronchoalveolar lavage 
fluid from subjects with asthma and the degree to which 
this occurs correlates with disease severity [8]. Whether 
they cause the disease or are simply associated with it is 
unknown. 

Methods 

Neutrophil purification and activation 

Neutrophils were purified from the venous blood of 
healthy volunteers to 96.0±0.4% purities and >98% 
viabilities using a modification of the method developed 
by FERRANTE and ThoNG [12]. Blood was collected into 
lithium-heparin coated tubes, layered onto Mono-Poly 
Resolving Medium (Flow Laboratories, Sydney, 
Australia) in plastic centrifuge tubes and centrifuged at 
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300 g for 75 min. The neutrophils separated into a 
distinct cell band. They were collected, washed once in 
Hank's balanced salt solution without calcium or 
magnesium (HBSS) (Commonwealth Serum Laborato
ries, Parkville, Australia) and resuspended in 
Krebs-Henseleit solution (composition, mmoH ·t: Na•, 
143.4; K+, 5.9; Ca2+, 2.5; Mg2+, 1.2; CJ·, 128.1; SO/', 
1.2; HzP0

4
·, 1.2; HC0

3
·, 25.0 and (+)-glucose, 11.1) at a 

concentration of 106 cells·ml·1 • Krebs-Henseleit 
solution was used as the final suspension medium as this 
was the solution in the organ baths. Neutrophil purities 
were quantified by performing a differential count on 
Giemsa stained cytospin smears. Cell viabilities were as
sessed by trypan blue exclusion. 

Before activation, the neutrophil suspensions were 
equilibrated in a 37°C shaking water bath for 10 min. 
4% w/v human serum albumin (Commonwealth Serum 
Laboratories) was then added. To activate the neutro
phils 1 ~ calcium ionophore, A23187 (Sigma, St 
Louis, MO), was added to half the cell samples and an 
equal volume of diluent (0.1% ethanol) was added to the 
remaining cell samples. The neutrophil suspensions were 
then incubated for a further 10 min. The reaction was 
stopped by placing it on ice and immediately 
centrifuging at 10,000 g for 30 sat 4°C. The supema
tant was collected, the cells from the activated and 
nonactivated samples discarded, and the supernatant 
stored at -70°C until required. 

Eosinophil separation and activation 

Normodense eosinophils were purified from the 
venous blood of healthy volunteers to 88±2% purities 
and >90% viabilities using a modification of the method 
of ScHULT et al. [13]. After collection into heparin, 5 
parts of blood were mixed with 1 part of dextran (Sigma) 
and the red cells allowed to sediment at room tempera
ture for 40 min. The leucocyte rich plasma was collected 
and layered onto 3 ml of a percoU solution of density 
1.082 g·ml·1 which had already been layered onto 1 ml 
of a percoll solution of density 1.1 g·ml·1• After centrifu
gation at 700 g for 20 min the band of cells at the inter
face of the percoll solutions was collected. These were 
diluted in HBSS to a concentration of 107 cells per ml, 
layered onto 3 ml of a percoll solution of 1.084 g·ml·1 

and centrifuged at 700 g for 20 min. Remaining red 
cells were lysed using a buffer of 0.82% NH

4
Cl in 0.1% 

~C03 and the cells washed once in HBSS. The purified 
eosinophils were resuspended in Krebs-Henseleit 
solution at a concentration of 10s cells per ml. Eosino
phil purities and viabilities were quantified as described 
above. 

Eosinophils were activated in the same way as for 
neutrophils, using I ~ A23187 after the addition of 
albumin (4% w/v). As for the neurophils, a matched set 
of control samples were prepared in which the 
A23187 was replaced with diluent (0.1% ethanol). 
The reaction was stopped after 15 min, the supernatant 
collected, cells discarded and the supernatant stored at 
-70°C. 

Bronchial tissue 

Human lung was obtained from specimens resected at 
thoracotomy and transported to the laboratory on ice in 
Krcbs-Henseleit solution that had been saturated with 
5% C0

2 
in 0

2
• Bronchi of 2-3 mm internal diameter 

were dissected free from the surrounding tissue and stored 
overnight at 4·c. The next day the bronchi were cut 
into rings 4-5 mm long. The tissues were suspended in 
5 ml siliconized organ baths containing Krebs-Henseleit 
solution maintained at 37•c and aerated with 5% C02 
in 0

2
• Each tissue was attached to a Grass FT03 

transducer (Grass Instruments, Quincy, MA) and a load 
of 1 g applied. Changes in tension were measured 
isometrically and recorded on a Grass 70 polygraph 
chart recorder. Tissues were allowed to equilibrate 
over a period of 1-2 h during which the resting tone was 
continually readjusted to 1 g and the bathing solution 
changed at 15-20 min intervals. When baseline tension 
was stable, tissue responsiveness was assessed using one 
of two methods. 

a) Bolus doses of histamine. Since it was important to 
study the transient or short-lived changes in 
responsiveness which may be induced by the cell super
natant, experiments were conducted with single bolus 
doses of histamine. We used this protocol rather than 
a full concentration response curve which requires a 
considerable time period and thus we may have missed 
some of these transient effects. A concentration of 
histamine was selected to give a contraction of the bron
chial tissue that was between 20 and 60% of the 
maximal response to histamine (0.1-10 Jl.M). The 
dose of histamine was administered, the magnitude of 
the contraction measured and the tissue washed until 
tone returned to baseline level. This process was 
repeated until 3 successive contractions varying by no 
more than 10% were obtained. Supernatant from 106 

activated neutrophils or 10s activated eosinophils 
(0.05-0.1 ml) and their appropriate matched controls 
(supernatant from nonactivated cells) were then 
defrosted and immediately added to the organ baths. 
Supernatant from nonactivated neutrophils or eosinophils 
was added with A23187 so the concentration of A23187 
(0.1 Jl.M) was the same in all baths. Baseline tone was 
observed for 2 min then tissue responsiveness to 
histamine reassessed. 

b) Electrical field stimulation (EFS). Bronchial ring 
preparations were field stimulated with a constant 
stimulus applied by electrodes attached to custom-made 
tissue hooks using Grass SD9 stimulators. The stimu
lation parameters were chosen so that submaximal 
contractions were obtained (40-100 V, 2-16 Hz, 1 ms 
for 20 s). Each tissue was stimulated every 8 min until 
3 successive contractions, varying by no more than 10%, 
were obtained. Supernatant from neutrophils or eosino
phils was added as described above. Baseline tone was 
observed for 2 min and tissue responsiveness to EFS 
reassessed. 



556 A. R. HALLAHAN, C.L. ARMOUR, J.L. BLACK 

Statistical analysis 

In each tissue the average value for the three succes
sive reproducible contractions was calculated and 
expressed as 100%. The contraction after the addition of 
supematant from activated or nonactivated cells was 
measured and expressed as a percentage of this average 
value. The mean value for activated and nonactivated 
cells was calculated within each experiment and a mean 
and standard error of the mean (sEM) calculated from all 
experiments. These mean responses after the addition of 
supematant from activated or nonactivated cells were 
compared. Statistical analysis was performed using a 
paired two-tailed Student's t-test on the values obtained 
from activated and nonactivated cells. 
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Fig. la. - Contractile responses induced by bolus doses of histamine in 
an individual human bronchus. Addition of histamine was repeated until 
the contraction height was reproducible. Supematant from 106 

neutrophils was then added and the histamine response repeated. 
b. - Contractile responses induced by electrical field stimulation in an 
individual human bronchus. Stimulation was repeated every 8 min until 
the induced contractions were stable. Supematant from 1 0' neutrophils 
was added and then the stimulation repeated. 

Results 

Neutrophils and bronchial tissue 

Supematant from activated neutrophils significantly 
potentiated the contractile responses of bronchial tissue 
to both histamine (fig. la) and EFS (fig. lb). The 
responses to histamine after the addition of supematant 
from activated and nonactivated neutrophils were 
153±15% and 99±5% of the control responses respec
tively (fig. 2) and the difference between these two values 
was significant (p<0.05, n=5). The contractile responses 

of the bronchial tissue to EFS after the addition of 
supematant from activated and nonactivated neutrophils 
were 111±3% and 93±5% of the control responses, 
respectively, (p<0.05, n=6) (fig. 2). No contraction of 
the tissue was observed on addition of neutrophil 
supematant. 
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Fig. 2. - The effect of neutrophil supematant on the responses of human 
bronchial tissue to histamine and electrical field stimulation (EFS). 
Vertical bars indicate sBM. • :p<O.OS; c::::J : control; ~ : non activated 
neutrophils; - : activated neutrophils. 
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Fig. 3. - The effect of eosinophil supematant on the responses of human 
bronchial tissue to histamine and electrical field stimulation (EFS). 
Vertical bars indicate SEM. ·:p<O.OS; c::::J: control; ~ : nonactivated 
neutrophils; - : activated neutrophils. 
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Eosinophi/s and bronchial tissue 

Supematant from activated eosinophils significantly 
potentiated the contractile responses of bronchial tissue 
to histamine but not to EFS (fig. 3). The responses to 
histamine after the addition of supematant from activated 
and nonactivated eosinophils were 181±26% and 
121±12% of the control responses, respectively and the 
difference between these two values was significant 
(p<0.05, n=5). Though supematant from nonactivated 
eosinophils also appeared to slightly increase tissue 
responsiveness this was not statistically significant. The 
responses of the bronchial tissue to EFS after the addi
tion of supematant from activated and nonactivated 
eosinophils were 103±6% and 106±14% of the control 
responses, respectively (p>0.05, n=3). No contraction of 
the tissue was observed on addition of the eosinophil 
supematant. 

Discussion 

This study investigated the possibility that products of 
neutrophils and eosinophils could increase the respon
siveness of human isolated bronchial tissue. Neutrophil 
products increased the responsiveness of human bron
chial tissue to histamine and electrical field stimulation 
(EFS). Eosinophil products also markedly increased the 
responsiveness of bronchial tissue to histamine but not to 
EFS. 

A wide range of cell products could be responsible for 
this increase in responsiveness and identification of these 
will be the aim of future investigations. A23187 has 
been shown to cause the release of leukotriene B4 and 
platelet activating factor (PAF) from neutrophils [14, 15]. 
Eosinophils also produce PAF [16] as well as leuko
triene C4 [17] in response to A23187. These products 
have all been implicated in the development of BHR 
[18, 19]. Alternatively neutrophils and eosinophils store 
a variety of proteins and enzymes in cytoplasmic 
granules which are released into the extracellular 
environment following cell activation [20, 21]. Major 
basic protein, from eosinophils, is of particular interest 
having been shown to increase airway responsiveness 
by an epithelial dependent mechanism [22]. Further 
studies will be required to characterise the mediators 
which increase the responsiveness of human isolated 
bronchi. 

The protocol of the present experiments was designed 
to detect the effects of short-lived mediators. We there
fore chose to study the influence of the supematant on 
bolus doses of histamine rather than cumulative concen
trations which require a longer time period. In this way 
we could observe any transient effects of mediators. 
Although the dose of histamine selected varied, there 
was no relationship between the magnitude of the 
contraction and degree of potentiation observed. 

The fact that neutrophils increased bronchial tissue 
responsiveness to EFS while eosinophils did not 
suggests that products of these cells may be acting on 
bronchial tissue in different ways. However, it is 

possible that eosinophils could increase the EFS 
response under another set of conditions. Different 
methods were used to isolate the neutrophils and eosino
phils. The incubation times used for cell activation were 
different. In addition, the number of cells used to 
generate the eosinophil supernatant was 10-fold fewer 
than that used for the neutrophil supematant. This was 
done to allow the use of eosinophils from healthy donors 
rather than those from patients with hypereosinopbilic 
syndromes in which eosinophil function may not be 
normal. An increase in the number of eosinophils may 
have generated higher concentrations of mediators which 
may in turn have increased the response to EFS. It is 
interesting that lower numbers of eosinophils were still 
able to produce a larger enhancement of the histamine 
response when compared to neutrophils. However it is 
difficult to make a direct comparison of the actions of 
neutrophil and eosinophil products on human isolated 
bronchial tissue from this study. 

The calcium ionophore A23187 was used to activate 
the cells so as to provide as powerful a cell stimulus as 
possible without producing a direct contraction of the 
bronchial tissue [23]. It did not increase bronchial tissue 
responsiveness when added to control tissues with 
supematant from nonactivated cells. Whether a similar 
increase in responsiveness would be observed if the cells 
were activated using receptor mediated mechanisms is 
not known. 

Although it is known that BHR is associated with the 
presence of inflammatory cells, a direct link has not 
been established in humans. Evidence from animal 
models is conflicting. In rabbits in vivo neutrophils can 
induce airway hyperresponsiveness [9] but eosinophils 
do not [11]. In dogs exposure to ozone induces 
hyperresponsiveness in vivo accompanied by increased 
airway responsiveness in vitro [24]. However this in 
vitro hyperresponsiveness may only be transient [2]. In 
humans, ncutrophils and eosinophils have been 
associated with BHR [6, 25) but it is not known if these 
ce lls cause BHR or are simply an associated 
phenomenon. The present in vitro study demonstrates 
that products from human neutrophils and eosinophils 
can increase the responsiveness of human bronchial 
tissue which suggests that they have an active role 
in vivo. 

Finally, it is possible that the lack of correlation 
between the in vivo and in vitro responsiveness of 
human bronchial tissue [3-5] was due to the loss of a 
short-lived mediator made by inflammatory cells. The 
design of the present study allowed the transient effects 
of such a mediator to be observed and provides 
opportunity for further characterisation of the mediators 
responsible for increasing bronchial responsiveness. 
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Les produits d'origine neutrophilique ou eosinophilique 
augmentent la reactivite du tissu bronchique humain isoM. AR. 
Hallahan, CL. Armour, JL. Black. 
RESUME: Cette 6tude a examin6 la possibilit6 que des 
produits provenant de neutrophiles ou d'eosinophiles 
augmentent la r6activit6 du tissu bronchique humain isole. Des 
neutrophiles et des 6osinophiles ont ete isol6s du sang 
p6riphcrique de volontaires sains. Les cellules ont ete incubees 
avec 1 j.I.M calcium ionophore A23187 pendant 10 a 15 
minutes, puis centrifugees; le sumageant a 6t6 preleve et 
conserv6 a -70°C. Des anneaux bronchiques humains d'un 
diametre de 2 a 3 mm et de 3 a 4 mm de long ont 6te prepares 
a partir de sp6cimens r6seques au cours de thoracotomies. Les 
tissus ont 6te mis en suspension dans des bains organiques, 
sous une charge de 1 g, et les modifications de tension ont 6te 
mesurees de maniere isometrique. Des contractions stables a 
des doses bolus d'histamine de 0.1 a 10 j.I.M ou a une 
stimulation par champ 6lectrique (40 a 100 V, 4-16 Hz, 1 ms 
pendant 20 s) ont ete deterrninees. Le sumageant provenant de 
106 neutrophiles ou de 1 05 eosinophiles a ete ensui te 
additionne, et la reactivite tissulaire reappreciee. Le sumageant 
de neutrophiles augmente la reactivite tissulaire a }'histamine 
et aux stimulations par champs electriques de 54±17% (n=5, 
p<0.05) et de 18±7% (n=6, p<0.05) respectivement. Le 
sumageant d'eosinophiles a augmente la response a }'histamine 
de 60±23% (n=8, p<0.05), alors que reactivite tissulaire a la 
stimulation par champ electrique restait inchangee (n=3). Done, 
comme les neutrophiles et les eosinophiles peuvent modifier la 
reactivite de la bronche humaine in vitro, il est possible qu'ils 
aient ce meme effet in vivo, et qu'ils ne soient pas "simplement 
en relation temporaire avec le developpement de 
l'hyperr6activite bronchique. 
Eur Respir 1 ., 1990, 3, 554-558. 


