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ABSTRACT:  By morphometric investigation of the relative content of elastic and
collagen fibres, we have tested the hypothesis that loss of elastic fibres in the con-
ducting airways and lung parenchyma may reduce tissue elastic recoil, resulting in
increased airway maximal closure and apparent increased responsiveness.

The study groups comprised: Group A (n=11) with relatively mild atopic asth-
ma using inhaled bronchodilators prn (i.e. short-term corticosteroids users);
Group B (n=9) with more severe asthma requiring inhaled bronchodilators regu-
larly, and daily inhaled glucocorticosteroids (i.e. longterm corticosteroid users);
Group C (n=12) normal healthy workers.  Bronchial biopsy samples were taken
from three sites from the left lung.   Group A biopsy samples were taken before
and after a 4 wk treatment period with inhaled corticosteroids (200 µg b.i.d.)  and
the relative elastic and collagen fibre content of a subepithelial zone was deter-
mined from electron micrographs.  In a parallel study, the relative proportion of
elastic fibre in post mortem lung tissue samples (inner aspect of the bronchial wall,
alveolar wall, and points of attachment of surrounding alveoli to intrapulmonary
bronchi) from subjects suffering a fatal asthma attack (n=11), and non-asthmatic
suffering sudden death (n=9), were determined using Miller's elastic and eosin
counterstain for light microscopy.

In bronchial biopsies of normal subjects, 4.6 (SEM 1.1)% of subepithelial connec-
tive tissue was elastic fibre, similar to mild asthmatic subjects, 1.9 (SEM 0.48)%.
Neither short-term (4 weeks) inhaled corticosteroid (200 µg b.i.d.) nor long-term (<6
months) treatment with variable doses of inhaled steroids (100–1000 µg b.i.d.) sig-
nificantly altered the elastic or collagen content of the tissue.

In fatal asthma, the relative proportions of elastic fibre (SEM) were 17.0 (6), 10.4
(1.1), and 13.4 (1.8)% for bronchial wall, lung parenchyma and alveolar/bronchial
attachment zones respectively compared with 22.3 (3.9), 9.0 (1.1) and 13.0 (2.1)%
in nine cases of non-asthmatic sudden death controls.

The results indicate that reduction of elastic fibre content is not a feature of mild
or fatal asthma, and is unlikely to be a contributory factor to the reported reduc-
tion of elastic recoil and the development of airway hyperresponsiveness.
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Multiple factors are likely to contribute to the airway
hyperresponsiveness (AHR) found in patients suffering
from asthma.  In analyses of bronchial biopsies or bron-
choalveolar fluids, we and others have recently shown a
statistical association both between AHR and loss of
surface epithelium [1, 2] and between AHR and mucosal
eosinophilia [3].  However, whilst these features are asso-
ciated statistically, they do not provide direct evidence
for the cause of AHR and increased maximal closure
[4].

Increased maximal closure and the loss of a plateau
for contracture of airways smooth muscle is a feature
of the asthmatic airway, which may be explained by a

reduction of elastic recoil in lung parenchyma and alve-
olar attachments surrounding intrapulmonary airways.
WOOLCOCK et al. (4) have provided functional evidence
for loss of parenchymal recoil, which, it is argued, would
reduce the force opposing airways smooth muscle con-
tracture and, hence, contribute to the apparent increase
in responsiveness and to the loss of the maximal closure
plateau, even if airway smooth muscle shortened nor-
mally.  We set out to determine whether the reduction
in recoil reported functionally was due to a reduction in
elastic fibre content in bronchial wall, surrounding paren-
chyma, or the alveolar attachments to bronchi.  A single
preliminary study suggested that there is elastolysis of
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fibres present in the airway wall of asthmatic subjects
[5].  In addition, there is concern that topical inhaled cor-
ticosteroids may damage connective tissue of conduct-
ing airways.

To examine the delicate network of elastic fibres pre-
sent immediately beneath the surface epithelium, we used
bronchial biopsies assessed by electron microscopic
morphometry, in a group of mild atopic asthmatic sub-
jects with previously established evidence of airways
inflammation [6].  Bronchial biopsies taken from normal
healthy subjects were used as controls for the electron
microscopy study.  Two further groups of subjects with
mild to moderate asthma who had been given short- or
long-term corticosteroid therapy were also studied.  In
addition, light microscopy was applied to paraffin-
embedded archival tissue combined with special stains
to examine elastic tissue in the inner aspect of the bron-
chial wall, the alveolar wall, and at the points of attach-
ment of surrounding alveoli to intrapulmonary bronchi
in cases of fatal asthma.  For comparison with the light
microscopy of tissues from fatal asthma cases, sections
of grossly normal lung were obtained from nonrespira-
tory sudden death cases.  As a positive control, tissues
from patients with cystic fibrosis were used to validate
the sensitivity of the analysis, as such cases of bronchi-
ectases are known to have reduced numbers of fibres
staining for elastic in their bronchial wall [7, 8].

Methods

Electron microscopic study: bronchial biopsies

Subjects. Patient characteristics and details of the bron-
choscopy procedure have been described previously [6,
9].  Following informed consent, subjects with a well-
documented history of atopic asthma (n=20), as indi-
cated by wheal and flare responses to one or more
skin-prick tests with nine common allergen extracts,
were recruited: all except one were atopic.  No allergen-
sensitive subject had been exposed to their allergen for
a period of at least 2 months prior to the start of the
study.  The asthmatic subjects were subdivided accord-
ing to the medication needed to control their symptoms:
Group A comprised subjects with mild atopic asthma
(n=11;  2 males and 9 females;  aged 18–41 yrs) in whom
inhaled bronchodilators were required only occasion-
ally to control symptoms (i.e. salbutamol given less
than daily).  Group B consisted of subjects with more
severe asthma (n=9;  4 males and 6 females;  aged 19–39
yrs) as defined by their requirement to take inhaled bron-
chodilators regularly, as well as receiving daily inhaled
glucocorticosteroids for at least 6 months prior to the
study (range 6 months to 10 yrs: mean 3.7 yrs).  None
of the asthmatic subjects had cough or sputum, and
none complained of nocturnal waking.  A third group
(Group C) of normal healthy volunteers (n=12, 6 males
and 6 females; aged 21–45 yrs) were taken for compari-
son.  All subjects were nonsmokers and none had had a
respiratory infection during the previous 4 weeks.

Study design. A bronchoscopy procedure (according to
the American Thoracic Society (ATS) guidelines [10])
was performed on each subject in each of the three sep-
arate groups.  Patients in Group A (subjects with mild
atopic asthma) underwent bronchoscopy twice, once
before (group A(pre) and once after (group A(post) a 4
week treatment period with inhaled corticosteroids (n=9)
(200 µg, one puff b.i.d.) (Pulmicort;  Draco, Lund, Sweden)
(Bricanyl; Draco).  To minimize bias, the study was orga-
nized as a double-blind, randomized trial.  Treatment
compliance, assessed by weighing the aerosol canisters
before and after the period of treatment period, was found
to be 87%.

The subjects in groups B and C underwent one bron-
choscopy only.

Histamine provocation. As an index of airway hyper-
responsiveness, the histamine inhalation test was under-
taken using the methodology of JUNIPER et al. [12].  The
results were expressed as the provocation concentration
giving a 20% fall in FEV1 (PC20) obtained from the log
dose-response curve by linear interpolation of the two
last points.

Bronchoscopy. The bronchoscopy and biopsy were
administered on an out-patient basis.  Premedication with
0.5 mg of atropine given subcutaneously, followed by
topical anaesthesia of lidocanine to suppress cough
throughout the bronchial tree (Xylocaine; Astra, Soder-
talje, Sweden).  (A few patients also received intraven-
ous midazolam 0.15 mg·kg-1 body weight).  A single
mucosal biopsy was taken using FB 20C forceps from
each of three sites from the left lung: 1) lobar carina; 2)
carinae of the basal segments using separate forceps for
each biopsy; and 3) carinae of divisions of the lingular
and upper divisions.  For the purposes of the present
study, airway levels 1 and 2 were taken for analysis.  The
bronchoscope was then wedged into the right middle
lobe, and a bronchial wash (one aliquot, 20 ml) and bron-
choalveolar lavage (BAL) (two aliquots) performed.  The
results of counts for inflammatory cells [6] and BAL [9]
have been reported previously.

Biopsy samples. On removal from the patient, each
biopsy was immediately fixed in 3% glutaraldehyde at
4°C in 0.1 M sodium cacodylate buffer at pH 7.2 with
added calcium chloride.  Biopsy samples were coded,
washed several times in buffer and post-fixed in 1%
osmium tetroxide in sodium cacodylate buffer for 90
min.  The samples were then dehydrated through me-
thanols, cleared in propylene oxide and infiltrated over-
night and embedded in epoxy resin (Araldite) (Biorad,
Herts, UK).  One micrometre thick survey sections were
cut and the tissue blocks orientated to maximally expose
both the epithelial basement membrane reticular colla-
gen (i.e. lamina reticularis) and the surface epithelial
edge whenever present.  Ultrathin sections were cut of
the areas with the best preserved surface epithelium and
the sections collected on uncoated 100-mesh, thin bar
grids for morphometric analysis.
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Light microscope: fatal asthma

Subjects. Tissue was obtained at postmortem from sub-
jects who had died following an acute severe attack of
asthma (n=11; 5 males and 6 females; aged 11–62 yrs).
In addition, tissue was taken at transplantation from
patients with cystic fibrosis (n=6; 4 males and 4 females;
aged 18–31 yrs; all nonsmokers), patients suffering from
chronic obstructive lung disease (n=6; 3 males and 3
females; aged 39–79 yrs) and from sudden death control
subjects without a history of asthma (n=8; 3 males and
5 females; aged 17–57 yrs).

Tissue staining. All tissue was fixed initially in 10%
neutral buffered formalin for a period of 24–48 h.
Subsequently, the tissue was dehydrated in alcohol,
cleared in CNP 30 (BDH, Poole, UK) and embedded in
paraffin wax.   Five micrometer sections were cut, dried
overnight at 37°C, and stained with Miller's elastin stain
(Raymond A. Lamb, London, UK) for 1 h.  Excess stain
was removed by rinsing the tissue in 70% alcohol,
before washing in running tap water for 20 min.  The
tissue was then counterstained using 1% aqueous eosin
(BDH, Poole, UK) for 2 min (to give sufficient contrast
for image analysis), followed by rinsing in water, dehy-
dration, clearing and mounting in DPX (BDH, Poole,
UK).

Analysis of elastin and collagen content of tissue

Electron microscopic quantification. Point-counting
morphometry was used to determine the relative elastic
and collagen fibre content of the tissue additionally com-
prised of extracellular matrix, inflammatory cells, occa-
sional red blood cells and, rarely, bronchial  smooth muscle
[11].  In areas where the surface epithelium remained,
the subepithelial zone quantified was defined as an area
external to and between the reticular basement mem-
brane and the gland/smooth muscle mass.  The fields
analysed were 50 µm in depth.  A total number of 25
such fields was sampled and counted from each patient.
Using a Hitachi 7,000 electron microscope with video
camera capture facility, the electron microscope image
was displayed directly onto a television monitor (result-
ing in an overall magnification of ×6,000).  A point-
counting grid (a perspex sheet with equidistant dots
placed 1.5 cm apart) was placed over the television
monitor and the total number of points per field falling
over connective tissue recorded.  The number of points
falling over either collagen or elastin fibres was noted.
Using these data, the relative percentage of connective
tissue which was collagen or elastic fibre was calculated,
as was the absolute area of the field occupied by each.
The error of repeat measurement of a single section was
found to be less than 5%.  The data was found to be non-
normally distributed and were analysed statistically
using the Mann-Whitney U-test (Statgraphics) for com-
parison of group data, or by Wilcoxon signed rank test
for paired data in the comparisons before and following
corticosteroid treatment.

Light microscopic quantification. The area of tissue stain-
ing with Miller's elastin was determined in three sepa-
rate and distinct lung zones.

Zone 1 (bronchial wall).  The elastic content of the
bronchial wall was assessed in a zone lying between the
external aspect of epithelial reticular basement membrane
to the internal limit of bronchial smooth muscle.  Consecu-
tive fields along the entire length of the basement mem-
brane were measured.

Zone 2 (lung parenchyma).  The proportion of the entire
alveolar wall comprised of elastic fibre in samples of
mid and peripheral lung tissue was determined.  Pilot
studies were conducted to determine how many micro-
scope fields were required to assess the elastic fibre con-
tent of the tissue with a reasonable accuracy (i.e. a 95%
confidence interval): a minimum of 15 fields per slide
encompassing the entire tissue section was required.

Zone 3 (alveolar/bronchial attachment sites).  For each
airway in cross-section, alveolar attachment sites were
assessed for elastic fibre content.  

A computerized image-analysis package/system (Image
1.38 Improvision, UK) was employed to quantify the
elastic fibre content of the tissue in the three zones
described above.  This was carried out on stored images
at a total magnification ×100.  The program allowed for
correction of uneven illumination of the field of view
and for operator-controlled editing of the image.
Measurements of the total tissue area of the field were
first recorded.  The threshold for elastic fibre content
staining positive with Miller's elastin was determined
and the area of elastic measured and the percentage elas-
tic content of the tissue calculated.  For each case, in all
three zones, an average percentage tissue elastic content
was calculated.  These data were also found to be non-
normally distributed and statistical comparisons between
subject groups was assessed using the Mann-Whitney U-
test.  P-values of less than 0.05 were accepted as statis-
tically significant.

Results

Electron microscopic analysis

Biopsies were approximately 2 mm in diameter, often
with mucus-secreting gland acini, bronchial smooth
muscle and nerve fibre bundles.  The covering of pseudo-
stratified surface epithelium was similarity incomplete in
all groups examined.

Airway wall collagen fibres were clearly defined, each
with periodic 65 nm electron-dense banding; in contrast,
the elastic tissue was of moderate density, amorphous
and with poorly defined outlines (fig. 1).

The values for collagen and elastic fibre content as a
percentage of the total tissue present were also deter-
mined and the results for the lobar division are sum-
marized in table 1.  No differences between the control
and asthmatics subjects were found at either of the biopsy
sites.  At the carinae of the basal segments in the control
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subjects 44.3% (SEM 3.9) of the total tissue was either
collagen or elastic fibres, whilst in the subjects with mild
asthma the value was 46.1 (SEM 3.3)%.  In the control
subjects at the lobar carina, the mean coefficient of vari-
ation between subjects for the areas of connective tissue
was 22.8%, whilst for the basal segments the value was
22.3%.  Table 1 summarizes the quantitative results for
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Fig. 1.  –  An electron micrograph demonstrating the distinct appear-
ance of the collagen and elastin fibres.  The collagen fibres are easily
identified by their tubular structure and 65 nm electron-dense periodic
banding with clearly defined edges, whilst the elastic tissue is amor-
phous, variable in shape and with less distinctly defined edges.  C:
collagen fibres; E: elastic fibres. (internal scale bar =1 µm).

Table 1.  –  Connective tissue of the biopsy samples at
the lobar division expressed as percentage of total tis-
sue present and elastic fibre content of tissue expressed
as percentage of the total connective tissue present

Group Connective tissue Elastic fibre
content of tissue content of tissue

% %

A(pre) Mild asthma, 52.7 (3.2) 1.90 (0.48)
β2-agonist as n=11 n=11 
required

A(post) Mild asthma 49.7 (4.1) 1.89 (0.75)
with 4 weeks n=9 n=9
inhaled corticost-
eroids

B Moderate/severe 48.5 (3.2) 1.56 (0.37)
asthma with n=9 n=9
corticosteroid for
mean 3.5 yrs

C Control subjects 44.3 (3.2) 4.62 (1.13)
n=12 n=12

Data are presented as mean and SEM in parenthesis.  No sta-
tistical differences present.  Group A pre and post 4 wks inhaled
corticosteroids (200 µg b.i.d.).  

Fig. 2.  –  Formalin-fixed, paraffin-embedded section of conducting
airway and surrounding lung parenchyma obtained at postmortem
from: a)  a sudden death subject; b)  after an acute fatal attack of asthma
(stained with Miller's elastin and eosin counterstain).  Arrows point to
elastic fibres.   A: airway;  V: vessel.  (internal scale bar =250µm).

a)

b)

the elastic content of the tissue calculated as a percent-
age of the total connective tissue present.  In the lobar
bronchi of control subjects approximately 5% of the total
connective tissue present consisted of elastic fibres, in
the basal segments the value was approximately 2%.  At
the carinae of the basal segments in the control subjects
2.4 (1.4)% of the connective tissue present comprised of



elastic fibres, whilst in the subjects with mild asthma the
value was 1.6 (1.1)%.  There were no statistically sig-
nificant differences between the means for either patient
group (A or B) when compared with the healthy control
group (C) at either of the biopsy sites studied.  In the
control subjects at the lobar carina, the coefficients of
variation for the percentage elastic fibre content ranged
0.39–10.3% (mean 4.5%), whilst for the basal segments
the values ranged 0.34–8.9% (mean 5.7%).

Light microscopic analysis. The staining regimen used
clearly differentiated densely stained blue-black elastin
fibres from the remaining tissues counterstained with
eosin (fig. 2).  The eosin counterstain was found to offer
better contrast than the routinely used Van Gieson as it
provided a more homogenous background, and delin-
eated all remaining lung tissue.  In the bronchial wall,
the majority of the elastic fibres lay in a clearly defined,
densely stained zone, between the reticular basement
membrane and the internal limit of the bronchial smooth
muscle.  In the lung parenchyma and alveolar bronchial
attachments the elastic fibres were evenly dispersed
throughout the tissue.

Table 2 shows the results of the quantification of the
percentage elastic fibres present in the three zones.  Ten
percent of the tissue present in the lung parenchyma
stained for elastic fibres in the sudden death controls
group.  There was no significant differences between ei-
ther the asthma death group or the chronic obstructive
pulmonary disease (COPD) group and the controls.  Compared
with the sudden death control group, there was a signifi-
cant reduction in elastic fibre staining of the parenchyma
in the lungs obtained at transplantation from patients
with cystic fibrosis (p<0.05).  In the control tissue, both
at the airway wall and alveolar attachment sites, the elas-
tic content of the tissue was approximately 22 and 13%,
respectively.  Neither of these respective values varied sig-
nificantly in the fatal asthma group.

In the sudden death control subjects, the coefficient
of variation between subjects was on average 18, 12 and
16% for airway wall, parenchyma and attachment sites,
respectively.

Discussion

In normal lung parenchyma, particularly in expiration,
it is principally the elasticity of the tissue which restricts
the degree of airway closure in response to shortening
of bronchial smooth muscle.  Compared with normal
healthy individuals, there is a striking functional differ-
ence in the airways of asthmatic patients: the former
shows a maximal response to inhaled bronchoconstric-
tive agents, which is seen as a plateau in the response
curve [4, 13], whilst asthmatic subjects frequently demon-
strate no maximal response plateau [4].  It has been pro-
posed that the functional difference may be the result of
a reduction in the elastic load on the airways imposed
by surrounding alveolar attachments and lung paren-
chyma, which are effectively tethered to pleura and chest
wall [4].  Such a functional effect could be brought
about by loss of elastic fibres.  Experimental evidence
to strengthen the hypothesis comes from the work of
MORENO and co-workers [14–16], who reduced the elas-
tic load imposed upon the airways of rabbits using papain,
which softened the supporting cartilage, and increased
the rabbit's bronchoconstrictor response to methacho-
line. In line with the hypothesis, it has been predicted
that the severe loss in elastic recoil of parenchyma pre-
dicted in emphysema has overwhelming importance in
accentuating chronic airflow limitation in the disease
[17–21].  However, due to the inherent difficulty in
measuring the destruction of elastic tissue in man, in
vivo, there has been few reports of functional experi-
mental data in the literature.  A recent study by CARDOSO

et al. [22] has, however, provided clear histological and
biochemical data on the collagen and elastic content of
the airways of subjects suffering from pulmonary emphy-
sema.  They measured the elastic and collagen content
of the airways employing both biochemical (using desmo-
sine and hydroxyproline, respectively) and histochemi-
cal (using Sirius red) techniques.  They concluded that
elastin was decreased in all grades of panacinar emphy-
sema and also in severe centriacinar emphysema, whilst
collagen was increased in sections through centriacinar,
distal acinar and where there was irregular airspace
enlargement.

In the present study, we surmised that functional loss
of lung elasticity in asthmatics might be mirrored by a
deficiency in elastic fibres, which we could visualize by
special stains at the light microscopic level and by its
ultrastructural identification by electron microscopy.
A single preliminary study published in abstract form
has suggested that elastolysis of fibres occurred in asth-
ma-tic airways [5].  Our results do not confirm the last-
mentioned study, and show that neither at the light nor
electron microscopic level was the elastic content of the
tissue, as determined by quantitative morphology, re-
duced in asthmatics compared with normal healthy con-
trol subjects.  In CF airways, the level of human neutrophil
elastase is elevated as a consequence of the recurrent
infection, and the neutrophilia is thought to result in tis-
sue damage [7, 8, 23].  In order to confirm the validity
of the histological technique for determination of elastic
fibres, we used lung parenchyma and airways from patients

R.W.A. GODFREY ET AL.

Table 2.  –  Percentage of paraffin-embedded tissue
stained for elastic fibres

Airway Lung Alveolar
wall parenchyma attachments

Sudden death 22.3 (3.9) 9.0 (1.1) 13.0 (2.1)
control n=9 n=8 n=7

Asthma death 17.0 (6) 10.4 (1.1) 13.4 (1.8)
n=5 n=12 n=11

COPD NR 10.8 (2.4) 9.0 (1.3)
n=6 n=6

CF 9.4 (2.1) 5.2* (0.9) 15.0 (0)
n=6 n=6 n=1

Data are presented as mean and SEM in parenthesis.  COPD:
chronic obstructive pulmonary disease;  CF: cystic fibrosis; n:
number of subjects; NR: not recorded.  *: p<0.05 with respect
to sudden death control tissue.  (Miller's elastin stain).
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with CF where elastolysis has previously been shown to
occur [24, 25,] and have confirmed this finding.

In addition, our data from the electron microscopic
study of the asthmatics showed that neither short-term
treatment with inhaled glucocorticosteroids (4 weeks,
200 µg daily) nor long-term (mean 3.7 yrs; maximum
10 yrs) treatment with variables doses of inhaled steroids
(100–1,000 µg daily) reduced the percentage of elastic
fibres present in the tissue.  The results concerning steroid
therapy are of particular relevance because of the con-
cern over possible atrophy of connective tissue follow-
ing long-term corticosteroid treatment by inhalation;
glucocorticosteroids are known to cause atrophy when
applied to the skin [24, 25].

In the present study, we have shown, using morpho-
metric techniques, that neither the collagen nor elastic
content of the airways is significantly altered in subjects
suffering from severe or mild asthma.  It might be argued
that, as both inner and outer wall thickness has been
shown to be increased in asthma [26], in absolute terms
the amount of elastic tissue contributing to the inner
wall is increased.  The present results suggest that loss
of elastic fibre is unlikely to be a contributory feature to
the airway hyperresponsiveness and loss of the plateau for
the maximal response seen in asthma.  However, whether the
functional properties of the collagen or elastic fibres found
in asthmatic subjects is altered remains to be determined.
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