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ABSTRACT: Airway neuropeptides, in particular calcitonin gene-related peptide (CGRP), are

likely to be important in the pathogenesis of chronic cough. The present authors evaluated the

following: 1) the relationship between cough sensitivity and bronchoalveolar lavage (BAL)

neuropeptides; and 2) the effect of reflux oesophagitis (RO) on cough, cough sensitivity and BAL

neuropeptides in children not selected for cough. It was hypothesised that CGRP would be

increased in children with chronic cough and would relate to cough sensitivity.

Capsaicin cough sensitivity was performed in children undergoing gastro-duodenal endoscopy.

CGRP, substance P and neurokinin A were measured in BAL obtained nonbronchoscopically.

Children were defined as ‘‘coughers’’ if chronic cough was present.

Coughers (n521) had significantly reduced cough sensitivity but were just as likely as

noncoughers (n519) to have RO. The median CGRP was significantly higher in coughers with

oesophagitis than in noncoughers with oesophagitis. CGRP significantly negatively correlated to

cough sensitivity in coughers but not in noncoughers.

Elevated calcitonin gene-related peptide, but not substance P or neurokinin A, is only

associated with chronic cough in children when oesophagitis coexists. Calcitonin gene-related

peptide in bronchoalveolar lavage relates to cough sensitivity and is likely to be important in the

pathophysiology of chronic cough.

KEYWORDS: Calcitonin gene-related peptide, capsaicin cough sensitivity, children, cough,

sensory neuropeptides

C
hronic cough is a commonly encountered
symptom and can result from a wide
variety of pulmonary and nonpulmonary

conditions. Irrespective of its aetiology, chronic
cough causes significant morbidity [1, 2] and is
associated with enhanced cough sensitivity in
children [3, 4] and adults [5–7]. Cough sensitivity
is commonly measured using capsaicin cough
challenge [7, 8].

Understanding the mechanisms of disease pro-
cesses is an important step in the advance of
medicine. In the area of cough, the majority of
such data have been obtained from animal
studies whereby significant interspecies differ-
ences exist [9]. The mechanisms associated with
chronic cough in humans include neurogenic
inflammation through the sensory pathway [10–
12] and vanilloid receptor (VR) activation [13].
VRs (such as transient receptor potential
vanilloid-1 (TRPV-1) receptors) have been found
to be likely contributors to an enhanced cough
response in chronic persistent cough [13, 14]. In

29 adults with chronic persistent cough from
diverse causes, GRONEBERG et al. [13] described a
significant correlation between capsaicin tussive
response and the number of TRPV-1-positive
nerves of airway mucosal biopsy specimens. In
animals, the cellular distribution of TRPV-1
neurons is such that they occur in sensory
neurons [15]. Sensory nerve stimulation primar-
ily involves neurogenic inflammation whereby
neuropeptides, such as calcitonin gene-related
peptide (CGRP) and substance P (SP), play a key
role [9, 12].

In the airways, neuropeptides thought to be
particularly important include SP, neurokinin
(NK)A and CGRP [9, 16]. SP, NKA and CGRP
are pro-inflammatory sensory neuropeptides [9],
although the pulmonary effects of CGRP are also
anti-inflammatory [16]. In particular, CGRP has
been shown to be important in the mechanism of
chronic cough [16, 17]. In human studies,
increased CGRP but not SP immunoreactive
nerves were found in biopsies of adults with
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chronic cough [18]. These adults also had significantly
increased cough sensitivity to capsaicin (i.e. a reduced thresh-
old to elicit a cough response) [18]. In animal models, gastro-
oesophageal reflux (GOR) is associated with sensory nerve
stimulation [19].

Whether data in airway mucosal biopsies can be related to
bronchoalveolar lavage (BAL) in the pathophysiology of
chronic cough is unknown. To date, no studies that have
related cough sensitivity to these key neuropeptides (CGRP,
SP, NKA) in BAL. Indeed, there is currently no data on BAL
quantification of these neuropeptides in children either with or
without chronic cough. BAL provides different and comple-
mentary information to mucosal biopsy, with the advantage
that a broader range of airways are sampled, both in terms of
the numbers and size of the airways sampled.

There are several unique and important features of the
population used in the present study. Prior studies have used
selected populations of adults presenting with cough [13, 18],
and this may select individuals with an abnormal airway
response. In order to avoid this potential bias in the present
study, children have been studied presenting for upper gastro-
intestinal endoscopy where there was no selection bias for
coughing [20, 21]. In addition, the present authors have
evaluated neuropeptides in children where data are scant.
Gastro-oesophageal reflux disease (GORD; symptoms or
complications of GOR [22]) is associated with chronic cough
but the mechanism and ‘‘cause and effect’’ remains contro-
versial in humans [23]. The present authors conducted a study
to evaluate the following: 1) the relationship between cough
sensitivity and BAL neuropeptides; and 2) the effect of reflux
oesophagitis on cough, capsaicin cough sensitivity and BAL
neuropeptides in children unselected for the presence of
chronic cough. It was hypothesised that CGRP would be
increased in children with chronic cough and would relate to
capsaicin cough sensitivity.

METHODS
Children ,14 yrs of age undergoing elective flexible upper
gastro-intestinal endoscopy were invited to participate in the
study, as previously described [20, 21]. Briefly, children were
enrolled for the study on the morning of their procedure
(flexible upper endoscopy performed under general anaesthe-
sia including endotracheal intubation). Medical history was
obtained from a parent on a standardised proforma for all
children. Parent(s) also scored their child’s cough on a
validated cough visual analogue scale of 1 (no cough) to 10
(most severe cough) [24]. Exclusion criteria of children were as
follows. 1) Neuro-developmental abnormalities; 2) known
underlying cardiorespiratory disease other than asthma; and
3) a clinical history of primary aspiration (coughs and chokes
with feeds at least twice a week). Children were defined as
‘‘coughers’’ (C+) if the parents or consultant (gastroenterolo-
gist or respiratory paediatrician) had elicited a history of cough
in association with GORD [20]. Reflux oesophagitis (RO) was
considered present if histology of an oesophageal biopsy
showed RO, as determined by pathologists blinded to the
child’s respiratory history. Written consent was obtained and
the study approved by the human ethics committee of the
Royal Children’s Hospital (Brisbane, Queensland, Australia).

Capsaicin cough sensitivity test and spirometry were per-
formed on children aged o6 yrs prior to endoscopy. The
cough sensitivity test described specifically for children was
performed using a single inhalation dosimeter technique [8].
Outcomes of cough sensitivity test were defined as the
concentration of capsaicin that stimulated o2 coughs (C2)
and defined that which stimulated o5 coughs (C5). Increased
cough sensitivity is represented by a lower C2 and/or lower
C5 values, i.e. a lower concentration of capsaicin required to
elicit coughs. Spirometry was performed using a turbine
spirometer (Kit; Cosmed, Rome, Italy) and Australian values
were used for predictive values [25].

BAL and BAL examination
BAL was obtained using a standardised and repeatable [26]
nonbronchoscopic technique. Briefly, with the child’s head
turned to the left, a catheter was passed as far as possible
through the endotracheal tube, ensuring that it went beyond
the estimated carina site. Two aliquots of sterile normal saline
(1 mL?kg-1 to a maximum of 20 mL) were instilled and
suctioned into separate mucus traps. The second aliquot was
used for BAL cellularity and neuropeptide analysis. The first
aliquot was used for microbiology, the results of which have
been previously described [20]. A cell count was performed (by
blinded cytologists) on the cell suspension, cytocentrifuge
slides were prepared and stained (modified Wright’s stain,
Diff Quik; Lab Aids, Narrabeen, NSW, Australia) for cell
differential profile. Protease inhibitor (see Appendix) was
added to the BAL supernatant, and the mixture was
immediately frozen and kept at -80uC until it needed to be
thawed for analysis.

Analysis of CGRP, NKA and SP
The BAL specimens were prepared for assay of neuropeptides
using an established technique using Sep-Paks1 (C18 Sep-Pak;
Waters, Milford, MA, USA). Specimens were applied to a C18
Sep-Pak, washed and eluted with an acetonitrile–trifluoroace-
tic acid 1% solution (60:40 volume/volume). The eluate was
dried using a rotary evaporator and the residue reconstituted
in buffer prior to assay. The specimen was reconstituted to
concentrate the sample by two-fold. The recovery of peptides
via this extraction procedure is .90%.

NKA was measured using an in-house (The Queen’s
University of Belfast, Belfast, UK) radioimmunoassay. The
antibody was raised in guinea pig to synthetic human NKA
(Bachem, St Helens, UK). The antibody was directed to the
amino terminal; it cross-reacted fully with NKB and neuropep-
tide K, and cross-reaction with SP was ,0.1%. Radiolabelled
NKA was purchased from GE Healthcare (St Giles, UK). The
limit of the assay was 2 ng?L-1. There was no external quality
control system available for NKA; however, three internal
controls were added to each assay batch. The coefficient of
inter- and intra-assay variation was 9.8 and 6.2%, respectively.
CGRP was measured by radioimmunoassay using a commer-
cial antiserum to human CGRP (antibody code RAS-6012N;
Peninsula Laboratories, San Carlos, CA, USA). The antibody
cross-reacted with human CGRP-I and -II. Radiolabel was
purchased from GE Healthcare. Three internal quality control
specimens were included in each assay batch. The limit of
detection was 2 ng?L-1 and inter- and intra-assay variation was
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11.5 and 7.5%, respectively. SP was measured by ELISA using
a commercial kit (catalogue number DE1400; R&D Systems,
Minneapolis, MN, USA). The assay did not cross-react with
NKA, NKB or neuropeptide K. The limit of detection of the
assay was 8 ng?L-1.

Statistical analysis
Children were categorised into coughers (C+) and noncough-
ers (C-) with RO (RO+) and without RO (RO-). The Chi-
squared test was used to compare categorical variables
between groups, with a continuity correction used when the
table cell was ,5. Data were not normally distributed and,
thus, nonparametric analyses were used: the Mann–Whitney
U-test for comparisons between two groups and the Kruskal–
Wallis test when .2 groups were compared. Medians and
interquartile ranges (IQRs) were used for all descriptive data.
Kendall’s tau-b was used to examine correlation among
variables as the sample size was small. A two-tailed p-value
,0.05 was considered significant.

RESULTS
The median age of the 40 children (26 males) recruited was
9.6 yrs (IQR 6.4; IQRs are given throughout as the 75th quartile
minus the 25th quartile). Most (n536, 90%) children were
clinically suspected of having GORD, and oesophagitis was
present in 23 (57.5%) children. Coughers (n521) were just as
likely as noncoughers (n519) to have GORD (p50.538).
Spirometry was normal in all children who could perform
spirometry (n527), with a median forced expiratory volume in
one second of 99.8% predicted, and a forced vital capacity of
100.3% pred. In the C+ group, cough was present for a median
(IQR) time of 160 (186) weeks. The median cough score was

significantly higher in the C+ group (5 (3.5)) than in C- (median
score of 1, i.e. no cough; p,0.0001). No difference was
observed in the cough score or length of cough between RO+
and RO- groups (p50.57 and 0.96, respectively).

There was no significant difference in BAL cellular profile
(percentages of neutrophils, macrophages, lymphocytes, eosi-
nophils or total cell count) between the C+ and C- groups
(table 1). However, the RO- group had a significant but small
increase in BAL neutrophil percentage when compared with
the RO+ group (p50.01). No difference was observed in BAL
percentages of macrophages, lymphocytes and eosinophils in
children with and without RO. There was no difference in
CGRP, SP or NKA levels between either the C+ and C- groups
or the RO+ and RO- groups. Coughers had a lower C2 but not
C5. Capsaicin cough sensitivity was similar between RO+ and
RO- groups (table 1).

When grouped by the presence of cough and RO, C2 was
significantly different among the groups (p50.013), but there
was no significant difference in BAL cellularity, SP or NKA
(table 2). C2 was lowest in the C+ RO+ group and highest in
the C- RO- group. C5 and CGRP values were just outside the
significant value (p50.06 and 0.07, respectively). In two group
comparisons, CGRP was significantly different between
C+ RO+ and C- RO+ groups (p50.02; fig. 1), but not between
the other groups (p-values of 0.07–0.74). Similarly, C5 was
significantly lower in C+ RO+ compared with C- RO+
(p50.04), but not in the other two group comparisons (p-
values of 0.09–0.63).

C2 and C5 were significantly (p50.031 and 0.020, respectively)
and negatively correlated (r5 -0.51 and -0.55, respectively) to

TABLE 1 Cellular profile, sensory neuropeptides and capsaicin cough sensitivity of children with (C+) and without (C-) cough and
with (RO+) and without (RO-) reflux oesophagitis

C+ C- p-value# RO+ RO- p-value"

Subjects n 21 19 23 17

Demographics

Age yrs 9.1 (4.5) 9.8 (7.8) 0.46 9.7 (4.3) 8.9 (8.0) 0.33

Male/female n 12/9 14/5 0.45 18/5 8/9 0.09

Airway cellularity

Lymphocyte % 3.0 (3.5) 2.5 (13.8) 0.77 3.5 (7.5) 2.5 (2.3) 0.60

Neutrophil % 6.5 (4.3) 4.0 (8.3) 0.41 4.5 (3.8) 7.0 (6.3) 0.01+

Macrophage % 90 (8.1) 80 (67.0) 0.67 86 (33.0) 88 (9.7) 0.41

Eosinophil % 0 (0) 0 (0) 0.33 0 (0) 0.0 (0.8) 0.77

Total cell count 610-6?L-1 86 (60) 46 (169.0) 0.21 59 (108) 83 (62.5) 0.25

Sensory neuropeptides

CGRP ng?L-1 2.7 (4.5) 0 (6.3) 0.16 2.3 (6.7) 2.7 (3.8) 0.76

Neurokinin A ng?L-1 16.2 (8.6) 17.5 (9.83) 0.88 18.9 (9.0) 16.2 (6.2) 0.11

Substance P ng?L-1 57.8 (43.6) 49.3 (55.5) 0.67 45.7 (50.7) 57.8 (54.4) 0.76

Capsaicin sensitivity

C2 mM 14.7 (19.5) 39 (58.5) 0.018+ 19.5 (9.7) 14.7 (39.0) 0.17

C5 mM 29.3 (68.2) 58.5 (58.5) 0.13 39 (29.2) 29.3 (117.0) 0.06

Data are presented as n or median (interquartile range given as the 75th quartile minus the 25th quartile), unless otherwise indicated. CGRP: calcitonin gene-related

peptide; C2: the concentration of capsaicin that stimulated o2 coughs; C5: the concentration of capsaicin that stimulated o5 coughs. #: comparisons between C+ and

C- groups using the Mann–Whitney U-test; ": comparisons between RO+ and RO- groups using the Mann–Whitney U-test; +: p-value is significant.
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CGRP in coughers (fig. 2a and b) but not in noncoughers
(r50.28, p50.28 for C2; r50.29, p50.324 for C5; fig. 2c and d).
Cough sensitivity did not relate to any other parameter in
coughers and noncoughers. Cough sensitivity also did not
correlate to CGRP, NKA, SP or to any BAL cellularity in the
total group (p-values of 0.06–1.0).

DISCUSSION
The current authors have previously shown that in most
children chronic cough was not associated with RO alone [20]
and that airway neutrophilia is absent in children with RO [21].
The present study adds to this information by showing that in
the BAL of 40 children, CGRP, NKA and SP levels in children

with chronic cough were not significantly different from those
without cough. However, children with cough and biopsy-
proven RO had significantly higher CGRP than children with
reflux but without cough. Furthermore, CGRP, but not NKA or
SP, related significantly to capsaicin cough sensitivity in
children with chronic cough but not in those without cough.

The present study is the first to examine these neuropeptides
in the airways of children with and without chronic cough.
Neurogenic inflammatory mediators, particularly CGRP, have
been implicated in the pathogenesis of chronic cough [12, 18].
The present finding of CGRP in the BAL also being related to
cough sensitivity in coughers but not in noncoughers is
perhaps not surprising. In biopsy specimens, CGRP immunor-
eactivity has been found to be related to cough sensitivity in
adults with chronic cough [18]. This is likely to relate to the
plasticity of the peripheral nervous system, with neurotrophins
altering the pattern of innervation changes in inflammatory
disease, as SP- and CGRP-immunoreactive nerves are sparse in
normal human airways [27]. CGRP-containing airway inner-
vating nerves originate from the nodose-jugular ganglia
(among other ganglia) [16], which is also the ganglia found
to be central in the neurophysiology of the cough reflex [28]. It
is thus biologically possible that upregulation of these nerves
causes a spill-over in the airways. CGRP can be released by
noxious stimuli and plasma extravasation may occur [16], and
thus CGRP in BAL may either occur from or lead to plasma
extravasation. Increased pulmonary blood flow has been found
to be associated with elevated levels of plasma CGRP [29], and
high BAL levels may reflect circulating levels when airway
disease is present, such as in circumstances when cough is
reflective of airway disease. In an animal model, DAOUI et al.
[19] demonstrated that protein extravasation in the airways can
be induced by hydrochloric acid infusion into the oesophagus,
and that extravasation into the airways is mainly dependent on
the release of tachykinins.

TABLE 2 Cellular profile, sensory neuropeptides and capsaicin cough sensitivity of children grouped by presence (+) and
absence (-) of cough (C) and reflux oesophagitis (RO)

C+ RO+ C+ RO- C- RO+ C- RO- p-value#

Subjects n 11 10 12 7

Airway cellularity

Lymphocyte % 3.5 (3.3) 2.5 (4.8) 3.0 (4.5) 3.0 (4.0) 0.82

Neutrophil % 5.5 (6.3) 7.0 (3.8) 3.5 (7.8) 9.0 (9.0) 0.06

Macrophage % 91 (9.5) 88 (7.8) 89 (30.0) 88 (6.0) 0.76

Eosinophil % 0 (0) 0 (2.3) 0 (0) 0 (0) 0.41

Total cell count 610-6?L-1 102 (75.0) 80 (49.0) 78 (58.0) 84 (50.0) 0.46

Sensory neuropeptides

CGRP ng?L-1 5.0 (10.1) 2.7 (3.2) 1.4 (4.0) 4.5 (5.4) 0.06",+

Neurokinin A ng?L-1 20.7 (12.2) 14.0 (15.1) 18.9 (11.9) 17.1 (9) 0.46

Substance P ng?L-1 55.7 (58.7) 39.7 (88.1) 22.5 (44.9) 73.7 (54.6) 0.91

Capsaicin sensitivity

C2 mM 7.4 (28.9) 19.5 (11.0) 29.3 (19.5) 48.8 (136.5) 0.03+

C5 mM 19.5 (227.0) 39 (109.7) 58.5 (39.0) 97.5 (117.0) 0.07

Data are presented as n or median (interquartile range given as the 75th quartile minus the 25th quartile), unless otherwise indicated. CGRP: calcitonin gene-related

peptide; C2: the concentration of capsaicin that stimulated o2 coughs; C5: the concentration of capsaicin that stimulated o5 coughs. #: Kruskal–Wallis test; ": C+ RO+
was significantly different to C- RO+ (p50.02); +: p-value is significant.
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FIGURE 1. Median and interquartile range of calcitonin gene-related peptide

(CGRP) in bronchoalveolar lavage of children grouped by presence (+) and

absence (-) of cough (C), and reflux oesophagitis (RO). The CGRP level was

significantly different between C+ RO+ and C- RO+ groups (#: p50.02), but not

between the other groups (p-values of 0.07–0.74). ": p50.07. #: outliers.
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Using the animal model of acid GORD, two groups have
demonstrated that oesophageal stimulation by hydrochloric
acid causes neurogenic inflammation in the major airways [19,
30]. In support of this, the present authors found that CGRP
was significantly different between coughers and noncoughers
within the group that also had RO. This suggests that RO is a
necessary factor for this difference and that in the absence of
RO, CGRP may be less important. The possible reasons for this
finding are at least three-fold. First, the same sensory nerves
supply the oesophagus and the airways via a long axon route.
CANNING [31] argues that gastric ‘‘refluxate can directly
activate nociceptive nerves in the mucosa of the oesophagus,
the pharynx, and the lower airways’’. Secondly, afferents from
the oesophagus in some way link up with and modify
(upregulate) afferents from the airways, at either ganglionic
or brainstem levels. Upregulation of the peripheral sensory
neurones and brainstem regions has been described in animal
studies [32, 33]. A third possibility is that patients with RO also
have aspiration, which in some cases, but not all, causes
‘‘chronic’’ cough. There are arguments for and against each of
these possibilities, and further studies are required to evaluate
these possibilities.

Ideally, CGRP and cough sensitivity should be re-measured
upon the resolution of the cough in the present cohort of
children. However, given that a general anaesthetic is
necessary to obtain BAL in the present setting, this was not
feasible and is thus one of the present study’s shortfalls. Also,
an association in no way proves ‘‘cause and effect’’ or ‘‘which
occurred first’’. Another possible limitation is that although
international guidelines for BAL in children were utilised [34],
it is unknown if neuropeptides in BAL obtained by non-
bronchoscopic methods differ from those obtained using a
bronchoscope. Furthermore, although a moderately strong
correlation between cough sensitivity and CGRP was found in
coughers but not in noncoughers, it was not demonstrated that
CGRP was higher in the total cohort of coughers compared
with noncoughers. However, this and other nonsignificant
findings are possibly related to the small sample size.

Lack of the role of SP or NKA in the present study is consistent
with other studies involving cough and the lower airways [17,
18]. In the study by FORSYTHE et al. [17], CGRP but not NKA or
SP induced BAL mast cells to release histamine in chronic
coughers. Also, O’CONNELL et al. [18] described increased

FIGURE 2. Scatter plots of capsaicin concentration that stimulated o2 coughs (C2; a and c) and capsaicin concentration that stimulated o5 coughs (C5; b and d) in

coughers ($) and noncoughers (m). C2 and C5 significantly negatively correlated (r5 -0.51 and -0.55, respectively) to calcitonin gene-related peptide (CGRP) in coughers.

There was no significant correlation between capsaicin cough sensitivity outcomes to CGRP in noncoughers. Note that the total number of data points is ,40 as data on

capsaicin cough sensitivity can only be obtained in older children (aged .6 yrs [8]). a) r5 -0.51, p50.031; b) r 5-0.55, p50.020; c) r50.28, p50.298; and d) r50.29, p50.324.
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CGRP- but not SP-immunoreactive nerves in airway biopsies
of adults with chronic cough.

Neurotrophins and VRs are important concepts in the
pathophysiology of chronic cough, as described in biopsy
specimens and animal models [13, 35]. However, these
markers were not measured in the present study, because in
a previous study of 69 children (unpublished data), the present
authors also found no difference in brain-derived neurotrophic
factor or VR-1 mRNA in BAL cells between children with
(n536) and without cough (n533). Also, CHAUDHURI et al. [36]
described that neurotrophins were not elevated in induced
sputum or serum of adults with chronic persistent cough.

In a previous study [21], the present authors have also
described a small but significantly reduced airway neutrophil
percentage in children with RO without cough. This finding is
also similar to a small (n511) study in adults with GORD and
cough [37]. Additionally, the present study’s limitations with
respect to other diagnostic modalities of GORD has been
discussed in previous papers [20, 21] and thus is not repeated
here. Similarly, the lack of association between cough and
GORD in children was also the main discussion point in a
previous paper [20]. Cough is rarely solely attributed to RO in
otherwise well children [20, 38, 39], which is in contrast to
adults [40]. Cough, symptoms of GORD and asthma are
common; an association does not imply cause and effect [41],
and the likelihood of these symptoms co-existing merely by
chance is high [23].

A larger study, and one that includes follow-up of children
with cough and bronchoalveolar lavage, is necessary to
confirm the present findings. Nevertheless, the unique find-
ings in the present study were two-fold. First, children with
cough and biopsy-proven reflux oesophagitis had significantly
higher calcitonin gene-related peptide levels in their broncho-
alveolar lavage compared with children with reflux oesopha-
gitis but without cough. This raises the question of plausible
mechanisms of cough in reflux oesophagitis and it is likely that
other factors are required to be present for reflux oesophagitis
to elicit cough in humans. These factors are likely to include
persistent neurogenic airway inflammation [12], and the
present data support this. Second, calcitonin gene-related
peptide, but not substance P or neurokinin A, related
significantly to capsaicin cough sensitivity in children with
chronic cough but not to those without cough. It was
concluded that elevated calcitonin gene-related peptide, but
not substance P or neurokinin A, is associated with chronic
cough in children when oesophagitis coexists. Calcitonin gene-
related peptide is likely to be an important neuropeptide in
chronic cough when reflux oesophagitis coexists. The role of
calcitonin gene-related peptide in bronchoalveolar lavage and
serum deserves further evaluation.
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APPENDIX
The protease inhibitor cocktail contained the following
reagents: 1) soyabean trypsin inhibitor (Sigma Chemical Co.,
St Louis, MO, USA), 0.002 g in 200 mL PBS; 2) apoprotinin
(Sigma Chemical Co.), 0.001 g in 200 mL 100% ethanol; 3) a1-
antitrypsin (Sigma Chemical Co.), 0.002 g in 200 mL PBS; 4)
pepstatin A (Sigma Chemical Co.), 0.002 g in 200 mL PBS; 5)
phenanthroline (Sigma Chemical Co.), 0.001 g in 200 mL 100%
ethanol; 6) ethylenediamine tetraacetic acid (Aldrich
Chemicals Ltd, Poole, UK), 0.0005 g in 200 mL PBS; and 7)
benzamidine (Sigma Chemical Co.), 0.01 g in 200 mL PBS.
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