






Inhibitory capacity of alpha1 antitrypsin in lung secretions: variability and the effect of drugs

Inhibitory capacity ofsputum samples from six patients on five consecutive days expressed in &g porcine pancreatic elastase
inhibited per iLg a, antitrypsin for individual samples

Patient No Day

1 2 3 4 5 Mean (I SD) Coeffiientof
variation

1 0-43 0-23 0-42 0-41 0-37 0-37 22-2
(0-08)

2 0.11 0-13 0-09 0-09 0-08 0-10 20-2
(0-02)

3 0-11 0-07 0-05 0-09 0-25 0-12 68-7
(0-08)

4 0-08 0-06 0-11 0-07 0-46 0-16 108-9
(0.17)

5 0-45 0-36 0-30 0-40 0-22 0-34 25-3
(0-09)

6 0-07 0-06 0-06 0-07 0-07 0-07 9-0
(0-01)

value for sputum was 0-21 (range 0-0.55) ,ug PPE
inhibited per jig a,AT and 0 07 (range 0-0-27) for
bronchoalveolar lavage fluid.
Three samples (two sputum samples collected

during steroid treatment and one sputum sample
from the paired sputum and bronchoalveolar lavage
fluid samples) inhibited slightly more PPE than
could be accounted for by the total amount of a,AT
present measured immunologically (0.65, 0 65, and
0-55 ,g PPEl,ug a,AT. On the basis of molecular
weights of 26 400 and 54 000 respectively for PPE'8
and a,AT,'9 1 ,ug a,AT should be capable of inhibit-
ing 0-49 ,gg of PPE, on the assumption of a 1:1
molar interaction.20 To investigate this discrepancy

% activity of
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Fig 2 Inhibition curves obtained from one ofthree sputum
samples in which the observed functional capacity of a,
antitrypsin (a,A T) exceeded the expected value. The sample
was passed through an a, antitrypsin immunoadsorption
column (see textfor details) to remove the a, antitrypsin and
the porcine pancreatic elastase (PPE) inhibitory capacity of
the unadsorbed protein was assessed (peak 1). The
adsorbed a, antitrypsin was then eluted and its inhibitory
capacity determined (peak 2).

further, we adsorbed a1AT from one of the three
samles using a sepharose bound anti-a,AT antibody
immunoadsorption column. After the main protein
peak (peak 1) had passed through the column the
adsorbed protein (peak 2) was eluted with 0-2 mol/I
glycine hydrochloride, pH 2 5, and then dialysed
against 0-2 mol/l tris hydrochloride, pH 8-6. The
protein containing samples were tested immunologi-
cally for the presence of a,AT to ensure that a,AT
was excluded from the main peak (peak 1) and the
OLAT was present in the eluted fractions (peak 2).
The fractions containing the main protein peak were
pooled, as were those from peak 2 which contained
the previously adsorbed protein. The pooled frac-
tions were concentrated 20-30 fold as described for
the bronchoalveolar lavage fluid samples and tested
for inhibitory activity towards PPE. Only the frac-
tions containing a,AT (peak 2) showed any inhibi-
tion (fig 2).

Discussion

Despite the presumed importance of a, antitrypsin
in protecting the lung from damage by proteolytic
enzymes, there have been very few studies of the
variability in the functional capacity of a, antitrypsin
and these have been performed on bronchoalveolar
lavage fluid obtained from normal subjects at irregu-
lar intervals over several months.2' 22 In the present
study we have assessed the short term variability in
secretions from the upper part of the lower respirat-
ory tract from several patients over five consecutive
days.
The within subject variation of inhibitory capacity

differed for each patient and was occasionally large.
The reason for this wide variation is not clear. All
the patients were current smokers, but the variations
in the cigarettes they smoked in a day during the
period of study may have led to similar fluctuations
in ct, antitrypsin function, perhaps as a result of vari-
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able degrees of oxidation of the a, antitrypsin by
cigarette smoke.
The effect of drugs is of interest. In our previous

studies the concentration of a, antitrypsin in sputum
tended to fall in patients having steroids,'4 perhaps
owing to a decrease in protein transudation from
serum as part of the general anti-inflammatory
effect of corticosteroids. Despite this, the inhibitory
function of a, antitrypsin improved in that these sec-
retions were able to inhibit more porcine pancreatic
elastase per p.g a,AT. This would suggest that
although the lung a, antitrypsin has fallen there has
been a greater fall in the proteinase burden, perhaps
owing to a reduction in proteinase bearing cells
(such as neutrophils and macrophages) or a decrease
in release of proteinase due to stabilisation of
lysosomal membranes.23 Whether such changes
could be advantageous either in the short term or
over periods of years by having a beneficial effect on
the lung proteinase-antiproteinase balance remains
to be determined.
Bromhexine treatment in the dosage used seemed

to have no effect on the inhibitory capacity of a,
antitrypsin in the lung. No attempt was made to
determine whether a true mucolytic action occurred.
Three sputum samples inhibited more porcine

pancreatic elastase than could be accounted for by
the a, antitrypsin present as measured immunologi-
cally. A similar slight discrepancy has been noted by
Carp et a12' in their studies of bronchoalveolar lav-
age fluid from 24 non-smokers. They obtained an
inhibition of 0 59 + 0X08 ,ug PPE per ,ug a,AT (the
theoretical value should be 0- 5 ug PPE inhibited per
,ug a,AT) and thought that this discrepancy was due
to impurities in the commercially prepared porcine
pancreatic elastase. The interpretation of these
slight discrepancies is also dependent on several
other factors. Firstly, accurate quantification of lung
a, antitrypsin is imperative and we have previously
indicated that such inaccuracies are likely to occur
even with the best polyclonal antisera.'6 Immunolog-
ical errors in estimation, however, are likely to occur
only if tie a, antitrypsin has been inactivated as an
inhibitor and would therefore be unlikely to account
for the apparent overestimation of a, antitrypsin
inhibitory function. Secondly, the observation could
also be explained by the presence of another
inhibitor of porcine pancreatic elastase in the
sputum or bronchoalveolar lavage fluid that was
contributing to the total elastase inhibition screen;
but, despite a decade of research on this subject, a,
antitrypsin and a2 macroglobulin are the only
inhibitors present in sputum which have been shown
to be active against porcine pancreatic elastase in
stable chronic obstructive bronchitis. Although
Hochstrasser et al have recently demonstrated the
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presence of another inhibitor of porcine pancreatic
elastase in sputum, it has to be activated by
acidification and is inactive in the stable clinical
state.20

Alpha2 macroglobulin is capable of causing partial
inhibition of porcine pancreatic elastase activity
against small peptide substrates such as Succ(Ala)
3pNA,24 but it is present only in low concentrations
in sputum (usually less than 5% of the a, antitrypsin
molar concentration'0) and it is thus likely to contri-
bute little if anything to the inhibition of the enzyme
in the present studies. In view of these studies most
research groups, including Boudier et al in their
recent study,25 have used methods similar to those
described here to determine a, antitrypsin function
in secretions.
The use of the immunoadsorption column to frac-

tionate one of the sputum samples with greater
inhibitory capacity for porcine pancreatic elastase
than could be accounted for by the a, antitrypsin
present confirmed that all inhibition of the commer-
cially prepared enzyme resided in the protein peak
containing a, antitrypsin. This suggests that the dis-
crepancy between the expected and observed inhibi-
tion of porcine pancreatic elastase is likely to be a
result of minor impurities in the commercially pre-
pared enzyme, as suggested previously by Carp et
al,2' and not due to the presence of another inhibitor
of the elastase.

In contrast to these three sputum samples, one
paired sputum and bronchoalveolar lavage sample
and one additional sputum and two additional bron-
choalveolar lavage samples failed to inhibit any por-
cine pancreatic elastase, despite the presence of eas-
ily measurable quantities of a, antitrypsin in the sec-
retions. The inactivation may be related to cigarette
smoking, although other samples from this group of
smoking patients, with similar amounts of a, anti-
trypsin (as estimated by rocket immunoelectro-
phoresis), were able to inhibit the enzyme. The
amount of leucocyte elastase present in these sam-
ples and the degree of enzyme-inhibitor complexing
and partial proteolysis of a, antitrypsin were not
estimated, so it is uncertain whether one of these
other factors or oxidation or a combination of them
was responsible for the observed result.

Variation in the inhibitory capacity of a, antitryp-
sin between patients was also large. Strict compari-
son of our results with those of other workers is
difficult, since results are usually expressed as means
and standard deviations and this is probably inap-
propriate for most of our results, which do not show
a normal distribution. In samples from our paired
sputum and bronchoalveolar lavage fluid study the
average inhibitory capacity was 0-24 (0.18) ,mg
PPE4g a,AT for sputum and 0O10 (0.10) for lav-
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age fluid. This result would give coefficients of varia-
tion of 75% and 100% respectively. Although these
within patient variabilities are similar they are
clearly greater than the coefficient of variation for
lavage fluid from smokers obtained by Carp and his
coworkers2'-namely 13 6%. The difference may be
due to the selection of patients since the current
results are from patients with established lung dis-
ease and those of Carp et al are from normal sub-
jects. Similar reasons may account for the relatively
constant results obtained from normal subjects
studied by Carp et al on different occasions, which
contrast with the appreciable variability found in
some of our patients.
The inhibitory capacity of a, antitrypsin in bron-

choalveolar lavage fluid was less than that found in
sputum from the same subject. The reasons for this
finding are not clear. Possibly drugs given at the time
of bronchoscopy could play a part, although only
atropine and diazepam were used systemically, 30
and five minutes respectively, before the procedure.
Although we have shown that lignocaine instilled
into the area to be lavaged does not affect a, anti-
trypsin function in vitro (unpublished observations),
it could cause cellular disruption and release of some
proteinase during the lavage procedure, which does
not occur during sputum collection. Alternatively,
the difference in the inhibitory capacity of a, anti-
trypsin might be due to differences in the local envi-
ronment and cells found at bronchoalveolar and at
bronchial level. In this context the preponderance of
macrophages at bronchoalveolar level may be
important since it is known that macrophage elas-
tase can inactivate a, antitrypsin.26 Further studies
will be necessary before clear conclusions can be
drawn.

In conclusion, we have shown that the variability
of al antitrypsin inhibitory capacity in sputum, both
between and within patients, is large. Steroids alter
the inhibitory capacity of a1 antitrypsin in sputum
and this may have long term implications affecting
the management of patients with proteinase related
lung disease. Bromhexine had no effect on the
inhibitory capacity. Finally, the ability of a, anti-
trypsin to inhibit proteinases is lower in bronchoal-
veolar lavage fluid than in sputum, although the
reason for this is not clear.

RAS was in receipt of grants from the West Mid-
lands Regional Health Authority and the endow-
ment fund. Boehringer Ingelheim provided financial
support for the mucolytic study and the steroid sam-
ples were collected by JA Elliott. We thank SL Hill
for technical assistance and Miss J Downs for typing.

References

'Gross P, Pfitzer EA, Tolker E, Babyok MA, Kaschak M.
Experimental emphysema: its production with papain
in normal and silicotic rats. Arch Environ Health
1964; 11: 50-8.

2 Reilly CF, Travis J. The degradation of human lung elas-
tin by neutral proteases. Biochim Biophys Acta
1980;621: 147-57.

3Tegner H, Ohlsson K, Toremalm NG, Von Mecklenberg
C. Effect of human leukocyte enzymes on tracheal
mucosa and its mucociliary activity Rhinology
1979; 17:199-206.

4 Karlinsky JB, Snider GL. Animal models of emphysema.
Am Rev Respir Dis 1978;117:1109-33.

Jackson AH, Hill SL, Stockley RA. Elastolytic activity
and protein studies of sol-phase sputum from patijnts
with cystic fibrosis. Clin Sci 1981;61:32P (abstract).

6 Hill SL, Stockley RA. Bronchiectasis-infection free or
purulent free? Clin Sci 1982;62:38-9P (abstract).

7Lee CT, Fein AM, Lippmann M, Holtzmann H, Kimbell
P, Weinbaum G. Elastolytic activity in pulmonary lav-
age fluid from patients with adult respiratory distress
syndrome. N Engl J Med 1981;304: 192-6.

8Gadek JE, Hunninghake GW, Fells GA, Zimmerman
RL, Keogh BA, Crystal RG. Evaluation of the
protease-anti-protease theory of human destructive
lung disease. Bull Eur Physiopathol Respir 1980; 16,
suppl:27-40.

9 Eriksson S. Studies in a1-antitrypsin deficiency. Acta
Med Scand 1965; 177, suppl 432: 1-85.

'° Stockley RA, Burnett D. Serum derived protease
inhibitors and leucocyte elastase in sputum and the
effect of infection. Bull Eur Physiopathol Respir
1980;16, suppl: 261-71.

"Blue ML, Janoff A. Possible mechanisms of emphysema
in cigarette smokers. Release of elastase from human
polymorphonuclear leucocytes by cigarette smoke
condensate in vitro. Am Rev Respir Dis 1978;
117:317-25.

12 Carp H, Janoff A. Possible mechanisms of emphysema
in smokers. In vitro suppression of serum elastase
inhibitory capacity by fresh cigarette smoke and its
prevention by anti-oxidants. Am Rev Respir Dis
1978; 118:617-21.

3 Johnson D, Travis J. Inactivation of a, proteinase
inhibitor by thiol proteinases. Biochem J 1977;
163:639-41.

Wiggins J, Elliott JA, Stevenson RD, Stockley RA.
Effect of corticosteroids on sputum sol-phase protease
inhibitors in chronic obstructive pulmonary disease.
Thorax 1982;37:652-6.

,s Gadek J, Fulmer JD, Gelfand JA, Frank MM, Petty TL,
Crystal RG. Danazol-induced augmentation of serum
a, anti-trypsin levels in individuals with marked defi-
ciency of this anti-proteinase. J Clin Invest 1980;
66: 82-7.

16 Stockley RA, Afford SC. The immunological assessment
of alpha, antitrypsin with reference to its function in
bronchial secretions. Clin Sci 1983;65:373-81.

7 McGillivray DH, Burnett D, Afford SC, Stockley RA.
An evaluation of four methods for the measurement
of elastase activity. Clin Chim Acta 1981; 111:289-94.

18 James HL, Cohen AB. Mechanism of inhibition of por-
cine elastase by human a1 antitrypsin. J Clin Invest
1978;62: 1344-53.

515

 group.bmj.com on February 12, 2012 - Published by thorax.bmj.comDownloaded from 

http://thorax.bmj.com/
http://group.bmj.com/


516

9Baumstark JS, Babin DR, Lee CT, Allen RC. Compara-
tive studies on native and elastase inactivated a1
protease inhibitor (a1 antitrypsin). Biochim Biophys
Acta 1980;628:293-302.

20 Hochstrasser K, Albrecht GJ, Schonberger OL, Rasche
B, Lempart K. An elastase-specific inhibitor from
human bronchial mucus. Isolation and characterisa-
tion. Hoppe Seylers Z Physiol Chem 1981;362:
1369-75.

21 Carp H, Miller F, Hoidal JR, Janoff A. Potential
mechanisms of emphysema: a, proteinase inhibitor
recovered from lungs of cigarette smokers contains
oxidised methionine and has decreased elastase
inhibitory capacity. Proc Natl Acad Sci USA
1982;79:2041-5.

22 Gadek JE, Fells GA, Zimmerman RL, Rennard SI.

Morrison, Afford, Stockley

Antielastases of the human alveolar structures: impli-
cations for the protease-antiprotease theory of
emphysema. J Clin Invest 1981;68:889-98.

23 Claman HN. How corticosteroids work. J Clin Immunol
1975;55: 145-51.

24Twumasi DY, Liener IE, Galdston M, Levytska V. Acti-
vation of human leukocyte elastase by human a2 mac-
roglobulin. Nature 1977;267:61-3.

Boudier C, Pelletier A, Pauli G, Bieth JG. The func-
tional activity of a, proteinase inhibitor in broncho-
alveolar lavage fluids from healthy human smokers
and non-smokers. Clin Chim Acta 1983; 132:309-15.

26 Banda MJ, Clark EJ, Werb Z. Limited proteolysis by
macrophage elastase inactivates human a,-proteinase
inhibitor. J Exp Med 1980; 152:1563-70.

 group.bmj.com on February 12, 2012 - Published by thorax.bmj.comDownloaded from 

http://thorax.bmj.com/
http://group.bmj.com/


doi: 10.1136/thx.39.7.510
 1984 39: 510-516Thorax

 
H M Morrison, S C Afford and R A Stockley
 
drugs.
variability and the effect of
antitrypsin in lung secretions: 
Inhibitory capacity of alpha 1

 http://thorax.bmj.com/content/39/7/510
Updated information and services can be found at: 

These include:

References
 http://thorax.bmj.com/content/39/7/510#related-urls

Article cited in: 

service
Email alerting

online article.
thearticle. Sign up in the box at the top right corner of 

Receive free email alerts when new articles cite this

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 12, 2012 - Published by thorax.bmj.comDownloaded from 

http://thorax.bmj.com/content/39/7/510
http://thorax.bmj.com/content/39/7/510#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://thorax.bmj.com/
http://group.bmj.com/

