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No response could be induced in 50% of the patients in the
present series despite the use of steroids and cyclophosphamide
alone or in combination. Failure to respond to steroids in
mercury-induced nephrotic syndrome has been recorded pre-
viously (Cameron and Trounce, 1965). Certainly in considera-
tion of world-wide experience of the adult nephrotic syndrome
the prognosis for most patients is poor (Miller et al., 1969).
Lack of response to therapy is believed by McIntosh et al. (1971)
to relate to immune complex deposition in the glomeruli. In
view of the known prevalence of this phenomenon in adult
nephrotics (British Medical Journal, 1970), the poor prognosis
in a significant proportion of patients can thereby be explained.
The group of patients presented are considered to represent a

different spectrum of the adult nephrotic syndrome from that of
common previous experience, in that most ofthem are thought to
have developed as a result of exposure to self-administered
mercury. This situation is believed to be entirely avoidable.
We subscribe to the view expressed by Turk and Baker (1968)
that "there remains no reason for ever prescribing mercury for
topical use."

We wish to thank Miss Prafula Damani and Mrs. Muthoni
Karimi for expert technical help; the physicians of the Kenyatta
National Hospital for referring patients under their care for study;
Professor W. F. M. Fulton for continued advice -and encourage-
ment; and Dr. J. C. Likimani, Director of Medical Services,
for permission to publish.

References
Barr, R. D., Woodger, B. A., and Rees, P. H. (1972). To be published.
Becker, C. G., Becker, E. L., Maher, J. F., and Schreiner, G. E. (1962).

Archives of Internal Medicine, 110, 178.
Black, D. A. K., Rose, G., and Brewer, D. B. (1970). British MedicalJournal,

3, 421.
Blainey, J. D., Brewer, D. B., Hardwicke, J., and Soothill, J. F. (1960).

Quarterly Journal of Medicine, 29, 235.
British Medicalj7ournal, 1970, 1, 448.
Burston, J., Darmandy, E. M., and Stranack, F. (1958). British Medical

Journal, 1, 1277.
Cameron, J. S. (1966). British Medical_Journal, 2, 933.

Cameron, J. S. (1970). British Medical,Journal, 4, 350.
Cameron, J. S., Glasgow, E. F., Ogg, C. S., and White, R. H. R. (1970).

British Medical,Journal, 4, 7.
Cameron, J. S., and Trounce, R. R. (1965). Guy's Hospital Report, 114, 101.
Clennar, G. (1958). British Medical_Journal, 1, 1544.
Derow, H. A., and Wolff, L. (1947). American Journal of Medicine, 3, 693.
Fanconi, G., Botsztejn, A., and Schenker, P. (1947). Helvetica Paediatrica

Acta, 2, Suppl. No. 4, p. 3.
Fawcett, I. W., Hilton, P. J., Jones, N. F., and Wing, A. J. (1971). British

Medical_Journal, 2, 387.
Goldberg, D. M., and Clarke, A. D. (1970). Journal of Clinical Pathology, 23,

178.
Kark, R. M., Pirani, C. L., Pollak, V. E., Muehrcke, R. C., and Blainey, J. D.

(1958). Annals of Internal Medicine, 49, 751.
Kazantsis, G., Asscher, A. W., and Schiller, K. F. R. (1963). Lancet, 1, 391.
Kazantsis, G., Schiller, K. F. R., Asscher, A. W., and Drew, R. G. (1962).

Quarterly journal of Medicine, 31, 403.
Kibukamusoke, J. W., and Hutt, M. S. R. (1967).Journal ofClinicalPathology.

20, 117.
Kibukamusoke, J. W., Hutt, M. S. R., and Wilks, N. E. (1967). Quarterly

Journal of Mecidine, 36, 393.
Kibukamusoke, J. W., and Voller, A. (1970). British Medicaljournal, 1, 406.
Lane, R. E. (1954). British Medical_Journal, 1, 978.
Lindstedt, G. (1970). Analyst, 95, 264.
McIntosh, R. M. et al. (1971).QuarterlyJournal of Medicine, 40, 385.
Mandema, E., et al. (1963). Lancet, 1, 1266.
Miller, R. B., Harrington, J. T., Ramos, C. P., Relman, A. S., and Schwartz,

W. B. (1969). AmericanJournal of Medicine, 46, 919.
Munck, O., and Nissen, N. I. (1956). Acta Medica Scandinavica, 153, 307.
Ngu, J. L., and Blackett, K. (1970). Journal of Tropical Medicine and Hygiene,

73, 250.
Preedy, J. R. K., and Russell, D. S. (1953). Lancet, 2, 1181.
Rees, P. H., Barr, R. D., Cordy, P. E., and Voller, A. (1972). To be pub-

lished.
Riddle, M., Gardner, F., Beswick, I., and Filshie, I. (1958). British Medical

J'ournal, 1, 1274.
Sharpstone, P., Ogg, C. S., and Cameron, J. S. (1969). British Medical

journal, 2, 533.
Silverberg, D. S., McCall, J. T., and Hunt, J. C. (1967). Archives of Internal

Medicine, 120, 581.
Strunge, P. (1970). J'ournal of Occupational Medicine, 12, 178.
Thayer, J. M., Gleckler, W. J., and Holmes, R. 0. (1961). Annals of Internal

Medicine, 54, 1013.
Turk, J. L., and Baker, H. (1968). British Journal of Dermatology, 80, 623.
Van den Broek, H., and Han, M. T. (1966). New EnglandJournal ofMedicine,

274, 210.
Wall, H., and Rhodes, C. (1966). Clinical Chemistry, 12, 837.
Warkany, J., and Hubbard, D. M. (1948). Lancet, 1, 829.
Warren, D. E. (1965). Archives of Dermatology, 91, 240.
White, R. H. R. (1967). Proceedings of the Royal Society ofMedicine, 60, 1164.
Wilkinson, R., and Eccleston, G. W. (1970). British Medical3Journal, 2, 772.
Wilson, V. K., Thomson, M. L., and Holzel, A. (1952). British Medical

J7ournal, 1, 358.

Veno-arterial Difference in a i-Antitrypsin Levels
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Summary

a1-Antitrypsin levels, determined by radial immuno-
diffusion, were found to be higher in the venous than in the
arterial blood of patients with pulmonary infections and
in patients with obstructive airflow diseases. Large
differences occurred in patients with both abnormalities.
No difference was found in patients with other kinds of
lung disease or in patients without lung disease. The
veno-arterial difference probably occurs as blood passes
through the lungs and probably results from alteration
of the immunological properties of the aoc-antitrypsin,
perhaps by attachment to proteases, rather than ab
sorption into the lung tissue. Further studies are needed
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to define the diseases in which this antienzyme plays an
active part and to determine the mechanisms causing the
difference.

Introduction

Laurell and Eriksson (1963) and Eriksson (1964) first described
an association between low levels of serum aq-antitrypsin and
pulmonary emphysema. Eriksson pointed out that there are
several sources of protease in the lung, including bacteria,
leucocytes, and alveolar and peribronchiolar macrophages, and
he postulated that cc-antitrypsin protects the normal lung
against the destructive action of proteolytic enzymes. Since
then it has been shown that ao-antitrypsin forms firm proteo-
lytically inactive complexes with proteases and elastase from
leucocytes (Ohlsson, 1971).

Alternatively, it has been proposed (Hunter et al., 1968) that
in normal ageing there is a metabolic turnover of connective
tissue with a gradual enlargement of alveolar spaces and this is
accelerated in the absence of aoc-antitrypsin. Both of these
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Details of Patients with Lung Disease

Case Lun
a,-Antitrypsin Percentage Predicted

No. Sex Age Diagnosis Infecton Venous Arterial V -A

I mg/ 1100 ml v ~~~~~~% VC FEV, FRC
l l l ~~~~~~~~~~~~mg/lO0Oml V ll

1 M 62 Chronic airflow obstruction +- asthma Yes 423 353 16-6 64 33 147
2 M 76 Chronic airflow obstruction + scleroderma Yes 391 331 15-4 81 24 161
3 M 65 Chronic airflow obstruction + scleroderma Yes 522 333 36-0 99 66 110
4 M. 54 Chronic airflow obstruction No 346 301 13-0 40 10 169
5 M 50 Asthma - tuberculosis No 318 300 5-7 94 44 143
6 M. 45 f Chronic airflow obstruction + tuberculosis Yes 522 500 10 72 65 -

Chronic airflow obstruction A tuberculosis No 424 381 10 102 65 131
7 M. 42 Emphysema + pneumonia Yes 660 414 37 68 50 120

Emphysema No 431 379 12 86 60 120
8 Lobectomy 4- pneumonia Yes 479 303 37 - - -8 M. 62 Lobectomy No 447 393 12 70 55 170

9 M. 57 Chronic airflow obstruction No 331 288 13-0 77 61 121
10 M. 48 Asthma No 305 305 0 78 35 116
11 F. 26 Asthma No 381 321 15-7 - - -

12 M. 43 Asthma No 322 303 5-9 79 32 128
13 M. 52 Chronic airflow obstruction No 318 299 6-0 129 58 138
14 M. 54 Chronic airflow obstruction No 431 405 6-0 52 27 139

15 M. 62 Diffuse interstitial fibrosis (inactive) No 372 390 -4-8 73 59 117
16 M. 45 Sarcoidosis No 282 282 0 66 33 85
17 M. 38 Sarcoidosis No 241 233 3-3 70 45 82
18 M. 63 Asbestosis No 342 342 0 99 51 104
19 M. 45 Pigeon breeder's lung Yes 348 340 2-3 70 23 142
20 M. 57 Inactive tuberculosis No 318 318 0 94 65 106
21 M. 48 Scleroderma No 221 221 0 70 63 81
22 F. 57 Carcinoma lung No 312 317 -1-6 90 89 80
23 M. 54 Carcinoma lung No 403 403 0 98 57 109

f Lobar pneumonia Yes 492 470 4-5 - - -
24 F. 54 ^ No lung disease No 383 383 0 88 84 120
25 F. 41 Lobar pneumonia Yes 440 420 5-3 - - -

hypotheses suggest that ao-antitrypsin has a direct function
in lung tissue though its concentration there is not known.

If aot-antitrypsin has a protective role in the lung, then, in
diseases in which proteases are excessive or metabolic turnover
of connective tissue is increased, not only may increased serum
levels of at1-antitrypsin occur but larger than normal amounts of
a,-antitrypsin may be removed from or altered by the blood
in the lungs. This would result in lower levels in the systemic
arterial than in the systemic venous blood. We present the pre-
liminary results of a study of the venous and arterial levels of
immunodiffusion determined ax-antitrypsin in patients with
different lung diseases.

Present Investigation

Blood was obtained from 25 patients with lung disease under-
going routine lung function assessment and from nine patients
without lung disease undergoing cardiac catheterization.
Measurements were made on two occasions in four ofthe patients
with lung disease. The physical characteristics and clinical
diagnoses of the patients with lung disease are shown in the
Table. The cardiac patients were judged free from lung disease
if they had no cough and the lung fields were clear on chest
radiography.
The arterial and venous blood samples were collected in glass

tubes, allowed to clot, and the serum was separated by centri-
fugation. The two samples were collected within five minutes of
each other from opposite arms and tourniquets were not used.
Immunologically active xc-antitrypsin was measured by radial
immunodiffusion as described by Mancini et al. (1964) using
partigen plates. The standard deviation of this measurement,
tested by putting the same serum into 18 wells on two plates,
was shown to be 4.7 mg/100 ml, for a mean value of 277 mg/
100 ml. Vital capacity (VC) and forced expiratory volume in one
second (FEV1) were recorded on a Godart spirometer and
functional residual capacity (FRC) was measured by the closed-
circuit helium dilution method.

Results

The immunodiffusion values for acz-antitrypsin in the venous
and arterial bloods of the patients with lung disease together
with the difference between the two values, expressed as a

percentage of the venous level, and the lung function results
are given in the Table. All but two of the patients with infection
had venous levels of m1-antitrypsin above the normal limit of
400 mg/100 ml. Four of those without infection had raised
levels. The veno-arterial differences were largest in patients with
infection but not all patients with infection had significant
differences.

Fig. 1 shows the veno-arterial mt-antitrypsin difference
expressed as a percentage of the venous level in patients with
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FIG. 1-Veno-arterial difference in oa,-antitrypsin expressd as a percentage
of the venous level in three groups of patients without lung infection. The
mean values for each group are shown.

obstructive airflow disease and other lung diseases without lung
infection. The difference in the patients without lung disease
is also shown. The venous level of m1-antitrypsin in all these
patients was normal.
The mean percentage difference in the group with obstructive

airflow disease without infection was 9 9 (range 0 to 15.7).
This was significantly different from the group with non-
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obstructive lung disease where the mean difference was 0 4%
(P < 0 001) and the control group where the mean difference
was -1-0% (P < 0 001).
In Fig. 2 the veno-arterial difference is plotted against FRC,

expressed as a percentage of the predicted value in the patients
with lung disease without pulmonary infection. There is a
significant relation between the degree of overinflation and the
veno-arterial difference (r = 0-676, P < 0 01).
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FIG. 2-Veno-arterial difference in an-antitrypsin expressed as a percentage
of the venous level, related to functional residual capacity in patients without
lung infection. The dots indicate patients with airflow obstruction, the open
circles indicate patients with other lung diseases.

In patients without lung infection the mean venous level of
cc1-antitrypsin in the group with airflow obstruction was 369
mg/100 ml, which is significantly greater than in those with
other lung diseases (mean 319 mg/100 ml) or those without lung
disease (mean 303 mg/100 ml).

Discussion

The radial immunodiffusion method of quantitating x-
antitrypsin has proved valuable but the method has fallacies.
A reading which is less than expected indicates that less x,-
antitrypsin has been detected and may mean that there is less
present, that its antigenic properties have been altered, or that
its molecular weight has changed, for example by polymeriza-
tion or absorption, to a protein molecule such as a protease.
Although at the present time we have no direct evidence

that the veno-arterial difference is in fact a difference across the
lung, this seems the most likely explanation for our findings.
Lieberman (1971) has some evidence that the al-antitrypsin is
cleared from the blood by the lungs.

If the veno-arterial difference does occur across the
lung, it seems unlikely that as much as 100 mg/100 ml or more
of the antienzyme is removed and more likely that its antigenic

properties or molecular weight are altered in the lungs. If this
occurs, however, the xL-antitrypsin must be immunologically
or molecularly reconstituted during the passage of blood through
the peripheral limb tissues.

If, as Eriksson (1964) postulated, oc1-antitrypsin is needed to
inhibit protease activity in macrophages and leucocytes, patients
with lung infections might have higher venous than arterial
levels of x,-antitrypsin. Initially this study was undertaken to
see if differences could be detected in patients with lung infec-
tions. Somewhat surprisingly some of the patients studied had
very large differences and after the infection was resolved a
small veno-arterial difference persisted. Since these patients also
had underlying chronic airflow obstruction, patients with ob-
structive airflow disease without evidence of infection were
studied and they too proved to have differeiices. The investiga-
tion was then extended to include patients with other kinds of
lung disease and it soon became apparent that patients without
evidence of airways obstruction had little or no difference.

In the present study two patients had lung infection without
underlying obstructive airflow disease and although their venous
levels were raised, the veno-arterial difference was not great in
either patient. Most of the patients with airflow obstruction
but no infection had only moderate differences. However, a
combination of chronic airflow obstruction and lung infection
was associated with very large differences, which decreased as
the infection was treated in the three patients whose studies were
repeated.
Hunter et al. (1968) proposed that a,-antitrypsin is active in

the normal turnover of connective tissue in the lung and that
there is a gradual increase in the size of alveolar spaces with age
which is greatly accelerated in patients with reduced amounts
of the inhibitory enzyme. It could be postulated that over-
inflation accelerates metabolic turnover, so that in diseases
leading to overinflation more oc,-antitrypsin is required to
inhibit the excessive breakdown ofconnective tissue. The correla-
tion between the veno-arterial x,-antitrypsin difference and
FRC shown in Fig. 2 supports such a theory as does the fact
that the mean venous level was higher in patients with obstruc-
tive airflow disease.
The present observations suggest that x,-antitrypsin may be

important in protecting the lung not only in pulmonary infec-
tions but also in diseases causing overinflation of the lungs. It is
possible that it acts as a transport system, renewing potentially
destructive proteases from the lung. Further studies of the
ox-antitrypsin levels in pulmonary arterial and venous blood
and of the molecular and immunological properties of cx,-
antitrypsin in patients with different iung diseases are needed to
define the meaning of the difference.

References
Eriksson, S. (1964). Acta Medica Scandinavica, 175, 197.
Hunter, C. C., Pierce, J. A., and La Borde, J. B. (1968). J7ournal of the

American Medical Association, 205, 23.
Laurell, C. B., and Eriksson, S. (1963). ScandinavianJournal of Clinical and

Laboratory Investigation, 15, 132.
Lieberman, J. (1971). American Review ofRespiratory Diseases, 103, 907.
Mancini, G., Vaerman, J. P., Carbonara, A. P., and Heremans, J. F. (1964).

In Protides of the Biological Fluids. Proceedings of the 11th Colloquium,
p. 370. New York, Elsevier.

Ohlsson, K. (1971). ScandinavianJournal ofClinical and Laboratory Investiga-
tion, 28, 225.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5806.134 on 15 A
pril 1972. D

ow
nloaded from

 

http://www.bmj.com/

