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carcinoma of the bronchus and mesothelioma of the pleura.
Asbestos bodies were found in the lungs of about 20% of
patients dying with carcinoma of the lung. They were found
in more than 80% of men dying of mesothelioma of the pleura.
A history of an industrial occupation with exposure to

asbestos was obtained from relatives, neighbours, or friends of
about three-quarters of patients in whom asbestos bodies were
found in the lungs at necropsy. Such a history was obtained
for one-quarter of patients in whom asbestos bodies were not
found in the lungs at necropsy.

It is concluded that there is evidence that exposure to
asbestos, even though it may have been transient and many years
previous, is an important factor in the aetiology of mesothelioma
of the pleura. This conclusion gives cause for anxiety because
of the increasing commercial use of asbestos.
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Serum Adenosine Deaminase in the Differential Diagnosis of Jaundice
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The ability of most tissues of higher animals to convert
adenosine to inosine and ammonia is due to a specific enzyme,
adenosine deaminase. This enzyme was detected in whole
blood and serum by Conway and Cooke (1939).

After the demonstration of elevated serum adenosine
deaminase activity in tumour-bearing animals (Straub et al.,
1957) and in huiman patients with bronchial carcinoma
(Letnansky and Seelich, 1958) a study was made of serum
adenosine deaminase activity in human patients suffering from
a variety of malignant and non-malignant diseases (Koehler
and Benz, 1962). The last of these authors reported a signi-
ficant but non-diagnostic elevation of serum adenosine
deaminase activity in the malignant group. On the other
hand, the highest activities in the series were found among
patients with infectious mononucleosis and hepatitis.
The present report concerns an investigation of serum

adenosine deaminase activity in a large group of patients with
and without jaundice, and it has been found that the estima-
tion is of value in distinguishing between jaundice due to
obstructive and hepatocellular causes.

Materials and Methods

Four categories of patient were studied.
Group A.-This group consisted of 52 healthy blood donors and

patients prior to elective operations for herniae and varicose veins.
Sex incidence was males 34 and females 18, and ages ranged from
2 to 79 years.

Group B.-This group consisted of 50 patients suffering a variety
of primary diseases, in the course of which the clinician suspected
hepatic complications, but in whom neither jaundice nor any other
clinical or laboratory parameter of such complications was detected
after careful investigation. The cases were distributed as follows:
cancer 22 ; myocardial infarction 4; congestive cardiac failure 4;
reticuloses 4; muscular dystrophy 3 ; miscellaneous gastro-intestinal
disorders 10; chronic alcoholism 3.

Group C.-This group consisted of 58 jaundiced patients in whom
the cause was clearly obstructive. Cases with radiological evidence
of stones in the biliary tract, or of hepatomegaly in known cancer
cases, were included if the biochemical data were diagnostic. In all
other cases within this group (48) the diagnosis was established
at laparotomy or necropsy. In 30 cases the obstruction was asso-
ciated with malignancy. The remainder were cases of cholelithiasis
with or without associated cholecystitis.
Group D.-This group consisted of 55 jaundiced patients in

whom the cause was clearly hepatocellular. This was established
by histological examination in 28. The remainder were cases of
infectious hepatitis and cirrhosis showing the classical clinical and
laboratory features of these conditions, together with four cases of
acute jaundice following administration of known hepatotoxic drugs
(chlorpromazine, two cases; para-aminosalicylic acid, two cases)
subsiding on withdrawal of the suspected agent. In this group there
were 26 cases of portal cirrhosis, 15 cases of infectious hepatitis,
4 cases of biliary cirrhosis, and 6 cases of miscellaneous subacute or
chronic hepatocellular affections.
Serum adenosine deaminase activity was measured by a

spectrophotometric method based on that of Solomon (1960).
The optical density of a solution containing 20 ,ug. of
adenosine per ml. of 0.1 M phosphate buffer pH 7 was read
at 265 m/u in a 1-cm. light path immediately after addition of
serum (0.05 ml./3 ml. buffer-substrate mixture) and again
after incubation at 370 C. for one hour, the spectrophotometer
being set at zero, using 0.05 ml. of serum in 3 ml. of 0.1 M
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phosphate buffer pH 7 as a blank which was incubated in
parallel with the test solution. The units given in this com-

munication represent the fall in optical density under the
above conditions multiplied by 10:3, and may be converted
into International Units ([um adenosine deaminated/min./litre
serum) by multiplying by the factor 123. In the present

communication the results of only the first analysis (mean of
duplicates) is shown where more than one analysis was carried
out on the same patient, together with data derived from the
same serum specimen.
The following estimations were also carried out: Bilirubin

(Malloy and Evelyn, 1937), alkaline phosphatase (King,
Haslewood, Delory, and Beall, 1942), thymol turbidity
(Maclagan, 1944), and zinc sulphate turbidity (Kunkel, 1947).

Results

Fig. 1 summarizes the values for serum adenosine
deaminase activity in the present series. No differences
referable to age or sex were discernible within group A. The
individual values for serum adenosine deaminase activity of
patients in group B overlap those of group A. The only two
cases in group B exceeding a value of 50 units per 0.05 ml. had
pyrexia, cachexia, and lymphadenopathy, and were thought to
belong to the reticuloses. However, the difference in the
mean values for groups A and E is significant (0.05>P>0.01).
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FIG. 1.-Distribution of serum adenosine deaminase activity
(unit/0.05 ml.) in four groups of present series.

The mean for the obstructive group is significantly higher
than that for group A (P<0.01) and group B (0.05>P>0.01),
but only nine cases exceed an activity of 50 units/0.05 ml.-
five of these had malignant infiltration of the liver, and four
had cholelithiasis, with associated cholecystitis, the condition
having progressed to an empyema of gall-bladder in one case.

Analysis of those cases in group C in which the serum adenosine
deaminase activity lay below 50 units/0.05 ml. showed a

tendency for those with a malignant cause (mean 42.4 units/
0.05 ml.) to exhibit a higher value than those with a non-

malignant cause (mean 37.5 units/0.05 ml.) but the difference
was not significant in the present series.
With few exceptions, the patients with hepatocellular jaun-

dice had values for serum adenosine deaminase activity in
excess of 50 units/0.05 ml., and the difference in the mean

value from that of the other three groups is highly significant
(P<0.001). Of those patients in group D who failed to exceed
this value two were cases of secondary biliary cirrhosis, one

was a case of cardiac cirrhosis, three had compensated portal
cirrhosis with normal serum transaminases, and three were

cases of active portal cirrhosis with high serum transaminases.
While the serum adenosine deaminase tended to be higher
among patients with early severe infectious hepatitis and the
terminal stages of portal cirrhosis, the highest value (315 units/
0.05 ml.) was found in a patient with cirrhosis and ascites, in
whom the serum bilirubin was 2.3 mg./100 ml., and the serum

transaminases were normal.
A correlation of the data for serum alkaline phosphatase

with the value for serum adenosine deaminase activity is
presented in Fig. 2. Results show a wide scatter, the cor-

relation being a negative one with a value for the correlation
coefficient r= -0.502.
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FIG. 2.-Correlation of serum adenosine deaminase activity
with serum alkaline phosphatase activity in patients with ob-

structive and hepatocellular jaundice.

Figs. 3 and 4 show the correlation between serum adenosine
deaminase activity on the one hand and serum thymol and
zinc sulphate turbidities respectively on the other. In both
instances the correlation is positive, the values for r being
0.311 and 0.518 respectively. Considering the diagnostic
relationship between serum adenosine deaminase and serum
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thymol turbidity, it will be seen that 50 cases had both tests
normal, 31 had both tests abnormal, and 25 had only one test
abnormal. Similarly, on comparing serum adenosine
deaminase with serum zinc sulphate turbidity it will be seen
that 40 cases had both tests normal, 41 had both tests abnormal,
and 28 had only one test abnormal.
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The correlation of serum adenosine deaminase activity with
serum bilirubin was highly complex, depending upon the
disease process concerned, and the stage that had been reached
at the time of examination. In general, the following sum-
mary applies. (a) Obstructive jaundice: no correlation what-
ever could be found. (b) Infectious hepatitis : the serum
adenosine deaminase reaches a peak of activity before the
serum bilirubin, so that in most cases during the first few
days of observation the serum adenosine deaminase activity
declines while the serum bilirubin is still rising. (c) Compen-
sated cirrhosis: no correlation could be found. (d) Uncom-
pensated or terminal cirrhosis: there is usually a steady increase
in serum adenosine deaminase activity in parallel with a rising
serum bilirubin concentration.

Discussion

The results of this investigation show a normal range for
serum adenosine deaminase activity of 0-43 units/0.05 ml.
However, a value of 50 units/0.05 ml. would seem to be a
more useful criterion for the separation of obstructive from
hepatocellular jaundice, since only 9 out of 58 patients with
the former diagnosis exceeded this value, and only 9 of 55
cases with the latter diagnosis failed to exceed this value in
the first specimen examined. Moreover, only 2 of 50 ill non-
icteric patients exceeded 50 units/0.05 ml for serum adenosine
deaminase activity. The higher mean for group B is likely
to be due to the large number of cancer patients in this group,
since Koehler and Benz (1962) found a significantly higher
mean in cancer patients compared with patients free of malig-
nant and hepatic disease. Even when the two exceptional
cases are omitted, the difference in the mean between group
A and B is still significant at the 5 % level of confidence.

It is not surprising that the serum adenosine deaminase
appears to correlate negatively with alkaline phosphatase
activity (Fig. 2) since this index shows the highest elevation

in obstructive jaundice. Thus biliary obstruction does not
seem to play a predominant part in the mechanism of serum
adenosine deaminase elevation.
The correlation of serum adenosine deaminase activity with

thymol and zinc sulphate turbidities is a positive one (Figs. 3
and 4), but the enormous variability and the low values for r
make it unlikely that the qualitative and quantitative changes in
serum proteins responsible for the latter abnormalities
(Maclagan and Bunn, 1947) are also responsible for the
increased serum adenosine deaminase activity. The precise
mechanisms involved must await further study.
Twelve cases in group C had alkaline phosphatase activities

of less than 20 units/100 ml.; three had thymol turbidities
greater than 4 units; and 12 had zinc sulphate turbidities
greater than 10 units. Thirteen cases in group D had alkaline
phosphatase activities greater than 30 units, 16 had thymol
turbidities less than 4 units, and eight had zinc sulphate
turbidities less than 10 units.

Since these represent anomalous findings on the basis of
generally accepted criteria for discriminating between
obstructive and hepatocellular jaundice, it seems justifiable to
compare the "failure rate" of serum adenosine deaminase
(18 cases) with that of alkaline phosphatase (25 cases), thymol
turbidity (19 cases), and zinc sulphate turbidity (20 cases), in
this series of 113 patients. This is not to imply that serum
adenosine deaminase has equal value with these long-
established tests. On the contrary, the diagnosis can usually
be reached by combining conventional laboratory procedures
with sound clinical judgment. But in a minority of cases the
serum adenosine deaminase assay may prove useful, particu-
larly when the problem is to distinguish between obstruction
and cirrhosis, and when the distinction cannot be made by
existing biochemical methods.

Summary

Serum adenosine deaminase was estimated by a spectro-
photometric method in over 200 subjects. Elevation of
enzyme activity, outside the normal range, was found in
approximately 85% of cases with hepatocellular jaundice, in
15% of cases with obstructive jaundice, and in 4% of cases
suffering a variety of illnesses but in whom the hepato-biliary
system was not affected. While the estimation of serum
adenosine deaminase activity is unlikely to prove superior to
existing procedures for the diagnosis of acute hepatitis, it is
suggested that this estimation may have a useful part to play
in distinguishing between biliary obstruction and chronic
hepatitis.

I wish to thank Dr. E. B. Hendry for his encouragement of this
work and his criticism of this manuscript.
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