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MANY serum enzymes have been studied in
relation to malignant neoplasia. Some of those

which have received recent clinical attention in-
clude acid and alkaline phosphatase, lactic dehy-
drogenase, phosphohexoisomerase, leucine amino-
peptidase, aldolase and ribonuclease. None of the
enzymes studied is completely reliable for the
diagnostic appraisal of malignant conditions, and
all serum enzymes studied to date are known to
be influenced by conditions other than malignancy.
We have investigated alterations in serum lactic

dehydrogenase, leucine aminopeptidase and 5-
nucleotidase in patients with a number of patho-
logical states, and this report is concerned with
the altered serum values encountered in pancreatic
and hepatobiiary disease with particular reference
to the diagnostic value of combined lactic dehy-
drogenase (LDH) and leucine aminopeptidase
(LAP) estimations in the diagnosis of carcinoma
of the pancreas.

Lactic dehydrogenase activity is known to be
elevated in conditions associated with muscle and
hepatic necrosis, but it has also been shown that
such necrosis is not necessary for the passage of
this enzyme from the intracellular to the extra-
cellular environment.' It has been established in
experiments with transplantable tumours that good
correlation exists between increasing lactic dehy-
drogenase values and growth of the tumour,2 and
elevated serum levels are frequently encountered
clinically in subjects with various malignant states.3
The value of leucine aminopeptidase estimations
remains controversial. This enzyme is known to be
affected by biliary obstruction, but serum LAP
levels may also be elevated in the presence of
hepatic disease.4 Some comparisons with serum
alkaline phosphatase and 5-nucleotidase are in-
cluded for comparative purposes. The latter en-
zyme is a specific form of phosphatase which is
affected only in hepatobiliary diseases.5'6

MATERIALS AND METHODS

Enzyme estimations were carried out on non-
hemolyzed serum or plasma. Determinations were
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ABSTRACT
Serum lactic dehydrogenase, leucine ami-
nopeptidase, 5-nucleotidase and alkaline
phosphatase activities were investigated in
a number of diseases involving the hepato-
biliary system.

Leucine aminopeptidase was found to be
a sensitive indicator of biliary obstruction,
serum 5-nucleotidase slightly less sensitive,
and alkaline phosphatase appreciably less
sensitive. Leucine aminopeptidase and 5-
nucleotidase activities were often increased
by malignant infiltration of the liver and
primary hepatic disease even in the absence
of jaundice.
Serum lactic dehydrogenase was fre-

quently increased in primary hepatic disease
and malignant disorders but was not
apparently affected by bile duct obstruction
per se. Thirty-five of 45 patients with
proved malignancy had increased lactic de-
hydrogenase levels.
The highest leucine aminopeptidase levels

were encountered in carcinoma of the head
of the pancreas, The frequent increase in
both serum lactic dehydrogenase and
leucine aniinopeptidase activities in patients
with carcinoma of the head of the pan-
creas suggests that these combined estima-
tolls are useful laboratory procedures in
the diagnosis of malignant extrahepatic
obstruction.
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TABLE 1.-SERUM ENZYMES IN CARCINOMA OF THE HEAD OF THE PANCREAS

Enzymes (units/100 ml.)
Bilirubin
(mg.%)Alk. P'tase A-S-P LDH LAP

Normal
range 0-1 5.6-10.8 0.4-1.8 180-306 80-830 Remarks

Case
C.Ma.
P.
A.Fa.
C.Mo.
U.M.
J.P.
R.
C.N.
S.B.
M.P.
D.J.
M.M.
D.C.
T.Su.
I.H.
J.H.
W.T.
S.C.
E.Ch.
E.Ch.
T.Sa.
T.Sa.
A.Fo.
A.Fo.
C.S.
C.S.
H.A.
H.A.
J.D.
J.D.
L.S.
L.S.
L.S.

18.8
19.3
57.0
18.0
14.8

1.0
5.1
19.3
2.3
7.4
16.2
8.0
7.0
17.0

35.0
19.1
2.0
10.2
8.5

25.0

7.2
21.7
13.3
3.3
31.0
0.8
12.8

12.4

19.0

10.8
24.8
19.6
21.5
25.0
14.8
24.0

17.3
10.5

21.0
21.0
14.6

1.8

2.8

5.8
4.8
7.4
5.0
3.6
7.4
16.2

1.9

3.7
1.3

8.7
4.2
4.2

456
204
625
818
450
564
857
197
503
495
1010
412
441
646
785
320
169
550
540
785
774
637
485
450
92

124
195
185
135
460
365
310

360
1286
588
882
1124
1300
1493
1360
1837
867
1558
1543
1720
633
573
1411
963
522
1029
588
543
1492
1143
241
492
639
1323
1239
757
147
808
419
61

Pancreatectomy
Gland metastases only

" "

" "

'' ''

No metastases, previous bypass operation
Gland metastases, bypass operation
Gland metastases
PanCreateCtomy
Gland metastases

Bypass
No metastases
Gland metastases, bypass and biliary cirrhosis
Jaundice, liver metastases
No metastases
Gland metastases
Four weeks postoperative
Gland metastases, bypass
Eleven weeks postoperative
Gland metastases, bypass
Six weeks postoperative
Gland metastases
Two weeks later
Pancreatectomy
Three weeks postoperative
Gland metastases, bypass
Three weeks postoperative
Pancreatectomy
One month postoperative
Seven weeks postoperative

Alk. P'tase = Alkaline phosphatase.
A-S-P = 5-nucleotida.e.

and determining the phosphorus liberated after
a one-hour incubation period. The results are ex-
pressed as units of activity, one unit being equiva-
lent to 1 mg. of phosphorus. Normal levels were
found to range from 0.4 to 1.2 per 100 ml. with
a mean value of .85 units.

Alkaline phosphatase estimations were carried
out using a B-glycerop'hosphate substrate at a pH
of 9.5 and a one-hour incubation period. The ex-
pression of units was the same as that for 5-nucleo-
tidase. Normal values were found to range from
5.6 to 10.8 per 100 ml. with a mean value of 8.3
units.
The diagnosis of all cases of malignancy was

established by operation or autopsy and confirmed
by microscopic examination of tissues. The diag-
nosis of non-malignant conditions was established
by the usual clinical criteria and in some instances
also by laparotomy and punch biopsy of the liver.

RESULTS

Carcinoma of the Head of the Pancreas
The results for serum bilirubin determinations

and the various enzyme estimations for a group
of patients with cancer of the head of the pancreas
are shown in Table I. All patients in this group
had jaundice at the time of the initial estimation,

LDH = Lactic dehydrogenase.
LAP = LAucine aminopeptidase.

with one exception (CN). This patient had pre-
viously had a bypass operation elsewhere and was
referred for pancreatectomy. It is noteworthy in
this group that all enzyme estimations, with the
exception of the LDH, were significantly elevated
in every instance. The diagnosis of all cases in
this group was established at operation by histo-
logical examination of tissue. It can be readily
seen that although the serum bilirubin and serum
LAP were both elevated,' there is no correlation
between the degree of hyperbilirubinemia and the
increased serum LAP activity. LAP levels prior
to any surgical intervention were abnormal in every
instance and ranged from 360 to 1837 units, with
a mean of 1008. The alkaline phosphatase and 5-
nucleotidase activities were increased to some de-
gree in every instance in which these estimations
were carried out. 5-Nucleotidase values showed
much greater proportional increases over the normal
than alkaline phosphatase values, levels ranging
from 1.8 to 16.2 units prior to operation, with a
mean value of 5.5. Calculation of the coefficient of
correlation for the 5-nucleotidase and LAP activities
indicated negligible correlation between the activity
of these enzymes (P = 0.047). In contrast to the con-
stant abnormalities noted in the above-mentioned
enzymes, a number of normal LDH values were
encountered. Levels ranged from 92 to 1010 units
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and the mean value for the group was 487. Twenty
patients showed elevated levels, two of the patients
showing higher levels three and four weeks follow-
ing bypass operations even though obstruction
was absent, as evidenced by the decreased serum
biirubin and alkaline phosphatase. Four of the
seven patients with no metastases at operation had
normal LDH values. Repeat estimations in six pa-
tients after pancreatectomy or procedures for the
relief of obstruction revealed decreased LAP
values in all but one; in the latter case (TSa)
there had been a recurrence of jaundice. The LAP
fell to normal in two instances. Four of the pa-
tients had elevated LDH values before surgery
and two showed some lowering subsequently.

TABLE 111.-SERUM ENZYMES IN OBSTRUCTIVE JAUNDICE FROM CALCULI

Enzymes (units/100 ml.)

Case

W.B.
R.W.
M.D.
C.C.
D.D.L.
F.L.
C.o.
S.L.
S.L.

MR.
M.R.

Alk.
P't.ase

20.4
19.6
22.0

16.2
26.4

33.2

19.7

F.B. 23.6
F.B.

A-5-P LDH

2.0 231
3.9 92
1.2 125
1.2 210

07

LAP

368
1110
148
691
1022

Remarks

560 537 Cholangitis
7.2 301 691 Cholangitis

124 919 First estimation
730 772 Second estimation, six-day

follow-up. cholangitis
545 559 First estimation, cholangitis

3.1 250 735 Second estimation, five-week
follow - up, recurrence of
jaundice

4.8 800 1176 First estimation, cholangitis
198 441 Second estimation, six-day

post cholecystectomy
Alk. P'tase = Alkaline phosphatase.
LDH = Lactic dehydrogenase.
A-S-P = 5-nucleotidase.
LAP = Leucine aminopeptidase.

Carcinoma of the Body and Tail of the Pancreas
Serum enzyme levels for a series of patients with

malignancy of the body and tail of the pancreas
are shown in Table II. Only two of this group

TABLE 11.-SERUM ENZYMES IN CARCINOMA OF THE BODY AND TAIL OF
THE PANCREAS

Enzymes (units/100 ml.)

Alk.
Remarks

307 Liver metastases
360
103
201
911
147
172
647
118 Pancreatectomy
338 Liver metastases
360
497 No metastases
1146 Glands and liver metastases,

jaundice and carcinoid syn-
drome

617 Bypass, porta glands and liver
metastases

125 No metastases
1411 Liver metastases

from 148 to 1176. LDH activity was elevated in only
four instances and these increases were noted in
cases complicated clinically by cholangitis. The al-
kaline phosphatase and the 5-nucleotidase activities
in the instances estimated showed variable eleva-
tions; however in two cases normal 5-nucleotidase
levels were encountered. The degree of elevation
of these enzymes did not correlate with the ob-
served serum LAP abnormalities.

TABLE IV. SERUM ENZYMES IN PANCREATITIS

Enzymes (units/100 ml.)

Alk.
Case P'tase A-S-P LDH LAP

L.R. 5.7 2.1 515 162
0. 10.2 4.4 300 117
N. 7.4 1.0 69 139
R. 425 124
C. 498 228
M. 510 615
K. 150 500
M.K. 12.4 3.8 296 161
D.Y. 13.6 4.7 250 246
B. 14.9 0.9 142 272
Alk. Ptase = Alkaline phosphatase.
A-S-P = 5-nucleotidase.
LDII = Lactic dehydrogenase.
LAP = Leucine aminopeptidase.

Remarks

Jaundice
No jaundice

Case Ptase

F.
J.W. 19.4
H. 20.0
P.B. 9.8
R.L. 19.7w.
P.
M.
F.D.
S.He. 13.5
L.L. 22.7
SHo.
J.S.

J.B.

W.D.
M.K.
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TABLE V-SERUM ENZYMES IN ACUTE HEPATITIS

Enzymes (units/lOC ml.)

Alk.
Case P'tase A-S-P LDH LAP Remarks

Alk. P'tase = Alkaline phosphatase.
A-5-P = 5-nucleotidase.
LDH = Lactic dehydrogenase.
LAP = Leucine aminopeptidase.

creases, the LAP activity ranging from 132 to 1257,
with a mean value of 398 units. Mean levels for
LD'H, alkaline phosphatase and 5-nucleotidase
were 377, 11.3 and 2.6 units, respectively. The
highest levels in two of these patients (A.M. and
H.A.) occurred during the recovery phase when
jaundice had maiiedly decreased. No correlation
was observed between the alkaline phosphatase
and 5-nucleotidase serum activity, nor was there
any relationship between the latter enzyme and the
LAP levels. Patients in this group showing marked
serum transaminase activity usually had fairly
marked elevations of serum LDH; however, some
normal LDH values were encountered. Some pa-
tients with only moderate transaminase increases
showed very marked increases in LDH activity.

Subacute Hepatitis
A group of patients with subacute (alternatively

called chronic active hepatitis) were studied. The

TABLE VI-SERUM ENZYMES IN SUBACUTE HEPATITIS

Enzymes (units/100 ml.)

Alk.
Case P'tase A-S-P LDH LAP Remarkl

diagnosis in these cases was confirmed by histo-
logical examination of biopsy specimens, and the
enzyme levels are shown in Table VI. The activity
of all the enzymes was increased in a number of
instances. All the patients with LDH levels over
340 units, with one exception (C), were acutely
ill. It can be seen that some very high alkaline
phosphatase, 5-nucleotidase and LAP values were
encountered. The enzyme levels here are similar to
those observed in the malignant extrahepatic
obstruction group, although in most of these
patients jaundice was either moderate or slight.
The mean values for the alkaline phosphatase, 5-
nucleotidase and LAP activities were 15.6, 5.1 and
859 units, respectively. These values approximated
those of the group with carcinoma of the head of
the pancreas.

Portal Cirrhosis and Hepatoma
A number of patients with decompensated portal

cirrhosis were studied. All of the patients in this
group had clinical evidence of advanced hepatic
disease and a history of prolonged alcoholism. In
those recorded as having superimposed hepatomas
evidence of this change was obtained by biopsy.
Enzyme levels for this group are shown in Table
VII. The LAP activity was increased in only four

TABLE VIL-SERUM ENZYMES IN PORTAL CIRRHOSIS AND HEPATOMA

Enzymes (units/100 ml.)

Alk.
Case P'tase A-S-P LDH LAP Remarks

J.M.
0.
H.
R.
Ma.
B.
Mc.
Ph.
L.
Pa.
M.P.
C.s.
K.K.
P.11.
G.S.
Mc.G.R.
W.B.
EK.
H.A.
HA.
Q.C.
Q.C.
A.C.
AC.
AC.
MC.
M.C.B.F.
B.F.
F.
F.
AM.
AM.
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Fig. 2.-Mean serum lactic deh. drogenase and leucine aminopeptidase activity.

abnormal enzyme production within the tumour
or within other newly proliferating connective
tissue. In this study all the subacute hepatitis
patients with one exception (V) showed some
cirrhotic changes on microscopic examination of
hepatic tissue. High serum LAP levels are com-
monly encountered in late pregnancy.4 The occur-
rence of increased serum LAP levels in some cases
of acute pancreatitis may be related to the frequent
occurrence of minor degrees of common bile duct
obstruction resulting from swelling and edema of
the surrounding tissues in this condition. In p.-
tients with portal cirrhosis marked increases in
serum leucine aminopeptidase activity suggest a
superimposed hepatoma.
The occurrence of only slight to moderate eleva-

tions of the serum alkaline phosphatase in many
of the patients studied here indicates that this
enzyme is a much less sensitive indicator ot biliarv
obstruction and intrahepatic disease than is the
serum LAP activity. In addition to this lack of
sensitivity, this enzymatic estimation has the further
disadvantage of being affected by a number of
disease states other than those associated with the
hepatobiliary system.
The observations on serum 5-nucleotidase activity

in this investigation indicate that this enzyme shows
much more significant and proportional increases
over the normal value than does the serum alkaline
phosphatase and has the advantage of being specific
for hepatohiliary disturbances, a fact to which

reference has previously been made. The 5-nucleo-
tidase activity has been affected in the same dis-
eases that were associated with increased LAP
activity. However, elevations of the latter enzyme
appear generally to he more striking, and no mathe-
matical correlation exists between the activity of
these enzymes. Fig. 1 shows graphically the mean
serum 5-nucleotidase and LAP activities, and the
independent variation relative to the various dis-
eases investigated is readily seen. The greater mean
increases in LAP over 5-nucleotidase activity would
appear to indicate that the former enzyme is a more
sensitive measure of hepatohiliary disease. How-
ever, the estimation of both of these enzymes
specific for hepatobiliary disease would appear to
he worth-while investigative procedures in evaluat-
ing diseases of the liver and biliary tract.
Serum lactic dehydrogenase activity shows van-

ahie and usually moderate increases in patients
with acute hepatitis. This is to be expected in view
of the amount of hepatic cell necrosis present, as
evidenced by the marked mci eases in serum GO
and GP transaminase activity. From our data6
transaminase activity reflects the extent of hepatic
cell necrosis in a more sensitive manner than does
LDH activity. Hoxvever, these enzyme alterations
are usually brief in cases of acute hepatitis, and
prolonged abnormalities usually indicate progres-
sion to subacute hepatitis. The variable and often
marked elevation of the serum LDH noted in the
patients with carcinoma of the pancreas is probably
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the effect of the malignancy per se. Moore and
Wroblewski' concluded from their tissue culture
data that lactic dehydrogenase is released from
malignant cells as a result of altered cell per-
meability or during mitosis. Riley and Wroblewski2
have correlated increasing plasma LDH activity
with growth of the tumour tissue in transplantable
mouse tumours, and Wroblewski3 has reported in-
creased plasma LDH activity in patients with
various types of malignancy. Our observations
of increased serum LDH activity in different types
of malignancy and the effect of chemotherapy and
radiotherapy on this activity are to be published
separately. In the cases reported in this study mean
LDH activity was almost as high in the group of
patients with cancer of the body of the pancreas
as it was in those with carcinoma of the head of
the pancreas. It would appear, therefore, that
obstruction has little effect on the levels of this
enzyme. Of the 45 patients with malignancy who
had serum LDH estimations prior to surgery or
biopsy, 35 had elevated LDH levels. It would
appear that, in the absence of primary hepatic or
muscle disease, increased plasma LDH is strongly
suggestive of malignancy, and from the data in
this study elevated serum LDH activity accom-
panied by marked increases in serum LAP level
favours the diagnosis of malignant extrahepatic
obstruction. The occurrence of marked increases in
serum LDH and LAP activities in a patient with
portal cirrhosis suggests the presence of a compli-
cating hepatoma. The mean serum LDH and LAP
values for the various groups studied are shown
graphically in Fig. 2. The mean serum LDH was
highest in the groups with malignancy. The fre-
quent occurrence of increased serum LDH activity
noted here indicates that the measurement of this
enzyme in the blood is a useful adjunct to the
diagnosis of malignancy involving the hepatobiliary
system.

SUMMARY A. CONCLUSIONS

Serum alkaline phosphatase, 5-nucleotidase, lactic

dehydrogenase and leucine aminopeptidase activities
have been investigated in patients with a number of

conditions affecting the hepatobiliary system, and the
mechanism whereby alterations in these enzymes occur
has been discussed.

Leucine aminopeptidase activity is a sensitive in-

dicator of biliary obstruction; serum 5-nucleotidase is

somewhat less sensitive.
Leucine aminopeptidase and 5-nucleotidase activities

are increased by malignant infiltration of the liver and
primary hepatic disease even in the absence of jaundice.

Serum lactic dehydrogenase is increased frequently
in primary hepatic disease and in malignant states but
is not increased by bile duct obstruction per Se.

Elevated serum leucine aminopeptidase and lactic
dehydrogenase levels in a patient with obstructive
jaundice suggests a malignant etiology.

In the anicteric patient elevated leucine aminopep-
tidase and lactic dehydrogenase levels suggest malig-
nant infiltration of the liver or chronic and progressive
hepatic disease.
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Wightman for his helpful advice in the preparation of this
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for technical assistance and to Mr. Arthur Smsalowski of
the Department of Photography, St. Michael's Hospital,
for the preparation of the graphs.
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PAGES OUT OF THE PAST: FROM THE JOURNAL OF FIFTY YEARS AGO

INSANITY AND ITS RELATION
TO THE STATE

In view of the increasing amount of interest taken by
the public in all matters affecting its general welfare, it
might hardly seem necessary to advance a special plea for
the granting of opportunities for study and investigation
to those whose chief interest is to ascertain the surest and
best means of promoting rational thought and action.
Much money is spent on our anny and navy and muni-

tions of war, and probably rightly so in the present state
of affairs, in order to maintain the independence of our
country. But would it not be equally foreseeing in this
age in which a struggle has begun, a struggle in which
science and brains are to take the place of sword and
sinews, to organize some concerted and well-directed effort
to find out the most efficacious way of increasing the brain
power of the nation?
Much money has been spent by a munificent government

in investigating conditions about the North Pole, but how
much has been devoted to the study and investigation of
the causes and prevention of the insanities, a question in
which, as I hope to be able to show, we might be much
more vitally interested, first from a purely humanitarian

point of view, and secondly from the point of view of
dollars and cents.

Let us consider this question from the humanitarian
viewpoint. At present, in the wealthy city of Montreal,
and in the province of Quebec, we have absolutely no
place where patients suffering from deranged mental
mechanism, it matters not what may have been its cause,
or however slight its nature, we have no place, I say,
where such patients can be admitted and receive scientific
study and investigation and rational treatment. Our great
general hospitals, well equipped as they are in all other
lines, have absolutely no conveniences for this great class
of sufferers. They refuse to admit them, and one cannot
blame them altogether. The other patients must be con-
sidered: but is it fair that this great class of patients
should be absolutely neglected?.

Disorders of metabolism, derangement of the heart's
function or that of the kidneys were more easy to study,
and it is only in the last few years that any success has
crowned the efforts which have been made to understand
the causes and the manner of development of disorders
of that most important of all functions of our human
mechanism, the mind.-Golin K. Russel: Caned. Med.
Ass. 1., 3: 771, 1913.


