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The depolymerases (DNase I and II) of de-
soxyribonucleic acid (DNA) are among the en-
zymes present in the blood of man and animals
(1-3). Since the activity of DNase I in pancre-
atic tissue is considerably higher than that in other
tissues of the body (4), it was postulated by the
senior author that an inflammatory or destructive
process within the pancreas might result in an
alteration of the DNase activity normally observed
in the blood. The present investigation was un-
dertaken in order to explore the possibility of us-
ing the level of serum DNase I as an index of
pancreatic damage. A study of DNase I activity
was made on the blood of normal human subjects,
of patients with pancreatic and other diseases
and of animals with experimentally-induced
pancreatitis,

METHODS

The patients included 32 normal subjects, 25 hospital-
ized patients with various diseases unrelated to the
pancreas, and 34 patients suspected of having pancreatic
disease and in whom the serum amylase level was 200
units or more. The latter group of patients was sub-
divided into the groups shown in Tables III and IV on
the basis of the laboratory data and the clinical course
of their disease including autopsy or operative findings.
Single samples of venous blood were drawn from the
first and second groups, whereas blood samples were
taken every other day from patients with high serum
amylase levels.

Edematous pancreatitis was produced in dogs by the
following technique. Of five mongrel dogs of both
sexes weighing 9.5 to 11 Kg., the pancreatic ducts of
three were ligated according to the technique described
by Radakovich, Pearse, and Strain (5) and the patho-
logical changes in the pancreas were confirmed by post-
mortem examination. In the two control dogs, the pan-
creatic glands were exposed and manipulated but not
removed. All the animals were permitted to eat and
drink ad libitum postoperatively. Blood was withdrawn
daily from the femoral vein for three days preoperatively
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and nine days postoperatively. The serum was separated
immediately and assayed for DNase I and amylase.

The following procedure was employed to induce acute
pancreatitis in rats. Forty-eight Sprague-Dawley rats
of both sexes, weighing 180 to 200 gm., were divided
randomly into two groups, one of which was given intra-
peritoneal injections of one mg. DL-ethionine 3 in aqueous
solution at 50° C daily for five days. The control ani-
mals were injected intraperitoneally with an equal vol-
ume of warm isotonic saline. Both groups were fasted
for twelve hours prior to the start of the experiment.
The animals were allowed to eat ground Purina fox
chow ad libitum after the initial period of fasting pre-
ceding the first injection. The daily food intake of each
animal was weighed and the average amount of food
eaten by individual rats in the experimental group was
given to each control animal on the following day.
Four rats of each group were sacrificed by decapitation
on the first, second, third, fourth and fifth days after
the first injection. Blood was collected in tubes con-
taining 2 mg. of heparin. The plasma was diluted 1:4
with distilled water and assayed for DNase I and amylase.
All the animals were autopsied and the gross findings
noted.

DNase I activity was determined by a modification
of the method of Allfrey and Mirsky (4). A highly
polymerized preparation of sodium desoxyribonucleate
obtained from calf thymus according to the method of
Kay, Simmons, and Dounce (6) was used as substrate,
and tris (hydroxymethyl) aminomethane served as buf-
fer. Enzymatic activity is expressed in micrograms of
desoxypentose phosphorus liberated from the substrate
per hour of incubation. Serum amylase was determined
according to the method of Somogyi (7).

RESULTS

Clinical

The mean and standard error of DNase I ac-
tivity in the serum of normal individuals and in
patients with pancreatic disease and other illnesses
are summarized in Table I. The serum DNase
values of normal individuals range from .076 to
1.25 pg. of desoxypentose-P per ml. per hour of
incubation, with a mean of 46 = .06 ug. The
DNase I activity in the group of randomly selected
patients seen in Tables I and II does not deviate
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TABLE 1
DNase I activity* in human sera

Mean
activi
Number of and
patients deviation
Serum studied of mean
Healthy controls 32 46 =+ .06
Controls with various
i other than
pancreatitis 25 48 -+ .05
Pancreatic diseasest
A. Edematous pancreatitis 13 .63 =+ .05
B. Mumps pancreatitis 2 33
C. Pancreatic cysts 4 .65 % .1
D. Pancreatic fistula 1 1.2
E. Carcinoma of pancreas 4 49 + .12
F. Acute hemorrhagic
pancreatitis 10 7.8 = .4

* DNase I activity = ug. of desoxypentose-P/hr./ml.
VJ Enzyme activity expressed as the mean of the average
ue for each patient within a group.

significantly from the normal level. Table III
shows the individual determinations of serum
amylase and of DNase I in a series of 23 patients,
all of whom were chosen because of elevation of
the serum amylase and suspected pancreatic dis-
ease. It will be noted that the serum DNase levels

TABLE II
D Nase I activities in sera of patients with
various disorders
DNase I

No. Patient Diagnosis activity®

T o2

.W. ypertension X
3 {2 S. Carcinoma of the breast 0.45
S ORH  Hypertyweid 0l
.H. yroidism 3

6 L.B. Infectious hepatitis 0.23

7 M.E. Acute rheumatic fever 0.19

8 R. M. Rheumatoid arthritis 0.30

9 O.R. Tuberculosis of the lung 0.25
10 B.D. Cerebral vascular accident 0.45
11 F.H. Infectious hepatitis 0.32
12 D.S. Nephrotic syndrome 0.40
13 A.R. Pernicious anemia 0.65
14 A.G. Sarcoidosis 0.85
15 é McG. Myocardial infarction 0.92
16 . V. Hodgkin’s disease 1.10
17 T.C. Cirrhosis of the liver 0.85
18 E.C. Bronchopneumonia 0.32
19 M. C. Lupus erythematosus 0.65
20 W. S. Pneumonia 0.15
21 L. M. Leukemia 0.82
22 N.F. Pneumonia 0.35
23 C.G. Cirrhosis of the liver 0.29
24 C.C. Chronic glomerulonephritis  0.65
25 F.D. Thrombophlebitis 0.18

* DNase I activity = ug. of desoxypentose-P/hr.
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of patients with interstitial pancreatitis are sig-
nificantly higher than those of the controls at the
5 per cent level. Since repeated observation of
these patients revealed a fall in DNase I, it ap-
pears likely that the initial serum DNase activity
was slightly elevated. In contrast to the afore-
mentioned cases, all ten patients with acute hemor-
rhagic pancreatitis proved at autopsy or explora-
tion showed marked elevation of DNase I activity
(Table IV). There was more than a five-fold
increase beyond the highest value found in normal
subjects.

Experimental

The serum DNase I and amylase levels of the op-
erated and control dogs are shown in Figure 1.
The DNase values in normal dogs ranged from
4.0 to 5.8 ug. desoxypentose-P per ml. per hour
of incubation with a mean of 4.83. The marked
temporary increase in serum amylase which oc-
curred on the first and second postoperative day
has been described by other authors (8, 9). The
DNase I activity of the serum rose gradually to
about two and one-half times the preoperative
level and returned to normal by the seventh post-
operative day.

The DNase I and amylase activities of the
plasma of rats given ethionine and of their pair-
fed controls are shown in Figure 2. The values in
normal rats ranged from 3.2 to 7.7 pg. desoxy-
pentose-P per ml. per hour with a mean of 5.0.
A marked increase occurred in the plasma DNase
I activity of the ethionine-treated rats, whereas a
decrease was noted in the plasma amylase during
the first three days of the treatment. The amylase
level rose on the fourth and fifth days, a finding
reported previously by Henning and Heinkel (10).
It should be pointed out that the food intake was
reduced markedly on the fourth and fifth days of
the ethionine administration. The animals became
quite sick as a result of the treatment, and by the
fifth day the surviving animals were moribund.
The pathological changes in the pancreas and liver
corresponded to those described previously (10).
The pancreas of the control animals showed no
necrosis or loss of basophilia of the acinar cells.
There was a slight fatty change in the livers of
the pair-fed controls, but no fibrosis or other
signs of liver damage.
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TABLE III
Serum DNase I'* and amylase levelst in sera from patients with various pancreatic disorders

Day of illness
Patient 1 2 3 4 s 6 7
Acute interstitial pancreatitis
M.S. ‘Amylase) 30 26 13 2
DNase) 1.7 1.5 0.9 0.6 0.5
L.L. Amylase) 20 18 7 1.5
DNase) 0.9 0.9 0.6 04
A.D. Amylase) 23.6 12 8 1.2
DNase) 0.9 0.5 0.3 0.2
A.T. Amylase) 16 12 5.2 0.8
DNase) 0.7 0.4 0.3 0.2
S.D. Amylase) 20 17 5.5 2.2
DNase) 0.8 0.7 0.6 0.4
B.S. Amylase) 16 8 2 0.8
DNase) 0.7 0.5 0.3 0.3
S.T. ‘Amylase) 17 8.5 5.2 3 1.8
DNase) 1.0 0.8 0.7 0.7 0.4
L.R. Amylase) 6.8 6 4.2 3 1 .
DNase) 0.5 0.5 0.5 0.3 0.2
M.C. Amylase) 12 8 4 1.2
DNase) 0.7 0.7 0.6 0.5
J.B. Amylase) 20 18 7 4 1.0 0.8
DNase) 0.9 0.9 0.6 0.5 03 0.3
N.T. Amylase) 15 11 5 2
DNase) 0.8 0.7 0.6 0.5
F.L. ‘Amylase) 12 6 3 1
DNase) 1.1 0.9 0.6 0.6
C.G. Amylase) 8 6 5 2 0.8
(DNase) 0.9 0.8 0.6 0.5 0.5
Mumps pancreatitis
R.P. ‘Amylase) 4.2 2.5 1.2 0.8
DNase) 0.4 0.4 0.3 0.3
L. M. Amylase) 2.8 1.8 0.8
DNase) 0.4 0.3 0.2
Pancreatic cyst
N.T. Amylase) 12.5 9 10 4.5 2
DNase) 0.8 0.6 0.6 0.6 0.5
B.N. ‘Amylase) 16.5 12.5 11 6.5 1.2
DNase) 0.5 0.4 0.4 0.3 0.3
J.S. Amylase) 22 15 12 5.0 1.0
DNase) 0.9 0.9 0.8 0.7 0.5
H.B. Amylase) 17 16 9 6 2 0.8
DNase) 1.1 1.0 1.0 0.7 0.6 0.6
Carcinoma of pancreas
E.L. ‘Amylase) 5.5 4.6 4.8 7.6
DNase) 0.3 0.3 0.3 0.2
L.B. Amylase) 4.5 6.2 59 3.5 3.5
DNase) 0.5 0.4 0.4 0.3 0.3
V. A. ‘Amylase) 6.5 6.2 5.2 4.2
DNase) 0.5 0.5 0.4 0.3
H.S. ‘Amylase) 8.5 6.5 6.2 6.0 5.0
Nase) 0.8 0.7 0.7 0.6 0.6

* DNase = ug. of desoxypentose-P/hr./ml.
1 Amylase u‘t‘ugts X 102,

DISCUSSION

The results reported in this paper suggest that
a marked and protracted elevation of serum DNase
I occurs clinically in pancreatic disease only when

tissue breakdown is one of the pathologic features
—i.e., as in acute hemorrhagic pancreatitis. These
findings can be correlated with those noted in
ethionine-induced pancreatitis in the rat and with
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TABLE IV
DNase I* and amylase levelst in sera from patients with acute hemorrhagic pancreatitis

Day of illness
Patient 1 2 3 4 5 6 7 8
L.S. ‘Amylase) 23 18 15 12 11 11 16
DNase) 6.2 7.0 7.2 7.2 6.8 7.5 8.2
T.P. Amylase) . 15 12 8
DNase) 5.4 6.2 6.2
RW. %ﬁyla%e) % 1(‘5 2 75
T.R. Amylase) 9.2 8.7 8.0 8.0
DNase) 7.5 8.2 8.5 8.6
M.T. Amylase) 15 14 12
DNase) 8.5 8.2 8.75
R.W.D. ADm las)e) gg 9.35
ase X .
J.H.C. (Amylase) 24 16 12 14 15
DNase) 9.5 10.2 10.8 10.5 10.2
A.L. T. (Amylase) 7.5 6.2 10 13 17 21 18 15
DNase) 6.2 7.3 7.5 7.5 8.0 8.0 8.0 11.5
J.W.S. (Amylase) 12 13.5 16 15 16.7
DNase) 6.5 7.2 7.5 8.0 8.0
D.H.C. (Amylase) 18 17 6.5 5.5 5.8
DNase) 5.5 6.8 7.2 7.5 7.5
* DNase = ug. of desoxypentose-P/hr./ml.
1 Amylase uﬁts X 102,
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the gradual increase in plasma DNase I activity
occurring subsequent to tissue destruction in ir-
radiated rats (11, 12). When pancreatic dys-
function in patients was the result of an inflam-
matory process not accompanied by necrosis, or
when it resulted from operative ligation of the
pancreatic ducts in dogs, the DNase activity of the
blood increased to approximately twice the pre-
operative level. ‘

Since this and other studies of serum DNase I
activity in patients with a variety of diseases un-
related to the pancreas show normal enzyme ac-
tivity, it seems likely that the pancreas plays a key
role in the production and distribution of DNase I.
The high concentration of this enzyme in the pan-
creatic juice of a dog with a pancreatic fistula (4)
supports such a theory, as does the observation in
this laboratory of a reduced DNase activity in the
duodenal juice of patients with pancreatic fibrosis.
Whether DNase I has an exocrine digestive func-
tion remains to be established, but its pH optimum
(7.6) is compatible with such an action.

Once these findings have been firmly established
by more extensive clinical studies, the diagnostic
applications are evident. The serum amylase test
for pancreatic disease, the laboratory test most ex-
tensively used, is subject to limitations (13, 14)
and is not specific for pancreatic disease, being ab-
normal in many other conditions (15-20). Since
DNase I is found in high concentrations only in
the pancreas and pancreatic juice, alteration in
its activity in serum may provide information
which will supplement that gained from amylase
assay and other studies. In particular, the level
of DNase I activity may be of specific value in
the diagnosis of necrosis of pancreatic tissue such
as is found in acute hemorrhagic necrosis.

SUMMARY AND CONCLUSIONS

1. Serum DNase I was determined in 32 normal
human subjects, 25 patients with various diseases
unrelated to the pancreas, and 34 patients with
pancreatic disease. A marked and protracted ele-
vation in enzyme activity occurred only in patients
with acute hemorrhagic pancreatitis. A tem-
porary elevation to the upper limit of normal was
noted in patients with edematous pancreatitis.

2. Serum DNase I activity was observed to be
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temporarily elevated in three dogs after ligation of
the pancreatic ducts.

3. Plasma DNase I showed a marked and sus-
tained elevation in rats with ethionine-induced
pancreatitis.

4. It was concluded that a marked and sus-
tained rise in blood DNase I activity was noted
when there was true necrosis of pancreatic tissue.
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