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Histopathologic Correlates of
Serum Amylase Activity in Acute
Experimental Pancreatitis

J. SCHMIDT, MD, K. LEWANDROWSKI, MD, C. FERNANDEZ-DEL CASTILLO, MD,

U. MANDAVILLI, MS, C.C. COMPTON, MD, PhD, A.L. WARSHAW, MD, and D.W. RATTNER, MD

The association of serum amylase activity with the extent of pancreatic injury in acute
pancreatitis is unclear. To clarify this relationship, we induced acute pancreatitis ranging
Jrom mild to lethal in 118 Sprague-Dawley rats (350-450 g). This was achieved by
controlled intraductal infusion of low- or high-dose bile salt, with or without enterokinase,
followed by intravenous cerulein or saline for 6 hr. Serum amylase was measured at
baseline and 6 hr. Pancreatic histopathology was evaluated by two blinded pathologists
employing total surface scoring (N = 118) and morphometric 20-field documentation (N
= 22). Serum amylase correlated best with edema (r = 0.61) and fat necrosis (r = 0.58),
less well with acinar necrosis (v = 0.53) and inflammation (r = 0.50), and poorly with
hemorrhage (r = 0.33) and perivascular infiltrate (r = 0.31). Inasmuch as edema and fat
necrosis are not important determinants of severity, these observations could explain the

poor prognostic value of serum amylase activity in patients with acute pancreatitis.
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Numerous efforts have been undertaken to evaluate
the sensitivity, specificity, and predictive value of
total serum amylase activity in acute pancreatitis
(1-6). The interpretation of these data, however, is
hampered by the etiologic heterogeneity of pancre-
atitis in patient populations, variations of elapsed
time between onset of symptoms and blood sam-
pling, and the lack of histopathologic data at a time
when the diagnosis of acute pancreatitis has been
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established. Although frequently elevated, serum
amylase activity can be normal or decreased in a
substantial number of severely ill patients (7). A
potential correlation with pancreatic histopathology
and severity of pancreatitis therefore has been
challenged repeatedly (3, 8, 9). Despite these draw-
backs, many investigators utilize the level of serum
amylase activity as laboratory confirmation for se-
verity of pancreatitis in clinical and experimental
settings (6, 10, 11). To our knowledge no systematic
study has been undertaken to evaluate potential
associations of serum amylase with pancreatic his-
topathology or with specific elements of pancreatic
injury.

To study this question, we produced acute pan-
creatitis in rats with a broad histopathologic spec-
trum of severity under controlled experimental con-
ditions. Using total surface histopathologic scoring,
morphometric analysis, and multiple regression

Digestive Diseases and Sciences, Vol. 37, No. 9 (September 1992)

0163-2116/92/0900-1426$06.50/0 © 1992 Plenum Publishing Corporation



PANCREATITIS HISTOLOGY AND HYPERAMYLASEMIA

TABLE 1. INDUCTION TECHNIQUES

Group
CE/ CE/ CE/ CE/
GDOC GDOC GDOC GDOC GDocC GDOC GDOC
Comtrol 5 10 34 CE 5 10, 10, 10, EK
Technique 1 2 3 4 5 1] 7 8 9 10
Intravenous Saline Saline Saline Saline Cerulein  Cerulein  Cerulein  Cerulein  Cerulein  Cerulein
Intraductal Saline GDOC GDOC GDOC Saline GDOC GDOC GDOC GDOC GDOC
5 10 34 5 10 10 10 10
mmol/  mmol/ mmol/ mmol/ mmol/ mmol/ mmol/ mmol/
liter liter liter liter liter liter liter liter
Enterokinase 125
(IU/ml)
Volume (ml) 0.10-0.15 | 0.25 0.5 0.5
Duration 1-1.5 | 2.5 10 10
(min)

analysis, we identified and ranked those histopatho-
logic variables that, correlated best with hyperamy-
lasemia.

MATERIALS AND METHODS

Animals. One hundred eighteen male Sprague-Dawley
rats (350-450 g) were used and housed individually in
hanging wire-bottomed cages in rooms maintained at 21 *
1° C using a 12-hr dark cycle. Care was provided in
accordance with the procedures outlined in the *‘Guide
for the Care and Use of Laboratory Animals” (NIH
Publication #85-23, 1985). The animals were given a
standard rat chow and fasted overnight prior to the
experiment with water allowed ad libitum.

Anesthesia and Catheter Placement. Surgical anesthesia
was induced with vaporized ether and maintained by an
intraperitoneal injection of pentobarbital (20 mg/kg, An-
thony Products, Arcadia, California 91006) and ketamine
(40 mg/kg, Ketalar, Parke-Davis, Morris Plains, New
Jersey 07950). The right internal jugular vein was cannu-
lated using soft polyethylene tubings (Silastic, ID 0.02 in.,
Dow Corning, Midland, Michigan 48640). Another cath-
eter (Intramedic, ID 0.023 in., Clay Adams, Parsippany,
New Jersey 07054) was placed in the left carotid artery for
blood sampling. Both catheters were tunneled subcutane-
ously to the suprascapular area and brought out via a
flow-through tether, which permitted free movement.

Induction of Pancreatitis. After baseline blood samples
had been obtained, the abdomen was opened by a midline
incision. The duodenum and the common biliopancreatic
duct were identified and the duodenal wall was punctured
at its antimesenteric aspect with a 24-gauge Teflon cath-
eter (Critikon, Tampa, Florida 33630). The catheter was
carefully advanced into the biliopancreatic duct for 5 mm
(there is no main pancreatic duct in the rat) through the
papilla of Vater. A fine 6/0 prolene suture was placed
around the cannula at the duodenal wall to prevent
backflow. Special attention was focused on atraumatic
surgical technique. The upper portion of the animal was
then elevated 60 degrees for S min (with the duct cannula
in place) to allow the duct system to empty of bile and
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pancreatic juice. During the last 2 min of this procedure
the main hepatic duct was clamped just below the liver to
facilitate complete drainage of pancreatic secretions. This
clamp remained in place throughout the intraductal infu-
sion to prevent maldirected flow into the biliary system.

The animals were allocated to 10 different regimens
that produce a graded range in severity of acute pancre-
atitis (Table 1).

Intraductal Infusion. Freshly prepared glycodeoxy-
cholic acid (GDOC, Sigma, St. Louis, Missouri 63178,
#G-3258) in glycylglycine~-NaOH-buffered solution (pH
8.0, room temperature) at concentrations of 5, 10, or 34
mmol/liter was infused at a pressure of 30 mm Hg
controlled via mercury manometer for designated periods
with the volume controlled by means of an interposed
scaled glass tube. In control group 1 and cerulein (CE)
group 5 isotonic saline was infused intraductally instead
of GDOC. Animals in group 10 received intraductal
porcine enterokinase (EK, 125 IU/ml, Sigma, #E0885) in
GDOC (10 mmol/liter). When the infusion volume entered
the duct faster than the predetermined time, the infusion
was stopped when the required volume was accepted by
the duct with the infusion system left in place until the
time limit was reached. This technique ensured standard-
ized volume and time exposure to the infusate. The
catheter was removed and duodenal wall was closed with
a 6/0 prolene suture and the abdomen with 4/0 nylon. The
animals were then placed back in cages with minimal
environmental stimuli (12).

Intravenous Infusion. Animals in groups 5-10 received
a continuous intravenous infusion of cerulein at 5 pg/
kg/br (Farmitalia, Carlo Erba GmbH, 7800 Freiburg,
Germany) for 6 hr. Cerulein was reconstituted in normal
saline and infused at 1 ml/hr. In control group 1 and
groups 2—4 the same volume of normal saline was used.

Serum Amylase Determination. Serum amylase activity
was determined at baseline and 6 hr or after death using
the colorimetric method initially described by Bernfeld
(13) and modified by Warshaw (14), a direct saccha-
rogenic technique using 3,5-dinitrosalicylic acid (DNS) to
measure the liberation of reducing groups resulting from
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the digestion of starch. The results are expressed in
international units (umol/liter/min).

Histopathologic Analysis. Surviving animals were sacri-
ficed by a lethal dose of pentobarbital (200 mg/kg intra-
venously) 6 hr after induction of acute pancreatitis and
rapidly exsanguinated through the indwelling arterial line.
The entire pancreas was removed immediately after death
or sacrifice and fixed in 10% buffered formalin in anatom-
ical orientation for histpathologic analysis. After dividing
the organ into a duodenal and splenic portion and embed-
ding each in paraffin, one longitudinal section through
each of the two parts was stained with hematoxylin—
eosin. The total surface of the slides was scored for six
different variables determining severity of inflammation
(N = 118) by two pathologists with expertise in pancre-
atic pathology (C.C., K.L.), who were unaware of the
induction technique used; in addition careful morphomet-
ric documentation for edema, acinar necrosis, inflamma-
tion, and hemorrhage was obtained in groups 3 and 7 by
mapping the pancreas into 20 fields and evaluating each
field independently (N = 22). The following standardized
scoring system was applied:

Histopathologic Scoring Criteria

Edema

0 = absent

0.5 = focal expansion of interlobar septae

1 = diffuse expansion of interlobar septae

1.5 = same as 1 + focal expansion of interlobular
septae

2 = same as 1 + diffuse expansion of interlobular
septae

2.5 = same as 2 + focal expansion of interacinar septae

3 =same as 2 + diffuse expansion of interacinar
septae

3.5 = same as 3 + focal expansion of intercellular
spaces

4 = same as 3 + diffuse expansion of intercellular
spaces

Acinar necrosis

0 = absent

0.5 = focal occurrence of 1-4 necrotic cells’HPF

1 = diffuse occurrence of 1-4 necrotic cells/HPF

1.5 = same as 1 + focal occurrence of 5-10 necrotic
cells/HPF

2 = diffuse occurrence of 5-10 necrotic cells/HPF

2.5 = same as 2 + focal occurrence of 11-16 necrotic
cells’fHPF

3 = diffuse occurrence of 11-16 necrotic cells/HPF

(foci of confluent necrosis)
3.5 = same as 3 + focal occurrence of >16 necrotic

cells’'HPF
4 = >16 necrotic cells/HPF (extensive confluent ne-
Crosis)
Hemorrhage and fat necrosis
0 = absent
0.5 = 1 focus
1 =2foci
1.5 = 3 foci
2 = 4foci
2.5 = 5 foci
1428
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6 foci
7 foci

nu

8 or more foci

= (-1 intralobular or perivascular leukocytes/HPF

= 2-5 intralobular or perivascular leukocytes/HPF

= 6-10 intralobular or perivascular leukocytes/

HPF

1.5 = 11-15 intralobular or perivascular leukocytes/
HPF

2 = 16-20 intralobular or perivascular leukocytes/
HPF

2.5 = 21-25 intralobular or perivascular leukocytes/
HPF

3 = 26-30 intralobular or perivascular leukocytes/
HPF

3.5 = more than 30 leukocytes/HPF or focal microab-
scesses

4 = more than 35 leukocytes/HPF or confluent mi-

croabscesses

3
3.5
4
Inflammation and perivascular infiltrate
0
0.5
1

Statistical Analysis. All data are presented as mean *
SEM. The continuous variable serum amylase activity was
analyzed using the Student’s ¢ test between groups and
the paired Student’s ¢ test within groups. Since dynamic
changes are of interest the analysis was performed by
calculating the difference between the 6-hr and the base-
line measurement (increase in amylase activity).

Categorical variables (histopathologic scores) were an-
alyzed with the modified analysis of variance for discrete
data (Proc CATMOD, SAS Software Inc., Cary, North
Carolina).

For multiple regression analysis, the data were pooled
and correlation coefficients calculated using the Spear-
man rank correlation method (Proc CORR, SAS Soft-
ware). Data were then stratified according to animals
receiving intraductal bile salt at various concentrations
alone (groups 2—-4), intravenous cerulein alone (group 5),
or intravenous cerulein in combination with intraductal
bile salt (groups 6-9). The regression analysis was then
repeated for the subgroups.

Histopathologic scores of 20 analyzed fields in the
morphometric documentation were added within each
individual animal to form a sum score for each variable.
The data were then entered in multiple regressions with
the corresponding A-amylase value as for total surface
scores.

RESULTS

Total Amylase Activity. Serum amylase levels
remained constant in control animals as well as in
both low-dose GDOC groups (5-10 mmol/liter)
(groups 2 and 3), but increased significantly in
animals receiving intraductal GDOC at 34 mmol/
liter (group 4). All animals that received intrave-
nous cerulein demonstrated a dramatic increase in
serum amylase activity that was most pronounced
when intraductal exposure to GDOC was superim-
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Increase (iU)

Amylase

Induction techniques

Fig 1. Increase in serum amylase activity over baseline 6 hr after
induction of acute pancreatitis with different techniques produc-
ing increasing histopathologic severity. The asterisks above the
groups indicate significant differences compared to controls (*),
compared to GDOC alone (groups 2-4) (**) or compared to
groups 6 and 7 (***).

posed for more than 1.5 min at a volume greater
0.1-0.15 ml (groups 8 and 9) (Figure 1).

Mean Histopathologic Scores. All pancreatitis an-
imals had significantly higher mean scores for all
histopathologic variables than controls (P < 0.05).
Total surface scoring in control animals demon-
strated only mild edema, which was predominantly
located in the duodenal portion (pancreatic head).
With increasing severity of the pancreatitis-
inducing stimulus, we observed a gradual increase
in the degree of acinar necrosis, inflammation, and
edema (Figure 2) with a similar trend for perivascu-
lar infiltrate, fat necrosis, and hemorrhage (Figure
3).

Multiple Regression Analysis. The increase of
amylase activity (baseline vs 6 hr) correlated best
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Fig 2. Mean histopathologic scores for edema, acinar necrosis,
and inflammatory infiltrate in the different induction groups. All
pancreatitis groups had significantly higher values than controls.
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Fig 3. Mean histopathologic scores for perivascular infiltrate, fat
necrosis, and hemorrhage in the different induction groups. All
pancreatitis groups had significantly higher values than controls.

with edema and fat necrosis across the entire histo-
pathologic range of severity. Lower correlation
coefficients were noted for acinar necrosis, inflam-
mation, hemorrhage, and perivascular infiltrate
(Figure 4). The only subgroup of animals in which
there was a moderate correlation with acinar necro-
sis was that receiving intravenous cerulein alone,
and that correlation disappeared when intraductal
GDOC (5, 10, or 34 mmol/liter) was superimposed
(Table 2). The morphometric analysis demonstrated
that the increase of amylase activity correlated best
with edema (r = 0.75, P = 0.005) and moderately
well with inflammation (+ = 0.62, P = 0.03) if
retrograde infusion of intraductal bile salt (10 mmol/
liter) was the sole pancreatitis-inducing agent. The
complete results of the morphometric analysis are
depicted in Table 3.

DISCUSSION

The mainstay of diagnosis in acute pancreatitis
remains the clinical evaluation, supplemented by
determination of serum pancreatic enzyme activi-
ties. Although other laboratory tests are more spe-
cific (4), total serum amylase is still the most
important single screening parameter within the
first 24 hr after the onset of suspected acute pan-
creatitis (2, 3, 6, 10, 15, 16).

Numerous attempts have been made in the past
to assess sensitivity, specificity, and predictive
value of serum amylase (3, 4, 6, 9, 15, 17). While
some controversy exists (10), most authors agree
that both the specificity and predictive value of the
degree of serum amylase elevation are poor (5, 9).

1429



SCHMIDT ET AL

11} : r = 0.61 r = 0.58
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Fig 4. Regression plots of the increment in serum amylase against histopathologic total surface scores for edema, fat necrosis, acinar necrosis,
inflammation, hemorrhage, and perivascular infiltrate. Due to the large number of animals studied, all given r values are true with a very low
type I error probability (P = 0.0001-0.008). Interrupted lines indicate 95% confidence limits.
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TABLE 2. SUBGROUP ANALYSIS OF TOTAL SURFACE SCORES: SPEARMAN RANK CORRELATION

Pancreatitis Acinar Perivascular
groups N Edema Fat necrosis necrosis Inflammation Hemorrhage inflammation
Bile salt only 39 r=0.56 r=-0.09 r=0.19 r=1026 r=0.14 r=033
(P = 0.0002) (P = NS) (P = NS) (P = NS) (P = NS) P = 0.04)
Cerulein only 21 r=0.43 r=10.32 r = 0.63 r=0.55 r=0.29 r=0.28
(P = NS) (P =NS) (P = 0.002) (P = 0.009) (P =NS) (P = NS)
Cerulein + low- 39 r=0.28 r=10.32 r=0.44 r=0.33 r=0.26 r=0.13
dose bile salt (P = NS) (P = 0.05) (P = 0.006) (P =0.049) (P = NS) (P =NYS)

Even an inverse correlation between this parameter
and severity of acute pancreatitis has been de-
scribed and was attributed to the decline in secre-
tory capacity when pancreatic cell damage is severe
(7, 18). Data confirming this concept were reported
by Nordestgaard et al (8), who studied the clinical
correlation of serum amylase activities with CT-
based morphologic findings, etiology, and outcome
of acute pancreatitis in patients and indeed found an
inverse relationship.

Perhaps the most comprehensive overview of the
dynamics of serum amylase derailment in health
and pancreatitis was given by Gullick (19). The
author measured serum amylase in 200 patients
with either mild, moderate, or severe acute or
chronic pancreatic disease and compared the re-
sults with those of healthy volunteers. An important
finding in that study was that a given amylase level
has a bell-shaped clinicomorphologic equivalent in
severity of pancreatitis, with low amylase values
being indicative of either minimal or extensive
injury and highest values being secondary to inter-
mediate acinar damage. This concept, supported by
his results, would explain the lack of a correlation
between serum amylase activity and severity of
inflammation because the interplay of severe and
mild injury with similar amylase levels would coun-
teract any positive linear relationship.

Alpha-amylase is produced in all exocrine pan-
creatic cells with especially high concentrations in
periinsular regions (20). Under normal conditions
only minor amounts of this enzyme escape the

directed apical secretion into the ductal lumen (1).
When acute pancreatic inflammation is present,
significant elevations of amylase activity in serum
and urine can occur via lymphatic, vascular, and
peritoneal absorption (21-24). The degree of serum
activity increase depends upon both the rate of
production and the degree of maldirected release
into the interstitial compartment or into the perito-
neal cavity, as well as on its circulating half-life,
which is mainly determined by renal clearance (1).
Due to the enormous secretory capacity of the
pancreas [it is the human tissue with the highest
protein synthesis rate (25)] there is reason to believe
that leaking but still viable acinar cells can cause a
greater and longer-lasting serum amylase elevation
than necrotic cells, which cease new enzyme pro-
duction (19). This analysis is compatible with the
observation that very high levels of serum amylase
are found in cerulein pancreatitis, which is charac-
terized by interstitial edema and minimal cell death
(26, 27). Simultaneous leakage of pancreatic lipase
could account for the development of fat necrosis,
another typical feature of cerulein pancreatitis.
There are very few previous studies of histopath-
ologic correlation with serum amylase in experi-
mental acute pancreatitis. Gibbs and Ivy (28) re-
ported that edema roughly parallels serum amylase
elevation in dogs. Sokolowski et al (29) reported a
positive correlation with gross morphologic findings
after experimental pancreatitis in the rat, but Spor-
mann et al later found no correlation with pancre-
atic histopathology (30). Schonberg et al. (31) re-

TABLE 3. MORPHOMETRIC ANALYSIS (20 HPF/ANIMAL): SPEARMAN RANK CORRELATION

Pancreatitis

groups N Edema Acinar necrosis Inflammation Hemorrhage
All 22 r=0.64 r=0.53 r=0.59 r = —0.005
(P = 0.001) (P =0.01) (P = 0.004) (P = NS)
Bile salt only 12 r=0.75 r= —0.18 r=0.62 r= -0.09
(P = 0.005) (P = NS) (P = 0.03) (P = NS)
Cerulein + low- 10 r=0.19 r=0.18 r=-0.26 r= —0.46
dose bile salt (P = NS) (P = NS) (P = NS) (P = NS)
Digestive Diseases and Sciences, Vol. 37, No. 9 (September 1992) 1431



cently confirmed that observation. However, none
of the cited studies was specifically designed to
investigate this relationship, and their findings were
merely incidental to other purposes.

In the present study we have utilized two fac-
tors, an intraductal and an intravenous compo-
nent, to induce acute pancreatitis with a range of
severity resembling the spectrum found in most
clinical populations. Previous studies from this
laboratory have shown that the combination of
low concentrations of intraductal bile salt with
intravenous cerulein causes an injury that can be
modulated in severity, with 24-hr mortality rates
ranging from 8% (group 7) to 20% (group 8) and
42% (group 9) by altering the intraductal infusion
time and volume of diluted bile salt solutions (10
mmol/liter) (32). The combination of cerulein and
bile salt is synergistic, the product of the combi-
nation far exceeding that caused by either compo-
nent alone. The further addition of enterokinase
increases the 24-hr mortality to 100% (group 10).
With five fatalities out of 118 animals, the overall
mortality was 4.2% at 6 hr. Our prior experience
with these techniques has shown the mortality at
24 hr to increase to 9-12%, which is similar to
clinical experience in man (33-36).

Multiple regression analysis comparing the in-
crease in amylase activity with various histopatho-
logic variables in these experiments revealed that
the amylase increment correlates poorly in general
with the extent of pancreatic injury. Among the
variables examined, pancreatic edema, not consid-
ered to be an index of severity in pancreatitis, had
the best correlation with hyperamylasemia, and
extrapancreatic fat necrosis was second best. The
usual indices of severe pancreatitis—acinar necro-
sis, hemorrhage, intralobular inflammation, and
perivascular infiltrate—correlate poorly with the
level of serum amylase. Thus this study provides an
experimental basis to support clinical observations
that have suggested that the level of serum amylase
has no prognostic value in acute pancreatitis.
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