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NECROTIZING PANCREATITIS

Yoshio KINAMI, M.D., Noriaki SAKATA, M.D. and Michiaki TAKATA, M.D.
The Second Department of Surgery, Kanazawa Medical University,
Ishikawa 920-02, Japan

Summary

This study was designed to search for a way to inhibit pancreatic fibrosis following acute pancreatitis.
Experimental necrotizing pancreatitis was induced by a freezing procedure in the pancreas of male
Wistar rats. After the freezing procedure, the rats were divided into 3 groups: nothing addition was done
to the control group, while the other 2 groups received daily intraperitoneal administration of anti-
fibrotic substances (colchicine or L-azetidine-2-carboxylic acid (AZC)) for 6 weeks. Pancreatic enzymes in
the serum were not markedly influenced by administration of antifibrotic substances, and there were no
differences in the ratios of dry to wet weights of the pancreas between groups with and without these
drugs. After freezing, the hydroxyproline levels in the pancreas of the control group increased from 1 to
4 weeks and then decreased during the 5th and 6th weeks. All groups receiving colchicine or AZC ex-
hibited a significant decrease in the hydroxyproline levels at 2 to 4 weeks compared with the control
group (P<0.01). Histological examination also showed the inhibition of pancreatic fibrosis, agreeing
with changes in the hydroxyproline levels in groups receiving colchicine or AZC. These results suggest
that administration of antifibrotic substances, colchicine and AZC, have the possibility of inhibiting
pancreatic fibrosis following acute pancreatitis.

Key Words: Antifibrotic substances, Hydroxyproline, Necrotizing pancreatitis, Pancreatic fibrosts.

creas normalize together with reduction of in-
flammation, but in 20% or 30% of cases? the
necrotized parenchyma is replaced with fibrous
tissue. However, at present there is no effective

Introduction

It is generally thought that the characteristic
of chronic pancreatitis!) is an irreversible and

progressive fibrous proliferation in the pan-
creas. This fibrosis causes not only morphologic
alteration but also functional impairment in
the pancreas. In most patients with acute pan-
creatitis, the pathological changes in the pan-
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treatment to reduce this pancreatic fibrosis.
Hepatic and pneumonic fibroses have been
widely studied3-5. In the former, it is thought
that as a repair mechanism in tissue after suc-
cessive necrosis of liver cells, fibrous prolifera-
tion occurs, fundamentally similar to wound
healing. On the other hand, the latter has been
studied from the standpoint of immunology.
We investigated experimentally a relationship
between pancreatic fibrosis and collagenolytic
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activity in pancreatic tissue following necro-
tizing pancreatitis®). Besides such basic studies
related to pancreatic fibrosis, there are a few
studies concerning prevention of or therapy for
fibrous proliferation in the pancreas after acute
pancreatitis. In this study, 2 antifibrotic sub-
stances were administered to rats with acute
pancreatitis, and their effects on pancreatic
fibrosis were examined.

Materials and Methods

In this study 432 male Wistar rats weighing
200-250 g and fasting for one day were used.
Colchicine (Wako Junyaku Co. Osaka, Japan)
an anti-microtubular drug and L-azetidine-2-
carboxylic acid (AZC, Sigma Chemical Co. St.
Louis, U.S.A.) a proline analogue were ex-
amined concerning their effect on pancreatic
fibrosis.

Experimental necrotizing pancreatitis was
produced by the following procedure. The rats
received intraabdominal injections (5 mg/100
g body weight) of pentobarbital sodium and
underwent laparotomy. The splenic segment of
the pancreas underwent a freezing procedure
for 30 seconds at —60°C in a freezing apparatus
(Cryos-A) using CO; (Fig. 1). The rats were
given food ad libitum after this procedure. The
rats with necrotizing pancreatitis were divided

Bile duct

Stomach

)

AANS RN

"‘\‘\\\\ X Spleen
AN

N NN
IR
\

Pancreas

Duodenum

Fig. 1.

Frozen area in the pancreas.
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into 3 groups, consisting of a group receiving
colchicine, a group receiving AZC, and a con-
trol group in which no additional procedures
had been carried out. Furthermore, the colchi-
cine group was divided into 3 subgroups. One
received 0.04, another 0.2, and the third 0.4
mg/kg body weight of colchicine by injection
into the abdominal cavity daily for 6 weeks
from the day the pancreatitis was induced. On
the other hand, the AZC group was divided
into 2 subgroups, one receiving 4 and the other
20 mg/kg body weight of AZC by injection into
the abdominal cavity daily for 6 weeks.

Each group was examined as follows at 1-6
weeks after the onset of acute pancreatitis. Be-
sides main examinations, the amylase and
lypase levels in the serum were determined at 1,
3 and 6 weeks after administration of colchi-
cine or AZC. In order to determine amylase
and lypase, blood was taken from the inferior
vena cava. Amylase was determined by the
enzymatic method (Amylase test, Wakow), and
lypase was done by the British antilewsite tri-
butyrate sodium louryl sulfate-5, 5’-dithiobis
(2-nitro-benzoic acid) method (BALB-BTNB,
Lypase kit Dainippon Co. Osaka, Japan). In
each group, a section of the pancreatic tissue,
which was taken from a fixed region of the pan-
creas, was desiccated by freezing for 20 hours at
—40°C after measurement of the wet weight,
and the ratio of dry to wet weights of the pan-
creatic tissue was calculated. Thereafter, hy-
droxyproline levels in the pancreatic tissue were
determined by the KISO method of Inayama et
al.”, a modification of the method of Prochop
et al. All values were expressed as ug/mg dry
weight of the pancreatic tissue. Furthermore,
the pancreas was removed before or 1-6 weeks
after the freezing procedure, and the fibrotic
changes in the pancreas were evaluated his-
tologically with hematoxylineosin and azan
stains.

All data for each examination was presented
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as the mean * SD, and the unpaired Student’s
t-test was used for comparison.

Resules

1. Amylase and lypase levels in serum

The mean (+SD) amylase level in the serum
of normal rats was 2858 + 286 Somogyi U/dl
(n=8), and the mean (£SD) lypase level in the
serum of normal rats was 124.3 + 36.5 BALB
unit/0.05 ml (n=8). As basic examinations, the
influence of administration of colchicine and
AZC was examined on the amylase and lypase
levels in the serum of 25 rats without the freez-
ing procedure (Table 1). However these levels
were not affected by administration of any
amounts of colchicine or AZC at any week, and
there was no significant difference among any
of the levels of each enzyme. There were no
marked differences in serum amylase levels at
any times between rats of the control group and
normal rats. The lypase levels in the serum of
the control group rose slightly for the period 1
to 6 weeks, but there were no significant differ-
ences in serum lypase levels at any time be-
tween rats of the control group and normal
rats.

On the other hand, there were no marked
differences in serum amylase levels at any time
between the colchicine groups and the control
group, or between the AZC groups and the
control group (Table 2). Both the colchicine
and AZC groups exhibited stable levels of amy-
lase. Furthermore, there were also no signifi-
cant differences in serum lypase levels through-
out the whole course between colchicine or
AZC groups and the control group (Table 3).

2. Ratio of dry to wet weights of the pancre-
atic tissue

The mean (xSD) ratio of dry to wet weights
of the normal pancreatic tissue was 28.6 =
2.1% (n=8). The ratio of dry to wet weights in
the control group was 39.1 = 5.9% at 4 weeks
after the freezing procedure, and this was sig-

Pancreatic enzymes in serum of normal rats before and after administration of antifibrotic substances

Table 1.

Antifibrotic Treatment of Pancreatic Fibrosis

Serum Lypase (BALB U/0.05 ml, MeanxSD)

Serum Amylase (somogyi U/dl, Mean+SD)

Amounts

Antifibrotic

After Start of Administration (weeks)**

Before

After Start of Administration (weeks)**

Before
Administration*

Administration*

mg/kg

Substances

144.3+28.4
130.6+33.4
136.8+40.2

146.1+32.2
122.8+40.6
154.2+30.4

132.4+30.2
143.2+40.4
118.7+38.2

124.3+36.5
124.3£36.5
124.3+36.5

2790+412 2620+442

2870+303
2690+412

2858+286
2858+286
2858+286

0.04
0.20
0.40

2530+386

2882+372

Colchicine

2768+574 2682+652

2850652

148.9+40.1 136.5+25.6
155.6+34.8 140.8+26.8

142.8+28.6
118.6+41.5

124.3+36.5
124.3+36.5

25634402
27484526

25544324
2910420

2546+442
2610£532

2858+286
2858+286

4
0

AZC

**: n=h

n=8
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Fig. 2.

pancreas after the freezing procedure. Each point re-

~
o

Dry weight/Wet weight (%)

=)

Changes in the ratio of dry to wet weights of the

presents the mean * S.D. in 8 rats. (comparison be-
tween colchicine and control group)

nificantly higher than that of normal rats
(P<0.01). The ratios at 5 and 6 weeks were
similar to that at 4 weeks. The changes in the
ratios of dry to wet weights of the pancreatic
tissue in the colchicine groups were similar to
those changes in the control group, and there
were no significant differences between the col-
chicine groups and the control group (Fig. 2).
On the other hand, the ratios of dry to wet
weights of the pancreatic tissue in the AZC
groups revealed the same changes as those in
the control group, and there were no signifi-
cant differences among these groups (Fig. 3).
3. Hydroxyproline levels in the pancreatic tis-
sue

The mean (+SD) level of hydroxyproline in
normal pancreatic tissue was 3.42 =+ 0.76
ug/mg dry weight of pancreas (n=8). After the
freezing procedure, the hydroxyproline level in
the pancreatic tissue of the control group was
5.14 3 1.26 ug/mg (n=8) at 1 week, and signifi-
cantly higher than the level in normal pancre-
atic tissue (P<0.01). Thereafter, the levels in-
creased to 7.56 + 1.14 ug/mg at 2 weeks, 7.58
+ 1.26 ug/mg at 3 weeks and 7.88 * 1.48
ug/mg at 4 weeks, but declined to 5.04 + 0.69
ug/mg at 5 weeks and 5.14 = 1.12 ug/mg at 6
weeks.

On the other hand, the hydroxyproline levels
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Fig. 3. Changes in the ratio of dry to wet weights of the

pancreas after the freezing procedure. Each point re-
presents the mean + $.D. in rats. (comparison between
AZC and control group)

in the pancreatic tissue for the subgroup receiv-
ing 0.04 mg/kg colchicine were 3.89 + 0.49
ug/mg at 1 week, 5.41 + 0.40 ug/mg at 2
weeks, 5.59 + 0.36 ug/mg at 3 weeks and 5.71
+ 0.47 ug/mg at 4 weeks, being significantly
lower than those of the control group, except at
1 week (P<0.01). But the levels at 5 and 6
weeks were 4.29 + 0.37 ug/mg and 4.72 £ 0.29
ug/mg respectively, and there were no signifi-
cant differences between this subgroup and the
control group (Fig. 4). Levels in the subgroup
employing 0.2 mg/kg colchicine were 4.42 +
0.36 ug/mg at 1 week, 5.03 = 0.68 ug/mg at 2
weeks, 5.77 + 0.78 ug/mg at 3 weeks and 5.20
+ 0.66 ug/mg at 4 weeks, being significantly
lower than those of the control group, except at
1 week (P<0.01). However levels at 5 and 6
weeks were 4.73 * 0.64 ug/mg and 4.66 + 0.37
Hg/mg respectively, and there were no signifi-
cant differences between this subgroup and the
control group. Levels in the subgroup employ-
ing 0.4 mg/kg colchicine were 4.61 * 0.62
ug/mg at 1 week, 3.78 + 0.27 ug/mg at 2
weeks, 4.63 + 0.43 ug/mg at 3 weeks and 4.59
+ 0.57 ug/mg at 4 weeks, being significantly
lower than those of the control group, except at
1 week (P<0.01). But the levels at 5 and 6
weeks were 4.36 + 0.32 ug/mg and 4.16 + 0.42



504 Y. KINAMI ET AL.

x narmal group
o—e  control group

L OO colchicine 0.04mg/kg group

10 O—0  colchicine 0.20me/kg group

&-=A  colchicine 0.40mg/kg group

HYDROXYPROLINE (ug/mg pancreas dry weight)
[~;]

ar é 4‘;}/ '%
*
2t
0 1 1 1 1 i I
1 2 3 4 5 6
before after freezing procedure {weeks)

#*¥P<0.0/

Fig. 4. Comparison of hydroxyproline levels in the
pancreatic tissue after the freezing procedure between
colchicine groups and the control group. Each point
represents the mean + $.D.
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Fig. 5. Comparison of hydroxyproline levels in the

pancreatic tissue after the freezing procedure between
AZC groups and the control group. Each point repre-
sents the mean £ $.D. in 8 rats.

Histological findings of the pancreas 4 weeks after the freezing procedure (azan stain, x100). A:

The pancreas of the control group revealed a strong fibrosis and a mild adipose tissue. B: The
pancreas of a colchicine group at receiving 0.2 mg/kg/day exhibited a mild fibrosis and adipose
tissue. C: The pancreas of AZC group, receiving 4 mg/kg/day of it, also indicated a mild fibrosis

and adipose tissue.

ug/mg respectively, and there were no signifi-
cant differences between this subgroup and the
control group.

The hydroxyproline levels in the pancreatic
tissue of the subgroup employing 4 mg/kg AZC
were 3.91 = 0.49 ug/mg at 1 week, 4.29 + 0.82
ug/mg at 2 weeks, 5.85 + 0.30 ug/mg at 3
weeks and 5.58 = 0.40 ug/mg at 4 weeks, being

significantly lower than those of the control
group, except at 1 week (P<0.01). But the
levels at 5 and 6 weeks were 4.32 + 0.36 ug/mg
and 4.39 + 1.87 ug/mg respectively, and there
were no significant differences between this
subgroup and the control group (Fig. 5). The
levels in the subgroup employing 20 mg/kg
AZC were 4.33 + 0.36 ug/mg at 1 week, 5.36 *
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0.64 ug/mg at 2 weeks, 4.48 = 0.90 ug/mg at 3
weeks and 3.93 + 0.58 ug/mg at 4 weeks, being
significantly lower than those of the control
group, except at 1 week (P<0.01). However the
levels at 5 and 6 weeks were 4.16 + 0.37 ug/mg
and 4.11 * 0.42 ug/mg respectively, and there
were no significant differences between this
subgroup and the control group.
4. Histological changes in the pancreatic tis-
sue

To carry out histological examinations, 111
rats were sacrificed. In the control group,
necrosis of acinar cells, infiltration of the in-
flammatory cells, increased pancreatic ductules
and fibrous proliferation were obviously ob-
served in frozen sections obtained 1 week after
freezing. On the other hand, the colchicine
group also exhibited fibrous proliferation at 1
week, but its grade was mild compared with the
control group. The AZC group also revealed
the same findings as the colchicine group. In
the control group, these fibrous proliferations
advanced markedly in the period from 2 to 4
weeks, while there were reductions of the
necrotic area, inflammatory cells and pancre-
atic ductules. On the contrary, colchicine and
AZC groups revealed further inhibition of
fibrous proliferation in the same period (Fig.
6). However, in both the colchicine and AZC
groups the intensity of inhibition of fibrosis was
not affected by administered amounts of these
substances. Thereafter,
fibrous tissue and pancreatic ductules began to
decrease, and fatty tissue increased gradually.
There was no difference in the histological find-

in all groups the

ings among any of the groups at 6 weeks.

Discussion

Acute pancreatitis is one of the causes of ir-
reversible chronic pancreatitis, and there are
many reportsl-2) about this subject. In general,
it is mentioned that irreversible and progressive
pancreatic fibrosis occurs as a result of inflam-
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mation in the pancreas, being due to various
causes, and is accompanied by morphologic
and functional changes in the pancreas. Pan-
creatic fibrosis observed after pancreatitis is a
serious clinical problem, but there have been
few studies concerning the etiology and inhibi-
tion of fibrosis.

Although it is not easy to experimentally in-
duce pancreatic fibrosis for clinical investiga-
tion, models of pancreatitis have been de-
veloped by various methods. We also developed
a rat model of necrotizing pancreatitis by con-
tact freezing and observed changes in pancre-
atic fibrosis®). In this study, the contact freezing
method was used because it is certain that
fibrous proliferation in the pancreatic tissue
will follow within a relatively short term.

Hydroxyproline, one of the characteristic
amino acids of which collagen protein is com-
posed, exhibits a constant ratio in collagen.
Therefore, this level could indicate the amount
of collagen. In order to determine the hydroxy-
proline level in pancreatic tissue as an index of
pancreatic fibrosis after experimental necrotiz-
ing pancreatitis, Prockop-Udenfreind’s
method® and Nauman’s method® are used in
Japan. we employed the KISO
method of Inayama et al.” because it is a sim-
pler method to obtain reliable data. After the
freezing procedure, the hydroxyproline levels
increased for 4 weeks, but decreased thereafter.
The change in these levels was similar to their

However,

changes in pancreatic tissue reported previous-
ly®, and agreed with histological changes.

To observe the development of pancreatic
fibrosis and to search for a possible way to in-
hibit it, we administered antifibrotic substances
that have an influence upon each step in col-
lagen synthesis, to rats with necrotizing pan-
creatitis. Colchicine was used as one of these
substances. It is known that colchicine!0-12), an
anti-microtubular drug, inhibits collagen bio-
synthesis and interfers with the transport of col-
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lagen precursors to extracellular space. Fur-
thermore, this drug is also considered to act on
the existing collagen fiber and reduce its
amount®13. On the other hand, AZC14-16), a
proline analogue that competes with proline
for transport and acylation of proline-specific
transfer-RNA, was also examined.

It is important to examine any influences
caused by administration of antifibrotic sub-
stances on exocrine pancreas, especially those
that accompany acute pancreatitis. At first, the
influences of colchicine or AZC were studied on
the exocrine enzymes in the serum of normal
rats. As a result, no influence caused by these
substances were observed. After the freezing
procedure in rat pancreas, examination of the
levels of serum exocrine enzymes showed that
their levels in the control, colchicine or AZC
group were similar to those in normal rats, and
there were no significant differences in changes
occurring among these groups. Furthermore,
the changes in exocrine enzymes were not
affected by the amounts of these substances ad-
ministered. Accordingly, these results indicate
that the antifibrotic substances have no marked
influence on the exocrine pancreas.

The amount of water included in the tissue is
almost constant in each organ. The histological
changes in the pancreas were inferred accord-
ing to examination of the amount of water in
the pancreatic tissue at all time periods. The
ratio of dry to wet weights of the pancreas was
30% in normal tissue, but exhibited a mild re-
duction at 1 and 2 weeks after the freezing pro-
cedure. Therefore, edema in tissue was as-
sumed to be present at these times. The ratio
reached approximately 40% after 4 weeks.
From histological findings observed previously
by us®) or recognized similarly in this study, it
was presumed that this result was due to a de-
crease of parenchyma cells, fibrous prolifera-
tion and increase in fatty tissue appearing after
3 weeks. The colchicine and AZC groups also

Vol. 21, No. 5

revealed the same changes in ratios as those ob-
served in the control group.

The hydroxyproline levels in pancreatic tis-
sue of all groups were determined for 6 weeks
after the freezing procedure. As a result, the
levels in colchicine or AZC groups were signifi-
cantly lower for 4 weeks than those in the con-
trol group. On the other hand, a histological
examination was performed on all groups dur-
ing the same period. The grades of fibrous pro-
liferation were histologically slight in groups
treated with antifibrotic substances, which was
in accord with the changes of hydroxyproline
levels in these groups. Rojking et al.1%) adminis-
tered colchicine to rats with injured livers,
which had been chronically treated with car-
bon tetrachloride, and recognized a reduction
in collagen biosynthesis and an improvement in
some liver-function tests. Furthermore, they
mentioned that an antifibrotic effect was ob-
tained in cirrhotic patients by administration
of this drug. On the other hand, Kershenobich
et al.1” administered AZC to rats with livers in-
jured by carbon tetrachloride, and reported an
inhibition of hepatic fibrosis and an improve-
ment in liver-function tests. In our experi-
ments, an antifibrotic effect due to the ad-
ministration of these substances was also ob-
served in pancreatic tissue after the freezing
procedure. However, there were no obvious
differences in the reduced grades of hydroxy-
proline levels or in the inhibited grades of
fibrous proliferation when comparing the ad-
ministered amounts of both drugs. From these
results obtained in our study, it is suggested
that there is a possibility for the clinical appli-
cation of both colchicine and AZC, because
these drugs produce an inhibition of pancreatic
fibrosis and no apparent injury to the pancre-
atic function.
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