An Experimental Study on Inhibition of
Pancreatic Fibrosis following Necrotizing
Pancreatitis
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Fig.3. Changes in plasma amylase levels after freezing procedure. Each point represents
the mean+S.D. in 8 rats. x at n, Normal group without any procedure; @ —@®, control
group, freezing procedure without any additional administration of antifibrotic substanc-
es; 0—O, freezing procedure with intraperitoneal injection of colchicine 0.04 mg/kg/
day; o—uo, freezing procedure with intraperitoneal injection of colchicine 0.2 mg/kg/
day ; a—a, freezing procedure with intraperitoneal injection of colchicine 0.4 mg/kg/day.
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Fig. 4. Changes in plasma amylase levels after freezing procedure. Each point represents
the mean+S.D. in 8 rats. x at n, Normal group without any procedure: ®—@, control
group, freezing procedure without any additional administration of antifibrotic substanc-
es; m—um freezing procedure with intraperitoneal injection of L-azetidine-2-carboxylic
acid (AZC) 4 mg/kg/day ; A—a, freezing procedure with intraperitoneal injection of AZC

20 mg/kg/day.
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Fig.5. Changes in plasma lipase levels after freezing procedure. Each point represents the
mean=*S.D. in 8 rats. x at n, Normal group without any procedure ; ® —@, control group,
freezing procedure without any additional administration of antifibrotic substances; ©
—O, freezing procedure with intraperitoneal injection of colchicine 0.04 mg/kg/day; o
—n, freezing procedure with intraperitoneal injection of colchicine 0.2 mg/kg/day; &
—a, freezing procedure with intraperitoneal injection of colchicine 0.4 mg/kg/day.
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Fig.6. Changes in plasma lipase levels after freezing procedure. FEach point represents the
mean+S.D. in 8 rats. x at n,Normal group without any procedure; ® — @, control group,
freezing procedure without any additional administration of antifibrotic substances; =
—m, freezing procedure with intraperitoneal injection of AZC 4 mg/kg/day; a—a,
freezing procedure with intraperitoneal injection of AZC 20 mg/kg/day.
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Fig.7. Changes in the ratio of dry to wet weights of the pancreas tissue after freezing
procedure. Each point represents the mean+S.D. in 8 rats. x at n,Normal group without
any procedure; ®—@, control group, freezing procedure without any additional
administration of antifibrotic substances; 0—o0, freezing procedure with intraperitoneal
injection of colchicine 0.04 mg/kg/day ; @—a, freezing procedure with intraperitoneal
injection of colchicine 0.2mg/kg/day; a—a4, freezing procedure with intraperitoneal
injection of colchicine 0.4 mg/kg/day.
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Fig.8. Changes in the ratio of dry to wet weights of the pancreas tissue after freezing
procedure. Each point represents the mean+S.D. in 8 rats. x at n, Normal group without
any procedure; ®—®, control group, freezing procedure without any additional
administration of antifibrotic substances; m—m, freezing procedure with intraperitoneal

injection of AZC 4 mg/kg/day ; A—a, freezing procedure with intraperitoneal injection of
AZC 20 mg/kg/day.
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Fig.9. Changes in hydroxyproline levels of the
pancreas after freezing procedure. Each point
represents the mean+S.D. in 8 rats. x atn,
Normal group without any procedure; ®—@,
control group, freezing procedure without any
additional administration of antifibrotic substan-
ces; O—oO, freezing procedure with intrap-
eritoneal injection of colchicine 0.04 mg/kg/
day. *P<0.01.
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Fig.10. Changes in hydroxyproline levels of the
pancreas after freezing procedure. Each point
represents the mean+S.D. in 8 rats x atn,
Normal group without any procedure; ®—@,
control group, freezing procedure without any
additional administration of antifibrotic substa-
nces; B—a0, freezing procedure with intra-
peritoneal injection of colchicine 0.2 mg/kg/
day. *P<0.01.
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Fig.11. Changes in hydroxyproline levels of the
pancreas after freezing procedure. Each point
represents the mean+S.D. in 8 rats. x atn,
Normal group without any procedure; ®—®,
control group, freezing procedure without any
additional administration of antifibrotic substan-
ces; a—4A, freezing procedure with intrape-
ritoneal injection of colchicine 0.4 mg/kg/day. *
P <0.01.
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Fig.12. Changes in hydroxyproline levels of the
pancreas after freezing procedure. Each point
represents the mean*=S.D. in 8 rats. x at n,
Normal group without any procedure; @ —@,
control group, freezing procedure without any
additional administration of antifibrotic substan-
ces; m—u  freezing procedure with intrape-
ritoneal injection of AZC 4 mg/kg/day. *P<0.
01.
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Fig.13. Changes in hydroxyproline levels of the

pancreas after freezing procedure. Each point
represents the mean=+S.D. in 8 rats. x at n,
Normal group without any procedure; @—e@,
control group, freezing procedure without any
additional administration of antifibrotic substan-
ces; aA—aA, freezing procedure with intrap-
eritoneal injection of AZC 20 mg/kg/day. *P<
0.01.
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Fig.14. Histological findings of the pancreas after
freezing procedure. Azan stain, X100.

a: Light micrograph of the pancreas of control
group 4 weeks after freezing procedure without
any additional administration of antifibrotic
substances. Strong fibrosis was seen and mild
adipose tissue appeared.

b: Light micrograph of the pancreas of rats 4
weeks after freezing procedure with intrape-
ritoneal injection of colchicine 0.2 mg/kg/day.
Mild fibrosis was seen and mild adipose tissue
appeared.

c: Light micrograph of the pancreas of rats 4
weeks after freezing procedure with intrape-
ritoneal injection of AZC 4 mg/kg/day. Mild
fibrosis was seen and mild adipose tissue
appeared.
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Fig.15. Electron micrographs of the interlobular connective tissue in the pancreas of rats without any
procedure and with freezing procedure. Scale in each photograph, 1 gm.

a: Fibroblast and the nerve bundles in the normal specimen. The nerve bundle (N) consists of several
unmyelinated nerve fibers embedded in the peripheral cytoplasm of a Schwann cell, and is wholly covered
with a basement membrane and a number of collagen fibrils. The fibroblast (F) is flattened and stellate
in shape, and has little cytoplasm, where the granular endoplasmic reticulum is poorly developed.

%x12,000.

b: Fibroblast in the experimentally induced necrotic portion of the rat pancreas 1 week after the frrezing
procedure. The cell (F) does not appear to have a strong ability to form collagen fibrils, although there
are many fibrils in the intercellular matrix. X9,600.

¢ : Part of the fibroblast in the experimentally induced necrotic portion of the pancreas in the rat injected
with colchicine 0.2 mg/kg/day for one week following the freezing procedure. The cell has much
cytoplasm, and mitochondria (M) are large and form a complexly branched structure. The swollen and
branched granular endoplasmic reticulum is well developed. The plasma membrane sometimes forms
caveolae (arrows), and some small vesicles are seen around such profiles. Many microfilaments are
present, running parallel with each other in the peripheral cytoplasm (asterisks). x24,000.

d: Part of the fibroblast in the experimentally induced necrotic portion of the pancreas in the rat injected
with AZC 4 mg/kg/day for one week following the freezing procedure. The cell has much cytoplasm,
and the swollen and branched granular endoplasmic reticulum is developed throughout the cytoplasm.
The plasma membrane forms caveolae (arrows), and vesicles are present around them. Microfilaments

are also seen at the upper area of the micrograph.

X12,000.

Fig.16. Electron micrographs of the interlobular connective tissue in the pancreas of rats at 3 weeks after
freezing procedure. Scale in each photograph, 1 xzm.

a: Several fibroblasts, the histiocyte, and the blood capillary in the experimentally induced necrotic
portion of the rat pancreas 3 weeks after the freezing procedure. In this phase, the fibroblast including
many droplets (thick arrow) appears, and some cells (thin arrows) are seen to form such droplets within
the cytoplasm, all of which seem to be in the course of transition into fat cells. The histiocyte in the
nuclear division (large asterisk) is observed. A degenerating capillary (small asterisk) is seen. Xx3,600.

b: Part of the fibroblast in the experimentally induced necrotic portion of the pancreas in the rat injected
with colchicine 0.2 mg/kg/day for 3 weeks following the freezing procedure. The number of profiles of
the swollen granular endoplasmic reticulum is greatly decreased. The mitochondria are poorly
developed. The Golgi complex (G) are seen to be related with the endoplasmic reticulum. Many
microfilaments are observed, running parallel with each other in the peripheral cytoplasm (asterisks),

where the dense bodies are also found. x12,000.

c: The fibroblast in the experimentally induced necrotic portion of the pancreas in the rat injected with
AZC 4 mg/kg/day for 3 weeks following the freezing procedure. Both free and attached ribosomes are
less frequent than in the active fibroblasts. The granular endoplasmic reticulum in also poorly

developed. x12,000.
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Fig. 17. Electron micrographs of the interlobular
connective tissue in the pancreas of rats at 6
weeks after the freezing procedure. Scale in
each photograph, 1 xzm.

a: Fibroblasts and mast cells in the experi-
mentally induced necrotic portion of the rat
pancreas 6 weeks after the freezing procedure.
A mast cell (M) occurs close against the
fibroblasts (F), which seem to be in a catagenic
state. X4,800.

b: Part of fibroblasts in the experimentally
induced necrotic portions of the pancreas in the
rat injected with colchicine 0.2 mg/kg/day for
6 weeks following the freezing procedure.
The swollen and branched granular endopl-
asmic reticulum is well developed. The
plasma membrane shows frequent deep invagi-
nations. Dense bodies of various sizes,
probably derived from phagocytosis, appear in
the cytoplasm. X7,200.

c: The fibroblast in the experimentally induced
necrotic portion of the pancreas in the rat
injected with AZC 4 mg/kg/day for 6 weeks
following the freezing procedure. In this
phase, the fibroblast is flattened and stellate in
shape, and has few organelles. X12,000.
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An Experimental Study on Inhibition of Pancreatic Fibrosis following Necrotizing Pancreatitis
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Abstract

This study was designed to observe the chemical and morphological changes of fibrous proli-
feration in the pancreas following acute pancreatitis, and to search a possibility of inhibiting
pancreatic fibrosis. Experimental necrotizing pancreatitis was produced by a freezing procedure
in the splenic segment of the pancreas of male Wister rats. After the freezing procedure, the rats
were divided into 2 groups: control group had no additional procedure, and the other group
received daily an intraperitoneal administration of colchicine or L-azetidine-2-carboxylic acid
(AZC) as antifibrotic substances. Hydroxyproline levels of the frozen areas in the pancreas were
determined during the course of time, and histological changes in the pancreas were examined by
light and electron microscopies. The pancreas which received the freezing procedure revealed
necrosis in the early stage and subsequent fibrous proliferation. In the rats administered with the
antifibrotic substances, hydroxyproline levels in the pancreatic tissue were significantly lower
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than the control level during 2 to 4 weeks after the freezing procedure (p<0.01), and the inhibi-
tory effect on fibrous proliferation was histologically noted. Electron microscopic examinations
revealed the following changes. In the control group, fibroblasts resided in the surrounding
region or inside necrosis actively proliferated and produced a lot of collagen fibers. Furthermore,
invertion from fibroblasts to fatty cells was observed. On the other hand, in the rats admini-
stered with antifibrotic substances, the myofibroblasts presumably transformed from fibroblasts
were obviously seen in the necrotic region. The above results indicate a close relationship be-
tween pancreatic fibrosis and activity of fibroblasts, and simultaneously suggest that the inhibij-
tion of fibrosis following an administration of antifibrotic substances was brought about by the
appearance of myofibroblasts.




