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Abstract We investigated the time-course of changes atitis into chronic pancreatitis [2, 7, 9, 10]. Recently,
pancreatic fibrosis accompanied with pancreatitis jancreatic fibrosis has been classified into interlobular,
WBN/Kob rats. The areas of fibrosis and fatty replacitralobular, or other types according to its histological
ment were analysed morphometrically, and biochemidahtures; and the implications of this classification have
measurements of pancreatic and plasma prolyl hydroXdyécome appreciated and the aetiology for each type has
ase and of pancreatic collagenase were assessed. Bfadually been elucidated [18, 19, 20].
rats showed acute pancreatitis at 2—3 months of age, leWBN/Kob rats [15, 23], OLETF rats [4], and Aly
sions that later underwent a transition to widespreadrfiice [14] are known to develop pancreatitis spontane-
brosis. The fibrosis then decreased, and the fibrotic tisswssly, and experimental pancreatitis can be induced by
was replaced with adipose tissue. Morphometrically, thghanol feeding [24] or arginine injection [6] in rats or
fibrotic area reached its maximal size when the rats wenee. These conditions have thus been utilized as models
4 months old, diminishing thereafter. The fibrosis ofer human pancreatitis.
curred mainly in the intralobular space, and was princi- Pancreatic fibrosis in animal models is transient, de-
pally attributable to type-lll collagen. Type-l collagemreasing noticeably sometime after development; thus,
scarcely appeared throughout the experimental pexiodpancreatic fibrosis in animal models seems to be differ-
Smooth muscle actin appeared in and around myofibestt from that in human chronic pancreatitis, which
blasts that developed in an early stage and diminishednteeans it is difficult to extrapolate the mechanism for de-
ter in accordance with the progressive manner of fibrosislopment of pancreatic fibrosis in animal models to that
The plasma prolyl hydroxylase level was higher in malas humans. However, elucidation of the mechanism re-
than in females from 4 through 10 months of age. Paponsible for this decrease in fibrosis in animal models
creatic collagenase activity in the males also increasedy help to develop future therapy for human pancreatic
during the same period. These findings suggest that piitmrosis. Recently, enzymes involved in the synthesis or
creatic fibrosis in male WBN/Kob rats is affected by thdegradation of collagen fibres have been analysed, and
balance between prolyl hydroxylase and collagenase. the mechanism of development of pancreatic fibrosis and
its progressive decline has been partially disclosed in an-
Key words WBN/Kob rat - Pancreatitis - imal models [5, 24].
Prolyl hydroxylase - Collagene se We examined male WBN/Kob rats by pathological
and biochemical techniques. Pancreatitis occurs sponta-
neously after 2-3 months of age in these animals’ and
Introduction we used them as a model for pancreatic fibrosis with the
aim of clarifying the mechanisms responsible for the la-
Pancreatic fibrosis in patients with alcoholism or choleer progressive decrease in fibrosis.
lithiasis develops during the progression of acute pancre-
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n WBN/Kob rats were purchased from Japan SLC (Shizuoka, Japan)
Tokyo 113-8421, Japan and bred at the Toxicology Laboratory of Mochida Pharmaceutical
C. Kakinuma [ ]) - Y. Shibutani Co. (Tokyo, Japan). The animals were maintained in an animal
Toxicology Laboratory, Mochida Pharmaceutical Co., Ltd., room with a controlled temperature (23+2°C) and humidity
342 Gensuke, Fujieda, Shizuoka 426-8640, Japan (55+15%) and a 12-h light/12-h dark cycle and were given a gam-
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pan) and water ad libitum during the experimental period. THdferences between 2-month-old animals and 4-, 8-, or 10-month-
guidelines of Mochida Pharmaceutical Co. for the care and uselaf ones. For comparison between the males and females Stu-
animals were followed in this study. Animals aged 1, 2, 3, 4, @&nt'st-test was used, ariRk0.05 was considered significant.
and 10 months (5 males and 5 females at each of these ages) were
used in this study. Heparinized blood samples were collected from
the animals under pentobarbital sodium anaesthesia. Subsequentt
each animal was killed by exsanguination, and the pancreaswﬁgults
excised.
The pancreas was divided into the splenic, duodenal, and Female WBN/Kob rats showed no changes in the pancre-

lonic parts, and fixed in 10% phosphate-buffered formalin. T ; ;
tissues were embedded in paraffin, sliced into 3-um sections, dthrothOUt the eXpe”mental perIOd' Male rats also

stained with haematoxylin and eosin, Masson’s trichrome, siv@iowed no changes until 1 month of age (Fig. 1A). At 2
or Elastica-van Gieson’s stain, and then subjected to histopatitenths of age, some male rats showed interlobular
logical and morphometric examination. haemorrhage, oedema, and inflammatory cell infiltration

For immunohistochemical staining, antibodies against typett;
collagen (Biodesign International, Kennebunk, Me.), type-Il| coTFtlg' 1B). At 3 months of age, haemorrhage, oedema,

lagen (Biodesign International), and-smooth muscle actin and inflammatory_cell infi_Itration were observed in all
(Dako, Glostrup, Denmark) were applied as the primary antibgwale rats. The animals Wlt_h severe mﬂammator){ chang-
ies. Deparaffinized sections were treated with 39%@Hn metha- es also showed degeneration and necrosis of acinar cells,
Hr%lefgrinlf)hnglsnprt]%tg]-%ﬁtflrveart: desn;;f%gee?oc;ufopﬁwrigmg?esiﬁ’c L'S;tee% thigdliferation of pancreatic ductules, and fibrosis to some
normal goat serum for 30 min, and then incubated for 30 min wit9ree (Fig. 1C). By 4 months of age, haemorrhage and
a 1:300 dilution of primary antibody at room temperature. Loc&edema had decreased, and the sites of these lesions had
ization of the primary antibody was detected with biotinylated sdaecome fibrotic. Most fibrotic areas were nodular, locat-

ondary antibody and a streptavidin—biotin complex conjugateddg in the lobules, and included atrophic islets and prolif-
horseradish peroxidase (LSAB2 Universal Kit; Dako). The seﬁ
&

tions were treated with the chromogen 3,3-diaminobenzidi %ated dUCt.S (Figs. 1D' 2 A)' Inter!obular f'bros.'s was
(DBA; 10 mg/ml; Sigma, St. Louis, Mo.) substrate medium &S0 S€en in connection with the intralobular fibrosis.
room temperature for 10 min, counterstained with haematoxyl¥one of the animals at any age showed protein plugs or
and subjected to microscopic observation. calculi in the ducts. In addition, neither necrosis of peri-

Using sections from each of five males at 2, 4, 8, and MQncreatic fatty tissue nor pseudocystic formation was
months of age, the total pancreatic area including splenic, duo

nal, and colonic parts and the areas of fibrosis and fatty repla §5er€0' throughout the exp_erimental periot,i Ma;son’s
ment in them were determined morphometrically with an imag@gchrome method and Elastica-van Gieson’s stain re-
analyser (LUSEX III; Nireco, Tokyo, Japan). The areas of fibrosigaled that the fibrotic areas in male rats were mainly
andlfatty replacement were determined as proportions (%) of E‘Eﬂnposed of collagen fibres (data not shown). Silver-
total pancreatic area. ained sections indicated scarce reticulum fibres in the

The concentration of amylase in plasma from each of ﬁ?éyy : > - h
males at 2, 4, 8, and 10 months of age was measured enzymafidlOtiC areas (Fig. 2B). At 8 months of age, the fibrotic

ly with an autoanalyser (Cobas Fara, Roche, Basel, Switzerlaraea decreased, and the adipose tissue increased in area
The concentrations of prolyl hydroxylase in plasma and pancregfgq. 1E). By 10 months of age, the fibrotic area had

tissue and the collagenase activities in pancreatic tissue from ; _
of five males and five females at 2, 4, 8, and 10 months of a tinued to become smaller, and the area of fatty re

were determined by the methods described below. acement had become even larger (Fig. 1F). There were

Heparinized blood samples were centrifuged at 2§dor no conspicious differences among the splenic, duodenal,
15 min at 4°C to isolate plasma for determination of prolyl hyand colonic parts in the occurrence or degree of these le-
droxylase concentrations. The weighed pancreatic tissue was djgis.

mogenized in 9 volumes of 10 mM Tris-HCI solution (9.25 M su- hi hemical L h h I
crose, 100 uM dithiothreitol, 10 uM EDTA, pH 7.4) with a Wah- |mmunohistochemical examination showed that colla-

ring blender (ULTRA-TURRAX, type T-25; Junke and Kunkelgen fibres in the intralobular space were those of type-Il|

Staufen, Germany). The homogenate was centrifuged at §,000ollagen (Fig. 2C). Type-l collagen was very rare

for 30 min at 4°C to isolate the supernatant fluid, which servedgg_ 2D) and was located interlobularly. These findings
B

a sample for determination of prolyl hydroxylase protein level : B ) _
Prolyl hydroxylase concentrations were determined according relating to type-I and type-lll collagens were com

the methods of Yamada et al. [24] and Kodama et al. [11] Byonly obtained in tissue from male rats at 4 months of
means of a rat prolyl hydroxylase-measurement kit (Fujiyakurdge or older. In additiom-smooth muscle actin was ob-

Kogyo, Toyama, Japan). The concentration (ug) of prolyl hydrogerved in connection with the expansion of the fibrotic
ylase was expressed as micrograms per milligram of protein. P%

tein concentrations were determined by the method of Lowry et iI).ea' At 3_4 _months O.f age, that is to say in .the early
[12], with bovine serum albumin used as a standard. stage of fibrotic expansion, an amorphous reactiou for

For determination of collagenase activity in the pancreas, #i®0oth muscle actin was recognized diffusely in the fi-
weighed pancreatic tissue was homogenized in 9 volumesppbtic areas of pancreas from male rats (Fig. 2E). In con-

50 mM Tris-HCl solution (0.2 M NaCl, 5 mM CaflpH 7.8) with a5t the region positive foo{smooth muscle actin be-
a Wahring blender (ULTRATURRAX, type T-25). Next, the hor, o Iineargin thria fibrotic ar(ea and was located mainl
mogenate was diluted with 2 volumes of 50 mM Tris-HCI solutidr@ y

and incubated at 37°C for 2 h. Collagenase activity was assagé@und the vessels, pancreatic ducts, and islets of ani-
by use of fluorescein isothiocyanate-labelled collagen as a sphals at 8 months of age or older (Fig. 2F).
strate (Collagenokit, CLN-100; Collagen Research Centre, Tokyo, Eiprotic area per total pancreatic area in male rats was

Japan). Then, the collagenase activity (units) per gram of the -
e 3Nas e eaied, 2 y (units) per g PHkximal (20.0£5.7%) at 4 months of age. Thereafter, the

Numerical data were expressed as the meansstandard deVi{otic area decreased with increasing age: at 8 and 10
tion. Dunnett'st-test was used to analyse statistically significammonths of age the figures were 8.7+3.1% and 7.6£2.9%,



Fig. 1 A—F Histological features of the time-course of changes of age, the fibrotic area expands and forms nodular style. Haemor-
pancreatitis of male WBN/Kob rats. Haematoxylin-eosin, ®»80 rhage and oedema are becoming weakeAt 8 months of age,

At 1 month of age, no abnormalities are seé@mt 2 months of the fibrotic area is decreasing and adipose tissue replacing it. Hae-
age, haemorrhage and oedema are seen in the interlobular anth@siderin deposition is seen at the periphery of the fibrotic Brea.
tralobular spacesC At 3 months of age, inflammation is wide-At 10 months of age, areas of fibrosis and acinar cells are decreas-
spread and accompanied by atrophy of acinar @I/t 4 months ing. Adipose tissue is widespre:ad
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Fig. 2 A-F Characterization of the pancreatic fibrosis of malie area at 4 months of age. Type-Ill collagen immunostaifling
WBN/Kob rats. x160A, At 4 months of age, insulin-positive cellsType-1 collagen is not detectable in the same area as sho@n in
are scattered in the fibrotic area. Pancreatic ducts are also redgge |-collagen immunostaininge a-Smooth muscle actin is
nized. Insulin immunostaining Reticulin fibres are seen at thewidely observed in the fibrotic area at 4 months of ag&mooth
basement membrane of acinar cells from a 4-month-old nayscle actin immunostaining a-Smooth muscle actin is located
whereas the fibres are very rare in the fibrotic area. The fibrotic exclusively around the pancreatic ducts and vessels at 8 months of
ea is mainly composed of collagen fibres, which are brownish-caje.a-Smooth muscle actin immunostaining

oured. Silver staii® Type-lll collagen is widespread in the fibrot-
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) ) ] ] of male and female WBN/Kob rats. The levels are higher in males
Fig. 3 Age-related changes in the areas of fibrosis and fatty tRan in females as early as 4 months, and increase markedly with
placement, and plasma levels of amylase of male WBN/Kob ratme. The levels in males at 8 and 10 months of age indicate sig-
The area of fibrosis is largest at 4 months and decreases with tiifieant differences from that at 2 months of age, but no significant
thereafter. The area of fatty replacement increases with time. Piifierences were noted from levels in females. Data are expressed
ma levels of amylase also tend to increase with time, a significagt mean+SD ne5). *P<0.05, **P<0.01 (significant differences
increase being seen at 10 months of age. Data are exprességb@s2 months of ag)
mean+SD §=5). **P<0.01 (significant differences from 2 months

of age’
_ months of age was significantly higher than that from fe-
16.0- e e e males at the same age (230+14 ng/ml). At 4 months of
—— plasma PH (male) 400 age, the concentrations in males and females decreased

----A---- plasma PH {female)

to 185+52 and 144+19 ng/ml, respectively. Thereafter,
that in males increased slightly, but the level in females
showed no more conspicious changes (Fig. 4).

The concentration (15.7£2.1 ug/mg protein) of prolyl
hydroxylase in the pancreata taken from male rats at 2
months of age was slightly higher than that (14.4+
5.5 pug/mg protein) in females of the same age. At 4
months of age the level in males and females dropped, to
8.6£2.0 and 10.4+2.3 ug/mg protein, respectively. There-
after, the concentration in males did not change until 8
months of age, when it started to fall, showing a further
slight decrease at 10 months of age. In contrast, the en-
zyme level in females decreased continuously until they
reached 8 months of age, and then increased when they
100 were 10 months old (Fig. 4).

2 4 8 10 Pancreatic collagenase activity (40+43 U/g) in male

Age of the animals (months) rats at 2 months of age was lower than that (60+10 U/g)
Fig. 4 Age-related changes in the concentrations of prolyl hy- females at the same age. At 4 mor)ths of age, th_e activ-
droxylase in the pancreas and plasma of male and fem&}(glevels in males and females had increased notlceably
WBN/Kob rats. The plasma levels in males tend to increase with 279+305 and 216+89 units/g, respectively. Thereafter,
time. Data are expressed as mean+88b). **P<0.01 (signifi- the activity in males continued to increase noticeably in
cant differences from 2 months of age);R#0.01 (significant dif- a time-dependent manner, but that in females increased
ferences from the female:s) . . !

only slightly (Fig. 5).
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respectively. In contrast, the areas of fatty replacement at
4 months of age were an average of 25.7+3.2%, didcussion
thereafter they increased in a time-dependent manner.

The level of amylase in the plasma from male rats atrBmale WBN/Kob rats, fibrosis in the pancreas occurred
months of age was 687140 U/l. Thereafter, it increasasl a continuous event following acute pancreatitis. The
in a time-dependent manner throughout the experimenmtatiular pattern of fibrosis in the rats at 4 months of age
period (Fig. 3). The concentration (26916 ng/ml) ahay reflect the scattered acinar cell necrosis at 2 or 3
prolyl hydroxylase in the plasma from male rats atronths of age. Kloppel et al. [9, 10] report that the focal



88

nature of chronic pancreatitis in humans reflects a fotlhé transient expression atsmooth muscle actin in the
process in acute pancreatitis. The features of pancreafilisotic area in the pancreas from male rats may occur by
and expanding manner of fibrosis in our study were tine same mechanisms as operate in wound healing.
accordance with previous reports [15, 23]. We also con-Based on the analytical results of the plasma amylase
firmed that the fibrosis progressed in a time-dependdsiels, it is clear that destruction of acinar cells contin-
manner until the rats reached 4 months of age. We exam®d after the pancreatitis entered the chronic stage [22].
ined the rats at older ages and found that the fibrosis prbis may indicate that relapsing pancreatitis occurred in
gressed temporarily and decreased later. The resultsnafe WBN/Kob rats.
morphometric analysis supported the histopathological Prolyl hydroxylase is an enzyme involved in the syn-
findings and revealed that the pancreatic fibrosis in thekesis of collagen [16, 24] and plays an important part in
rats was transient. pancreatic fibrosis [21]. Our results show that the plasma
We were able to characterize the fibrosis in mdkevels of prolyl hydroxylase in male rats were higher
WBN/Kob rats. First of all, the fibrotic area, which prothan those in females throughout the experimental peri-
gressed in the intralobular space in a mostly nodutad. Thus, these findings seem to reflect the collagen-syn-
fashion, was mainly composed of collagen. In additiothesizing activity in the pancreas of male rats. However,
type-lll collagen was demonstrated immunohistochenmi terms of the levels of the prolyl hydroxylase in the
cally in the fibrotic area, though type-I collagen was negancreas no sex difference was evident. We attribute this
ative in the same area. discrepancy to the method used for analysis of prolyl hy-
In humans, pancreatic fibrosis has been classified idimxylase: the levels of prolyl hydroxylase were deter-
interlobular and intralobular types [13, 18, 19]. Patiemtsined per milligram of protein in our study and would
with chronic alcoholic pancreatitis characteristically shothus be affected by protein that enters the pancreatic tis-
the interlobular type; and those with alcohol dependergge in association with the inflammation. From another
syndrome, mainly the intralobular type [18, 19]. The dipoint of view, these results suggest that plasma rather
ference between interlobular and intralobular fibrosis than pancreatic levels of prolyl hydroxylase would be
humans was also demonstrated by immunohistochemmssre useful for the diagnosis of chronic pancreatitis or
try: the former was positive for both type-I and type-lppancreatic fibrosis in humans. In male and female
collagen, whereas the latter was positive for type-Ill colld/BN/Kob rats, the levels of prolyl hydroxylase in both
gen only [18]. Suda et al. [17] also report that fibrosis dheir plasma and their pancreas were higher at 2 months
ter acute pancreatitis may contain type-Ill collagen, whicl age than later. We consider that this finding reflects
is ultimately followed, irreversibly, by type-l. The mechathe maturation of the pancreas, since the pancreatic con-
nism involved in the decrease in fibrosis in male rats magctive tissue is abundant in the prenatal and newborn
possibly have some association with collagen fibre coperiods and decreases in infancy [3].
position, especially since Kennedy et al. [5] report that The results of the determination of collagenase activi-
type-lll collagen is relatively unstable in comparison witty in the pancreas suggested a possible mechanism for
type-l and that deposition of type-Ill collagen or fiboronethe decrease in pancreatic fibrosis. Collagenase activity
tin, both of which appear in acute pancreatitis, is largety pancreata from male rats at 2 months of age was
reversible. With all these facts taken together, it seesiightly lower than that in pancreata from females at the
plausible that the pancreatic fibrosis in male rats disaame age. Thereafter, the activity in the former increased
pears because their fibrous components are mainly revers time-dependent manner. In contrast, that in the latter
ible type-Ill collagen. The pancreatic fibrosis in male rateicreased until 4 months of age and showed no remark-
which develops in the intralobular space, was compossdie changes later. Pancreatic collagenase is known to in-
mainly of type-lll collagen and was not followed by dezrease in pathologic conditions, including necrotizing
position of type-I collagen throughout the period of studyancreatitis in rats [8]. However, there is a report indicat-
Thus, this fibrosis was potentially reversible and the mang that collagenolytic cathepsin increased in ethanol-fed
phology in the chronic stage showed different featunegts without an increase in the collagenase activity [24].
from that of chronic pancreatitis in humans. We propose, then, that at least collagenase acts in the
The areas positive foa-smooth muscle actin alsodegradation of collagen fibres to reduce the fibrosis in
changed in accordance with the development of the rfiale rats, even though prolyl hydroxylase is maintained
brosis. Their transient nature may be related to healimiga high level and collagen synthesis continues.
of inflammatory injuries. In generai-smooth muscle  In conclusion, male WBN/Kob rats developed acute
actin is known to be expressed in pericytes andfmancreatitis at 2—3 months of age, and the lesions later
smooth muscle cells, and we also recogniaesmooth underwent widespread fibrosis in the intralobular space.
muscle actin in smooth muscle cells of vessels in sifBsereafter, the fibrosis decreased and adipose tissue re-
without lesions in pancreatic tissue from WBN/Kob ratplaced the fibrous tissue. The fibrotic area in these rats
However, in granulation tissueg;smooth muscle actin was mainly composed of type-Ill collagen. The transi-
was reported to be transiently expressed and to ahkideal change in fibrosis may be a result of development
when the wounds had healed; expression was considaretype-Ill collagen as a fibrotic component and the bal-
to be brought about by a differentiation of myofibroance between the prolyl hydroxylase level and collage-
blasts from granulation fibroblasts [1]. We believe thatse activity.
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