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Abstract. The effects of single and repeated short-term (4 hr) obstruction of pancreati-
cobiliary duct (PBDO), with or without exocrine stimulation (intraductal hypertension) by
cerulein infusion (0.2 ug/kg.hr), on the exocrine pancreas were evaluated in the rat.
Single blockage of pancreaticobiliary duct for 4 hr caused a significant rise in serum
amylase levels, pancreatic water content, and redistribution of lysosomal enzyme,
cathepsin B from the lysosomal fraction to the zymogen fraction, which was considered
to mean the colocalization of lysosomal enzymes with pancreatic digestive enzymes in
the same subcellular compartment in acinar cells. In addition, the accelerated lysosomal
and mitochondrial fragility was observed in the single pancreaticobiliary-duct-obstructed
animals. Moreover, the repeated PBDO for 4 hr (2 hr in each obstruction and 1 hr of free
flowing of pancreaticobiliary juice between two obstructions) caused more marked
changes in almost the all parameters, and the repeated PBDO with intraductal hyperten-
sion caused an activation of trypsinogen in the pancreas, making more marked changes
in almost the all parameters than the repeated PBDO only group. These results indicate
that the present model of repeated PBDO with exocrine stimulation seems to be a
pertinent model for gallstone pancreatitis in humans, and that redistribution of lysosomal
enzymes and subcellular organellar fragility seem to play an important role in the
pathogenesis of pancreatic injuries induced by PBDO, particularly by repeated PBDO
with exocrine stimulation, probably via activation of trypsinogen to trypsin by lysosomal

enzyme, cathepsin B.

[P.S.E.B.M. 1993, Vol 202]

shown that, in the early stage, two forms of

experimental pancreatitis—diet-induced (1, 2)
and secretagogue-induced (3-6)—share the common
attribute of colocalization of digestive enzymes with
lysosomal hydrolases inside large cytoplasmic vacuoles
(7), and the subcellular fractionation of acinar cells has
demonstrated redistribution of lysosomal enzymes
from the lysosome-rich to the zymogen granule-rich
fraction. Since cathepsin B, a lysosomal enzyme, can
activate trypsinogen (8, 9), and trypsin can activate

Both morphologic and biochemical studies have
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many other pancreatic digestive enzymes, the colocali-
zation of digestive enzymes with lysosomal hydrolases
could lead to the activation of intracellular digestive
enzymes and result in an important triggering event in
the development of acute pancreatitis inside the acinar
cells. Thus, lysosomal enzymes seem to play a crucial
role in the pathogenesis of acute pancreatitis (10).

On the other hand, gallstone pancreatitis, which is
the most common in humans, seems to be triggered by
the passing through, or incarceration, of a stone in the
terminal bile duct (11-14), which is considered to mean
the obstruction of both the pancreatic and biliary duct.
Moreover, such a gallstone attack is often repeated in a
short period. However, the mechanism whereby pan-
creaticobiliary duct obstruction may induce pancreati-
tis has not been clarified.

In this study, we examined the in vitro lysosomal
and mitochondrial fragility, subcellular distribution of
lysosomal enzyme, and possible activation of trypsino-
gen in the pancreas after single and repeated short-term



(4 hr) obstruction of the pancreaticobiliary duct with
or without exocrine stimulation by pancreatic secreta-
gogue.

Materials and Methods

Animal Preparation. Twenty-seven male Wistar
rats weighing about 350 g (Shizuoka Experimental An-
imals, Shizuoka, Japan) were used. The rats were kept
in light:dark-cycle regulated (light, 5:00-17:00) and air-
conditioned (23 + 3°C) animal quarters in our institute
before the experiments, and were allowed to become
acclimatized to the standard laboratory conditions for
at least 4 days. They were maintained throughout the
study in accordance with the guidelines of the Com-
mittee on Animal Care of Kyoto University, and this
study was approved by the Committee. Tests were
performed after a 16-hr fast, starting at between 8:00
and 9:00 AM to rule out the effects of circadian rhythms
on the exocrine pancreas.

Anesthesia was induced by intraperitoneal admin-
istration of sodium pentobarbital (30 mg/kg Nembutal;
Abbott Co., North Chicago, IL), and maintained by
periodic intravenous injection of pentobarbital (10 mg/
kg). Animals were kept on a heating pad at 40°C (KN-
473; Natsume Seisakusho, Tokyo, Japan) and under
overhead lamps to maintain their core body tempera-
ture. Before opening the abdomen, a catheter (Medicut
18-gauge catheter, Sherwood Medical Industries, St.
Louis, MO) was placed in the superior vena cava via
the right external jugular vein.

A midline skin incision was made for laparotomy,
and at this point, all the rats were divided into the
following four groups (Fig. 1): (1) repeated pancreati-
cobiliary duct obstruction (R-PBDO) group (# = 7; the
pancreaticobiliary duct (PBD) just adjacent to the duo-
denum was ligated by a metal clip for 2 hr, and then
the clip was removed for the next 1 hr; after this 1 hr

t«—— 2 hours ——wt=e1 hours »4e— 2 hours —————=i

group = 1 hours —»{

S-PBDO PBDO * . 4

R-PBDO PBDO « =

R-PBDO PBDO t * —
OH R —_

CONT L !

Figure 1. Experimental groups. S-PBDO, pancreaticobiliary duct was
obstructed for 4 hrs; R-PBDO, pancreaticobiliary duct was obstructed
twice (2 hr in each obstruction and 1 hr of free flowing of pancreati-
cobiliary juice between two obstructions); R-PBDO + IDH, pancrea-
ticobiliary duct was obstructed twice as in the R-PBDO group, but
cerulein (0.2 ug/kg.hr) was infused during the second 2-hr obstruc-
tion; and the control laparotomized group (CONT).

of free flowing of pancreaticobiliary juice, the PBD was
again ligated for an additional 2 hr) (ii) single, short-
term PBD obstruction (S-PBDO) group (r = 6); the
PBD was ligated for 4 hr at 1 hr after the induction of
laparotomy; (iii) repeated PBD obstruction with exo-
crine stimulation (R-PBDO + IDH) group (n = 9); the
R-PBDO was made as in the R-PBDO group, but
during the second PBDO, cerulein (Ceosunin injection;
Kyowa Hakko Co., Tokyo, Japan) was infused at a
dose of 0.2 ug/kg.hr for 2 hr to stimulate the pancreatic
juice secretion and to create intraductal hypertension
(IDH); and (iv) control laparotomy group (n = 5); the
PBD near the duodenum was gently manipulated and
anesthesia was maintained for 5 hr. All the animals
were infused with heparinized (30 IU/ml) saline at a
rate of 0.58 ml/hr during the experiments by an infu-
sion pump (truth type B-6; Nakagawaseikodo, Tokyo,
Japan).

Serum Amylase Levels. Before ligation or manip-
ulation of the pancreaticobiliary duct, 0.3 ml of blood
was drawn from the venous catheter to the superior
vena cava and after 4 hr (S-PBDO group), or a second
2 hr of ligation (R-PBDO, and R-PBDO + IDH group)
or 5 hr of anesthesia (control group), blood was again
drawn for the determination of serum amylase levels.
After a 0.3-ml blood sample 0.3 ml of lactate-Ringer
solution was injected to replace lost blood.

Pancreatic Water Content. At selected times after
5-hr experiments in each group, all the rats were pain-
lessly sacrificed by a large dose of pentobarbital. After
removal of the pancreas, about 200 mg of the pancreas
were used for the quantification of pancreatic edema
by comparing the weight immediately after sacrifice
(wet weight) with that of the same sample after incu-
bation at 150°C for 48 hr in a dessicator (Sanyo drying
oven; Sanyo, Tokyo, Japan) (dry weight). Pancreatic
water content was expressed as a percentage of the total
wet weight.

Pancreatic Amylase, Cathepsin B, Trypsinogen,
and Trypsin Content. Another 200 (approximately)
mg of the pancreas were used for the determination of
pancreatic content of amylase, cathepsin B, trypsino-
gen, and trypsin. This portion was homogenized in 3
ml of cold phosphate-buffered (pH 7.4) saline contain-
ing 0.5% Triton X-100 (Sigma Chemical Co., St. Louis,
MO) in a Polytron homogenizer (Brinkmann Instru-
ment, Westbury, NY), and unbroken cell and debris
were removed by low speed centrifugation (150 g at
4°C for 15 min). Amylase activity, cathepsin B activity,
trypsinogen content, and trypsin activity were meas-
ured in the resulting supernatant. The DNA concentra-
tion was also measured, and pancreatic content of
amylase, cathepsin B, trypsinogen, and trypsin were
expressed as units/mg of DNA.

Pancreatic Histologic Examination. One small
portion of the pancreas from the splenic portion was
fixed overnight by immersion in phosphate-buffered

PBDO & IDH IN PANCREATITIS 247



(pH 7.4) 10% neutral formalin. After paraffin embed-
ding, sectioning and staining with hematoxylin-eosin,
the sections were examined light microscopically by an
observer blind to the experiment who graded acinar cell
changes, such as interstitial edema, acinar cell vacuoli-
zation, inflammatory cell infiltration, and acinar cell
necrosis. One section was made in the center of the
specimen from each rat, and the whole section was
observed.

Subcellular Distribution of Cathepsin B Activity.
Another part of the pancreas (about 300 mg) was used
for subcellular fractionation and for the determination
of subcellular distribution of cathepsin B activity in
acinar cells. The excised, trimmed, and homogenized
rat pancreas was separated into its various subcellular
fractions by differential centrifugation. The protocol
was originally developed by Tartakoff and Jamieson
(15) and further modified for studies of rat tissue (16).
Briefly, pancreatic fragments were homogenized in 6
ml of cold 5§ mM 3-(N-morpholino)propanesulfonic
acid ([MOPS] Sigma) buffer (pH 6.5) containing 1 mM
MgSO, and 250 mA sucrose with three up-and-down
strokes of a Dounce homogenizer (Wheaton, Millville,
NJ). The resulting homogenate was centrifuged (150g
at 4°C for 10 min) to pellet debris and unbroken cells,
which were discarded. The supernatant after this low-
speed centrifugation was considered to contain 100%
of each of the component measured. This supernatant
was centrifuged (1,300g at 4°C for 15 min) to obtain a
zymogen-granule-rich pellet (1.3 KP), and another su-
pernatant. The resulting supernatant was centrifuged
(12,000¢ at 4°C for 12 min) to yield a lysosome- and
mitochondria-rich pellet (12 KP) and a supernatant,
which was considered to contain a microsomal and
soluble fraction (12 KS). The various pellets obtained
during fractionation were resuspended in 2 ml of cold
(4°C) 5 mM MOPS buffer, and cathepsin B activity in
each fraction was measured and expressed as a per-
centage of the total activity as an index of subcellular
distribution of lysosomal enzymes in acinar cells.

Cathepsin B Leakage from Lysosomes and Mal-
ate Dehydrogenase Leakage from Mitochondria.
The remaining portions of the pancreas (about 400 mg)
were homogenized in cold 5 mM MOPS buffer as
described as above. This homogenate was centrifuged
(150 g at 4°C for 10 min) to remove unbroken cells and
debris. The resulting supernatant was centrifuged
(12,000 g at 4°C for 12 min) to pellet the combined
zymogen-granule-, lysosome-, and mitochondria-rich
fraction. This pellet, arbitrarily considered to contain
100% of the lysosomal and mitochondrial enzyme ac-
tivity, was suspended in 2 ml of 5 mA MOPS buffer
and incubated for varying intervals (30, 60, and 90
min) at 25°C in a shaking water bath under room air.
The samples were then recentrifuged (12,000 ¢ at 4°C
for 12 min) to separate the particulate from the soluble
lysosomal and mitochondrial enzyme activity, each of
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which was individually measured after separation of
the pellet and supernatant. As a lysosomal enzyme,
cathepsin B activity was measured both in the pelleted
and soluble fraction. Centrifugation and subsequent
measurement of particulate and soluble lysosomal en-
zyme activity identified the rate and extent of in vitro
rupture of lysosomal enzyme containing organelles.
Soluble cathepsin B activity was expressed as a per-
centage of the total activity as an index of lysosomal
fragility. For the same samples, as a mitochondrial
enzyme, malate dehydrogenase (MDH) activity was
measured and MDH leakage from mitochondria was
expressed in the same way as in the cathepsin B leakage,
as an index of mitochondrial fragility.

Assays. Amylase activity was measured with blue
starch (Shionogi amylase test-A; Shionogi, Osaka, Ja-
pan) as the substrate by the method of Irie and co-
workers (17). Trypsinogen was activated by purified
enterokinase (Sigma) and trypsin activity was measured
with  p-toluenesulfony-L-arginine methylester-HCL
(Sigma) as the substrate by the method of Hummel
(18), and 1 unit of the activity was calculated from the
standard curve made from purified trypsin (Sigma).
Cathepsin B activity was measured fluorometrically by
the method of McDonald and Ellis (19), with N-car-
bobenzoxy-arginyl-arginine-3-naphthylamide (Bachem
Feinchemikalien AG, Budendorf, Switzerland) as the
substrate. MDH activity was measured by the method
of Bergmeyer (20), detecting the consumption rate of
oxaloacetic acid and reduced diphosphopyridine nu-
cleotide. DNA concentration was measured fluoro-
metrically by the method of Labarca and Paigen (21),
with calf thymus DNA (Sigma) as the standard.

Data Presentation. The results reported in this
study represent the mean *+ SE for # determinations.
Differences between the groups were evaluated by
analysis of variance with post hoc comparison using
the Tukey procedure, and significant differences were
defined as those associated with probability value of
less than 0.05. For the histologic changes, the Wilcoxon
rank sum test was used.

Results

Serum Amylase Levels and Pancreatic Water
Content. Single, 4-hr obstruction of the pancreaticobi-
liary duct caused a significant hyperamylasemia (18 +
2 units/ml; before obstruction, 7 = 2 units/ml) com-
pared with control group (8 % 2 units/ml), but repeated
4-hr obstruction of the pancreaticobiliary duct caused
a more marked and significant rise in serum amylase
levels (25 + 2 units/ml; before R-PBDO, 7 = 1 units/
ml) compared with the S-PBDO group. Moreover, re-
peated 4-hr obstruction with cerulein stimulation (R-
PBDO + IDH) caused the most marked rise in serum
amylase levels (38 = 3 units/ml; before R-PBDO +
IDH, 6 + 2 units/ml) (Fig. 2a).

S-PBDO caused a significant rise in pancreatic
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Figure 2. Effect of repeated short-term pancreaticobiliary duct ob-
struction with exocrine stimulation on (a) serum amylase levels and
(b) pancreatic water content in rats. *P < 0.001, **P < 0.01, "**P <
0.02, and ****P < 0.05 compared with the control group; *P < 0.02,
**P < 0.01, and ***P < 0.05 compared with the R-PBDO + IDH
group.

water content (79 = 2%) compared with the control
group (74 £ 1%), but R-PBDO caused a more signifi-
cant rise (85 = 2%). Moreover, R-PBDO + IDH caused
the most significant rise (89 + 2%) (Fig. 2b).

Pancreatic Amylase, Trypsinogen, and Cathep-
sin B Content. S-PBDO for 4 hr caused a significant
increase in pancreatic amylase (595 £ 52 units/mg of
DNA) and trypsinogen content (102 = 9 units/mg of
DNA) compared with the control group (amylase con-
tent, 378 + 29 units/mg of DNA; trypsinogen content,
75 £ 6 units/mg of DNA), suggesting the congestion of
pancreatic digestive enzymes induced by PBDO. Re-
peated PBDO also caused a significant increase in pan-
creatic amylase content (526 = 49 units/mg of DNA)
compared with the control group. But, on the contrary,
R-PBDO with cerulein stimulation caused no signifi-
cant rise in either pancreatic amylase or trypsinogen
content. In regard to the pancreatic cathepsin B content,
there were no significant differences among these four
groups (Fig. 3, a—c).

Pancreatic Trypsin Content. Only in the R-PBDO
+ IDH group was a small amount of free trypsin activity

U/mg DNA b U/mg DNA

600

500 1

<
=1
S

400 4

300

1]
-1
=3

200

Pancreatic amylase content

Pancreatic cathepsin B content

(a)

detected, whereas in the other groups, almost no free
activity was detected (Fig. 4).

Pancreatic Histologic Changes. Histologic ex-
amination after S-PBDO for 4 hr showed a mild but
significant interstitial edema, and slight and nonsignifi-
cant acinar cell vacuolization compared with the con-
trol group. Inflammatory cell infiltration was very slight
and not significant in any group, except in the R-PBDO
+ IDH group. R-PBDO caused more marked and sig-
nificant histologic changes, such as interstitial edema
and acinar cell vacuolization, compared with the S-
PBDO group. Moreover, R-PBDO + IDH caused the
most significant histologic changes, including focal aci-
nar cell necrosis (Table I).

Subcellular Distribution of Cathepsin B Activity.
S-PBDO for 4 hr caused a significant increase of ca-
thepsin B activity in the zymogen fraction (1.3 KP, 38
+ 2%) and a significant decrease in the lysosomal
fraction (12 KP, 43 = 2%) compared with the control
group (1.3 KP, 24 + 12%; 12 KP, 59 + 2%). These
changes indicate a marked shift of cathepsin B activity
from the lysosomal fraction to the zymogen fraction,
suggesting redistribution of cathepsin B in the subcel-
lular fractionation of acinar cells. R-PBDO caused a
more marked and significant shift of cathepsin B (1.3
KP, 49 + 2%; 12 KP, 32 + 2%) compared with the S-
PBDO group. Moreover, R-PBDO + IDH caused the
most significant redistribution of cathepsin B (1.3 KP,
54 + 3%; 12 KP, 27 + 2%). There were no significant
differences in the microsomal and soluble fraction (12
KS) among these four groups (control, 17 = 2%; S-
PBDO, 19 + 2%; R-PBDO, 20 + 2%; R-PBDO + IDH,
19 + 2%) (Fig. 5).

Cathepsin B Leakage from Lysosomes and MDH
Leakage from Mitochondria. S-PBDO for 4 hr caused
a significant increase in cathepsin B leakage from lyso-
somes, particularly in the prolonged incubation times
(=60 min), compared with the control group, but R-
PBDO caused more marked and significant increases
in cathepsin B leakage compared with the S-PBDO
group, indicating the more accelerated lysosomal fra-
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Figure 3. Effect of repeated short-term pancreaticobiliary duct obstruction with exocrine stimulation on (a) pancreatic amylase, (b) cathepsin
B, and (c) trypsinogen content in rats. ***p < 0.02 and ****p < 0.05 compared with CONT group.
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Figure 4. Effect of repeated short-term pancreaticobiliary duct ob-
struction with exocrine stimulation on activation of trypsinogen in the
rat pancreas.
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gility. Moreover, R-PBDO + IDH caused the most
significant cathepsin B leakage. In regard to the MDH
leakage from mitochondria, S-PBDO for 4 hr also
caused a significant increase, particularly in the pro-
longed incubation times (=60 min), as in the lysosomal

fragility compared with the control group. R-PBDO
also caused more significant increases in the MDH
leakage compared with the S-PBDO group. Moreover,
R-PBDO + IDH caused the most marked and signifi-
cant MDH leakage, indicating the most accelerated
mitochondrial fragility (Table II).

Discussion

Gallstone pancreatitis in humans appears to be
precipitated by the passage of a stone through, or its
incarceration in, the terminal portion of the common
bile duct (11, 12). The mechanism whereby such a
stone might precipitate acute pancreatitis has been the
subject of many studies and continues to be an issue of
considerable controversy.

The studies reported here may provide an impor-
tant clue to the understanding of the triggering events
leading to acute pancreatitis in pancreaticobiliary-duct-
obstructed animals: common channel theory, since it
shows that single, short-term (4 hr) pancreaticobiliary
duct obstruction caused the pancreatic injuries, includ-
ing hyperamylasemia, pancreatic edema, and conges-
tion of digestive enzymes in acinar cells, and also shows
that repeated short-term PBDO caused more marked
and significant pancreatic injuries compared with the
single PBDO group. Moreover, repeated short-term
PBDO, where superimposed by the exocrine stimula-
tion, caused the most marked pancreatic injuries, in-
cluding pancreatic focal acinar cell necrosis and intra-
pancreatic activation of trypsinogen. Although we have
not measured the intraductal pressure after the stimu-
lation of cerulein with pancreaticobiliary duct ligation,
this dose of cerulein (0.2 ug/kg.hr) was found to cause
a significant increase in both pancreatic juice volume
and digestive enzymes (22). Since, in this study, we
used a fine metal clip (0.5 mm in diameter) for the

Table I. Effect of Short-Term R-PBDO and IDH on Pancreatic Histologic Changes in Rats

Pancreatic histologic changes®

Group® n Interstitial Acinar cell Inflammatory Acinar cell
edema vacuolization cell infiltration necrosis
R-PBDO + IDH 9 3+ (2-3) 3+ (2-3) 1+ (1-2) 1+ (0-1)
[2.8 £0.1] [2.6 £0.2] [1.2+0.1] [1.3+£0.2]
Tt Tt
R-PBDO 7 2+ (1-2) 2+ (1-2) 0 (0-1) 0 (0-1)
[1.7 £0.2] [1.6 £0.2] [0.4 +£0.2] [0.3+0.2]
ttt*’ T T
S-PBDO 6 1+ (1-2) 1+ (0-1) 0(0) 0(0)
[1.3£0.2] [0.7 £0.2] [0] [0]
CONT 5 0(0) 0(0) 0 (0) 0(0)

(0]

[0] [0] (0]

2 R-PBDO, short-term (2 hr) repeated (twice) PBDO; IDH, cerulein stimulation (0.2 ug/kg-hr for 2 hr); S-PBDO, single 4-hr PBDO; CONT,

control laparotomy group.

® The values are expressed as the means rounded to the nearest whole numbers. Numbers in parentheses are the ranges of scores; numbers
in brackets are means + SE of scores. ** P < 0.01, *** P < 0.02, and **** P < 0.05 compared with the control group, and + P < 0.02 and 111t P

< 0.05 compared with the R-PBDO + IDH group.
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Figure 5. Effect of repeated short-term pancreaticobiliary duct ob-
struction with exocrine stimulation on subcellular distribution of ca-
thepsin B activity in the rat pancreatic acinar cells. Cathepsin B
activity in each fraction was expressed as a percentage of the total
activity. *P < 0.001, **P < 0.01, and ***P < 0.02 compared with the
control group, and *P < 0.02 compared with the R-PBDO + IDH
group.

ligation of pancreaticobiliary duct and 2-hr ligation
with this clip caused no stricture or histologic damages
to the pancreaticobiliary duct, removal of the obstruct-
ing clip would lead to decompression of the obstructed
ductal system.

In both cerulein-induced (3, 4, 6) and diet-induced
pancreatitis (1), marked enlargement of zymogen-con-
taining organelles in the cell apex and colocalization of
lysosomal hydrolases and digestive enzymes within
large cytoplasmic vacuoles have been observed. Al-
though we have not performed immunohistochemical
examinations in this study, in both pancreatic duct
obstruction (23) and cerulein-induced pancreatitis (24),
colocalization of lysosomal hydrolases, such as cathep-
sin B and D and digestive enzymes such as trypsinogen,
has been reported immunohistochemically. In this
study, too, subcellular fractionation experiments
showed that pancreaticobiliary duct obstruction leads
to a redistribution of cathepsin B activity and that, as a
result, lysosomal hydrolases become localized in a frac-
tion that is rich in digestive enzymes. The colocalization
of these two types of enzymes in our present study is

probably the result of a defect in the normal sorting
events by which digestive enzymes and lysosomal hy-
drolases are separated from each other as they pass
through the Golgi apparatus (25).

This colocalization could, under appropriate con-
ditions such as exocrine stimulation as in this study,
result in the intra-acinar cell activation of potentially
dangerous digestive enzymes, since the lysosomal en-
zyme cathepsin B can activate trypsinogen and trypsin
can activate many other digestive enzymes (8, 9). In
this study, R-PBDO + IDH induced only a small
amount of activation of trypsinogen—about 7% of
trypsinogen content.

Another suggestive finding in our present study
was that the lysosomal and mitochondrial fragility were
accelerated after repeated short-term PBDO compared
with single PBDO, although single short-term PBDO
also caused a significant increase in the lysosomal and
mitochondrial fragility compared with control group.
The augumented redistribution of cathepsin B and
colocalization of cathepsin B with digestive enzymes in
the repeated PBDO animals might have a special clin-
ical importance in the etiology of gallstone pancreatitis.
Gallstone attacks are often repeated in a short period.
After the first obstruction induced by a gallstone, if the
pancreaticobiliary ductal system is obstructed by an-
other stone or another attack and exocrine pancreas is
stimulated by food intake, there will be more marked
redistribution of lysosomal enzymes and colocalization
of lysosomal hydrolases with digestive enzymes in aci-
nar cells compared with a single attack of gallstone.
This suggests the more dangerous situation for acinar
cells through intracellular activation of trypsinogen or
increased subcellular organellar fragility. At present, we
cannot explain the mechanism whereby pancreaticobi-
liary duct obstruction induces the lysosomal and mi-
tochondrial fragility. However, this colocalization phe-
nomenon, and possible intracellular activation of tryp-
sinogen and digestive enzymes, seems to play some role
in the pathogenesis of these subcellular organellar fra-
gility.

Although the currently reported studies support

Table ll. Effect of Short-Term R-PBDO and IDH on Lysosomal and Mitochondrial Fragility in Rats®

Cathepsin B leakage
from lysosomes
(% of the total activity)

Malate dehydrogenase leakage
from mitochondria
(% of the total activity)

Group n
Incubation time Incubation time
30 min 60 min 90 min 30 min 60 min 90 min
R-PBDO + IDH 9 14 + 2%+ 34 + 3 55 + 3** 12+2 31+ 3% 53 + 3*
R-PBDO 7 11+2 27 + 3 44 + 3*** 11t 10+ 2 25 + 2** 41 + 31
S-PBDO 6 9+2 21+ 2¢ 33 + 2" 11 9+2 19 + 2¢ 31 £ 2**** 1
CONT 5 7+2 16+ 2 28+ 2 7+2 16 + 2 25+ 2

2 For group details, see footnotes to Table I. * P < 0.001, ** P < 0.01, *** P < 0.02, and **** P < 0.05 compared with the control group, and
1P <0.02, 1 P < 0.01, and 111 P < 0.05 compared with the R-PBDO + IDH group.
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the hypothesis that pancreaticobiliary duct obstruction
may be important in the pathogenesis of gallstone
pancreatitis, it is clear from these as well as other studies
that duct obstruction alone is not sufficient to cause
the more definite morphologic changes in the pancreas.
Clearly, other events must occur, such as intraductal
hypertension in this study, or pancreatic ischemia, if
the changes induced by duct obstruction are to lead to
the injuries seen in more severe pancreatitis. Studies
designed to identify and clarify those events are of great
importance and the next step to this study, because
they are likely to be the ultimate determinants of sever-
ity of pancreatitis and to advance our knowledge of the
pathogenesis of this disease. Even more important, they
may lead to therapeutic advances.

This study was supported by Grant B-03454319 from the Min-
istry of Education, Science, and Culture of Japan. The authors thank
Kimiko Hirano for preparing the manuscript and her excellent as-
sistance.
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