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Pancreatic Enzyme-Induced Pancreatitis and Systemic Complications

in Rats

Mayumi Yamano, Keiji Miyata and Toshimitsu Yamada

Pharmacology Laboratories, Institute for Drug Discovery Research, Yamanouchi Pharmaceutical Co., Ltd.,
21 Miyukigaoka, Tsukuba, Ibaraki 3058585, Japan

Received February 5, 1998  Accepted April 15, 1998

ABSTRACT—Effects of retrograde injection into the pancreatic duct and intravenous infusion of pancreatic
enzymes and bile salt on the pancreas and other vital organs such as the liver and the lung were investigated
in rats. Intraductal injection (1 ml/kg) of a-chymotrypsin (50—-100 mg/ml), trypsin (10—100 mg/ml),
pancreatic elastase (10 mg/ml), lipase (100—300 mg/ml), pancreatic kallikrein (25 mg/ml) and sodium
taurocholate (50 mg/ml) solutions significantly increased pancreatic water content. ¢-Chymotrypsin, pan-
creatic elastase, taurocholate and trypsin elicited gross pancreatic hemorrhage. In contrast, lipase and kal-
likrein elicited gross pancreatic edema, but not hemorrhage. Intravenous infusion of trypsin (1 mg/kg/hr)
and pancreatic elastase (10 mg/kg/hr) significantly increased pulmonary vascular permeability in rats,
whereas infusion of neutrophil elastase (0.3 mg/kg/hr) did not elicit these effects. Only trypsin slightly
reduced arterial oxygen pressure. These results show pancreatic enzymes and bile salts induce pancreatic
inflammation after retrograde injection into the pancreatic duct in rats. Furthermore, trypsin and pan-

creatic elastase extravasation into the vascular system can lead to pulmonary dysfunction in rats.

Keywords: Acute pancreatitis, Pancreatic enzyme, Pulmonary dysfunction, Trypsin, Elastase

Pancreatic enzymes such as chymotrypsin, trypsin,
pancreatic elastase, lipase and kallikrein are secreted into
the duodenal lumen to digest food. Excessive intake of
alcohol or obstruction of the bile duct can induce activa-
tion of pancreatic enzymes inside the pancreatic acinar
cells and regurgitation of pancreatic enzymes and bile
into the pancreatic duct. These actions result in acute
pancreatitis. In this state, pancreatic enzymes are liber-
ated from inflamed pancreatic tissue. Pancreatic enzymes
thus extravasated into the vascular system are thought to
participate in the systemic complications seen in acute
pancreatitis such as adult respiratory syndrome and mul-
tiple organ faiture (1).

Many studies investigating the pathogenesis of acute
pancreatitis induced by retrograde injection of taurocho-
late and trypsin into the pancreatic duct have been per-
formed in rats, dogs, rabbits, pigs and sheep (2—-8). Pan-
creatic elastase has been reported to hydrolyze elastin,
a vital component of vascular tissue (9, 10). It may also
be involved in the pathogenesis of lung injury in adult
respiratory syndrome and multiple organ failure when it
enters the vascular system (1, 11). Furthermore, elevated

serum chymotrypsin, trypsin, pancreatic elastase, lipase
and Kkallikrein levels have been observed in patients with
acute pancreatitis (12-17), suggesting that these pan-
creatic enzymes may participate in the induction and
progression of acute pancreatitis. However, the patho-
genicity of each pancreatic enzyme and bile salt on organs
such as the pancreas, liver and lung have been rarely in-
vestigated.

In this study, the effects of retrograde injection of a-
chymotrypsin, trypsin, pancreatic elastase, lipase, pan-
creatic kallikrein and taurocholate into the pancreas via
the common bile duct were examined in rats to investigate
the participation of each pancreatic enzyme and bile salt
in the development of acute pancreatitis. Their effects on
hepatic and pulmonary functions via this administration
route were also examined. To evaluate the effects of
enzymes extravasated into the vascular system, an intra-
venous infusion of trypsin, pancreatic elastase and
neutrophil elastase was performed, and their effects on
pancreatic, hepatic and pulmonary functions in rats were
examined.
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MATERIALS AND METHODS

Animals

Male Wistar rats weighing 210-290 g (SLC, Hama-
matsu) were used. The animals were maintained on ordi-
nary laboratory food and tap water ad libitum under a
12-hr light-dark cycle.

All experiments were performed in compliance with
the regulations of the Animal Ethical Committee of
Yamanouchi Pharmaceutical Co., Ltd.

Experimental protocols

To investigate the effects of a common bile salt and
pancreatic enzymes on the pancreas, retrograde injection
(1 ml/kg) of the bile salt and pancreatic enzyme solutions
into the pancreatic duct via the common bile duct was
performed in rats. Each solution was injected for 1 min
using an infusion pump (KDS Type 220; Muromachi
Kikai Co., Tokyo). a-Chymotrypsin (50—100 mg/ml),
trypsin (10—100 mg/ml), pancreatic elastase (10 mg/ml),
lipase (100—300 mg/mit) and pancreatic kallikrein (25
mg/ml) were used as the pancreatic enzymes. Sodium
taurocholate (50 mg/ml) was used as the bile salt. Pan-
creatic, hepatic and pulmonary functions were evaluated
in rats 6 hr after retrograde injection of the bile salt and
pancreatic enzymes. Pancreatic function was assessed by
pancreatic water content and serum amylase and lipase
levels; hepatic function, by serum GOT and GPT levels;
and pulmonary function, by arterial oxygen pressure and
pulmonary vascular permeability. In preliminary experi-
ments, the degree of pancreatitis induced by retrograde
injection of the taurocholate plus trypsin solution into the
common bile duct in rats was at its highest level 6 hr after
the injection.

Six hours after retrograde injection, rats were anesthe-
tized with urethane (1.25 g/kg, i.p.), and arterial blood
was taken from the left common carotid artery to meas-
ure arterial oxygen pressure. Venous blood was also taken
from the inferior vena cava, and serum was then sepa-
rated by centrifugation at 1500 X g for 10 min at 4°C. The
pancreas was quickly removed, weighed, dried in an oven
at 100°C for 24 hr, and reweighed to measure pancreatic
water content.

In another series of experiments, the mortality rate was
measured up to 72 hr after retrograde injection of a bile
salt and pancreatic enzymes into the pancreatic duct via
the common bile duct. @-Chymotrypsin (50 mg/ml),
trypsin (10— 100 mg/ml), pancreatic elastase (10 mg/ml),
lipase (100—300mg/ml) and pancreatic kallikrein (25
mg/ml) were used as the pancreatic enzymes. Sodium
taurocholate (50 mg/ml) was used as the bile salt. The
survival rate of animals given an intraductal injection of
a-chymotrypsin (100 mg/ml) was measured for only 6 hr.

The effects of trypsin, and pancreatic and neutrophil
elastases after intravenous infusion on pancreatic, hepatic
and pulmonary functions were then evaluated using the
following indicators: Pancreatic function was assessed by
pancreatic water content and serum amylase and lipase
levels; hepatic function, by serum GOT and GPT levels;
and pulmonary function, by arterial oxygen pressure and
pulmonary vascular permeability. Rats were anesthetized
with urethane (1.25 g/kg, i.p.), and trypsin (1 mg/kg/hr),
pancreatic elastase (10 mg/kg/hr) and neutrophil elastase
(0.3 mg/kg/hr) were intravenously infused for 6 hr by an
infusion pump at a rate of 0.6 mli/hr via the left femoral
vein. Seven hours after the start of infusion, blood was
taken, and the pancreas was removed, weighed, dried in
oven at 100°C for 24 hr, and reweighed to measure pan-
creatic water content.

Measurement of pulmonary vascular permeability

To examine pulmonary vascular permeability, anesthe-
tized rats were injected with 0.5% Evans blue (1 ml/rat,
i.v.) 30 min before removal of the lungs. The lungs were
perfused through the right cardiac ventricle with physio-
logical saline to eliminate blood from the lungs and then
quickly removed. The lungs were minced and soaked in
formamide (3 ml) for 2 days at 4C. The minced lungs
were centrifuged at 1500x g for 10 min at 4°C, and the
supernatant was collected. Absorbance at 620 nm was
measured with a spectrophotometer (V-520; Nihon
Kohden, Tokyo). Results are expressed as ug of Evans
blue per ml.

Biochemical determinations

Serum amylase, lipase, GOT and GPT were measured
with an automatic analyzer (type 7250; Hitachi, Tokyo).
Aligquots (500 zl) of 1:1 to 1:50 dilutions of the serum
were used in the assay. Arterial oxygen pressure was
measured with a Ciba Corning 280 Blood Gas System
(Ciba-Corning, Tokyo).

Statistics

All values are expressed as the mean+S.E.M. The
differences between treatment groups were compared
by Dunnett’s multiple range test and Student’s f-test.
Probabilities of <5% (P <0.05) were considered signifi-
cant.

Drugs

Bovine a-chymotrypsin (47 U/mg), porcine trypsin
(1870 U/mg), porcine pancreatic elastase (100 U/mg),
porcine lipase (11.9 U/mg), porcine pancreatic kallikrein
(40 U/mg) and sodium taurocholate were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Human neu-
trophil elastase (800 U/mg) was purchased from Elastin
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Products Company, Inc. (Owensville, MO, USA). All
drugs were dissolved in physiological saline.

RESULTS

Effects of pancreatic enzymes and bile salt on the pan-
creas

Retrograde injection of «-chymotrypsin (50-100
mg/ml), trypsin (10— 100 mg/ml), pancreatic elastase (10
mg/ml), lipase (100—300 mg/ml), pancreatic kallikrein
(25 mg/ml) and sodium taurocholate (50 mg/ml) solu-
tions into the pancreatic duct induced significant increase
in the pancreatic water content in rats (Fig. 1A). a-
Chymotrypsin, pancreatic elastase, taurocholate and
higher concentrations of trypsin (50—100 mg/ml) elicited
gross pancreatic hemorrhage. On the other hand, lipase,
kallikrein and a low concentration of trypsin (10 mg/ml)
elicited gross pancreatic edema, but did not elicit pan-
creatic hemorrhage. By superficial observation, ascitic
volume increased after administration of w-chymotryp-
sin, trypsin, pancreatic elastase, kallikrein and taurocho-
late, but not lipase. Bile salt and all pancreatic enzymes
except kallikrein also elevated serum amylase and lipase
levels (Fig. 1: B and C). The higher concentration of kal-
likrein (50 mg/ml) had no significant effect on the pan-
creatic water content, serum amylase or lipase levels after
retrograde injection into the pancreatic ducts (data not
shown, n=7). .

The highest concentration of a-chymotrypsin (100
mg/ml) significantly increased serum GOT and GPT lev-
els and arterial oxygen pressure (Fig. 2). Serum GOT level
was also significantly increased by pancreatic elastase and
taurocholate (Fig. 2A). The other pancreatic enzymes had
no significant effect on hepatic or pulmonary functions
(Fig. 2). Intraductal injection of a-chymotrypsin, tryp-
sin, pancreatic elastase, lipase, kallikrein and taurocho-
late had no effect on pulmonary vascular permeability
(data not shown, n=6-9).

In another series of experiments, the effects of retro-
grade injection of pancreatic enzymes and bile salt into
the pancreatic ducts on the mortality rate were evaluated.
Trypsin, pancreatic elastase and kallikrein did not cause
death in rats for at least 72 hr after the injection (data not
shown, n=10). However, administration of taurocholate
resulted in the highest death rate. Mortality in
taurocholate-treated rats reached 70% 72 hr after injec-
tion (data not shown, n=10). The mortality caused by
treatment with the low concentration of a-chymotrypsin
was 22.2% 72 hr after injection (data not shown, n=9),
but that caused by the high concentration a-chymotryp-
sin was 30% 6 hr after injection (data not shown, n=10).
The mortality caused by lipase (300 mg/ml) treatment
was 33.3% 72 hr after injection (data not shown, n=09).
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Fig. 1. Effects of a-chymotrypsin, trypsin, pancreatic elastase,
lipase, kallikrein and taurocholate on pancreatic water content (A),
serum amylase (B) and serum lipase (C) levels 6 hr after retrograde
injection (1 ml/kg) into the pancreatic duct in rats. Data are
expressed as the mean*=S.E.M. of 6 to 9 animals. *P<0.05,
P <0.01, ***P<0.001, compared to the control group (Dunnett’s
multiple range test).
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Fig. 2. Effects of a-chymotrypsin, trypsin, pancreatic elastase, li-
pase, kallikrein and taurocholate on serum GOT (A) and GPT (B)
levels and arterial oxygen pressure (C) 6 hr after retrograde injection
(1 ml/kg) into the pancreatic duct in rats. Data are expressed as the
mean=+S.E.M. of 6 to 9 animals. ¥P <0.05, **P <0.01, compared to
the control group (Dunnett’s multiple range test).

Effects of intravenous infusion of trypsin, pancreatic
elastase and neutrophil elastase

Intravenous infusion of trypsin (1 mg/kg/hr) and pan-
creatic elastase (10 mg/kg/hr) for 6 hr significantly in-
creased pulmonary vascular permeability in rats, whereas
infusion of neutrophil elastase (0.3 mg/kg/hr) did not
significantly increase permeability (Fig. 3: A—C). Arterial
oxygen pressure was only slightly reduced by trypsin, but
was not reduced by either pancreatic or neutrophil
elastase (Fig.3: D-F). Pancreatic water content, and
serum amylase, lipase, GOT and GPT levels were not
changed by trypsin, pancreatic elastase or neutrophil
elastase after intravenous infusion for 6hr (data not
shown, n=8-10).

DISCUSSION

Many pancreatic enzymes and bile salts are by nature
pathogenic because they have the potency to digest
proteins and lipids. Therefore, when these substances are
regurgitated into the pancreas or extravasated into the
vascular system, acute pancreatitis and the destruction
of vital organs including hepatic, renal and pulmonary
failures commonly occur. In the present study, the effects
of retrograde injection of a common bile salt and pan-
creatic enzymes into the pancreatic duct on pancreatic,
hepatic and pulmonary functions were examined in rats
to investigate the participation of bile salt and each pan-
creatic enzyme in the development of acute pancreatitis.
To evaluate the participation of enzymes extravasated
into the systemic circulation in pancreatitis-induced organ
failures, the effects of intravenous infusions of trypsin,
pancreatic elastase and neutrophil elastase on pancreatic,
hepatic and pulmonary functions were also examined.

Intraductal injection of a-chymotrypsin, trypsin, pan-
creatic elastase, lipase, pancreatic kallikrein and sodium
taurocholate solutions induced significant increases in
pancreatic water content in rats. a-Chymotrypsin, pan-
creatic elastase, taurocholate and the higher concentra-
tions of trypsin elicited gross pancreatic hemorrhage. Li-
pase, kallikrein and the low concentration of trypsin elic-
ited gross pancreatic edema. a-Chymotrypsin significant-
ly increased serum GOT and GPT levels and arterial oxy-
gen pressure. This increase in arterial oxygen pressure is
thought to be responsible for the respiratory compensa-
tion for the arterial acidosis. In this study, arterial pH
significantly decreased in rats with intraductal injection of
a-chymotrypsin (a-chymotrypsin: 7.36 vs control:.7.49).
The peripheral chemoreceptors play a dominant role in
the respiratory compensation of arterial acidosis. a-
Chymotrypsin-induced arterial acidosis might evoke
hyperpnea, leading to the increase in arterial oxygen
pressure. Serum GOT level increased significantly due to
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Fig. 3. Effects of trypsin (1 mg/kg/hr), pancreatic elastase (10 mg/kg/hr) and neutrophil elastase (0.3 mg/kg/hr) on pulmo-
nary vascular permeability (A—C) and arterial oxygen pressure (D—F) 7 hr after the start of infusion in rats. All enzymes were
intravenously infused for 6 hr. Data are expressed as the mean+S.E.M. of 8 to 10 animals. *P <0.05, **P<0.01, compared to

the saline-treated group (Dunnett’s multiple range test).

administration of pancreatic elastase and taurocholate.
a-Chymotrypsin and taurocholate very significantly in-
creased the death rate, while lipase only slightly increased
mortality. These results show that the bile salt and all
pancreatic enzymes used in this study induce pancreatic
inflammation after retrograde injection into the pancreat-
ic ducts in rats. Death induced by a-chymotrypsin might
be due to hepatic dysfunction accompanying pancreatic
inflammation. On the other hand, taurocholate-induced
death was not due to hepatic and pulmonary dysfunction.
In the preliminary experiment, serum blood urea nitrogen
was significantly elevated in rats with intraductal injection
of taurocholate (data not shown, n=09), indicating that
renal dysfunction might be involved in death induced by
taurocholate. In contrast, the results also indicate that
pancreatic kallikrein probably plays a minor role in the
pathogenesis of pancreatitis because it only causes slight
pancreatic edema after intraductal injection in rats.

In isolated rat pancreatic acinar cells, pancreatic
elastase had the greatest deleterious effect among lipase,
a-chymotrypsin, pancreatic elastase, phospholipase A,
(PLA,) and trypsin (18). It was also suggested that tryp-
sin itself was markedly less noxious to acinar cells when

compared with the other pancreatic enzymes, indicating
that activation of trypsin might be the trigger to start the
activation cascade in acute pancreatitis. Hong et al. (19)
reported that cat pancreas perfused intra-arterially with
bile acids caused massive parenchymal pancreatic necro-
sis, and trypsin infusion caused focal necrosis. In con-
trast, pancreatic elastase or PLA, had little influence on
pancreatic function or structure. In this study, the extent
of pancreatic inflammation induced by intraductal injec-
tion of the bile salt and several pancreatic enzymes was
not remarkably different. Therefore, evidence suggests
that a-chymotrypsin, trypsin, pancreatic elastase, lipase
and taurocholate directly or indirectly attack pancreatic
tissue, resulting in autodigestion of the pancreas.

The elevation of plasma neutrophil elastase level was
observed in patients with severe acute pancreatitis (20,
21). Serum trypsin and pancreatic elastase (pancreatic
enzymes) levels were also elevated in patients with acute
pancreatitis (13, 15, 17, 20, 22, 23). Results from a similar
rat study also indicate that pancreatic elastase extrava-
sated into the vascular system plays a major role in the
development of pulmonary vascular injury accompanying
induced acute pancreatitis (11). Tahamontetal. (2)
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reported that pulmonary damage induced by intravenous
infusion of trypsin was comparable to that observed after
intraductal injection of bile in sheep, suggesting that the
release of pancreatic proteases into the systemic circula-
tion after acute pancreatitis might be an initiating event
mediating pulmonary injury.

In this study, intravenous infusion of trypsin and pan-
creatic elastase for 6 hr significantly increased pulmonary
vascular permeability in rats, whereas infusion of neu-
trophil elastase did not remarkably increase permeabil-
ity. However, arterial oxygen pressure was only slightly
decreased by trypsin, but not by either pancreatic or
neutrophil elastase in rats. These results suggest that
intravenous infusion of trypsin and pancreatic elastase
induces pulmonary dysfunction in rats. This lung injury
may be comparable to that accompanying acute pancrea-
titis. Reichart et al. (24) reported that intravenous infu-
sion of trypsin for 1 hr induced early lung leucostasis and
delayed onset emphysema (6 or 12 weeks after the tryp-
sin infusion) in rats and hamsters. In sheep, intravenous
infusion of trypsin also induced a neutrophil-dependent
increase in lung vascular permeability (25). Intravenous
infusion of pancreatic elastase (330 U/kg/hr) also elicited
pulmonary leucostasis, interstitial edema and progressive
respiratory failure in pigs, whereas bolus intravenous in-
jection of pancreatic elastase (1330 U/kg) into hamsters
had no significant effect on lung elastin (26, 27). The
results described in this report are largely consistent with
these previous findings. In this report, the acute effects of
intravenous trypsin, pancreatic elastase and neutrophil
elastase administration on pulmonary function were
evaluated, but the chronic effects of these proteases might
be more remarkable. Although neutrophil elastase had
no marked effect on pulmonary function in this study,
further studies using higher doses of protease are needed
to confirm the effect of neutrophil elastase.

In conclusion, the bile salt and all pancreatic enzymes
used in the present study induce pancreatic inflammation
after retrograde injection into the pancreatic ducts of
rats. Among these enzymes, a-chymotrypsin might also
induce hepatic dysfunction which accompanies pancreatic
inflammation. The results also suggest that trypsin and
pancreatic elastase extravasated into the vascular system
lead to pulmonary dysfunction in rats.
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