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Extrapancreatic organ impairment during acute pancreatitis
induced by bile-pancreatic duct obstruction. Effect of
N-acetylcysteine

Manuel A. Manso, Laura Ramudo and Isabel De Dios

Department of Physiology and Pharmacology, University of Salamanca, Salamanca, Spain

Acute pancreatitis (AP) is a disease with a relatively high

morbidity and mortality (Bourke 1977; Winslet et al. 1992;

Forsmark & Toskes 1995). Whatever the aetiology of AP,

inflammation is developed in the pancreas as a result of the

damage initiated within pancreatic acinar cells (Weber &

Adler 2001; Frossard & Pastor 2002). It is mediated by pro-

inflammatory factors released from acinar cells themselves

and leucocytes infiltrated in the gland. An excessive produc-

tion of these inflammatory mediators turns the local inflam-

mation to a systemic response which could result in multiple

organ dysfunction syndrome (MODS) (Davies & Hagen

1997). Respiratory, hepatic and renal failure contribute most

significantly to the morbidity and mortality of patients with

severe attacks of AP (Wilson & Imrie 1990; Lankisch et al.

1996). Lung injury, the first manifestation of MODS, is

characterized by intrapulmonary sequestration of neutrophils
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Summary

Multiple organ failure is frequently associated with acute pancreatitis (AP). Our aim

was to study pulmonary, hepatic and renal complications developed in the course of

AP experimentally induced in rats by bile-pancreatic duct obstruction (BPDO), dif-

ferentiating the complications caused by AP itself, from those directly caused by bile

duct obstruction (BDO), after ligating the choledocus. N-acetylcysteine (NAC) was

administered as a therapeutic approach. Myeloperoxidase activity revealed neutro-

phil infiltration in lungs from 12 h after BDO, even if AP was not triggered. Lactate

dehydrogenase (LDH) activity indicated hepatocyte death from 48 h after BDO, and

from 24 h following BPDO-induced AP onwards, an effect delayed until 48 h by

NAC treatment. Rats with single cholestasis (BDO) and rats with BPDO-induced AP

showed a significant increase in plasma aspartate aminotransferase (AST), alanine

aminotransferase (ALT) and bilirubin concentration from 12 h onwards, whose

values were reduced by NAC treatment at early BPDO. No renal failure was found

during 120 h of bile-pancreatic obstruction. Our results showed lung and liver

impairment as a result of BDO, even if AP does not develop. Pancreatic damage and

extrapancreatic complications during AP induced by BPDO were palliated by NAC

treatment.
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and increased vascular permeability followed by oedema and

vascular collapse (Guice et al. 1989; Murakami et al. 1995;

Bhatia et al. 2000), leading to respiratory function impair-

ment. Although most often in biliary pancreatitis (Van

Gossum et al. 1984), liver injury has also been reported in

pancreatitis induced by CDE diet and supramaximal doses

of caerulein (Norman et al. 1997; He et al. 1999). Kidneys

can also be altered during AP as a consequence of

hypovolaemia due to both fluid extravasation and decrease

in blood flow (Lucas & Ledgerwood 1982; Levy et al.

1986), both events contributing to hypotension associated

with failure in glomerular function.

Although it is well established that the outcome of AP for

individual patients is mostly dependent on systemic compli-

cations, there are few experimental studies aimed at an over-

all evaluation of the alterations which progressively appear

in different organs during the course of AP. Thereby, our

goal was to develop a detailed study to investigate the time-

course and extent of alterations in lung, liver and kidney

caused by acute pancreatitis induced in rats by bile-pancre-

atic duct obstruction (BPDO), an experimental model of

relevant clinical interest as it simulates gallstone pancreatitis,

the most frequent aetiology in humans (Cartmell & King-

snorth 2000). As the pancreatic overproduction of reactive

oxygen species (ROS) is a pathogenic factor in AP involved

in local and systemic inflammation (Poch et al. 1999; Czako

et al. 2000), we also investigated the effects of N-acetyl-

cysteine (NAC), as antioxidant treatment, on the multi-

organ impairment caused by BPDO-induced AP.

Materials and methods

Animals

Male Wistar rats (250–300 g) were used. They were kept in

a controlled environment at 22 ± 1 �C using a 12-h light ⁄ -
dark cycle. The animals were housed individually in cages

and fed with standard laboratory chow. All experiments

were performed in accordance with European Community

guidelines on ethical animal research (86 ⁄ 609 ⁄ EEC). The

study was approved by the Institutional Animal Care and

Use Committee of the University of Salamanca (Spain).

Experimental design

Rats were randomly divided into the following groups:

Group 1: Sham-operated rats, surgically treated but with-

out ligating the choledocus.

Group 2: Rats subjected to bile duct obstruction (BDO)

by ligation of choledocus close to the liver.

Group 3: Rats with AP induced by BPDO by ligation of

the common duct at the distal part closed to its exit to the

duodenum.

Group 4: Rats with BPDO-induced AP receiving one

intraperitoneal injection of NAC (50 mg ⁄ kg) 1 h before and

1 h after BPDO.

Four subgroups were designed within the different

groups at the following time points: 12, 24, 48 and

120 h.

Surgical procedures were carried out under anaesthesia

with 2–3% isofluorane (Abbot, Madrid, Spain). After-

wards, the abdominal cavity was closed in a double

layer and rats were placed in their cages with free

access to food and water. Postoperative analgesia was

maintained by intramuscular injections of buprenorphine

(0.2 mg ⁄ kg ⁄ 8 h).

Collection of samples

After 12 h fasting but with free access to water, rats

were re-anaesthetized with sodium pentobarbital

(3 mg ⁄ 100 g body weight, intraperitoneally) in order to

collect the samples at the different time points. Blood

samples were collected by cardiac puncture into hepari-

nized tubes and plasma was separated by centrifuging at

1000 g for 10 min at 4 �C. Afterwards, laparotomy was

performed and pancreas, lungs and liver were excised and

weighed.

Plasma measurements

Amylase activity was determined by the method of Hickson

(Hickson 1970). Concentrations of total bilirubina and aspar-

tate aminotransferase (AST) and alanine aminotransferase

(ALT) activities were determined, using a multiparametric

commercial kit (Spotchem II Reagent strip; Menarini, Barce-

lona, Spain) in an automated analyzer (Spotchem�EZ

SP-4430, Arkray Europe, Düsseldorf, Germany). Concentra-

tions of creatinine were determined using a commercial kit

from Roche Diagnostics (Mannheim, Germany) strictly

following supplier’s recommendations. All samples were run

in duplicate and averaged.

Tissue water content

The wet ⁄ dry weight ratio was calculated to evaluate inter-

stitial oedema. For this purpose, freshly prepared pancreas,

lung and liver tissue samples were weighed before and

after drying freshly prepared tissue samples for 96 h at

100 �C.
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Myeloperoxidase activity

Neutrophil infiltration was assessed in pancreas and lung

and liver by measuring tissue myeloperoxidase (MPO)

activity (Bhatia et al. 1998). Briefly, tissue samples were re-

suspended in 50 mM phosphate buffer (pH 6.0) containing

0.5% hexadecyltrimethylammonium bromide (HDTAB) and

homogenized. After four cycles of freezing and thawing, the

homogenate was further disrupted by sonication. After cen-

trifuging (10,000 g, 5 min, 4 �C) the supernatant was incu-

bated with 3,3’,5,5’-tetramethylbenzidine (TMB) reagent for

110 s at 37 �C for the MPO assay. The reaction was

stopped with 0.18 M H2SO4, and absorbance measured at

450 nm. MPO activity is expressed per unit of dry weight

(fold increase over control rats).

Lactate dehydrogenase activity

Lactate dehydrogenase (LDH) activity was measured in sam-

ples of liver previously homogenized in ice-cold 81.3 mM

Tris-HCl buffer (pH 7.2) containing 203.3 mM NaCl,

according to the method of (Gutmann and Wahlefeld

(1974)). Changes in absorbance due to NAD+ formation

were recorded at 339 nm at 30 �C.

Statistical analysis

Results are expressed as means ± SEM. Statistical analysis

was carried out using analysis of variance (anova) followed

by Scheffé test. P-values lower than 0.05 were considered to

be statistically significant.

Results

Figure 1 shows the kinetic of plasma amylase activity after

surgical procedures. BDO rats displayed control values at all

time periods. In contrast, a significant increase in plasma

amylase activity was found during 48 h BPDO, with highest

values at 12 and 24 h after inducing AP. Although NAC

treatment failed to prevent hyperamylasemia, it was main-

tained at significantly lower levels at early stages of AP.

Pancreatic fluid content (Figure 2a) significantly increased

during 120 h after inducing AP by BPDO in both NAC-trea-

ted and non-treated rats, but not in the BDO rats. No signi-

ficant accumulation of fluid was found in the lung

(Figure 2b) during 120 h either in BDO or BPDO rats. BDO

significantly increased hepatic fluid content from 24 h

onwards (Figure 2c). This effect did not vary in BPDO rats

independently on whether or not they were treated with

NAC.
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Figure 1 Plasma amylase activity in sham-operated animals, rats

with bile duct obstruction (BDO), rats with acute pancreatitis

induced by bile-pancreatic duct obstruction (BPDO) and rats

with BPDO treated with NAC (NAC-BPDO). Number of

animals in each group and experimental period: 6. Values are

mean ± SEM. anova followed by Scheffé test showed statisti-

cally significant differences vs. sham-operated (*), vs. BDO rats

(¤) and between NAC-treated and non-treated BPDO rats.

70

0

80

90

100 

12 24 48 120

70

0

80

90

100 
Lung

70

0

80

90

100 
Liver

SHAM BDO

BPDO NAC-BPDO

Pancreas

* * * * * *

(a)

(b)

(c)

* ** ** * * **

Time (h)

T
is

su
e 

fl
u

id
 c

o
n

te
n

t 
(%

 o
f 

w
et

 w
ei

g
h

t)
* *♦ ♦ ♦♦

Figure 2 Tissue water content in pancreas (a), lung (b) and liver

(c) from sham-operated animals, rats with bile duct obstruction

(BDO), rats with acute pancreatitis induced by bile-pancreatic

duct obstruction (BPDO) and rats with BPDO treated with

NAC (NAC-BPDO). Number of animals in each group and

experimental period: 6. Values are mean ± SEM. anova fol-

lowed by Scheffé test showed statistically significant differences

in pancreas vs. sham-operated (*) and vs. BDO rats (¤). No sig-

nificant difference was found in the lung. Significant differences

vs. sham-operated (*) were found in liver.
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Figure 3 Myeloperoxidase (MPO) activity in pancreas (a) lung

(b) and liver (c) from sham-operated animals, rats with bile duct

obstruction (BDO), rats with acute pancreatitis induced by bile-

pancreatic duct obstruction (BPDO) and rats with BPDO trea-

ted with NAC (NAC-BPDO). Number of animals in each group

and experimental period: 6. Values are mean ± SEM. anova

followed by Scheffé test showed statistically significant differ-

ences in pancreas and lung vs. sham-operated (*), vs. BDO rats

(¤) and between NAC-treated and non-treated BPDO rats. No

differences were found in liver.
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Figure 4 Lactate dehydrogenase (LDH) activity in liver from

sham-operated animals, rats with bile duct obstruction (BDO),

rats with acute pancreatitis induced by bile-pancreatic duct

obstruction (BPDO) and rats with BPDO treated with NAC

(NAC-BPDO). Number of animals in each group and experi-

mental period: 6. Values are mean ± SEM. anova followed by

Scheffé test showed statistically significant differences vs. sham-

operated (*) and between NAC-treated and non-treated

BPDO rats.
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Figure 5 Plasma alanine aminotransferase (ALT), aspartate

aminotransferase (AST) and bilirubin concentration in

sham-operated animals, rats with bile duct obstruction (BDO),

rats with acute pancreatitis induced by bile-pancreatic duct

obstruction (BPDO) and rats with BPDO treated with NAC

(NAC-BPDO). Number of animals in each group and

experimental period: 6. Values are mean ± SEM. anova

followed by Scheffé test showed showed statistically significant

differences vs. sham-operated (*), vs. BDO rats (¤) and

between NAC-treated and non-treated BPDO rats.
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Figure 6 Plasma creatinine in sham-operated animals, rats with

bile duct obstruction (BDO), rats with acute pancreatitis

induced by bile-pancreatic duct obstruction (BPDO) and rats

with BPDO treated with NAC (NAC-BPDO). Number of

animals in each group and experimental period: 6. Values are

mean ± SEM. anova followed by Scheffé test did not show any

significant difference among groups.
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Neutrophil infiltration measured through MPO activity

(Figure 3) significantly increased in the pancreas (Figure 3a) of

BPDO rats from 12 h afterwards, an effect delayed and

significantly reduced by NAC treatment. BDO led to neutro-

phil accumulation in the lung during 120 h after surgery

(Figure 3b), with highest values at 12 h. Similar MPO values

were found in rats with AP, except after 48 h BPDO, at which

time neutrophil infiltration was significantly higher than in

BDO rats. Lung neutrophil infiltration was significantly

reduced by NAC treatment. No increase in MPO activity was

found in the liver either in BDO or BPDO rats (Figure 3c).

Liver necrosis determined by LDH activity in tissue homo-

genates (Figure 4) was detected in BPDO rats from 24 h

onwards, an effect delayed until 48 h after AP induction in

rats treated with NAC. LDH activity was significantly reduced

in BDO rats from 48 h after ligation of the choledocus.

To assess the liver function hepatic enzyme activity and bili-

rubin concentration were measured in plasma (Figure 5).

Alanine aminotransferase (ALT) and aspartate aminotransf-

erase (AST) significantly increased in BDO and BPDO rats

from 12 h afterwards, but a tendency to return to control val-

ues was found at 120 h. Lower enzyme activity was detected

24 h after BPDO in rats treated with NAC. A significant

increase in plasma bilirubin concentration was found in BDO

and BPDO rats, which resulted progressively higher from 12

to 120 h after obstruction. NAC treatment significantly

reduced the hyperbilirubinemia found 24 h after BPDO.

No renal failure was detected in BDO and BPDO rats dur-

ing 120 h following surgery, as indicated unchanged concen-

trations of creatinine in plasma (Figure 6).

Discussion

As multisystemic alteration is the main cause of mortality in

AP, it is of great interest for clinicians to ascertain the

course of extrapancreatic complications in order to apply

proper management in patients with AP. Experimental ani-

mal models of AP represent a useful tool for this proposal,

specially BPDO-induced AP, as it is a corollary of gallstone-

induced AP, the most common aetiology of AP in humans

(Cartmell & Kingsnorth 2000). Moreover, this experimental

model also allows us to investigate the effect of bile reten-

tion in the development of pancreatic and extrapancreatic

alterations during the disease, whose results appear as

clinically relevant in AP with biliary origin.

According to our results choledocus obstruction induced

deleterious effects on the liver itself and in the lung. High

concentrations of bilirubin found in plasma from 12 h after

obstruction, suggest severe damage in hepatic secretory

function. High AST and ALT plasma activity indicated, a

relevant metabolic dysfunction from the same point time

with levels tending to return to control values 5 days after

ligating the bile duct. However, taking into account that

LDH activity in liver revealed progressive cell death from

48 h after BDO onwards, the kinetic of plasma hepatic

enzymes should not be interpreted as a tendency towards

metabolic normalization but a consequence of a reduction in

the number of viable hepatocytes capable of producing and

releasing enzymes to plasma. Hepatic dysfunction was also

found in rats with AP induced by BPDO, which suggests

that liver failure is induced independently of where the

obstruction occurs along the bile via. Nevertheless, it is

noticeable that hepatocyte viability was significantly reduced

from 24 h onwards in rats with BPDO-induced AP. Multiple

mechanisms associated with AP would explain this prema-

ture cell death in the liver of the BPDO rats, such as impair-

ment of the mitochondrial metabolism of hepatocytes by

phospholipase A2 and lysolecithin released from the pan-

creas (Kitamura et al. 1973), reduced hepatic flow secondary

to hypovolemic shock (Kobold & Thal 1963) and hepato-

toxic factors present in pancreatitis-associated ascitic fluid

able to induce necrosis and apoptosis in hepatocytes (Ueda

et al. 1999; Yang et al. 2003).

On the other hand, neutrophil infiltration was found in

pancreas and lung of rats with AP from 12 h after BPDO

onwards. This effect has been widely described in different

models of AP (Guice et al. 1989; Murakami et al. 1995;

Bhatia et al. 1998; Folch et al. 2000; Fujita et al. 2001) as a

result of an initial oxidative stress locally developed within

the pancreas which leads to the production of inflammatory

mediators, involved in turn in the activation of circulating

leucocytes and their subsequent interaction with endothelial

vascular cells (Frossard & Pastor 2002). Interestingly, a

similar pulmonary leukocyte recruitment was found in rats

subjected to BDO. Previous studies (Folch et al. 2000; Liu

et al. 2006) have pointed to Kupffer cells, the resident macr-

ophages in liver, as responsible for lung injury in necrotizing

acute pancreatitis through the production of cytokines in

response to substances released by the pancreas during AP.

Our results revealed lung inflammation in the absence of

AP, which suggests that Kuppfer cells are activated to pro-

duce inflammatory mediators as a result of the hepatic insult

developed in the liver by cholestasis, therefore playing a key

role in the development of lung injury in rats with BDO.

These results suggest that exclusion of bile into duodenum

would delay the lung damage in the course of AP.

In line with results previously reported in rats with AP

induced by sodium taurocholate (Folch et al. 1998), liver

neutrophil infiltration does not occurs despite of the damage

detected in this organ. This finding could be explained by
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the fact of that the liver contains Kupffer cells, the major

component of mononuclear phagocytic system. These resi-

dent macrophages could be able, by themselves, to develop

an initial inflammatory response, in such a way that neutro-

phil recruitment is not required.

No renal failure was found during BPDO-induced AP. No

kidney injury was reported in rats with AP-induced by

caerulein, although significant renal damage was found in

necrotizing AP-induced by sodium taurocholate (Fujita et al.

2001). Taken together, our results lead us to the conclusion

that high severity of AP would be required to extend organ

dysfunction to the kidney.

Oxidative stress is a key pathogenic factor in AP. ROS

produced within the pancreas from early stages by acinar

cells (Uruñuela et al. 2002) and infiltrating leucocytes

(Poch et al. 1999) trigger the activation of signalling path-

ways regulating gene expression of inflammatory mediators

(Sen & Packer 1996). It results in an increased production

of cytokines and chemokines (Chen et al. 2002), which

leads to the progression of local pancreatic inflammation

to a systemic inflammatory reaction in which different

organs may be affected. On this basis antioxidant treat-

ments could be helpful to prevent extrapancreatic compli-

cations during AP. In line with this, NAC has been

shown to reduce pancreatic oxidative stress and has

proved to have beneficial effects by reducing pancreatic

injury in BPDO-induced AP (Sevillano et al. 2003). In

addition, in this AP model, NAC was able to inhibit sig-

nalling pathways involved in the generation of inflamma-

tory mediators, thereby reducing circulating cytokine levels

(Ramudo et al. 2005). These findings would explain why

extrapancreatic manifestations (lung and liver impairment)

were reduced in rats with BPDO-induced AP after treat-

ment with NAC. As ROS are over- produced from the

beginning of AP (Uruñuela et al. 2002), our data would

support the effectiveness of antioxidant treatments to

lessen local and systemic alterations if they were applied

at early stages in the course of AP, a fact not always

possible in clinical setting.

In summary, our study shows lung neutrophil infiltra-

tion and hepatic failure as a result of bile duct obstruc-

tion, even if AP is not triggered. Because of its

antioxidant effects, NAC treatment reduced pulmonary

damage and liver dysfunction and delayed the hepatocyte

death in rats with AP induced by BPDO. The results give

an overview of clinically relevant organ complications

developed not only as a result of AP of bile origin but

also by obstructing the high bile duct, and suggests the

use of antioxidants as a therapeutic approach to palliate

the organ failure.
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