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Proteasome inhibitor ameliorates severe acute pancreatitis 
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Abstract
AIM: To observe the effect of proteasome inhibitor 
MG-132 on severe acute pancreatitis (SAP) and associated 
lung injury of rats. 
METHODS: Male adult SD rats were randomly divided 
into SAP group, sham-operation group, and MG-132 
treatment group. A model of SAP was established by 
injection of 5% sodium taurocholate into the biliary-
pancreatic duct of rats. The MG-132 group was 
pretreated with 10 mg/kg MG-132 intraperitoneally 
(ip) 30 min before the induction of pancreatitis. The 
changes in serum amylase, myeloperoxidase (MPO) 
activity of pancreatic and pulmonary tissue were 
measured. The TNF-α level in pancreatic cytosolic 
fract ions was assayed with an enzyme- l inked 
immunosorbent assay (ELISA) kit. Meanwhile, the 
pathological changes in both pancreatic and pulmonary 
tissues were also observed. 
RESULTS: MG-132 significantly decreased serum 
amylase, pancreatic weight/body ratio, pancreatic 
TNF-α level, pancreatic and pulmonary MPO activity 
(P  < 0.05). Histopathological examinations revealed 
that pancreatic and pulmonary samples from rats 
pretreated with MG-132 demonstrated milder edema, 
cellular damage, and inflammatory activity (P  < 0.05).  
CONCLUSION: The proteasome inhibitor MG-132 
shows a protective effect on severe acute pancreatitis 
and associated lung injury of rats.
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INTRODUCTION
Acute pancreatitis (AP) is a common clinical disease 
and its incidence has been increasing in recent years. 
Although most patients experience mild and self-
limited AP, some patients have severe acute pancreatitis 
(SAP)[1-3]. Abnormal activation of  digestive enzymes 
within pancreatic acinar cells is thought to be a critical 
initiating event[4]. Pancreatic injury leads to a localized 
and a subsequent systemic inflammatory response which 
determines the severity of  pancreatitis. It may lead to the 
development of  multiple organ dysfunction syndrome 
(MODS), which is responsible for the mortality rate 
associated with this disease. The major component 
of  MODS is lung injury, clinically manifested as acute 
respiratory distress syndrome[5]. So how to ameliorate 
the injury of  pancreatic acinar cells and downstream 
events is the way to influence the severity of  pancreatitis.

MG-132 (Z-Leu-Leu-Leu-aldehyde) is a member of  
the peptide aldehyde proteasome inhibitors, including 
calpains, cathepsins and the proteasome[6,7]. Both  
calpain Ⅰ and proteasome can degrade Iκb and enhance 
the activity of  NF-κb[8]. Cathepsins , especially cathepsin 
B, has been confirmed to be a key agent for the abnormal 
activation of  digest enzymes within pancreatic acinar 
cells[9]. MG-132 can also inhibit the activation of  NF-κb 
by blocking Iκb degradation and enhance the expression 
of  heat shock proteins (HSP) that suppress the 
inflammatory response[10]. In the present study, we used 
a model of  severe acute pancreatitis (SAP) established 
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by retrograde injection of  5% sodium taurocholate  
(1 mL/kg) into the pancreatic duct to observe the effect 
of  the proteasome inhibitor MG-132 on severe acute 
pancreatitis and associated lung injury of  rats.

MATERIALS AND METHODS
Animals and materials 
Male Sprague-Dawley rats, weighing 250-300 g, were 
obtained from Experimental Animals Center of  Medical 
College of  Xi’an Jiaotong University. The animals were 
fasted overnight with free access to water and standard 
rat chow diet before the experiment. Five percent 
sodium taurocholate was purchased from Sigma, USA. 
MG-132 was purchased from Calbiochem, Germany. 
TNF-α ELISA kit was obtained from Genzyme, USA. 
Serum amylase kit and MPO kit were purchased from 
Nanjing Jiancheng Company, China.

Induction of acute pancreatitis 
The rats were randomly divided into control group, SAP 
group and MG-132 treatment group (SAP + MG-132), 
10 in each group. The animals were anesthetized with 
ketamine and subjected to a midline laparotomy. A blunt 
needle was inserted transduodenally into the common 
biliary-pancreatic duct as previously described[11]. The 
hepatic duct was closed at the hilum of  the liver with a 
bulldog clamp to prevent backflow. Sodium taurocholate 
(5% in saline) was infused using a fine needle inserted into 
5 mm of  the common biliary-pancreatic duct and each 
rat received a total volume of  1 mL/kg body weight for 
1 min. After 5 min, the needle and clamp were removed, 
and the laparotomy incision was closed. Animals in the 
treatment group were injected intraperitoneally (ip) with  
10 mg/kg MG-132 dissolved in 0.25 mL dimethyl 
sulfoxide (DMSO). Thirty minutes later, pancreatitis was 
induced as above. Animals in the control group underwent 
a sham operation consisting of  laparotomy and puncture 
of  the duodenum, under an identical anesthesia. Six hours 
after duct infusion or sham operation, the animals were 
killed by depletion and samples were taken for study. 
Blood was collected by cardiac puncture using heparinized 
syringes, centrifuged at 4000 r/min for 10 min, and stored 
at 4℃ for further analysis. The pancreas and lungs were 
carefully isolated and weighed for subsequent experiments. 
Tissues for histological examination were isolated, fixed in 
10% formalin and embedded in paraffin for sectioning.

Measurement of the ratio of pancreas weight to body 
weight
Changes in pancreatic weight were assessed for pancreatic 
interstitial edema. The whole pancreas was removed and 
weighed. Weight of  each pancreatic sample was used 
to estimate the water content in pancreas as previously 
described[12], which was presented as a ratio of  pancreas/
body weight for evaluating the consequence of  pancreatic 
edema.

Water content in lung
For quantification of  lung edema, the left lung was resected, 

blotted dry, and weighed (wet weight). Thereafter, the left 
lung was desiccated for 24 h at 80℃ and weighed again 
(dry weight). Water content in the lung was determined by 
calculating the wet weight/dry weight ratio as previously 
described[13].

Serum amylase and MPO activity
Serum amylase was assayed with an amylase kit with a 
kinetic spectrophotometric method according to the 
manufacturer’s instructions. Briefly, the methodology 
is based on the enzymatic degradation of  ethylidene-p-
nitrophenol-G7 by amylase coupled with glucosidase, thus 
producing p-nitrophenol which exhibits strong absorbance 
at 405 nm. Enzymatic activity was expressed as units/liter.

Pancreatic and lung myeloperoxidase (MPO) activity, a 
quantitative indicator of  neutrophil infiltration, was assessed 
according to the instructions from Nanjing Jiancheng 
Company. Briefly, tissues were thawed, homogenized in 
a 20 mmol/L phosphate buffer (pH 7.4), centrifuged at 
13 000 r/min for 10 min at 4℃. The resulting pellet was 
re-suspended in 50 mmol/L phosphate buffer (pH 6.0)  
containing 0.5% hexadecyl trimethylammonium bromide. 
The suspension was subjected to four cycles of  freezing 
and thawing. The sample was then centrifuged at  
10 000 r/min for 5 min at 4℃. The supernatant was used 
for MPO assay. The absorbance at 450 nm of  the resulting 
mixture was determined. The MPO activity was expressed 
as U/g tissue.

TNF-α level in pancreas
TNF-α level in pancreatic cytosolic fractions was 
measured with a commercial ELISA kit according to the 
instructions of  its manufacturer. The absorbance was 
read on a microplate reader and concentrations were 
calculated according to the standard curve.

Histological examination
Paraffin-embedded tissues ware sectioned, stained with 
hematoxylin and eosin, and assessed by two different 
attending physicians unaware of  the experimental 
protocol, at Department of  Pathology of  Xi’an Jiaotong 
University. The pancreas damage evaluation system was  
used as previously described[14], the sections were examin-
ed and scored on a scale of  0-3 with 0 being normal and 
3 being severe. Six characteristics were included, namely 
the presence of  edema, acinar necrosis, inflammatory 
infiltrate, hemorrhage, fat necrosis, and perivascular 
inflammation. Five parameters were used as criteria for 
lung injury, manifested as alveolar thickening, vascular 
congestion, hemorrhage, edema, and leukocyte infiltration. 
Each observer was required to give a score from 0 to 2 
for each slide according to the criteria mentioned above. 
A score of  0 indicates that there was no histological 
damage. A score of  1 indicates only mild or intermediate 
histological damage in the slides, and a score of  2 was 
given to the tissue sections with severe morphological 
deterioration in most of  the areas observed.

Statistical analysis
All results are expressed as mean ± SE. Statistical 
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analysis of  data was accomplished by analysis of  variance 
(ANOVA). P < 0.05 was considered statistically significant.

RESULTS
Effect of MG-132 on serum amylase activity
Serum amylase activity, a most common indicator for 
assessing pancreatitis, was markedly increased in the SAP 
animals (Figure 1A). The effect of  MG-132 on pancreatitis 
was statistically significant.

Effect of MG-132 on pancreatic TNF-α level
In the SAP animals, the concentration of  TNF-α was 
increased (Figure 1B), which could be ameliorated in rats 
treated with MG-132, showing that TNF-α could improve 
pancreatitis.

Effect of MG-132 on lung wet/dry weight ratio
The ratio of  lung wet/dry weight, a commonly used 
indicator for estimating the water content in acute lung 
injury was significantly increased in the SAP group 
compared with the sham group (Figure 1C). Treatment 
with MG-132 could reduce the water content lung. 

Effect of MG-132 on the ratio of pancreas to body weight
Pancreatic edema, one of  the major criteria for assessing 
pancreatitis was found in our experiment. Injection of  
5% sodium taurocholate into the biliary-pancreatic duct 
of  rats could significantly increase the ratio of  pancreas 
to body weight (Figure 1D). Treatment with MG-132 
showed a beneficial effect on pancreatic edema.

Effect of MG-132 on pancreatic and lung MPO activity
SAP is associated with a rise in both pancreatic and lung 
MPO activity, indicating the presence of  sequestered 

neutrophils[15]. Pre-treatment of  the animals with MG-132 
significantly reduced the MPO activity both in pancreas 
and in lung (Figure 1E and F).

Effect of MG-132 on pancreatic and lung histology
To assess the effects of  MG-132 on local pancreatic 
injury, the morphology of  pancreas was examined and 
compared with the treatment group. The results showed 
that the SAP group exhibited severe edema and a high 
degree of  destruction of  histoarchitecture of  the acini 
cells. The architecture and integrity of  acini cells were 
improved in the MG-132 group.

Normal lung tissue morphology (Figure 2A) was 
observed in the sham group. Histological examination 
of  the sections confirmed lung injury with significant 
alveolate thickening, vasocongestion and infiltration with 
leukocytes observed in the SAP group (Figure 2B). In 
contrast, the lung injury was significantly ameliorated 
in the animals treated with MG-132 (Figure 2C). The 
scores of  histological evaluation of  pancreatitis and lung 
injury are summarized in Table 1.

DISCUSSION
Acute pancreatitis is a life-threatening disease with a 
high mortality rate, especially in the setting of  systemic 
inflammatory response and multiple organ failure when 
severe infection of  necrosis occurs[16]. Under physiological 
conditions, digestive enzymes are synthesized by and 
stored in pancreatic acinar cells as inactive proenzymes 
known as zymogens which are secreted into the 
duodenum where enterokinase initiates their activation. 
The pathogenesis of  acute pancreatitis remains obscure. 
However, it is believed that the premature activation of  
zymogens within acinar cells is a critical initiating event, 

c

www.wjgnet.com

Chen X et al . Effect of proteasome inhibitor on SAP and associated lung injury                                              3251



thus leading to auto-digestion of  the gland. Afflicted 
acinar cells release factors that lead to recruitment of  
inflammatory cells and generation of  multiple mediators, 
such as reactive oxygen species and cytokines[17]. Two 
potential key elements involved in this process are 
cathepsin B and NF-κb.

Cathepsin B is a lysosomal hydrolase, which activates 
human trypsinogen in vitro and is redistributed in a 
zymogen-granule enriched subcellular compartment 
during the early course of  experimental pancreatitis[18,19]. 
It was reported that inhibition of  lysosomal protease 
cathepsin B can suppress pancreatic inflammation[20,21]. 
Studies in cathepsin B gene knocked-out mice showed 
that the premature and intracellular activation of  
trypsinogen largely depends on the presence of  cathepsin 
B[22].

NF-κb is a member of  the transcription factors 
which, under normal conditions, are coupled to an 
inhibitor (Iκb) in cytoplasm[23,24]. In response to stress, 
a cascade of  phosphorylation events results in Iκb 
phosphorylation and degradation by proteasome. NF-
κb with subsequent up-regulation of  the expression of  
genes coding for a variety inflammatory factors including 
cytokines and chemokines such as TNF-α, IL-1, IL-6, 
IL-8. In acute pancreatitis[25], NF-κb activation can be 
inhibited by blocking the degradation of  Iκb, which has 
been shown to ameliorate the severity of  pancreatitis[26]. 

During acute pancreatitis, lung injury is associated 
with the accumulation of  neutrophils within the 
interstitial and alveolar spaces. Leukocyte sequestration 
within an inflamed area is a multistep process that begins 
with leukocyte activation[27], followed by the rolling 
of  inflammatory cells and the adhesion of  circulating 
activated inflammatory cells to the endothelium via 
adhesion molecules, such as intercellular adhesion 
molecule-1 (ICAM-1)[28]. Cytokines, such as IL-1 and 
TNF-α, can also increase lung injury and spread to other 

distant organs, indicating that NF-κb plays key role in 
this proinflammatory process[29-31].

MG-132 is a cell-permeable aldehyde proteasome 
inhibitor, which has been shown to suppress the 
inflammatory cascade by decreasing NF-κb activity 
through blocking Iκb degradation and increasing cellular 
HSP level [32]. MG-132 can also suppress pancreatic 
inflammation by inhibiting calpains and cathepsin B.

Since the SAP model established by injecting sodium 
taurocholate is most similar to the situation in human 
severe acute pancreatitis[33], we chose it to examine the 
effect of  proteasome inhibitor MG-132 on pancreatitis 
and lung injury in order to simulate the situation in 
humans.

In the present study, administration of  MG-132 
significantly suppressed the elevation of  serum amylase, 
TNF-α and pancreatic MPO activity. Significant 
improvements were also observed in pancreatic histology 
after treatment with MG-132. Edema, acinar cell and fat 
necrosis, perivascular inflammation occurring in almost 
all inflammatory processes in any organ, were resolved in 
pancreatic tissues from the animals treated with MG-132.

The group pre-treated with MG-132, as compared 
with the sham and SAP groups, showed a significant 
reduct ion in the lung water content and MPO 
activity. These results are in close agreement with the 
histological analysis, suggesting that alveolar thickening, 
vasocongestion and recruitment of  leukocytes in lung 
tissue can be suppressed with MG-132.

In conclusion, MG-132, a proteasome inhibitor, can 
ameliorate sodium taurocholate-induced SAP and its 
associated lung injury. 

 COMMENTS
Background
Severe acute pancreatitis (SAP) is still a fatal disease and its pathogenesis 
has not been fully understood. Pathological activation of digestive zymogens 
within pancreatic acinar cells is considered the key initiator of AP. The effect 
of MG-132 was investigated in experimental severe acute pancreatitis in the 
present study.
Research frontiers
Proteasome inhibitors have a broad inhibitory action on pancreatic enzymes 
and production of proinflammatory cytokines. Therefore, they are expected to 
prevent necrotic changes in the pancreas and reduce the mortality rate. 
Innovations and breakthroughs
The SAP model established by retrograde injection of 5% sodium taurocholate 
(1 mL/kg) into the pancreatic duct was used to observe the effect of the 

Figure 2  Representative images illustrating histologically observed morphology of pancreas in pulmonary sections (HE, × 200).

CBA

Table 1  Effect of MG-132 on histological damage to pancreas 
and lung

  Sham SAP MG-132
Pancreas 0.36 ± 0.04 13.82 ± 1.12a 8.33 ± 0.52c

Lung 0.23 ± 0.05   7.63 ± 0.65a 4.46 ± 0.31c

aP < 0.05 vs sham group, cP < 0.05 vs SAP group.
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proteasome inhibitor MG-132 on severe acute pancreatitis and its associated 
lung injury of rats. Taurocholate-induced pancreatitis is a reliable model of 
severe acute pancreatitis rats with significantly greater pancreatic damage 
and systemic inflammatory response in comparison with cerulein-induced 
pancreatitis. Pancreatic and lung injury was a distant organ injury which is the 
key determinant of mortality in AP patients.
Applications 
MG-132 shows its protective effect on SAP induced by sodium taurocholate and 
its associated lung injury of rats. Moreover, proteasome inhibitors may promote 
further studies on the treatment of AP.
Peer review
This paper describes the effect of MG-132 (carbobenzoxy-L-leucyl-L-leucyl-L-
leucinal), a proteosome inhibitor, on SAP and its associated lung injury of rats. 
The model selected is appropriate and induces SAP and lung injury. Further 
researches are needed to explore its mechanism.
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