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Abstract

Introduction: The mechanism by which intestinal mucosal barrier is damaged in severe acute pancreatitis (SAP)-associated
impairment is not fully understood.

Methods: We established an L-arginine-induced SAP rat model, pretreated with or without pyrrolidine dithiocarbamate
(PDTC). Hematoxylin and eosin staining was performed to evaluate the pathological alterations. Western blotting was con-
ducted to detect the expression of autophagy-related proteins. Oxidative stress was assessed by the levels of malondialdehyde
and superoxide dismutase.

Results: We found significant injury of the intestinal mucosal barrier in SAP rats, with overexpression of Beclin-1, LC3, and
p65. Pyrrolidine dithiocarbamate showed a bidirectional effect in protecting SAP rats. A high dose of PDTC aggravated
disease in rats, while a low or medium dose of PDTC pretreatment, was able to alleviate tissue damage. Pyrrolidine
dithiocarbamate changed the expression of Beclin-1, LC3, and pé5 in the intestines. The fatty acid-binding protein level was
increased in SAP rats with high-dose PDTC or without PDTC pretreatment and was reduced in SAP rats with low- or
medium-dose PDTC exposure.

Conclusions: Autophagy is involved in the impairment of intestinal mucosal barrier during SAP. A suitable dose of PDTC (I or
10 mg/kg) may decrease the severity of SAP by inhibiting autophagy in intestinal mucosal cells.
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Introduction

Pancreatitis is initiated by activation of trypsin within the pan-

creas, resulting in further activation of various proteases that
can damage cells. Acute pancreatitis is commonly induced by
gallstones and alcohol, although drugs and certain genetic
mutations can also cause this intractable disease.! Acute pan-
creatitis is characterized by edema, hemorrhage, and necrotic
inflammation of different severities. Patients suffering from
this disease can present with abdominal pain, nausea and
vomiting, and fever. An elevated serum level of amylase is the
most common sign of acute pancreatitis and is very informative
for diagnosis. The prognosis of acute pancreatitis is highly
dependent on the severity. Mild acute pancreatitis only displays
pancreatic edema and patients had a good prognosis. Severe
acute pancreatitis (SAP), however, may have hemorrhage and
necrosis in pancreas, leading to secondary abdominal infection,
peritonitis, and even shock. The mortality of SAP patients can
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be high. In clinic, anti-inflammation and supportive care are
main strategies for the treatment of SAP. Thus, more detailed
mechanisms of SAP are urgently needed to develop a novel
treatment.

It has been reported that intestinal mucosa was damaged in
case of SAP. The epithelial cells of intestinal mucosa become
denatured and necrotic, leading to ischemia and reperfusion of
the intestine, dysregulation of intestinal microbiota, and
increased permeability of mucosal barrier. These pathological
alterations can further induce bacteria and toxin translocation
and inflammatory cytokine release, which change SAP from a
local disease to a systemic disease. However, the mechanisms
of disturbance of intestinal mucosa barrier are far from under-
stood. Previous studies have shown enhanced apoptosis of
intestinal epithelial cells in SAP. Autophagy, also known as
type II programmed death, is different with but closely con-
nected to apoptosis.® In this study, we aimed to investigate
whether autophagy plays a role in SAP-related death of intest-
inal epithelial cells.

Autophagy is a cellular process exerted by lysosomes and is
essential for cell survival, differentiation, and homeostasis.’
The nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB) signaling is deeply involved in the regulation of
autophagy, and a complicated crosstalk between NF-kB signal-
ing and autophagy has been revealed.* Although in many cases,
inhibition of NF-kB signaling showed induction of autop-
hagy,”® pyrrolidine dithiocarbamate (PDTC), an NF-kB inhi-
bitor, was reported to be able to suppress autophagy.’ In
addition, using a taurocholate-induced acute necrotizing pan-
creatitis rat model, Yang and colleagues proved that NF-xB
signaling stimulated autophagy in the pancreas.® However, in
the background of SAP, the interplay between NF-kB signaling
and autophagy was less studied, especially in other organs
injured by SAP.

Here, we used a rat model to study the autophagy of epithe-
lial cells in terminal ileum. The associations among autophagy,
intestinal mucosa permeability, and oxidative stress under
PDTC treatment were demonstrated in this study.

Materials and Methods

Animal Model

Sprague-Dawley rats (~ 2 months old) weighing 250 + 30 g
were obtained from Animal Center of Hebei Medical Univer-
sity. Rats were cultured for at least 1 week before subjected to
experiments. Rats were randomly assigned to 5 groups with
24 rats per group. The normal control group was cultured nor-
mally with only necessary vehicle (normal saline) treatment.
The SAP group was peritoneally injected with 20% L-arginine
(2.5 g/kg) for twice, with an interval of 1 hour between 2
injections. The PDTC groups were peritoneally pretreated with
PDTC (Sigma-Aldrich, St. Louis, Missouri, USA), followed by
L-arginine injection for twice 1 hour later. Pyrrolidine dithio-
carbamate groups contained high-dose group (P100, with
100 mg/kg PDTC), medium-dose group (P10, with 10 mg/kg

PDTC), and low-dose group (P1, with 1 mg/kg PDTC). Six
mice in each group were scarified and analyzed after 12 hours
of the second L-arginine injection, and the left 6 mice in each
group were analyzed after another 12 hours. The protocol for
animal experiments was approved by the ethical committee of
Hebei Medical University.

Hematoxylin and Eosin Staining

The histological analysis was performed as previously
described.® In brief, formalin-fixed paraffin-embedded tis-
sue was cut into 4-um thick sections. The sections were
then stained with hematoxylin and eosin (H&E) using a
standard method. The slides were blindly reviewed by an
experienced pathologist.

Western Blotting

Intestine tissues (100 mg) were collected after 12 or 24 hours of
L-arginine exposure. Then, they were cut into small pieces on
ice and washed twice with cold phosphate buffered saline
(PBS). Tissue was homogenated in 1 mL RIPA buffer (Thermo
Fisher Scientific, Waltham, Massachusetts) for 15 minutes on
ice, and the supernatant was collected by centrifugation. Total
proteins were quantified using the bicinchoninic acid assay
(Thermo Fisher Scientific). A total of 50 pg proteins per sample
were subjected to electrophoresis using sodium dodecyl sul-
fate—polyacrylamide gel electrophoresis and were transferred
to a polyvinylidene fluorid membrane. The membrane was
blocked with nonfat milk at room temperature for 1 hour and
was incubated with indicated primary antibodies (1:1000 dilu-
tion) at 4°C overnight. After washing with PBS with Tween 20
3 times, the membrane was further incubated with appropriate
secondary antibodies (1:2000 dilution) at room temperature for
2 hours. Following another 5 washes, enhanced chemilumines-
cent western blotting substrate (Thermo Fisher Scientific) was
added to the membrane. B-actin was used as a control. Beclin-
1, LC3, p65, and B-actin primary antibodies were purchased
from Cell Signaling Technology (Danvers, Massachusetts).
Photodensity of bands was evaluated using Image J (NIH,
Bethesda, Maryland) and was normalized to that of B-actin.

Fatty Acid-Binding Protein Assay

Peripheral blood was taken from rats, and serum was isolated.
The fatty acid-binding protein (FABP) level was detected using
Quantikine ELISA Kit (R&D Systems, Minneapolis, Minne-
sota) according to the manufacturer’s instructions.

Superoxide Dismutase and Malondialdehyde Detection

Intestine tissue homogenate was acquired after 12 or 24 hours
of L-arginine exposure as mentioned earlier. The superoxide
dismutase (SOD) and malondialdehyde (MDA) levels were
detected using the SOD Assay Kit and the Lipid Peroxidation
Assay Kit (both from Sigma-Aldrich), respectively, according
to the manufacturers’ instructions.
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Figure |. Histology of pancreas. Rats were treated as indicated. After 12 or 24 hours of L-arginine exposure, the pancreas was collected and the

pathological changes were evaluated.

Statistical Analysis

All data are presented as the mean (standard deviation). Mul-
tiple group comparison was performed using one-way analysis
of variance. Comparison of different time points in mice with
the same treatment was conducted using unpaired Student’s
t-test. Statistical analysis was performed using SPSS version
16.0 (SPSS Inc., Chicago, Illinois). P < .05 was considered as
statistically significant.

Results

Pyrrolidine dithiocarbamate Ameliorates 1-Arginine-
Induced Pancreatic Damages in Rats

Intraperitoneal administration of L-arginine is a well-
established methodology for induction of experimental SAP
in animals.” After 12 hours of L-arginine injection, we observed
pancreatic edema with bleeding spots on the surface of pan-
creas in rats. Ascites was found in some rats merely 12 hours of
L-arginine exposure. At 24 hours post injection of L-arginine,
these observations became more significant, and bloody ascites
were noticed. These findings were typical characteristics after
administration of L-arginine.'® However, in SAP rats with low-
and medium-dose of PDTC pretreatment, pancreatic edema
and bleeding were ameliorated, and these signs were similar
at 12 and 24 hours of L-arginine treatment. Unexpectedly, the
rats that received high-dose PDTC injection also had severe
pancreatic injury, showing edematous, hemorrhagic, and jelly
pancreas. Such injury even aggravated in rats exposed to
L-arginine for 24 hours than that for 12 hours. Consistent with
the gross observations, rats without PDTC pretreatment and
with high-dose PDTC pretreatment showed edema and necrosis
of acinars with infiltration of inflammatory cells under micro-
scopic examination (Figure 1). In addition, lack of pancreatic
lobules and occasional massive necrosis were observed. Severe
pathological alterations were found in rats with long-term treat-
ment of PDTC (24 hours vs 12 hours), showing fat necrosis and
isolated acinars. While in rats that received low- and medium-

dose PDTC pretreatment, these pathological changes were
largely alleviated, especially after 24 hours of L-arginine expo-
sure. Altogether, these results suggested that a suitable dose of
PDTC was able to improve pancreatic injury induced by
L-arginine in rats. An improperly high dose of PDTC was toxic
to animals.

Pyrrolidine dithiocarbamate Improves Intestinal Damage
in SAP Rats

To investigate whether PDTC can influence intestines in case
of SAP, we first examined the pathological alterations of intes-
tines in the rats. In contrast to the healthy manifestations of
intestines in control rats, SAP rats displayed intestinal pneu-
matosis. Hematoxylin and eosin staining of rat intestines
showed damage of intestinal villi and loss of epithelial cells
(Figure 2). Furthermore, congestion, edema, and inflammation
were observed in the intestinal lamina propria. All these patho-
logical changes were severe in rats with long-term L-arginine
exposure than those in rats with short-term exposure. Intrigu-
ingly, rats in the P100 group showed similar intestinal altera-
tions with SAP rats. However, rats in the P1 and P10 groups
had significantly less damage compared to rats in the SAP and
P100 groups, and no significant difference was found between
rats with long- and short-term of L-arginine exposure.

Fatty acid-binding protein was reported to be correlated
with gut dysfunction and could be used for evaluating the
severity of SAP in patients.'"'> We then tested serum level
of FABP in rats. As expected, FABP level of the SAP group
was much higher than that of the control group (Figure 3).
Consistently, the P100 group also had an elevated FABP level,
which was comparable to that of the SAP group. Of note, the
FABP level in both P1 and P10 groups was reduced compared
to that of the SAP group, although it was still significantly
higher than that of the control group. At 12 hours after L-argi-
nine exposure, FABP level was similar between the P1 and P10
groups; however, at 24 hours after L-arginine exposure, the
P10 group showed a lower FABP level than the P1 group. In
addition, long-term exposure of rL-arginine induced a higher
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Figure 2. Histology of intestine. Rats were treated as indicated. After 12 or 24 hours of L-arginine exposure, the intestine was collected and the

pathological changes were evaluated.
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Figure 3. The FABP level in different groups. Rats were treated as
indicated. After |12 or 24 hours of L-arginine exposure, serum FABP
level in rats was determined. *, P < .05 as compared with the normal
control group at the same time point; &, P < .05 as compared with the
SAP group at the same time point; A, P <.05 as compared to 12 hours
in the same group. N = 12. FABP indicates fatty acid-binding protein.

FABP level in both SAP and P1 groups compared to short-term
exposure. These findings suggested that though low- and
medium-dose PDTC pretreatment partially reserved gut func-
tion, the medium dose of PDTC showed better effects in pre-
venting disease aggravation.

Pyrrolidine dithiocarbamate Reduces p65 Expression
in the Intestine of SAP Rats

Since PDTC is a known NF-kB inhibitor'® and we showed that
PDTC reduced intestinal damage in SAP rats, we thus hypothe-
sized that NF-kB might play a role in SAP-associated intestinal
damage. We detected overexpression of p65 in the intestine
tissue from SAP and P100 rats compared to that from the
control rats (Figure 4A and B). Pyrrolidine dithiocarbamate
significantly decreased p65 expression in P1 and P10 groups,
and p65 expression in P10 group was even lower than that in P1

group. Interestingly, while p65 expression was higher in long-
term L-arginine exposure compared to short-term exposure in
SAP, P1, and P100 groups, no significant difference of p65
expression was detected in P10 rats between 12 and 24 hours
after L-arginine treatment. Thus, PDTC was likely to function by
inhibiting p65 overexpression induced by L-arginine, although a
high dose of PDTC could cause more p65 expression.

Pyrrolidine dithiocarbamate Inhibits SAP-Associated
Autophagy in Rat Intestines

To study the roles of autophagy in SAP-associated intestinal
injury, we investigated the expression of 2 autophagic markers
Beclin-1 and LC3."* In general, both proteins were induced by
L-arginine and a high dose of PDTC and were partially
decreased by low- and medium-dose PDTC pretreatment (Fig-
ure 4A, C and D). A slight difference was that LC3 expression
was further upregulated in long-term exposure of L-arginine
compared to that in short-term L-arginine exposure. No time-
dependent Beclin-1 expression was observed, except for the
P100 group. Thus, PDTC could limit autophagic activity in the
intestines of SAP rats.

Pyrrolidine dithiocarbamate Enhances Anti-Oxidative
Activity in the Intestines of SAP Rats

Oxidative stress has crosstalk with both autophagy and the
NF-kB signaling.'>'® We found that L-arginine exposure with
or without a high dose of PDTC pretreatment dramatically
increased MDA in intestinal homogenate (Figure 5A). In par-
allel, the level of SOD, a critical anti-oxidant enzyme, greatly
reduced in SAP and P100 rats (Figure 5B). In the presence of
low- or medium-dose PDTC, the changes of MDA and SOD
levels were partially reversed. Noticeably, the medium-dose
PDTC showed the best performance in control of oxidative
stress because no further elevation of MDA level was detected
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Figure 4. Changes of p65 and autophagy-associated proteins in different groups. A, Representative bands of western blotting. B-D, Statistical
analysis of western blotting bands for each protein. *, P < .05 as compared to the normal control group at the same time point; &, P < .05 as
compared with the SAP group at the same time point; A, P < .05 as compared with 12 hours in the same group. N = 12. SAP indicates severe
acute pancreatitis
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Figure 5. Oxidative stress was evaluated in the guts of rats. The levels of (A) MDA and (B) SOD were determined in the indicated
groups. *, P < .05 as compared to the normal control group at the same time point; &, P < .05 as compared with the SAP group at the
same time point; A, P < .05 as compared to |12 hours in the same group. N = 12. MDA indicates malondialdehyde; SOD, superoxide
dismutase; SAP, severe acute pancreatitis.
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from 12 to 24 hours after L-arginine treatment. These results
implicated that PDTC might alleviate intestinal damage in SAP
rats by inhibiting oxidative stress.

Discussion

The close relationship between intestine and pancreas in pan-
creatitis can be explained by both anatomic and functional
reasons. Translocation of bacteria within the intestine is con-
sidered a second hit following SAP, leading to multiorgan
dysfunction. However, how pancreatitis induces bacterial
translocation has not been fully understood. It was well-
known that increased permeability of intestinal mucosal barrier
can greatly increase the possibility of bacterial translocation.
Thus, understanding the mechanism by which SAP causes
impairment of intestinal mucosal barrier is important to
develop novel strategy to treat SAP.

Many efforts have been put to answer this question and tried
to design therapeutic strategy. For example, high-mobility
group box 1 (HMGBI1)-induced toll-like receptor (TLR) 4 and
TLRO in ileum contributed to the dysfunction of intestinal
mucosal barrier, and anti-HMGB1 displayed a significant pre-
ventive role in an SAP mouse model.'” Increased NF-kB and
decreased occludin, an intestinal tight junction protein, also
contributed to impairment of intestinal barrier function during
SAP, and inhibition of NF-kB mitigated intestinal damage and
inflammation.'® High-mobility group box 1 is a classic
damage-associated molecular pattern (DAMP) and causes ster-
ile inflammation.'® Therefore, local inflammation caused by
DAMPs and bacteria during SAP is important for the impair-
ment of intestinal mucosal barrier. To this end, PDTC can be
reasonably applied to protect SAP rats.

Most existing literatures indicated apoptosis as the main
type of death for intestinal mucosal cells during SAP.?%?!
However, few studies have been focused on the autophagy of
intestinal mucosal cells in case of SAP. A recent report showed
that autophagy was activated in the intestinal epithelial cells.**
The authors demonstrated that a high level of LC3 decreased
the risk of bacterial translocation with a healthier intestinal
barrier. Although we found a similar overexpression of LC3
in our rat model, we, on the contrary, showed a harmful rather
than protective role of autophagy in intestinal mucosal barrier.
Our conclusion was supported by the fact that inactivation of
autophagy using PDTC alleviated injury of intestinal mucosal
barrier. It is well known that autophagy has physiological roles
in the maintenance of intestinal homeostasis by promoting cel-
lular survival.> Intriguingly, the effects of autophagy inactiva-
tion were highly dependent on the dosage of PDTC. A high
dose of PDTC (100 mg/kg) did not alleviate and even worse the
impairment of intestinal mucosal barrier. This bidirectional
effect of PDTC coincided with the distinctive roles of physio-
logical and pathological autophagy. We thus speculate that a
suitable level of autophagy is critical for the homeostasis of
intestinal mucosal cells, and an increased level of autophagy in
these cells is induced by SAP. When a low or medium dose of
PDTC is used, overactivated autophagy can be properly

weakened to the physiological level; however, in the presence
of high-dose PDTC administration, autophagy may be com-
pletely inhibited, resulting in decreased survival of intestinal
mucosal cells. Our present study showed that 10 mg/kg PDTC
displayed the best performance in inhibiting autophagy and
protecting intestinal mucosal integrity. The bidirectional effi-
cacy of PDTC also implicates that the therapeutic window of
PDTC, or other autophagy inhibitors, needs to be carefully
explored in humans. In addition, the underlying effects and
mechanisms of enhanced autophagy in intestinal mucosal cells
during SAP are still elusive and need further investigation.

In agreement with previous studies, we demonstrated
increased oxidative stress in the guts of SAP rats. For exam-
ple, Deng et al reported that the NADPH oxidase inhibitor
apocynin attenuated intestinal barrier dysfunction using a
sodium taurocholate-induced SAP rat model.** Oxidative
stress including reactive oxygen species and reactive nitrogen
species is considered the converging point of autophagy-
inducing stimuli.'> However, an improperly high level of
oxidative stress harms intestinal mucosal barrier since anti-
oxidative materials can alleviate the impairment of gut bar-
rier.?** Since NF-kxB induces oxidative stress generation,'®
the NF-xB inhibitor PDTC is able to function as an anti-
oxidative stress agent.”®?” In fact, PDTC was reported to
improve the survival of taurocholate-induced SAP rats.?®
Additionally, recently some investigators showed preliminary
results of improved intestinal mucosal barrier with treatment
of 40 mg/kg PDTC.'® We used pretreatment of PDTC ranging
from 1 to 100 mg/kg and found a bidirectional effect of
PDTC. More importantly, we noticed simultaneous altera-
tions of NF-xB expression and MDA and SOD levels. Our
results suggested that inhibition of NF-kB by a suitable dose
of PDTC was probable to protect SAP-associated intestinal
injury by suppressing autophagy and oxidative stress. Never-
theless, gut is not the only organ that impaired during SAP.
Interestingly, PDTC also reduced SAP-associated lung injury
by inhibition of NF-kB.?’ However, whether autophagy plays
a role in such process is unclear.

Conclusions

We used an r-arginine-induced SAP rat model to demonstrate
that autophagy is upregulated in the intestines of rats. A suit-
able dose of PDTC (1 or 10 mg/kg) could alleviate intestinal
impairment by inhibiting autophagy. Regulating autophagy
may decrease the risk of secondary multiple organ dysfunction
syndrome in patients with SAP.

Author Contribution
Huan Yang and ShuCan Ma contributed equally.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



Yang et al 7

Funding 15. Filomeni G, De Zio D, Cecconi F. Oxidative stress and autop-

The author(s) received no financial support for the research, author- hagy: the clash between damage and metabolic needs. Cell Death

ship, and/or publication of this article. Differ. 2015;22(3):377-388.

16. Morgan MJ, Liu ZG. Crosstalk of reactive oxygen species and

ORCID iD NF-kappaB signaling. Cell Res. 2011;21(1):103-115.

JinFeng Yao © https://orcid.org/0000-0003-4353-5673 17. Chen X, Zhao HX, Bai C, Zhou XY. Blockade of high-mobility

group box 1 attenuates intestinal mucosal barrier dysfunction in

References experimental acute pancreatitis. Sci Rep. 2017;7(1):6799.

1. Forsmark CE, Vege SS, Wilcox CM. Acute pancreatitis. N Engl J  18. Zhang M, Wang D, Zhu T, Yin R. miR-214-5p Targets ROCK1
Med. 2016;375(20):1972-1981. and suppresses proliferation and invasion of human osteosarcoma

2. Thorburn A. Apoptosis and autophagy: regulatory connections cells. Oncol Res. 2017;25(1):75-81.
between two supposedly different processes. Apoptosis. 2008; 19. Yang H, Wang H, Chavan SS, Andersson U. High Mobility Group
13(1):1-9. Box Protein 1 (HMGB1): the prototypical endogenous danger

3. Levine B, Kroemer G. Autophagy in the pathogenesis of disease. molecule. Mol Med. 2015;21(suppl 1):S6-S12.

Cell. 2008;132(1):27-42. 20. Jha RK, Yong MQ, Chen SH. The protective effect of resveratrol

4. Trocoli A, Djavaheri-Mergny M. The complex interplay between on the intestinal mucosal barrier in rats with severe acute pan-
autophagy and NF-kappaB signaling pathways in cancer cells. Am creatitis. Med Sci Monit. 2008;14(1):BR14-BR19.

J Cancer Res. 2011;1(5):629-649. 21. Yasuda T, Takeyama Y, Ueda T, et al. Breakdown of intestinal

5. Bai X, Feldman NE, Chmura K, et al. Inhibition of nuclear factor- mucosa via accelerated apoptosis increases intestinal permeabil-
kappa B activation decreases survival of Mycobacterium tubercu- ity in experimental severe acute pancreatitis. J Surg Res. 2006;
losis in human macrophages. PLoS One. 2013;8(4):e61925. 135(1):18-26.

6. Djavaheri-Mergny M, Amelotti M, Mathieu J, et al. NF-kappaB ~ 22. Wen W, Zheng H, Jiang Y, et al. Effect of intestinal epithelial
activation represses tumor necrosis factor-alpha-induced autop- autophagy on bacterial translocation in severe acute pancreatitis.
hagy. J Biol Chem. 2006;281(41):30373-30382. Clin Res Hepatol Gastroenterol. 2017;41(6):703-710.

7. Jiang YY, Yang R, Wang HIJ, et al. Mechanism of autophagy 23. Baxt LA, Xavier RJ. Role of autophagy in the maintenance of
induction and role of autophagy in antagonizing mitomycin C- intestinal homeostasis. Gastroenterology. 2015;149(3):
induced cell apoptosis in silibinin treated human melanoma 553-562.

A375-S2 cells. Eur J Pharmacol. 2011;659(1):7-14. 24. Deng W, Abliz A, Xu S, et al. Severity of pancreatitisassociated

8. Yang S, Bing M, Chen F, et al. Autophagy regulation by the intestinal mucosal barrier injury is reduced following treatment
nuclear factor kappaB signal axis in acute pancreatitis. Pancreas. with the NADPH oxidase inhibitor apocynin. Mol Med Rep. 2016;
2012;41(3):367-373. 14(4):3525-3534.

9. Hegyi P, Rakonczay Z Jr, Sari R, et al. L-arginine-induced experi- 25. Yu C, Tan S, Zhou C, et al. Berberine reduces uremia-associated
mental pancreatitis. World J Gastroenterol. 2004;10(14): intestinal mucosal barrier damage. Biol Pharm Bull. 2016;39(11):
2003-2009. 1787-1792.

10. Tashiro M, Schafer C, Yao H, Ernst SA, Williams JA. Arginine  26. Moellering D, McAndrew J, Jo H, Darley-Usmar VM. Effects of
induced acute pancreatitis alters the actin cytoskeleton and pyrrolidine dithiocarbamate on endothelial cells: protection
increases heat shock protein expression in rat pancreatic acinar against oxidative stress. Free Radic Biol Med. 1999;26(9-10):
cells. Gut. 2001;49(2):241-250. 1138-1145.

11. Kocak E, Akbal E, Koklu S, Adam G. Evaluation of serum 27. Pinho-Ribeiro FA, Fattori V, Zarpelon AC, et al. Pyrrolidine
L-FABP levels in patients with acute pancreatitis. Ulus Travma dithiocarbamate inhibits superoxide anion-induced pain and
Acil Cerrahi Derg. 2015;21(1):39-43. inflammation in the paw skin and spinal cord by targeting NF-

12. Pan L, Wang X, Li W, LiN, Li J. The intestinal fatty acid binding kappaB and oxidative stress. Inflammopharmacology. 2016;24(2-
protein diagnosing gut dysfunction in acute pancreatitis: a pilot 3):97-107.
study. Pancreas. 2010;39(5):633-638. 28. Satoh A, Shimosegawa T, Fujita M, et al. Inhibition of nuclear

13. Liu SF, Ye X, Malik AB. Inhibition of NF-kappaB activation by factor-kappaB activation improves the survival of rats with taur-
pyrrolidine dithiocarbamate prevents in vivo expression of proin- ocholate pancreatitis. Guz. 1999;44(2):253-258.
flammatory genes. Circulation. 1999;100(12):1330-1337. 29. Kan S, Zhou H, Jin C, Yang H. Effects of PDTC on NF-kappaB

14. Eskelinen EL, Saftig P. Autophagy: a lysosomal degradation expression and apoptosis in rats with severe acute

pathway with a central role in health and disease. Biochim Bio-
phys Acta. 2009;1793(4):664-673.

pancreatitis-associated lung injury. Int J Clin Exp Med.
2015;8(3):3258-3270.


https://orcid.org/0000-0003-4353-5673
https://orcid.org/0000-0003-4353-5673
https://orcid.org/0000-0003-4353-5673


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


