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Abstract
Despite enthusiastic efforts directed at elucidating criti-
cal underlying mechanisms towards the identification of 
novel therapeutic targets for severe acute pancreatitis 
(SAP), the disease remains without a specific therapy 
to be executed within the first hours to days after on-
set of symptoms. Although earlier management for 
SAP should aim to either treat organ failure or reduce 
infectious complications, the current standard of care 
for the general management of AP in the first hours to 
days after onset of symptoms include intravenous fluid 
replacement, nutritional changes, and the use of anal-
gesics with a close monitoring of vital signs. Further-
more, repeated evaluation of severity is very important, 
as the condition is particularly unstable in the early 
stages. In cases where biliary pancreatitis is accompa-
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nied by acute cholangitis or in cases where biliary stasis 
is suspected, an early endoscopic retrograde cholangio-
pancreatography is recommended. However, practice 
guidelines regarding the treatment of pancreatitis are 
suboptimal. In chronic pancreatitis, conservative man-
agement strategies include lifestyle modifications and 
dietary changes followed by analgesics and pancreatic 
enzyme supplementation. Recently, attention has been 
focused on phytoceuticals or antioxidants as agents 
that could surpass the limitations associated with cur-
rently available therapies. Because oxidative stress has 
been shown to play an important role in the pathogen-
esis of pancreatitis, antioxidants alone or combined 
with conventional therapy may improve oxidative-
stress-induced organ damage. Interest in phytoceuti-
cals stems from their potential use as simple, accurate 
tools for pancreatitis prognostication that could replace 
older and more tedious methods. Therefore, the use of 
antioxidative nutrition or phytoceuticals may represent 
a new direction for clinical research in pancreatitis. In 
this review article, recent advances in the understand-
ing of the pathogenesis of pancreatitis are discussed 
and the paradigm shift underway to develop phytoceu-
ticals and antioxidants to treat it is introduced. Despite 
the promise of studies evaluating the effects of antioxi-
dants/phytoceuticals in pancreatitis, translation to the 
clinic has thus far been disappointing. However, it is 
expected that continued research will provide solid evi-
dence to justify the use of antioxidative phytoceuticals 
in the treatment of pancreatitis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this review, the paradigm shift regarding 
the development of phytoceuticals and antioxidants 
is introduced following a comprehensive description 
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mediators and to test novel therapies, as the elucidation 
of  the key mediators involved in the pathogenesis of  AP 
will facilitate the development of  clinically effective anti-
inflammatory therapies[7].

Recent advances in understanding the pathogenesis of 
pancreatitis-induced SIRS and its complications 
AP is an inflammatory disorder, as inflammation not only 
affects pathogenesis, but also determines the course of  
the disease from pancreatic acinar cell injury and death to 
the initiation of  SIRS[8]. As excessive SIRS culminates in 
the primary cause of  morbidity and mortality associated 
with AP, distant organ damage (MODS), it is important 
to identify the molecules and factors involved in this pro-
cess. Phospholipase A2 (PLA2), tumor necrosis factor-α 
(TNF-α), interleukin (IL)-1β, IL-6, IL-8, CINC/GRO-α, 
MCP-1, platelet activating factor (PAF), IL-10, CD40L, 
C5a, ICAM-1, MIP1-α, CCL5 (RANTES), substance P, 
and hydrogen sulfide (H2S) have all been shown to play 
critical roles[9]. The systemic effects of  AP are similar 
to those of  other conditions such as septicemia, severe 
burns, and trauma. For instances, AP in its severe form is 
complicated by MODS, most importantly by pulmonary 
complications which include hypoxia, acute respiratory 
distress syndrome, atelectasis, and pleural effusion[10].

Novel pathogenic mechanisms relevant to newer 
therapeutics: Autophagy, apoptosis, and redox-
associated transcriptional activators 
Autophagy, the principal cellular degradative pathway for 
cellular protection, is impaired in pancreatitis and is as-
sociated with defective lysosomal function[11]. Although 
research on autophagy in pancreatitis is now in its early 
stages, it is hoped that data regarding upstream mecha-
nisms mediating autophagic dysfunction and downstream 
links to pancreatitis pathologies may provide insights into 
novel molecular targets and therapeutic strategies for the 
treatment of  pancreatitis[12]. In their detailed explana-
tion of  a profound dysfunction of  key cellular organelles 
(lysosomes and mitochondria) in pancreatitis, Gukovsky 
et al[13] described the cause of  impaired autophagy in 
AP and attributed it to inefficient flux resulting from 
defective lysosomes. Additionally, they suggested that 
lysosomal dysfunction in pancreatitis could be attributed 
to either abnormal processing and activation of  major 
lysosomal hydrolases such as cathepsins, or via a decrease 
in pancreatic levels of  the key lysosomal membrane pro-
teins LAMP-1 and LAMP-2. NF-κB inactivation is an ad-
ditional key pathogenic concern in pancreatitis[14]. NF-κB 
is a nuclear transcription factor responsible for regulating 
the transcription of  a wide variety of  genes involved in 
immunity and inflammation and plays a critical role in 
pancreatitis as well as extrapancreatic complications and 
pancreatic cancer[15]. As seen in several animal models 
of  pancreatitis, NF-κB has been critically implicated in 
either initiation or propagation of  pancreatic inflam-
mations, cerulean-induced pancreatitis[16], taurocholate-
induced pancreatitis[17], and arginine-induced pancreati-
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of newer information pertaining to the pathogenesis 
of pancreatitis. Several animal models are discussed 
with regard to their role in efforts to develop efficient 
strategies against pancreatitis. Subsequently, newer 
therapeutic options with an emphasis on nutrients and 
phytoceuticals are reviewed. Further discussion also 
focuses on the promise of studies evaluating the effects 
of antioxidants/phytoceuticals in pancreatitis, the disap-
pointing nature of translation of these agents to clinical 
settings, and the expected research advances that may 
support the use of antioxidative phytoceuticals in the 
treatment of pancreatitis.

Park JM, Lee S, Chung MK, Kwon SH, Kim EH, Ko KH, 
Kwon CI, Hahm KB. Antioxidative phytoceuticals to ameliorate 
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Gastroenterol 2014; 20(44): 16570-16581  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v20/i44/16570.htm  DOI: 
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INTRODUCTION
Acute pancreatitis (AP) is a relatively common clinical 
condition, presenting with variable severity from mild 
and self-limited attacks to severe attacks that contrib-
ute to mortality[1]. Severity is associated mechanistically 
with the underlying pathogenesis of  AP which includes 
pancreatic acinar cell injury in early stages after a local 
inflammatory reaction, subsequent acinar cell death in 
the form of  apoptosis and necrosis, and the initiation of  
systemic inflammatory response syndrome (SIRS). An 
excessive SIRS leads to distant organ damage referred to 
as multiple organ dysfunction syndrome (MODS)[2]. Re-
cent insights changed a paradigm shift in understanding 
of  AP that intra-acinar trypsinogen activation might lead 
to early pancreatic injury, but the inflammatory response 
of  AP develops independently driven by early activation 
of  enzyme activation[3]. Whereas, though still effective, 
the concept that the pancreatic injury is initiated within 
pancreatic acinar cells subsequent to premature intracel-
lular activation of  digestive enzymes and these zymogen 
activations within acini early during AP was shown to be 
sufficient to induce AP, finally contributed to the devel-
opment of  chronic pancreatitis[4,5]. Recently, Sah et al[6] 
found that cerulean-induced chronic pancreatitis (CP) did 
not require intra-acinar activation of  trypsinogen, where-
as regulation of  the inflammatory response by nuclear 
factor kappa B (NF-κB) might be involved in the patho-
genesis of  CP. Collectively, these data suggest a need for 
the development of  novel compounds to either block the 
early activation of  pancreatic enzymes or to ameliorate 
inflammation in order to limit or prevent complications 
of  AP or inhibit the progression to CP or inflammation-
associated fibrosis or carcinogenesis. The delay between 
the onset of  pancreatitis and the development of  the sys-
temic response makes AP an ideal experimental and clini-
cal model with which to study the role of  inflammatory 



tis[18]. Relevant to autophagy, NF-κB pathway activation 
stimulated autophagy during induction of  acute necrotiz-
ing pancreatitis, after which targeted inhibition of  the 
NF-κB pathway may provide novel therapeutic strategies 
for reducing the severity of  pancreatitis[19]. An additional 
novel mechanism relevant to newer therapeutics involves 
apoptosis. To test the hypothesis that preventive apop-
tosis execution would limit the propagation of  necro-
inflammations in pancreatitis, our group[20] investigated 
the ability of  natural products to induce apoptosis and 
ameliorate cerulean-induced pancreatitis. Bhatia[21,22] con-
cluded that apoptosis could be a favorable response to 
acinar cells and that interventions that favor induction 
of  apoptotic, as opposed to necrotic, acinar cell death 
might reduce the severity of  an attack of  AP. Aside from 
pancreatic damage, accelerated acinar cell apoptosis can 
limit SIRS, as exemplified by honokiol, a low molecular 
weight natural product similar to Artemisia[23]. The patho-
genic roles of  transforming growth factor-β (TGF-β) 
signaling[24], H2S bio-gas, and substance P have also come 
under scrutiny in order to identify potential therapeutic 
targets. H2S, which plays important physiologic roles in 
the cardiovascular, central nervous, and gastrointestinal 
(GI) systems, has been associated with inflammation, 
especially gastritis and pancreatitis, through vasomodu-
lation and neuromodulation[25,26]. Substance P, a neuro-
peptide released from nerve endings after binding to 
neurokinin-1 (NK-1) receptors on the surface of  effector 
cells, plays important roles in several inflammatory states 
including asthma, immune-complex-mediated lung injury, 
experimental arthritis, and inflammatory bowel disease, as 
well as A/CP through increasing microvascular perme-
ability, promoting plasma extravasation, and mediating 
pain[27]. Bhatia et al[28] investigated the interplay between 
the pro-inflammatory effects of  H2S and substance P in 
a murine model of  cerulein-induced AP and suggested 
that the pro-inflammatory effects of  H2S may have been 
be mediated by the substance P-NK-1 receptor pathway 
in AP. Lastly, oxygen free radicals in excessively high 
amounts are all very reactive chemically and can impose 
a detrimental influence on living organisms by provoking 
oxidative stress that can damage the pancreas[28].

Recent updates on the pathogenesis of CP relevant to 
pancreatic inflammation 
CP is an inflammatory disease of  the pancreas character-
ized by progressive fibrotic destruction of  the pancreatic 
secretory parenchyma. Genetic studies of  hereditary, fa-
milial, and idiopathic forms of  CP have provided much-
needed insight into the pathogenesis of  CP. The pivotal 
role of  prematurely activated trypsin within the pancreas 
in the etiology of  CP has been firmLy established based 
on the identification of  gain-of-function missense and 
copy number mutations in the cationic trypsinogen gene 
and loss-of-function variants in both the pancreatic secre-
tory trypsin inhibitor and chymotrypsinogen C genes. In 
particular, variants in the gene encoding carboxypeptidase 
A1, CPA1, were found to be strongly associated with ear-

ly onset CP[29-31]. Additionally, loss-of-function variants in 
the cystic fibrosis transmembrane conductance regulator 
and calcium-sensing receptor genes have also been shown 
to increase the risk of  CP[32]. In addition to these genetic 
preponderances, necrosis or apoptosis, and inflammation 
or pancreatic duct obstruction are known to be involved 
in the pathogenesis of  CP. Furthermore, the fibrosing 
process ultimately leads to progressive loss of  the lobular 
morphology and structure of  the pancreas, deformation 
of  the large ducts, and severe changes in the arrangement 
and composition of  the islets. These changes in turn 
lead to pancreatic insufficiency and predispose patients 
to changes associated with carcinoma. Irrespective of  
etiological factors such as heredity, alcohol or nicotine 
consumption, and nutritional, efferent duct, immunologi-
cal, and rare metabolic factors, the underlying inflamma-
tion and associated subsequent fibrotic destruction of  
the pancreatic secretory parenchyma are common patho-
genic factors in CP that represent targets for prevention 
through modulation of  pancreatic inflammation[33]. Our 
understanding of  CP pathogenesis has improved in 
recent years through important advances regarding the 
delineation of  mechanisms responsible for the develop-
ment of  pancreatic fibrosis following repeated acute at-
tacks of  pancreatic necro-inflammation, also referred to 
as the necrosis-fibrosis concept[34]. Although steroids can 
rapidly reduce symptoms in patients with autoimmune 
CP and micronutrient therapy to correct electrophilic 
stress is emerging as a promising treatment in the other 
patients[35], steatorrhea, diabetes, local complications, and 
psychosocial issues associated with the disease represent 
additional therapeutic challenges. Such challenges may be 
resolved in part through intervention with potent anti-in-
flammatory/anti-oxidative phytoceuticals. In this review, 
newer therapeutic nutrient-based options and phytoceuti-
cals will be introduced.

ANIMAL MODELS OF PANCREATITIS 
FOCUSED ON THE DEVELOPMENT OF 
NEW THERAPEUTICS
Failure to decrease the mortality rate attributable to pan-
creatitis or improve strategies to prevent CP over the 
past few decades indicate that current treatment options 
are limited and predominantly dependent on supportive 
therapy[36]. Because a key feature of  severe AP (SAP) is 
the presence of  extensive tissue necrosis accompanied 
by inflammatory response syndromes, animal models of  
AP have become an essential investigative tool for de-
veloping potent anti-inflammatory agents. Therefore, a 
better understanding of  the underlying pathophysiology 
of  SAP may lead to more targeted therapeutic options, 
potentially leading to improved survival. Diverse animal 
models of  AP, from the non-invasive gene knockout and 
L-arginine models as well as the hormone [cerulenin as a 
cholecystokinin (CCK) analog]-, alcohol-, and immune-
mediated-diet [choline deficient, ethionine supplemented, 
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en simple edematous mild pancreatitis as well as oxidative 
stress and result in acute hemorrhagic pancreatitis[40-42].

Sodium taurocholate infusion; intraparenchymal or 
intrapancreatic ductal injection
Paran et al[43] are credited with the initial attempt to de-
velop acute necrotizing pancreatitis through intraparen-
chymal injection of  sodium taurocholate in rats. Sodium 
taurocholate was injected at a dose of  0.3 mL/100 g 
body weight in concentrations of  5% and 10% into the 
pancreatic parenchyma of  32 Wistar rats. Early pathologi-
cal changes observed in the pancreas were focal hemor-
rhages, parenchymal necrosis, and neutrophil infiltration 
and at 72 h, the changes observed were acinar necrosis, 
edema, fibrin deposition and inflammatory cell infiltra-
tion. At later time points, changes such as fibrinoid ne-
crosis and fibroblast proliferation were observed[44]. High-
pressure infusion of  sodium taurocholate into the bilio-
pancreatic duct of  rats resulted in significant pancreatic 
and lung alterations[45]. Taurocholate-induced pancreatitis 
is therefore a reliable model for severe necrotizing pan-
creatitis in mice with significantly greater pancreatic dam-
age and systemic inflammatory responses as compared to 
cerulein-induced pancreatitis and correlate with the clini-
cal observations of  multisystem organ failure in AP and 
early changes in affected organs, suggesting that careful 
observation should be mandatory in patients with AP in 
order to institute supportive treatment[46].

L-arginine-induced pancreatitis
In 1984, Hegyi et al[47] developed a new type of  experi-
mental necrotizing pancreatitis model in rats through 
the use of  a high dose of  L-arginine administered via 
intraperitoneal administration. This non-invasive model is 
highly reproducible and produces selective, dose-depen-
dent acinar cell necrosis. Not only is this a good model 
to study the pathogenic mechanisms of  acute necrotizing 
pancreatitis, but it is also excellent with regard to observ-
ing and influencing time course changes of  the disease 
(Figure 1B). Subsequent intraperitoneal injection of  3 
g/kg L-ornithine caused SAP and higher doses (4 to 6 g/
kg) were lethal within hours[48]. Serum and ascitic amylase 
activities were significantly increased and the increase in 
pancreatic trypsin activity correlated with the degrada-
tion of  IκB proteins and elevated IL-1β levels. Oxida-
tive stress in the pancreas was evident from 6 h, making 
this a simple, noninvasive model of  acute necrotizing 
pancreatitis in rats via intraperitoneal injection of  3 g/kg 
L-ornithine. Compared with L-arginine, L-ornithine was 
even more effective in inducing pancreatitis. It should be 
noted that large doses of  L-arginine produce a toxic ef-
fect on the pancreas attributable, at least in part, to the 
actions of  L-ornithine.

PDL 
AP may be induced by ligating the distal bile duct at the 
level of  the duodenum, which causes the early devel-
opment of  AP, obstructive jaundice and cholangitis in 

(CDE)]-induced models, to invasive models including 
pancreatic duct ligation (PDL), antegrade pancreatic duct 
perfusion, biliopancreatic duct injection of  sodium tauro-
cholate, combination of  secretory hyperstimulation with 
minimal intraductal bile acid exposure, vascular-induced, 
ischaemia/reperfusion and duct ligation, are available[37] 
(Table 1). Potential therapeutics can be developed with 
these animal models, as they share common aspects in-
cluding the aforementioned pathogenesis of  intracellular 
chemical activation, pancreatic secretion reflux, intracellu-
lar production of  reactive oxygen species (ROS), and in-
tracellular production of  free radicals. As in CP, a special 
focus on pancreatic duct ligation, repetitive overstimula-
tion with cerulein and chronic alcohol feeding, as well as 
specific genetic models has been applied[38]. In this review, 
we will describe some of  the animal models used in our 
efforts to develop efficient strategies against pancreatitis.

Cerulein-induced pancreatitis 
Intravenous infusion of  the synthetic CCK analog ce-
rulean at a dose of  0.25 μg/kg per hour causes maximal 
stimulation of  pancreatic exocrine secretion[39]. The 
infusion of  supramaximal doses of  cerulein (5 μg/kg 
per hour and 10 μg/kg per hour) induces a significant 
increase in pancreatic enzymes in blood, as well as inter-
stitial edema and inflammatory cell infiltration that leads 
to cerulein-induced edematous pancreatitis in rats, mice, 
dogs, and hamsters. Aside from intravenous infusion, 
repeated intraperitoneal injections can also be used to 
induce pancreatitis. In the early phase, large autophagic 
vacuoles result from fusion of  zymogen granules, ac-
companied by an increase in lysosomal enzyme activity 
and activation of  trypsinogen. However, since the degree 
of  pancreatitis is generally mild, all animals survive the 
induction of  pancreatitis and resolve completely within 6 
d after induction. This model of  experimental pancreati-
tis favors the analysis of  intracellular events in the early 
phase of  pancreatitis as seen in Figure 1A, which shows 
edematous pancreatitis, however, the addition of  lipo-
polysaccharide injection or bile duct ligation can to wors-
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Table 1  Rodent model to study acute and chronic pancreatitis

Acute pancreatitis
   Cerulein ± lipopolysaccharide (LPS) or ethanol
   Bile salt duct infusion
   Duct obstruction ± secretagogues
   Diet [choline-deficinet ethionine-supplemented (CDE)]
   Cytokines
   Coxsackie virus group B (CVB)
Chronic pancreatitis
   Cerulein (repeated dosing)
   Alcohol
   Duct infusion such as trinitrobenzene sulfonic acid or sodium 
   taurocholate or dibutyltin dichloride
   Duct obstruction 
   Genetic; Cox-2, CFTR, IKK2, LXRb, PERK, TGF-b1
   Immunologic
   Diet (CDE)
   CVB
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A

8 h after cerulein ip

Times after L -Arginin injection, id  (d)

31 14

Times after pancreatic duct ligation (d)

0.75 14

B

Figure 1  Animal models for pancreatitis. A: Cerulein-induced edematous pancreatitis. Caerulein-induced pancreatitis is a valuable experimental model for studying 
altered intracellular transport, compartmentation of lysosomal, and digestive enzymes, resulting in edematous pancreatitis. The formation of enlarged secretory vacu-
oles containing lysosomal and digestive enzymes is paralleled by the activation of lysosomes and degradation of cellular organelles in autophagosomes. On the level 
of secretory and autophagic vacuoles, activation of serine proteases occurs, which in addition to increasing lysosomal enzyme activities can represent the initial stage 
for acinar cell destruction and the development of pancreatitis; B: L-arginine-induced necrotizing pancreatitis. Parenchymal hemorrhage and widespread acinar cell 
necrotic changes were noted with L-arginine; C: Pancreatic duct ligation-induced pancreatitis. Morphologic examination of the pancreas showed massive interstitial 
edema, apoptosis, and necrosis of acinar cells with infiltration of neutrophil granulocytes and monocytes 0.75 d after pancreatic duct ligation. Two weeks later after 
periodontal ligament, the destructed parenchyma with fat replacement as well as some fibrotic changes were seen.

C
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animals. The duct ligation model was developed in an at-
tempt to resemble clinical conditions including gallstone 
formation, motility disorders of  the sphincter, edema 
and strictures at the papilla, tumors of  the papilla, and 
parasites impacting the terminal biliopancreatic duct. 
However, surgical ligation of  the pancreatic duct alone 
usually causes only a mild to moderate degree of  pancre-
atitis and has not been successful in inducing SAP. In-
stead, most laboratory animals developed chronic lesions 
in the pancreas characterized by atrophy and apoptosis 
of  acinar and ductal tissue without significant necrosis 
or inflammation. Human CP is characterized by irrevers-
ible fibrosis, whereas pancreatic fibrosis in animal models 
is reversible (Figure 1C). Miyauchi et al[49] compared CP 
with fibrosis in three different animal models, the dibutyl-
tin dichloride model, WBN/Kob rats, and PDL rats, and 
found that an imbalance between the synthesis and deg-
radation of  extracellular matrix molecules or the degree 
of  stimulation over a certain period may lead to pancre-
atic fibrosis.

CDE diet-induced necrotizing pancreatitis 
Female albino mice were fed a choline-deficient diet con-
taining 0.5% DL-ethionine which was lethal within 5 d due 
to the development of  an acute hemorrhagic pancreatitis 
accompanied by massive fat necrosis throughout the peri-
toneal cavity[50]. Major findings included the accumulation 
of  zymogen granules, vacuolation due to foci of  cytoplas-
mic degradation, and alterations in the morphology of  
the zymogen granules (Figure 2A). Pancreatitis appeared 
to be due to the intraparenchymal activation of  zymogens 
resulting from a synergistic action of  choline deficiency 
with the basic toxicity of  ethionine toward the acinar cells 
of  the pancreas. Because this experimental model simu-
lated the acute hemorrhagic pancreatitis with fat necrosis 
that occurs in humans, it may prove useful for exploring 
the pathogenesis of  severe pancreatitis with SIRS (Figure 
2B)[51]. The diet model appears to be a good approxima-
tion of  severe necrotizing human pancreatitis as well as 
CP with histological and biochemical similarities. Both the 
gross and histological appearance of  the pancreatic and 
peripancreatic inflammation, as well as the clinical and 
biochemical course of  diet-induced pancreatitis, resembled 
human disease and should be suitable for evaluation of  
potential clinically-applicable drugs[52]. For example, our 
group developed ND-07, a novel drug candidate with po-
tent antioxidative and anti-inflammatory properties, that 
effectively prevented necrotizing pancreatitis[53].

Animal models for CP 
Since CP is defined as a continuous or recurrent inflam-
matory disease of  the pancreas characterized by progres-
sive and irreversible morphological changes, pancreatitis 
followed by perilobular and intralobular fibrosis of  the 
parenchyma, calcifications in the parenchyma as well as 
the formation of  pseudocysts[49]. Therefore, animal mod-
els of  CP are not different from AP models, but need 
to overcome the acute fatal status according to models, 
adopting chronic PDL, repetitive overstimulation with 

cerulean, chronic alcohol feeding, and chronic caring of  
L-arginine or CDE diet model. However, as seen in Fig-
ure 2C, irreversible fibrosis and pancreatic insufficiency 
following repeated acute attacks of  pancreatic necro-
inflammation[34], is accompanied.

LIMITATION OF CURRENT 
PHARMACOLOGIC TREATMENT OF 
ACUTE AND CHRONIC PANCREATITIS
AP and SAP 
Though AP is a disease of  variable severity that can lead 
to significant morbidity and mortality, current manage-
ment has remained limited to only supportive measures 
and the treatment of  complications. A myriad of  phar-
macologic therapies targeting various aspects of  the un-
derlying pathophysiology have been evaluated and tried 
over the last few decades, including anti-secretory agents, 
protease inhibitors, antioxidants, immunomodulators, 
non-steroidal anti-inflammatory drugs, and prophylactic 
antibiotics. Only a few of  these therapies have demon-
strated promise in significantly altering the progression 
of  this disease, and therefore, further studies are neces-
sary to clearly elucidate these benefits in patients at risk 
for poor outcomes[54]. Regarding pharmacological pre-
vention and treatment of  AP, Bang et al[55] reported that 
somatostatin and octreotide inhibited the exocrine pro-
duction of  pancreatic enzymes and may therefore be use-
ful as prophylaxis against post ERCP pancreatitis (PEP). 
Though the protease inhibitor gabexate mesilate has 
been used routinely as treatment for pancreatitis in some 
countries, randomized clinical trials and a meta-analysis 
have not supported this practice. Recently, the NSAIDs 
indomethacin and diclofenac have showed some poten-
tial as prophylaxis against PEP in randomized studies. 
Antibodies against TNF-α have been suggested as a po-
tential rescue therapy, however, no clinical trials are being 
conducted at present[56].

Chronic fibrosing pancreatitis 
Because exocrine pancreatic insufficiency has been as-
sociated with changes in GI intraluminal pH, motility 
disorders, bacterial overgrowth, and altered pancreatic 
gland secretions, drug absorption in patients with CP 
may be affected by the degree of  CP severity[57]. Further-
more, the general health condition of  CP patients is of-
ten quite poor, as most patients with CP limit their food 
intake due to the pain caused by eating and in some cases 
food intake may be more or less substituted with alcohol, 
tobacco and coffee. However, pancreatic fibrosis is a 
characteristic feature of  chronic pancreatic injury, which 
is a result of  the imbalance between the synthesis and 
degradation of  extracellular proteins. As stellate cells are 
pivotal cells implicated in the TGF-β induction of  colla-
gens, our previous studies confirmed that antioxidant or 
antioxidative phytoceuticals ameliorated the progression 
of  fibrosing pancreatitis through suppressive actions on 
pancreatic stellate cells.
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Times after CDE diet po  (d)

3 5

A

B 5 d after CDE

C

Figure 2  Animal model of choline-deficient, ethionine-supplemented diet-induced necrotizing pancreatitis. A: Choline-deficient, ethionine-supplemented (CDE) 
diet-induced necrotizing pancreatitis. Massive destruction of pancreatic parenchyma with focal necrotic foci was seen; B: Systemic inflammatory response syndrome 
hepatic necrosis and pneumonitis was seen; C: Chronic fibrosing pancreatitis was noted 2 mo after CDE diet administration.

× 40
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APPLICATION OF ANTIOXIDATIVE 
PHYTOCEUTICALS TO AMELIORATE AP 
AND CP
Resveratrol 
Resveratrol, a natural polyphenolic compound, was first 
discovered in the 1940s. Although initially used for can-
cer therapy, it has shown beneficial effects against most 
cardiovascular, cerebrovascular, and several inflamma-
tory diseases[58]. It is found in diverse forms of  plant life, 
notably berry fruits, has positive effects on metabolism, 
and can increase the lifespans of  various organisms. The 
effects of  resveratrol have been attributed to its capac-
ity to interact with multiple molecular targets involved 
in diverse intracellular pathways. One of  the more well-
known resveratrol interactions involves the activation 
of  sirtuins, a class of  NAD(+)-dependent deacetylases, 
and subsequent HDAC inhibition that affects multiple 
transcription factors and other protein targets[59,60]. The 
intracellular pathways activated are crucial for anti-oxi-
dant defense, regulation of  the cell cycle, mitochondrial 
energy production, vascular tone, oncogene suppression, 
and many other phenomena. Meng et al[61] investigated 
whether resveratrol could effectively inhibit the expres-
sion of  NF-κB activation, alleviate the severity of  SAP 
through its anti-inflammatory effects, and regulate in-
flammatory mediators. A study by Ma et al[62] found that 
the beneficial outcomes attributable to resveratrol were 
closely associated with anti-inflammatory, antioxidant, 
and chemopreventive effects, as well as the inhibition 
of  platelet aggregation, in SAP. Through these effects, 
resveratrol was able to down-regulate pro-inflammatory 
cytokines, improve microcirculation, modulate cell apop-
tosis, and block calcium overload. Additionally, resvera-
trol inhibited NF-κB activity and reduced concentrations 
of  TNF-α, IL-6 and IL-1β. It also regulated calcium and 
scavenged ROS capable of  extensive tissue damage on 
extrapancreatic organs[63]. Furthermore, resveratrol has 
been shown to ameliorate SIRS by improving underlying 
lung microcirculation dysfunction through decreasing 
leukocyte-endothelial interactions, reducing blood viscos-
ity, improving the decrease in blood flow, and stabilizing 
erythrocytes in SAP rats[61] and inactivated intraperitoneal 
macrophages[64].

Artemisia extracts 
Oxygen free radicals (ORFs) mediate an important step 
in the initiation of  experimental AP. Additionally, sev-
eral clinical findings have implicated OFRs as possible 
contributors to the pathogenesis of  pancreatic fibrosis. 
To date, there are no studies reporting potential roles for 
OFRs in the development of  CP with the prevention 
with antioxidants. Yoo et al[65] conducted a study designed 
to establish a mouse model of  chronic fibrosing pancre-
atitis and to prove the involvement of  OFRs in CP with 
fibrosis. Repeated intraperitoneal injection of  cerulein 
provoked significant and severe chronic fibrosing pan-

creatitis after 5 wk. Following treatment with Artemisia 
extracts, the extent of  pancreatic fibrosis was significantly 
decreased, as was the degree of  pancreatic inflammation. 
Furthermore, the level of  NF-κB binding activity, which 
was increased in CP, was significantly attenuated after 
Artemisia extract treatment (Figure 3A). The levels of  my-
eloperoxidase and iNOS activities were also significantly 
decreased in the Artemisia-treated group as compared to 
the pancreatitis only group. Conversely, cytoprotective 
proteins such as heat shock protein-70 and metallothio-
nein were significantly increased in the Artemisia-treated 
group. In addition, Artemisia decreased the expression of  
alpha-SMA and type Ⅰ collagen in cultured pancreatic 
stellate cells.

Other potential phytoceuticals from nature 
There have been published reports describing successful 
trials demonstrating the beneficial preventive or thera-
peutic effects of  phytoceuticals in diverse animal models 
of  pancreatitis. As examples, rhubarb has been shown 
to significantly attenuate SAP by inhibiting activation 
of  MAPKs and the expression of  inflammatory media-
tors in taurocholate-induced pancreatitis[66], Nardostachys 
jatamansi has been implicated as potentially protective in 
cerulean-induced pancreatitis via the induction of  HO-1 
expression[67], and Curcuma longa has also been implicated 
as potentially protective against cerulein-induced AP 
and pancreatitis-associated lung injury via significant at-
tenuation of  inflammatory mediators such as IL-1β and 
TNF-α[68]. Additional examples include the anti-inflam-
matory roles observed for cannabidiol and O-1602, the 
ligands of  G protein-coupled receptor 55, in cerulein-in-
duced AP in mice[69] and the protective effects of  Scolopen-
dra subspinipes mutilans water extract in cerulean-induced 
pancreatitis via the deactivation of  c-Jun NH2-terminal 
kinase, p38, and NF-κB and subsequent inhibition of  
high-mobility group box protein-1[70], Furthermore, at-
tenuation of  cerulein-induced AP by apamin, a compo-
nent of  bee venom, or α-pinene, has been observed and 
attributed to JNK inhibition[71,72] and amelioration of  AP 
by Dachengqi decoction has been observed and attributed to 
regulation of  the necrosis-apoptosis switch in the pancre-
atic acinar cell and rat models[73,74]. Protective effects of  
three Chinese herbal medicines containing ligustrazine, 
kakonein, and Panax notoginsenosides have been demon-
strated on multiple organs in rats with SAP[75] and pro-
tective effects of  baicalin and octreotide have also been 
demonstrated on multiple organ injury in SAP[76]. Benefi-
cial pancreatic repair effects have been shown following 
the use of  Emblica officinalis, a medicinal plant native to 
India, or melatonin in L-arginine-induced AP in rats[77,78]. 
An improving effect of  pentoxifylline and/or alpha lipoic 
acid on L-arginine-induced SAP has also been described 
and attributed to antioxidant and anti-inflammatory ac-
tions[79]. Other research has shown effects of  Korean red 
ginseng on superoxide dismutase inhibitor-induced pan-
creatitis in rats through inhibition of  NF-κB[80] and the 
efficacy of  Salvia miltiorrhizae injection in the treatment of  
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rats to promote Bax-mediated apoptosis in SAP[81].

Antioxidants in the treatment of pancreatitis 
Oxidative stress plays an important role in the pathogen-
esis of  both AP and CP. Although its impact has been 
well documented and has been studied clinically in CP, it 
is less well defined in SAP. In their study of  the patho-
physiological aspects of  oxidative stress in AP, Hackert 
and Werner[82] showed that ROS not only participated in 
the inflammatory cascade, but also mediated inflammato-
ry cell adhesion and consecutive tissue damage. Further-
more, ROS are known to be involved in the generation 
of  pain, an additional important clinical feature of  pa-
tients suffering from AP. Mechanistically, oxidative stress 
activates NF-κB, resulting in up-regulation of  inflamma-
tory cytokines in pancreatic acinar cells[83]. This mecha-
nism suggests that small-molecule antioxidants may be 
clinically useful anti-inflammatory agents via inhibition 
of  oxidant-induced cytokine production[84]. Similarily, 
the antioxidant pyrrolidine dithiocarbamate significantly 
attenuated SAP through inhibition of  HMGB1[85] and 
raxofelast, an inhibitor of  lipid peroxidation, significantly 
reduced NF-κB activation and attenuated cerulean-
induced pancreatitis[86]. The potent antioxidant and anti-
inflammatory functions of  melatonin have also been 
demonstrated through their ability to ameliorate cerulean-
induced pancreatitis by modulating the actions of  Nrf2 
and NF-κB[87].

KOREAN RED GINSENG TO AMELIORATE 
PANCREATITIS VIA SUPPRESSION OF 
H2S
Korean red ginseng (KRG) has been reported to reduce 
the risk of  inflammation in diverse organs. In our previ-
ous studies[88], we demonstrated significant inhibitory ac-
tions of  KRG on Helicobacter pylori-induced H2S synthesis 
and the pathogenic connections between H2S synthesis 
and development of  pancreatitis. Therefore, KRG may 
be a good example of  a natural antioxidative phytoceuti-
cal for use in ameliorating AP through the inhibition of  
H2S synthesis. In one of  our recent studies that tested 
the hypothesis that KRG prevents pancreatitis by miti-
gating H2S generation and pancreatic inflammation, we 
performed in vitro experiments to document the inhibi-
tory effects of  KRG on H2S-associated inflammation 
in pancreatic cells and in vivo experiments to document 
the therapeutic effect of  KRG on cerulean-induced and 
PDL-induced AP. KRG was administered at a dose of  
200 mg/kg 16 h and 1 h before the first cerulein injec-
tion and at a dose of  500 mg/kg 2 h and 4 h after the 
first cerulein injection by oral gavage. In the mice treated 
with KRG, pancreatic injuries as evidenced by pancreatic 
wet weight, histological examinations, serum levels of  
amylase and lipase, myeloperoxidase activities, serum and 
pancreatic levels of  IL-6, immunohistochemical staining 
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of  F4/80 for infiltrating macrophages, and H2S synthesis, 
were all significantly ameliorated (Figure 3B). The novel 
finding that KRG decreased PDL-induced hyperamylas-
emia encouraged us to explore the possibility that KRG 
pretreatment may prevent ERCP-induced hyperamylas-
emia. These experiments are ongoing in our clinic.
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