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Abstract

Acute pancreatitis is an inflammatory disease of pancreas with varied clinical presentation ranging from mild
self limiting disease to severe necrotising pancreatitis with high mortality. The exact pathogenesis of the disease is
unclear despite extensive research. Recent studies have shown the role of oxidative stress in the pathogenesis of
the disease. Many experimental studies have proven the role of oxygen free radicals in the initiation and progression
of the disease. Antioxidant therapy has shown promising results in experimental animal models, whereas conflicting
result has been seen in clinical studies in humans. This may suggest existence of different pathogenetic mechanism
in humans. This review gives an overview of the role of oxidative stress in the pathophysiology of acute pancreatitis
and outcomes of antioxidant therapy as a therapeutic agent in the treatment of acute pancreatitis.
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Introduction

Acute pancreatitis as an inflammatory condition with varied clinical
presentations, ranging from a self limiting condition to life threatening
necrotising pancreatitis [1,2]. Around 10-20% of individual die from
multi-organ failure even after best supporting care and pharmacologic
therapy. High mortality rate is attributed to lack of specific theurapeutic
interventions [2,3]. Acute pancreatitis develops after a cascade of
multiple pathways leading to activation of trypsinogen which in turn
activates other digestive enzymes. There occurs a surge in the oxidative
stress leading to generation of free radical from oxidation of lipid and
proteins, which disrupts the pancreatic membrane [4-6].

Perez et al. have shown in rat models that, cell necrosis and
hemolysis can cause activation of the inflammatory cascade and
oxidative stress [7]. Beneficial effects of anti-oxidant therapy in form
of superoxide dismutase and catalase in acute pancreatitis in past trials
thereby provide an indirect proof of role of oxidative stress in the
disease pathogenesis [8]. They also suggested allopurinol, an inhibitor
of xanthine oxidase as a potential therapeutic agent [8]. Several studies
on oxidative stress, xanthine oxidase and other pro and anti-oxidants
have shown that oxidative stress is not only a mediator in the early local
events but also associated in systemic inflammatory response in acute
pancreatitis [9,10].

Reactive oxygen species (ROS) activates the inflammatory cascade
thereby recruiting inflammatory cells and cause tissue damage.
Expression of inflammatory cytokine which is regulated by many
signaling molecules such as Nuclear Factor (NF-kB) and Activator
Protein-1(ap-1), Signal Transducer and Activator of Transcription
3 (STAT3), and Mitogen Activated Protein Kinases(MAPKs). ROS
activates these various signaling molecules leading to activation of
pro-inflammatory cytokines, which in turn amplifies the inflammatory
cascade in acute pancreatitis [11]. Milnerowicz et al. have studied the
degree of pro/antioxidative imbalance and have estimated the role of
various antioxidants in maintenance of the balance of pro/antioxidants
during acute pancreatitis. They have demonstrated that increase in IL-6
concentration in serum is correlated with Ranson criteria, and increase
in Glutathione Peroxidase activity(GPx), levels of Metallothionein-
1(MT-1), Thiobarbituric acid Reactive Substances(TBARS), or GGT,
and NAG activities in patients groups compared with healthy subjects.

They also noted a decrease in serum GSH levels in patients with
acute pancreatitis suggesting oxidative stress. GPx/GSH(Glutathione
Peroxidase/Reduced Glutathione) and MT-1 can be considered
as agents of first line of defence against oxidative stress in acute
pancreatitis [12].

Studies have shown significant consumption of antioxidant
in patients with severe acute pancreatitis [13]. Oxidative stress, besides
local effects also has metastatic effects on other organs such as lungs
and it has been studied that the cytokine production and infiltration
of inflammatory cells occur simultaneously both in lungs and pancreas
during pancreatitis[14]. Antioxidant therapy and other ROS scavengers
like Hydrogen rich saline, Emodin which is a component in Chinese
herb, Diosmetin (3, 5, 7-trihydroxy-4'-methoxyflavone) the aglycone
part of the flavonoid glycosides diosmin occuring naturally in citrus
fruit may neutralize this imbalance of pro/antioxidant levels both in
the pancreas as well as other organs and improve survival [15-17].
Kuliaviene et al. have demonstrated that the fatty acid composition of
the erythrocyte membrane changes in acute pancreatitis which may be
due to oxidative stress [18]. Necrosectomy done in severe necrotizing
pancreatitis clears the lipid peroxidation products effectively leading to
improved erythrocyte membrane fluidity and increased survival [19].

Oxidative Stress
Pancreatitis

and Pathophysiology of Acute

The exact pathogenesis of acute pancreatitis is still unclear
despite extensive research worldwide [20]. The premature activation
pancreatic zymogens particularly trypsinogen, leading to autodigestion
of pancreatic tissue and subsequent development local and systemic
inflammatory response is the most accepted theory till now [20]. Last
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decade has witnessed a lot of studies on the role of oxidative stress in
pathogenesis of acute pancreatitis. In both experimental and clinical
studies, it has been seen that oxidative stress plays a central role in the
pathogenesis of AP.

Oxygen free radical (OFR)/ Reactive oxygen species (ROS)
and oxidative stress

All aerobic organisms require ground state oxygen to survive [21].
During the process of oxygen metabolism some amount of oxygen
free radicals are generated which are required to maintain body
homeostasis [22,23]. At physiologic levels, these oxygen free radicals
help in regulation of transcription, act as signalling molecules or stage
a defence mechanism against microorganisms [24]. Normally a balance
is maintained between the oxygen free radicals and the scavengers.
Accelerated production of oxygen free radicals can occur in acute
inflammatory disorder like acute pancreatitis which can cause tissue
and cell damage and accentuate the inflammatory response.

Direct action of OFR includes lipid peroxidation in pancreatic
membranes, oxidation of proteins and induction of DNA fragmentation
[25]. OFR directly attacks the double bonds of unsaturated
phospholipids leading to degradation of structural integrity of the
cell membrane including both plasma membrane and membrane of
intracellular organelles such as lysozomes and endoplasmic reticulum
[26]. Accumulation of lipid degradation products, malonaldehyde
(MDA) and 4-hydroxynonenol in the membranes cause increased
permeability and deformability of the membranes [21]. As a
consequence intracellular leakage of proteases and influx of Ca®* occur,
ultimatelyleading to tissue and cell damage [26]. Protein oxidation leads
to fragmentation of polypeptide chains or cross linking of sulthydryl
groups resulting in impaired enzyme function [21]. OFR also cause
abnormal cross linking and strand breaks in DNA [27]. DNA-damage
response follows leading to the activation of p53 and poly-ADP ribose
polymerase (PARP) a nuclear enzyme. Apoptosis and cell cycle arrest
follows the activation of p53, whereas activation of PARP leads to cell
necrosis [28].

Indirectly, OFR causes activation arachidonic acid cascade leading
to increased production of thromboxanes and leukotriene B4 [21].
Thromboxanes because of their potent action on platelet aggregation
and vasoconstricting effect, decrease microvascular tissue perfusion
and enhance ischaemic injury [29]. On the other hand leukotriene-B4
promotes activation of polymorphonuclear leukocytes and discharge
of lysosomal enzymes [30]. Activated polymorphonuclear leukocytes
are responsible for respiratory burst that leads to increased production
of reactive oxygen species and activated enzymes which contributes to
further cell damage [8] (Figure 1).

Recently the role of oxidative and nitrosative stress in modulation
of intracellular signaling by redox unbalance have been described.
Up-regulation of pro-inflammatory genes occurs as a result of redox
unbalance through activation of different pathways which ultimately
leads to increased production of proinflammatory cytokines [31]
(Figure 1).

ROS and NF-kB activation: The regulation of NF-kB occurs
through oxidation and thiolation of upstream protein kinases and
phosphatases [32]. ROS dependant tyrosine phosphorylation helps in
NEF-kappa B activation [33]. This ROS dependent activation seems to
occur in the early phase of acute pancreatitis. Activation of NF-kB leads
to increased production of proinflammatory cytokines and subsequent
amplification of inflammatory response [31].

Disulfide stress: Oxidation of thiols in protein during acute
inflammations leads to disulfide stress and inactivation of protein
phosphatases, such as serine protein phosphatise 2A and tyrosine
phosphatase SHP1 [31]. This favours mitogen activated protein
kinase (MAPK) activation and amplification of the inflammatory
cascade. Other relevant redox-signaling thiols targets of disulfide stress
include thioredoxin-1, peroxiredoxin, Keap-1, disulfide isomerase,
and endonuclease APE1/Refl [34]. Inhibition of MKPs via different
signalling pathways leads to activation of MAPKs by ROS. MKPs
belong to a large group of protein tyrosine phosphatases, its catalytic
cysteine is much more sensitive to reversible oxidation than other
cysteines which makes it more vulnerable targets of ROS [35]. Thus
ROS governs the balance between MAPKs and protein phosphatases in
controlling the inflammatory response by redox signalling [36].

Histone acetylation and redox signalling: In has been reported
on previous studies that CBP/p300 histone acetyl transferase ( HAT)
complex regulates the expressions of inflammatory cytokines through
activation of NF-kB and STAT-3 pathways [37]. This is required for
activation of a number of inflammatory targets of NF-kB such as IL-
6, IL-8, E-Selectin, and VCAM-1 [38]. STAT3 pathway is frequently
used in acute in inflammatory reponse is regulated by acetylation
and phosphorylation. p300 triggers the acetylation of STAT3 and
formation of STAT 3 dimers which are critical in the transcriptional
activation of IL-6 [39]. Activation of these phosphorylation acetylation
pathways, NF- kB, MAPKs and STAT?3 leads to changes in chromatin
structure in order to trigger the expression of inflammatory genes and
production of proinflammatory cytokines that subsequently leads to
amplification of the inflammatory process and systemic inflammatory
response syndrome [31].

Calcium signalling: Calcium homeostasis is highly sensitive to
redox signalling. Disruption of this seems to be an important event in
the pathogenesis of acute pancreatitis [40]. Ca ** channels contain IP3R
and RyR receptors which are rich in redox sensitive cysteine residues
[41]. The thiol oxidation of these residues increases the activity of
calcium channels of endoplasmic reticulum and consequent rise in
cytosolic calcium. Intracellular hypercalcemia leads to premature
activation of trypsinogen and subsequent cell and tissue damage [42].
Other redox signalling pathways involved in calcium homeostasis
are STIM- Orai complex and plasma membrane Ca ** ATPase pump
[43]. The type of cell death depends on the duration and severity of the
cytosolic calcium levels [40].

Reactive nitrogen species (RNS) and oxidative stress

RNS are also associated with oxidative stress and pathogenesis of
AP [44]. During inflammatory process inducible nitric oxide synthase
(iNOS) is the main source of NO [45]. It has been seen that up to a
certain limit NO has beneficial effect. Uncontrolled over production
of NO can be detrimental [46]. Endogenous NOS has shown beneficial
effect on early phase of experimental pancreatitis [47]. Mice deficient
in iNOS has shown less lipid peroxidation and tissue damage in
experimental AP [31].

Glutathione and oxidative stress

Reduced glutathione (GSH) is the major non protein thiol which
plays a central role as an antioxidant [31]. The ratio of reduced (GSH)
and oxidised glutathione(GSSG) is a reliable indicator of oxidative
status of the body [48]. During early phase of acute pancreatitis the level
of reduced glutathione decreases, which is a hallmark of the disease
[49]. Studies have shown that preteatment with glutathione mono
ethyl ester exhibit beneficial effects in AP by increasing pancreatic GSH
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Figure 1: Central role of reactive oxygen species (ROS) in the pathogenesis of severe acute pancreatitis. NF-kB: Nuclear Factor- KappaB, MAPK:
Mitogen activated protein kinase, STAT: Signal transducer and activator of transcription, PARP: poly-ADP ribose polymerase.
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levels [31]. Whereas inhibition of GSH synthesis with L-buthionine-
(S,R)-sulfoximine(BSO) led to more pancreatic necrosis and reduced
survival in rats with experimental AP [50].

Xanthine Oxidase and oxidative stressors

Oxidation of the enzyme xanthine dehydrogenase(XDH) leads
to the production of a large amount of free radicals [31]. Activation
and conversion of this enzyme to xanthine oxidase (XO) occurs via
two mechanisms. First,during conversion of chymotrymsinogen to
chytmotrypsin; second, by oxidation of the thiol groups [51]. Studies
have shown beneficial effect of allopurinol (inhibitor of XO) in
experimental pancreatitis by reducing pancreatic edema, necrosis and
systemic inflammatory response [52]. However effect of allopurinol in
prevention of post ERCP pancreatitis and in treatment of AP is not
clear [53].

Extracellular Haemoglobin

Recently extracellular haemoglobin in plasma that comes from
pancreatic ascites has been found to be associated with severe acute
pancreatitis [7]. Extracellular haemoglobin causes lipid peroxidation
and activation of proinflammatory cytokines like TNF-a and IL-1p [7].
It also promotes leukocyte infiltration in lungs and induces hypoxia
inducible factor (HIF)-vascular endothelial growth factor(VEGF)
pathway [54]. Thus extracellular haemoglogin can contribute to
pulmonary edema and acute respiratory distress by increasing vascular
permeability in lungs through HIF-VEGF pathway [55].

Sanfey et al. were the first to show beneficial effects of anti-oxidant
therapy in form of super-oxide dismutase and catalase in acute
pancreatitis, thereby providing an indirect proof of role of oxidative
stress in the disease pathogenesis [8]. Since then a lot of studies
have demonstrated the role of oxidative stress in the pathogenesis of
experimental pancreatitis [56]. It is well known that oxygen free radicals
play a central role in initiation and accentuation of inflammatory
process in acute pancreatitis. However most of the data are form
experimental studies using animal models, only few have been derived
from clinical studies [56]. The paucity of data from human studies is
because of the unprecedented delay in patient presentation, which
limits the investigations from the pathogenic mechanisms involved in
initiation of the disease [57].

It is very difficult to measure oxygen free radicals directly because
of its high reactivity [56]. For this reason stable metabolites of oxidative
reactions have been accepted as the biomarkers of oxidative stress
in acute pancreatitis. Malonaldehyde (MDA), protein carbonyls,
thiobarbituric acid reactive substances (TBARS), pro-oxidative and
anti-oxidative enzymes ( Superoxide Dismutase (SOD), Catalase
(CAT), myeloperoxidase (MPO), xanthine oxidase (XO), reduced
glutathione(GSH) and the levels of natural antioxidants( Vitamin-C,
Selenium) have been used as biomarkers of oxidative stress in most of
the experimental studies [58]. All these biomarkers indirectly prove the
role of oxidative stress in the pathogenesis of acute pancreatitis.

Antioxidant therapy

Halliwell in 1997 described antioxidants as, “any substance that,
when present in low concentrations compared to those of an oxidizable
substrate, significantly delays or prevents oxidation of that substance”
[59]. These molecules scavenge highly toxic free radicals and prevent
tissue from oxidative damage. As oxidative stress plays a central role in
pathophysiology of acute pancreatitis much emphasis has been given
to antioxidant therapy in the treatment and prevention of the disease.

Though various antioxidants have been studied in various experimental
models only a few have been implemented clinically.

Vitamins C, A and E all have been extensively used as antioxidant
in acute pancreatitis either as a single agent or in combination. In a
randomized controlled trial in 2003 by Du et al. intravenous vitamin C
was administered to 40 patients in dose of 10 g/day for 5 days with results
of decrease in serum levels of TNF-alpha,IL-1, IL-8, CRP with increase
in plasma levels of vitamin E, C, beta-carotene and lipid peroxide [60].
Length of hospital stay, deterioration of disease was reduced with
overall improvement in disease course. In another similar study Sateesh
etal. in 2009 used vitamin C in combination with N-acetyl cystiene and
antoxyl forte and found similar results with decrease in the length of
hospital stay and complications; whereas Bansal et al. in 2011 used all
the three vitamins in comination without any significant differences in
outcome in control and study group [61,62]. To our knowledge there
has been no clinical studies on vitamin E or A as single agents.

N-acetyl cysteine (NAC), a thiol compound & a precursor of
glutathione acts as a free radical scavenger. It interferes through its
reducing capabilities in signaling pathways that regulate cell cycle,
apoptosis, and inflammation. Siriwardena et al. in 2008 showed in
their randomized, double blinded control trial using NAC along with
vitamin C and selenium that serum levels of amylase, lipase and CRP
were reduced where as no difference was noted in organ dysfunction,
length of hospital stay and mortality rates [63]. Milewski et al. in 2006
used NAC in prevention of post-ERCP pancreatitis by giving oral and
intravenous NAC both before and after ERCP without any positive
outcome [64].

Selenium, a micronutrient found in trace amounts is a co factor of
antioxidant enzyme glutathione peroxidase and helps in reduction of
hydrogen peroxide as well as lipid hydroperoxidases. Kuklinski et al. in
1994 in their clinical study showed that early selenium therapy in acute
pancreatitis may improve prognosis and outcome of the disease where
as Lindner et al. in 2004 could not find any beneficial effect of sodium
selenite in patients with acute pancreatitis [65,66].

Glutamine, semi essential amino acid and has antioxidant properties
due to its capacity to normalize superoxide dismutase and blockage of
nitric oxide overproduction [67]. Fuentes-orozco et al. in 2008 in their
randomized control trial found administration of glutamine along with
total parentral nutrition had favourable outcome in acute pancreatitis
with reduced duration of shock, APACHE II scores and infectious
morbidity in the course of disease [68]. Serum levels of IL-6, CRP were
reduced where as IL-10, albumin, and protein were raised. Sahin et
al. in 2007 had similar results with decreased complication rates with
glutamine enriched total parentral nutrition [69].

Recent experimental studies and future perspectives on
antioxidant therapy

Keeping in view the oxidative stress as the pathogenesis of acute
pancreatitis alot of experimental studies (Table 1) have been undertaken
in past few decades using various antioxidant molecules. Almost all of
these studies are based on chemically induced pancreatitis on rats by
infusion of either cerulin, L-aghinine or sodium taurocholate. Infusion
into peritoneal cavities or into ductal system induced pancreatitis in
these rats that were pretreated with the antioxidant molecules. After
sacrificing the animals, assays of oxidative stress markers were done
both in serum as well as histopathological specimens. All of the studies
reviewed by us showed promising results with chemo-preventive
effects of the antioxidants on chemically induced pancreatitis.
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Study Antioxidant used Pancreatitis inducing agent
Abdin et al. [70] Pentoxyphylline, alpha lipoic acid l-arginine
Abed et al. [71] Lithium Cerulin
Akay et al. [72] Taurine Sodium taurocholate

Probiotic[saccharomyces boulardii],

Akyol etal. [73] ciprofloxacin, meropenam

Cao et al. [74] Sivelestat Cerulin
Carrasco et al. [75] Resveratrol Cerulin

Chu et al. [76] Sesamol Cerulin
Cikman et al. [77] Syringic acid L-arginine

Inal et al. [78] HBO+ 3-amino benzamide Intraductal tarocholate
Kilic et al. [79] Carvacrol Cerulin
Lee et al. [80] ND 07 Cerulin +LPS
Liang et al. [81] Melatonin L-arginine
Lima et al. [82] Eucalyptol[1,8 cineole] Cerulin
Lv et al. [83] Lycopene -
Onur et al. [84] HBO+NAC L-arginine
Oztas et al. [85] Lycopene Ceruline
Peng et al. [86] Micron Liu-He-Dan [MLHD]ointment L-arginine

Ren et al. [87]
Wu et al. [88]
Yu etal. [11]

Hydrogen rich saline infusion
Emodin
Diosmin

Sodium taurocholate

High pressure air impact
Sodium taurocholate
Cerulin

Oxidative stress markers studied
Amylase,CRP,IL-6, CAT,MDA
Amylase, lipase, MPO
Amylase, MDA,MPO

MDA,SOD

Amylase, lipase, corticosterone, IL-1beta, TNF-alpha, NFkappaB
Amylase, lipase, corticosterone, GPO, IL-1beta, IL-10
Amylase, LPO, GSH, NO
Oxidant status, oxidative stress index, lipid hydroperoxide

Tissue oxidative stress parameters, tissue histopathology scores,
bacterial translocation

MDA, SOD, CAT, GSH, histopathology, 8-hydroxy-deoxyguanosine
Amylase, lipase, MDA, NO, PGE2, TNF-alpha
TNF-alpha, IL-6, MDA, SOD
Amylase, lipase, MPO, MDA, GSH, NF kappaB
MPO, LPO, SOD, TNF-alpha, IL-6
Amylase, calcium, LDH, MDA, SOD, GSH
Amylase, lipase, TNF-alpha, IL-1, GSH,MDA, MPO, Na-K-ATPase
Amylase, TNF-alpha, IL-6, IL-10, SOD, MDA
Plasma enzymes, cytokines, oxidative stress molecules
Amylase, TNF-alpha, IL-6
Amylase, lipase, TNF-alpha, IL-6, IL-10, MPO, iNOS, NF kappaB

CRP: C-reactive protein; CAT: Catalase; IL: Interleukin; MDA: Malonyldialdehyde; MPO: Myleperoxidase; SOD: Superoxide Dismutase; TNF: Tumor Necrosis Factor;
NF: Nuclear Factor; GPO: Glutathione Peroxidase; LPO: Lipid Peroxidase; GSH: Glutathione; NO: Nitric Oxide; PGE2: ProstaglandineE2; iNOS: inducible Nitric Oxide

Synthetase; HBO: Hyperbaric Oxygen

Table 1: List of recent experimental studies on various antioxidants on murine models.

Conclusion

Oxidative stress and reactive oxygen species, both play pivotal
roles in pathophysiology of AP during the initial phase of the disease.
Extensive research has been undertaken in the past and present
involving various markers of OS. They have also provided an insight
into the fairplay of numerous antioxidants in preventing and treating
this dreaded condition. Though few clinical trials have showed
promising results on this unconquered disease, still adequate number
of large, multicenter, randomized, double-blinded clinical trials are
lacking at this point of time to give a conclusive scenario on antioxidant
therapy and its clinical efficacy. Novel targeted therapeutic options
against various signaling molecules of oxidative stress needs further
research and the spectrum of antioxidant therapy established through
extensive human trials to gain an upper hand against the clinical course
of the disease.

Conflict of Interest: Authors declare no conflict of interest

Authors Contribution: Dr Susanta, Dr Satyajit, Dr Rakesh and Dr
Bikram collected the data and prepared the manuscript. Dr Tushar,
Dr Prakash and Dr Mithilesh critically revised the manuscript. All the
authors have read the final version of the manuscript and approved for
publication.

References

1. Petrov MS, Shanbhag S, Chakraborty M, Phillips ARJ, Windsor JA (2010)
Organ failure and infection of pancreatic necrosis as determinants of mortality
in patients with acute pancreatitis. Gastroenterology 139: 813-820.

2. Khanna AK, Meher S, Prakash S, Tiwary SK, Singh U, et al. (2013) Comparison
of Ranson, Glasgow, MOSS, SIRS, BISAP, APACHE-II, CTSI Scores, IL-6,
CRP, and Procalcitonin in Predicting Severity, Organ Failure, Pancreatic
Necrosis, and Mortality in Acute Pancreatitis. HPB Surg 2013: 367581.

3. Lankisch PG, Lerch MM (2006) Pharmacological prevention and treatment of
acute pancreatitis: where are we now?. Dig Dis 24: 148-159.

4. Dawra R, Sah RP, Dudeja V, Rishi L, Talukdar R, et al.(2011) Intra-acinar
trypsinogen activation mediates early stages of pancreatic injury but not
inflammation in mice with acute pancreatitis. Gastroenterology 141: 2210-
2217. e2.

5. Frossard JL (2001) Trypsin activation peptide (TAP) in acute pancreatitis: from
pathophysiology to clinical usefulness. JOP 2: 69-77.

6. Sweiry JH, Mann GE (1996) Role of oxidative stress in the pathogenesis of
acute pancreatitis. Scand J Gastroenterol Suppl 219: 10-15.

7. Pérez S, Pereda J, Sabater L, Sastre J (2015) Pancreatic ascites hemoglobin
contributes to the systemic response in acute pancreatitis. Free Radic Biol Med
81: 145-155.

8. Sanfey H, Bulkley GB, Cameron JL (1984) The role of oxygen-derived free
radicals in the pathogenesis of acute pancreatitis. Ann Surg 200: 405-413.

9. Escobar J, Pereda J, Arduini A, Sandoval J, Moreno ML, et al. (2012) Oxidative
and nitrosative stress in acute pancreatitis. Modulation by pentoxifylline and
oxypurinol. Biochem Pharmacol 83: 122-130.

10. Que RS, Cao LP, Ding GP, Hu JA, Mao KJ, et al. (2010) Correlation of nitric
oxide and other free radicals with the severity of acute pancreatitis and
complicated systemic inflammatory response syndrome. Pancreas 39: 536-
540.

11. Yu JH, Kim H (2014) Oxidative stress and inflammatory signaling in cerulein
pancreatitis. World J Gastroenterol 20: 17324-17329.

12. Milnerowicz H, Bukowski R, Jablonowska M, Sciskalska M, Milnerowicz U
(2014) The antioxidant profiles, lysosomal and membrane enzymes activity in
patients with acute pancreatitis. Mediators Inflamm 2014: 376518.

13.Rahman SH, Ibrahim K, Larvin M, Kingsnorth A, McMahon MJ (2004)
Association of antioxidant enzyme gene polymorphisms and glutathione status
with severe acute pancreatitis. Gastroenterology 126: 1312-1322.

14. Montecucco F, Mach F, Lenglet S, Vonlaufen A, Gomes Quinderé AL, et al.
(2014) Treatment with Evasin-3 abrogates neutrophil-mediated inflammation in
mouse acute pancreatitis. Eur J Clin Invest 44: 940-950.

15.Yu G, Wan R, Yin G, Xiong J, Hu Y, et al. (2014) Diosmetin ameliorates
the severity of cerulein-induced acute pancreatitis in mice by inhibiting the
activation of the nuclear factor-i°B. Int J Clin Exp Pathol 7: 2133-2142.

J Mol Biomark Diagn
ISSN:2155-9929 JMBD an open access journal

Volume 6 - Issue 6 » 1000257


http://dx.doi.org/10.4172/2155-9929.1000257
http://www.ncbi.nlm.nih.gov/pubmed/16699273
http://www.ncbi.nlm.nih.gov/pubmed/16699273
http://www.ncbi.nlm.nih.gov/pubmed/11867866
http://www.ncbi.nlm.nih.gov/pubmed/11867866
http://www.ncbi.nlm.nih.gov/pubmed/8865464
http://www.ncbi.nlm.nih.gov/pubmed/8865464
http://www.ncbi.nlm.nih.gov/pubmed/25157787
http://www.ncbi.nlm.nih.gov/pubmed/25157787
http://www.ncbi.nlm.nih.gov/pubmed/25157787
http://www.ncbi.nlm.nih.gov/pubmed/6207783
http://www.ncbi.nlm.nih.gov/pubmed/6207783
http://www.ncbi.nlm.nih.gov/pubmed/22000995
http://www.ncbi.nlm.nih.gov/pubmed/22000995
http://www.ncbi.nlm.nih.gov/pubmed/22000995
http://www.ncbi.nlm.nih.gov/pubmed/20084045
http://www.ncbi.nlm.nih.gov/pubmed/20084045
http://www.ncbi.nlm.nih.gov/pubmed/20084045
http://www.ncbi.nlm.nih.gov/pubmed/20084045
http://www.ncbi.nlm.nih.gov/pubmed/25516643
http://www.ncbi.nlm.nih.gov/pubmed/25516643
http://www.ncbi.nlm.nih.gov/pubmed/15131792
http://www.ncbi.nlm.nih.gov/pubmed/15131792
http://www.ncbi.nlm.nih.gov/pubmed/15131792
http://www.ncbi.nlm.nih.gov/pubmed/25132144
http://www.ncbi.nlm.nih.gov/pubmed/25132144
http://www.ncbi.nlm.nih.gov/pubmed/25132144
http://www.ncbi.nlm.nih.gov/pubmed/24966921
http://www.ncbi.nlm.nih.gov/pubmed/24966921
http://www.ncbi.nlm.nih.gov/pubmed/24966921

Citation: Meher S, Rath S, Sharma R, Rout B, Mishra TS, et al. (2015) Pathophysiology of Oxidative Stress and Antioxidant Therapy in Acute Pancreatitis.

J Mol Biomark Diagn 6: 257. doi:10.4172/2155-9929.1000257

Page 6 of 7

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

.Yao WY, Zhou YF, Qian AH, Zhang YP, Qiao MM, et al. (2015) Emodin has a

protective effect in cases of severe acute pancreatitis via inhibition of nuclear
factor&€‘1°B activation resulting in antioxidation. Mol Med Rep 11: 1416-1420.

.Ren J-D, Ma J, Hou J, Xiao W-J, Jin W-H, et al. (2014) Hydrogen-rich saline

inhibits NLRP3 inflammasome activation and attenuates experimental acute
pancreatitis in mice. Mediators Inflamm 2014: 930894.

. Kuliaviene |, Gulbinas A, Cremers J, Pundzius J, Kupcinskas L, et al. (2013)

Fatty acids of erythrocyte membrane in acute pancreatitis patients. World J
Gastroenterol 19: 5678-5684.

. Miranda-Diaz AG, Hermosillo-Sandoval JM, Gutierrez-Martinez CA, Rodriguez-

Carrizalez AD, Roman-Pintos LM, et al. (2014) Effect of necrosectomy and
vacuum-assisted closure (VAC) on mitochondrial function and oxidative stress
markers in severe acute pancreatitis. Rev Esp Enferm Dig 106: 505-514.

Meher S, Mishra TS, Sasmal PK, Rath S, Sharma R, et al. (2015) Role of
Biomarkers in Diagnosis and Prognostic Evaluation of Acute Pancreatitis. J
Biomark 2015: 519534.

Esrefoglu M (2012) Experimental and clinical evidence of antioxidant therapy in
acute pancreatitis. World J Gastroenterol 18: 5533-5541.

Cadenas E (2004) Mitochondrial free radical production and cell signaling. Mol
Aspects Med 25: 17-26.

Lenaz G (2001) The mitochondrial production of reactive oxygen species:
mechanisms and implications in human pathology. [IUBMB Life 52: 159-164.

. Zong WX, Thompson CB (2006) Necrotic death as a cell fate. Genes Dev 20:

1-15.

Inoue S, Kawanishi S (1995) Oxidative DNA damage induced by simultaneous
generation of nitric oxide and superoxide. FEBS Lett 371: 86-88.

Waring P (2005) Redox active calcium ion channels and cell death. Arch
Biochem Biophys 434: 33-42.

Susa N, Ueno S, Furukawa Y, Ueda J, Sugiyama M (1997) Potent protective
effect of melatonin on chromium(Vl)-induced DNA single-strand breaks,
cytotoxicity, and lipid peroxidation in primary cultures of rat hepatocytes.
Toxicol Appl Pharmacol 144: 377-384.

Watson AJ, Askew JN, Benson RS (1995) Poly(adenosine diphosphate ribose)
polymerase inhibition prevents necrosis induced by H202 but not apoptosis.
Gastroenterology 109: 472-482.

Tate RM, Morris HG, Schroeder WR, Repine JE (1984) Oxygen metabolites
stimulate thromboxane production and vasoconstriction in isolated saline-
perfused rabbit lungs. J Clin Invest 74: 608-613.

Hotter G, Closa D, Prats N, Pi F, Gelpi E et al. (1997) Free radical enhancement
promotes leucocyte recruitment through a PAF and LTB4 dependent
mechanism. Free Radic Biol Med 22: 947-954.

Pérez S, Pereda J, Sabater L, Sastre J (2015) Redox signaling in acute
pancreatitis. Redox Biol 5: 1-14.

Kabe Y, Ando K, Hirao S, Yoshida M, Handa H (2005) Redox regulation of
NF-kappaB activation: distinct redox regulation between the cytoplasm and the
nucleus. Antioxid Redox Signal 7: 395-403.

Pantano C, Reynaert NL, van der Vliet A, Janssen-Heininger YM (2006)
Redox-sensitive kinases of the nuclear factor-kappaB signaling pathway.
Antioxid Redox Signal 8: 1791-1806.

Moreno ML, Escobar J, Izquierdo-Alvarez A, Gil A, Pérez S, et al. (2014)
Disulfide stress: a novel type of oxidative stress in acute pancreatitis. Free
Radic Biol Med 70: 265-277.

van Montfort RL, Congreve M, Tisi D, Carr R, Jhoti H (2003) Oxidation state of the
active-site cysteine in protein tyrosine phosphatase 1B. Nature 423: 773-777.

Carruthers NJ, Stemmer PM (2008) Methionine oxidation in the calmodulin-
binding domain of calcineurin disrupts calmodulin binding and calcineurin
activation. Biochemistry 47: 3085-3095.

Yao H, Rahman | (2011) Current concepts on oxidative/carbonyl stress,
inflammation and epigenetics in pathogenesis of chronic obstructive pulmonary
disease. Toxicol Appl Pharmacol 254: 72-85.

Gerritsen ME, Williams AJ, Neish AS, Moore S, Shi Y, et al. (1997) CREB-
binding protein/p300 are transcriptional coactivators of p65. Proc Natl Acad Sci
U S A 94: 2927-2932.

39.

4

o

41.

42.

43.

44,

45.

46.

4

ha)

48.

49.

5

o

5

a0

52.

53.

54.

55.

56.

57.

58.

5

©

60.

Yuan ZL, Guan YJ, Chatterjee D, Chin YE (2005) Stat3 dimerization regulated
by reversible acetylation of a single lysine residue. Science 307: 269-273.

. Criddle DN, Gerasimenko JV, Baumgartner HK, Jaffar M, Voronina S, et al.

(2007) Calcium signalling and pancreatic cell death: apoptosis or necrosis?
Cell Death Differ 14: 1285-1294.

Sun J, Xu L, Eu JP, Stamler JS, Meissner G (2001) Classes of thiols that
influence the activity of the skeletal muscle calcium release channel. J Biol
Chem 276: 15625-15630.

Husain SZ, Prasad P, Grant WM, Kolodecik TR, Nathanson MH, et al. (2005)
The ryanodine receptor mediates early zymogen activation in pancreatitis. Proc
Natl Acad Sci U S A 102: 14386-14391.

Lur G, Haynes LP, Prior IA, Gerasimenko OV, Feske S, et al. (2009) Ribosome-
free terminals of rough ER allow formation of STIM1 puncta and segregation of
STIM1 from IP(3) receptors. Curr Biol 19: 1648-1653.

Leung PS, Chan YC (2009) Role of oxidative stress in pancreatic inflammation.
Antioxid Redox Signal [Internet]. Mary Ann Liebert, Inc. 2 Madison Avenue
Larchmont, NY 10538 USA.11: 135-165.

Sandstrom P, Brooke-Smith ME, Thomas AC, Grivell MB, Saccone GTP,
et al.(2005) Highly selective inhibition of inducible nitric oxide synthase
ameliorates experimental acute pancreatitis. Pancreas 30: e10-5.

Ang AD, Adhikari S, Ng SW, Bhatia M (2009) Expression of nitric oxide synthase
isoforms and nitric oxide production in acute pancreatitis and associated lung
injury. Pancreatology 9: 150-159.

. DiMagno MJ (2007) Nitric oxide pathways and evidence-based perturbations in

acute pancreatitis. Pancreatology 7: 403-408.

Jones DP (2006) Redefining oxidative stress. Antioxid Redox Signal 8: 1865-
1879.

Schulz HU, Niederau C, Klonowski-Stumpe H, Halangk W, Luthen R, et al.
(1999) Oxidative stress in acute pancreatitis. Hepatogastroenterology 46:
2736-2750.

. Alsfasser G, Gock M, Herzog L, Gebhard MM, Herfarth C, et al. (2002)

Glutathione depletion with L-buthionine-(S,R)-sulfoximine demonstrates
deleterious effects in acute pancreatitis of the rat. Dig Dis Sci 47: 1793-1799.

.Enroth C, Eger BT, Okamoto K, Nishino T, Nishino T, et al. (2000) Crystal

structures of bovine milk xanthine dehydrogenase and xanthine oxidase:
structure-based mechanism of conversion. Proc Natl Acad Sci U S A 97:
10723-10728.

Czako¢ L, Takacs T, Varga IS, Tiszlavicz L, Hai DQ, et al. (2000) Oxidative
stress in distant organs and the effects of allopurinol during experimental acute
pancreatitis. Int J Pancreatol 27: 209-216.

Zheng M, ChenY, Bai J, Xin Y, Pan X, et al. (2008) Meta-analysis of prophylactic
allopurinol use in post-endoscopic retrograde cholangiopancreatography
pancreatitis. Pancreas 37: 247-253.

Kaner RJ, Ladetto JV, Singh R, Fukuda N, Matthay MA, et al. (2000) Lung
overexpression of the vascular endothelial growth factor gene induces
pulmonary edema. Am J Respir Cell Mol Biol 22: 657-664.

Mura M, dos Santos CC, Stewart D, Liu M (2004) Vascular endothelial growth
factor and related molecules in acute lung injury. J Appl Physiol (1985) 97:
1605-1617.

Park BK, Chung JB, Lee JH, Suh JH, Park SW, et al. (2003) Role of oxygen
free radicals in patients with acute pancreatitis. World J Gastroenterol 9: 2266-
2269.

Tsai K, Wang SS, Chen TS, Kong CW, Chang FY, et al. (1998) Oxidative stress:
an important phenomenon with pathogenetic significance in the progression of
acute pancreatitis. Gut 42: 850-855.

Winterbourn CC, Bonham MJD, Buss H, Abu-Zidan FM, Windsor JA (2003)
Elevated protein carbonyls as plasma markers of oxidative stress in acute
pancreatitis. Pancreatology 3: 375-382.

. Halliwell B (1997) Antioxidants: the basics--what they are and how to evaluate

them. Adv Pharmacol 38: 3-20.

Du WD, Yuan ZR, Sun J, Tang JX, Cheng AQ, et al. (2003) Therapeutic efficacy
of high-dose vitamin C on acute pancreatitis and its potential mechanisms.
World J Gastroenterol 9: 2565-2569.

J Mol Biomark Diagn
ISSN:2155-9929 JMBD an open access journal

Volume 6 - Issue 6 » 1000257


http://www.ncbi.nlm.nih.gov/pubmed/25351888
http://www.ncbi.nlm.nih.gov/pubmed/25351888
http://www.ncbi.nlm.nih.gov/pubmed/25351888
http://www.ncbi.nlm.nih.gov/pubmed/24039361
http://www.ncbi.nlm.nih.gov/pubmed/24039361
http://www.ncbi.nlm.nih.gov/pubmed/24039361
http://www.ncbi.nlm.nih.gov/pubmed/26345247
http://www.ncbi.nlm.nih.gov/pubmed/26345247
http://www.ncbi.nlm.nih.gov/pubmed/26345247
http://www.ncbi.nlm.nih.gov/pubmed/23112545
http://www.ncbi.nlm.nih.gov/pubmed/23112545
http://www.ncbi.nlm.nih.gov/pubmed/15051313
http://www.ncbi.nlm.nih.gov/pubmed/15051313
http://www.ncbi.nlm.nih.gov/pubmed/11798028
http://www.ncbi.nlm.nih.gov/pubmed/11798028
http://www.ncbi.nlm.nih.gov/pubmed/16391229
http://www.ncbi.nlm.nih.gov/pubmed/16391229
http://www.ncbi.nlm.nih.gov/pubmed/7664890
http://www.ncbi.nlm.nih.gov/pubmed/7664890
http://www.ncbi.nlm.nih.gov/pubmed/15629106
http://www.ncbi.nlm.nih.gov/pubmed/15629106
http://www.ncbi.nlm.nih.gov/pubmed/25778551
http://www.ncbi.nlm.nih.gov/pubmed/25778551
http://www.ncbi.nlm.nih.gov/pubmed/16987032
http://www.ncbi.nlm.nih.gov/pubmed/16987032
http://www.ncbi.nlm.nih.gov/pubmed/16987032
http://www.ncbi.nlm.nih.gov/pubmed/24456905
http://www.ncbi.nlm.nih.gov/pubmed/24456905
http://www.ncbi.nlm.nih.gov/pubmed/24456905
http://www.ncbi.nlm.nih.gov/pubmed/12802339
http://www.ncbi.nlm.nih.gov/pubmed/12802339
http://www.ncbi.nlm.nih.gov/pubmed/9096323
http://www.ncbi.nlm.nih.gov/pubmed/9096323
http://www.ncbi.nlm.nih.gov/pubmed/9096323
http://www.ncbi.nlm.nih.gov/pubmed/15653507
http://www.ncbi.nlm.nih.gov/pubmed/15653507
http://www.ncbi.nlm.nih.gov/pubmed/17431416
http://www.ncbi.nlm.nih.gov/pubmed/17431416
http://www.ncbi.nlm.nih.gov/pubmed/17431416
http://www.ncbi.nlm.nih.gov/pubmed/11278999
http://www.ncbi.nlm.nih.gov/pubmed/11278999
http://www.ncbi.nlm.nih.gov/pubmed/11278999
http://www.ncbi.nlm.nih.gov/pubmed/16186498
http://www.ncbi.nlm.nih.gov/pubmed/16186498
http://www.ncbi.nlm.nih.gov/pubmed/16186498
http://www.ncbi.nlm.nih.gov/pubmed/19765991
http://www.ncbi.nlm.nih.gov/pubmed/19765991
http://www.ncbi.nlm.nih.gov/pubmed/19765991
http://www.ncbi.nlm.nih.gov/pubmed/19077466
http://www.ncbi.nlm.nih.gov/pubmed/19077466
http://www.ncbi.nlm.nih.gov/pubmed/19077466
http://www.ncbi.nlm.nih.gov/pubmed/17898529
http://www.ncbi.nlm.nih.gov/pubmed/17898529
http://www.ncbi.nlm.nih.gov/pubmed/16987039
http://www.ncbi.nlm.nih.gov/pubmed/16987039
http://www.ncbi.nlm.nih.gov/pubmed/10576339
http://www.ncbi.nlm.nih.gov/pubmed/10576339
http://www.ncbi.nlm.nih.gov/pubmed/10576339
http://www.ncbi.nlm.nih.gov/pubmed/12184532
http://www.ncbi.nlm.nih.gov/pubmed/12184532
http://www.ncbi.nlm.nih.gov/pubmed/12184532
http://www.ncbi.nlm.nih.gov/pubmed/11005854
http://www.ncbi.nlm.nih.gov/pubmed/11005854
http://www.ncbi.nlm.nih.gov/pubmed/11005854
http://www.ncbi.nlm.nih.gov/pubmed/11005854
http://www.ncbi.nlm.nih.gov/pubmed/10952403
http://www.ncbi.nlm.nih.gov/pubmed/10952403
http://www.ncbi.nlm.nih.gov/pubmed/10952403
http://www.ncbi.nlm.nih.gov/pubmed/10837361
http://www.ncbi.nlm.nih.gov/pubmed/10837361
http://www.ncbi.nlm.nih.gov/pubmed/10837361
http://www.ncbi.nlm.nih.gov/pubmed/15475552
http://www.ncbi.nlm.nih.gov/pubmed/15475552
http://www.ncbi.nlm.nih.gov/pubmed/15475552
http://www.ncbi.nlm.nih.gov/pubmed/14562390
http://www.ncbi.nlm.nih.gov/pubmed/14562390
http://www.ncbi.nlm.nih.gov/pubmed/14562390
http://www.ncbi.nlm.nih.gov/pubmed/9691925
http://www.ncbi.nlm.nih.gov/pubmed/9691925
http://www.ncbi.nlm.nih.gov/pubmed/9691925
http://www.ncbi.nlm.nih.gov/pubmed/8895801
http://www.ncbi.nlm.nih.gov/pubmed/8895801
http://www.ncbi.nlm.nih.gov/pubmed/14606098
http://www.ncbi.nlm.nih.gov/pubmed/14606098
http://www.ncbi.nlm.nih.gov/pubmed/14606098

Citation: Meher S, Rath S, Sharma R, Rout B, Mishra TS, et al. (2015) Pathophysiology of Oxidative Stress and Antioxidant Therapy in Acute Pancreatitis.

J Mol Biomark Diagn 6: 257. doi:10.4172/2155-9929.1000257

Page 7 of 7

61

62.

63.

64.

65.

66.

67

68.

69.

70.

71.

72.

73.

74.

. Sateesh J, Bhardwaj P, Singh N, Saraya A (2009) Effect of antioxidant therapy

on hospital stay and complications in patients with early acute pancreatitis: a
randomised controlled trial. Trop Gastroenterol 30: 201-206.

Bansal D, Bhalla A, Bhasin DK, Pandhi P, Sharma N, et al.(2011) Safety and
efficacy of vitamin-based antioxidant therapy in patients with severe acute
pancreatitis: a randomized controlled trial. Saudi J Gastroenterol 17: 174-179.

Siriwardena AK, Mason JM, Balachandra S, Bagul A, Galloway S, et al. (2007)
Randomised, double blind, placebo controlled trial of intravenous antioxidant
(n-acetylcysteine, selenium, vitamin C) therapy in severe acute pancreatitis.
Gut 56: 1439-1444.

Milewski J, Rydzewska G, Degowska M, Kierzkiewicz M, Rydzewski A
(2006) N-acetylcysteine does not prevent post-endoscopic retrograde
cholangiopancreatography hyperamylasemia and acute pancreatitis. World J
Gastroenterol 12: 3751-3755.

Kuklinski B, Zimmermann T, Schweder R (1995) [Decreasing mortality in
acute pancreatitis with sodium selenite. Clinical results of 4 years antioxidant
therapy]. Med Klin (Munich) 90 Suppl 1: 36-41.

Lindner D, Lindner J, Baumann G, Dawczynski H, Bauch K (2004) [Investigation
of antioxidant therapy with sodium selenite in acute pancreatitis. A prospective
randomized blind trial]. Med Klin 99: 708-712.

. Marques C, Licks F, Zattoni |, Borges B, de Souza LE, et al. (2013) Antioxidant

properties of glutamine and its role in VEGF-Akt pathways in portal hypertension
gastropathy. World J Gastroenterol 19: 4464-4474.

Fuentes-Orozco C, Cervantes-Guevara G, Mucino-Hernandez |, Lopez-Ortega
A, Ambriz-Gonzalez G, et al. (2008) L-alanyl-L-glutamine-supplemented
parenteral nutrition decreases infectious morbidity rate in patients with severe
acute pancreatitis. JPEN J Parenter Enteral Nutr 32: 403-411.

Sahin H, Mercanligil SM, Inanc N, Ok E (2007) Effects of glutamine-enriched
total parenteral nutrition on acute pancreatitis. Eur J Clin Nutr 61: 1429-1434.

Abdin AA, EI-Hamid MA, EI-Seoud SH, Balaha MF (2010) Effect of pentoxifylline
and/or alpha lipoic acid on experimentally induced acute pancreatitis. Eur J
Pharmacol 643: 289-296.

Abed A, Minaiyan M, Mahzouni P (2014) Possible beneficial effects of lithium
chloride on cerulein-induced acute pancreatitis in mice. Res Pharm Sci 9:
135-141.

Akay C, Yaman H, Oztosun M, Cakir E, Yildirim AO, et al. (2013) The protective
effects of taurine on experimental acute pancreatitis in a rat model. Hum Exp
Toxicol 32: 522-529.

Akyol S, Mas MR, Comert B, Ateskan U, Yasar M, et al. (2003) The effect of
antibiotic and probiotic combination therapy on secondary pancreatic infections
and oxidative stress parameters in experimental acute necrotizing pancreatitis.
Pancreas 26: 363-367.

Cao J, Liu Q (2013) Protective effects of sivelestat in a caerulein-induced rat
acute pancreatitis model. Inflammation 36: 1348-1356.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Carrasco C, Holguin-Arévalo MS, Martin-Partido G, Rodriguez AB, Pariente
JA (2014) Chemopreventive effects of resveratrol in a rat model of cerulein-
induced acute pancreatitis. Mol Cell Biochem 387: 217-225.

Chu PY, Srinivasan P, Deng JF, Liu MY (2012) Sesamol attenuates oxidative
stress-mediated experimental acute pancreatitis in rats. Hum Exp Toxicol 31:
397-404.

Cikman O, Soylemez O, Ozkan OF, Kiraz HA, Sayar |, et al. (2015) Antioxidant
Activity of Syringic Acid Prevents Oxidative Stress in I-arginine-Induced Acute
Pancreatitis: An Experimental Study on Rats. Int Surg 100: 891-896.

Inal V, Mas MR, Isik AT, Comert B, Aydn S, et al. (2015) A new
combination therapy in severe acute pancreatitis--hyperbaric oxygen plus
3-aminobenzamide: an experimental study. Pancreas 44: 326-330.

Kilic Y, Geyikoglu F, Colak S, Turkez H, Bakir M, et al. (2015) Carvacrol
modulates oxidative stress and decreases cell injury in pancreas of rats with
acute pancreatitis. Cytotechnology.

Lee JH, An CS, Yun BS, Kang KS, Lee Y, et al. (2012) Prevention effects
of ND-07, a novel drug candidate with a potent antioxidative action and anti-
inflammatory action, in animal models of severe acute pancreatitis. Eur J
Pharmacol 687: 28-38.

Liang ZH, Qin MB, Tang GD, Yang HY, Su J, et al. (2014) Melatonin reduces
inflammation and recovers endogenous ghrelin in acute necrotizing pancreatitis
in rats. Mol Med Rep 9: 2599-2605.

Lima PR, de Melo TS, Carvalho KMMB, de Oliveira IB, Arruda BR, et al. (2013)
1,8-cineole (eucalyptol) ameliorates cerulein-induced acute pancreatitis via
modulation of cytokines, oxidative stress and NF-kappaB activity in mice. Life
Sci 92: 1195-1201.

Lv JC, Wang G, Pan SH, Bai XW, Sun B (2015) Lycopene protects pancreatic
acinar cells against severe acute pancreatitis by abating the oxidative stress
through JNK pathway. Free Radic Res 49: 151-163.

Onur E, Paksoy M, Baca B, Akoglu H (2012) Hyperbaric oxygen and
N-acetylcysteine treatment in L-arginine-induced acute pancreatitis in rats. J
Invest Surg 25: 20-28.

Oztas Y, Uysal B, Kaldirim U, Poyrazoglu Y, Yasar M, et al. (2011) Inhibition of
iNOS reduces the therapeutic effects of ozone in acute necrotizing pancreatitis:
an in vivo animal study. Scand J Clin Lab Invest 71: 370-377.

Peng XH, Huang W, Zhu L, Xia Q, Tang WF (2013) [Effects of micron Chinese
herbal Liu-He-Dan ointment on inflammation and oxidative stress in rats with
acute pancreatitis]. Sichuan Da Xue Xue Bao Yi Xue Ban 44: 978-981.

Ren J, Luo Z, Tian F, Wang Q, Li K, et al. (2012) Hydrogen-rich saline
reduces the oxidative stress and relieves the severity of trauma-induced acute
pancreatitis in rats. J Trauma Acute Care Surg 72: 1555-1561.

WulL, CaiB, Zheng S, Liu X, Cai H, et al. (2013) Effect of emodin on endoplasmic
reticulum stress in rats with severe acute pancreatitis. Inflammation 36: 1020-
1029.

J Mol Biomark Diagn
ISSN:2155-9929 JMBD an open access journal

Volume 6 - Issue 6 » 1000257


http://www.ncbi.nlm.nih.gov/pubmed/20426279
http://www.ncbi.nlm.nih.gov/pubmed/20426279
http://www.ncbi.nlm.nih.gov/pubmed/20426279
http://www.ncbi.nlm.nih.gov/pubmed/7715583
http://www.ncbi.nlm.nih.gov/pubmed/7715583
http://www.ncbi.nlm.nih.gov/pubmed/7715583
http://www.ncbi.nlm.nih.gov/pubmed/15599680
http://www.ncbi.nlm.nih.gov/pubmed/15599680
http://www.ncbi.nlm.nih.gov/pubmed/15599680
http://www.ncbi.nlm.nih.gov/pubmed/23901221
http://www.ncbi.nlm.nih.gov/pubmed/23901221
http://www.ncbi.nlm.nih.gov/pubmed/23901221
http://www.ncbi.nlm.nih.gov/pubmed/20599924
http://www.ncbi.nlm.nih.gov/pubmed/20599924
http://www.ncbi.nlm.nih.gov/pubmed/20599924
http://www.ncbi.nlm.nih.gov/pubmed/25657782
http://www.ncbi.nlm.nih.gov/pubmed/25657782
http://www.ncbi.nlm.nih.gov/pubmed/25657782
http://www.ncbi.nlm.nih.gov/pubmed/23536517
http://www.ncbi.nlm.nih.gov/pubmed/23536517
http://www.ncbi.nlm.nih.gov/pubmed/23536517
http://www.ncbi.nlm.nih.gov/pubmed/23794035
http://www.ncbi.nlm.nih.gov/pubmed/23794035
http://www.ncbi.nlm.nih.gov/pubmed/24234420
http://www.ncbi.nlm.nih.gov/pubmed/24234420
http://www.ncbi.nlm.nih.gov/pubmed/24234420
http://www.ncbi.nlm.nih.gov/pubmed/22076497
http://www.ncbi.nlm.nih.gov/pubmed/22076497
http://www.ncbi.nlm.nih.gov/pubmed/22076497
http://www.ncbi.nlm.nih.gov/pubmed/24718676
http://www.ncbi.nlm.nih.gov/pubmed/24718676
http://www.ncbi.nlm.nih.gov/pubmed/24718676
http://www.ncbi.nlm.nih.gov/pubmed/25410533
http://www.ncbi.nlm.nih.gov/pubmed/25410533
http://www.ncbi.nlm.nih.gov/pubmed/25410533
http://www.ncbi.nlm.nih.gov/pubmed/22047166
http://www.ncbi.nlm.nih.gov/pubmed/22047166
http://www.ncbi.nlm.nih.gov/pubmed/22047166
http://www.ncbi.nlm.nih.gov/pubmed/21463160
http://www.ncbi.nlm.nih.gov/pubmed/21463160
http://www.ncbi.nlm.nih.gov/pubmed/21463160
http://www.ncbi.nlm.nih.gov/pubmed/24490516
http://www.ncbi.nlm.nih.gov/pubmed/24490516
http://www.ncbi.nlm.nih.gov/pubmed/24490516
http://www.ncbi.nlm.nih.gov/pubmed/22695421
http://www.ncbi.nlm.nih.gov/pubmed/22695421
http://www.ncbi.nlm.nih.gov/pubmed/22695421
http://www.ncbi.nlm.nih.gov/pubmed/23605470
http://www.ncbi.nlm.nih.gov/pubmed/23605470
http://www.ncbi.nlm.nih.gov/pubmed/23605470

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Oxidative Stress and Pathophysiology of Acute Pancreatitis 
	Oxygen free radical (OFR)/ Reactive oxygen species (ROS) and oxidative stress 
	Reactive nitrogen species (RNS) and oxidative stress 
	Glutathione and oxidative stress 
	Xanthine Oxidase and oxidative stressors 

	Extracellular Haemoglobin 
	Antioxidant therapy 
	Recent experimental studies and future perspectives on antioxidant therapy 

	Conclusion
	Figure 1
	Table 1
	References  

