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Core Tip: Acute pancreatitis (AP) is a common acute gastrointestinal disorder. Reactive
oxygen species significantly impact the progression and development of AP, and
modulation of the oxidative stress pathway can effectively mitigate this condition. This
systematic review examines the pivotal role of oxidative stress in the pathogenesis and
progression of AP and the therapeutic potential of anti-oxidative stress interventions in
its management.
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INTRODUCTION

Acute pancreatitis (AP) manifests as an acute abdominal condition triggered by abnormal activation of pancreatic
enzymes, which produce digestive effects on the pancreas and nearby organs. It is marked by a local inflammatory
response in the pancreas, potentially leading to organ dysfunction[1]. Abdominal pain is the predominant symptom,
accompanied by low-to-moderate fever, nausea, and vomiting[1]. The incidence of AP is 1.60 deaths (95% confidence
interval [CI]: 0.85-1.58) and 33.74 cases (95%CI: 23.33-48.81) per 100000 person-years according to estimates[1], with an
observed increase over time[2]. The pathogenesis of AP has been extensively studied, identifying excessive alcohol intake
and gallstone-induced ductal obstruction as primary factors, alongside hypertriglyceridemia, medications, and
autoimmune disorders as additional contributors[3]. The clinical presentation of AP often includes interstitial swelling,
vacuole accumulation, and inflammatory cell infiltration[4]. The severity and complications of AP are closely linked to
the extent of infection and pancreatic necrosis[5]. While most cases are mild and resolve within weeks, responding well to
conservative treatment, approximately 20% of patients develop systemic inflammatory responses with pancreatic and
peripancreatic fat necrosis, leading to significant morbidity and mortality[6,7]. Studies have shown that the relative risk of
mortality doubles in cases with concurrent organ failure and necrosis, highlighting the severe risk in critical cases of AP
[8]. Obesity is a prognostic factor for AP severity, with complications being more severe in obese individuals[9,10].

The pathogenesis of AP remains incompletely elucidated. Current research suggests that the initiation of AP is
primarily due to the abnormal activation of trypsinogen[11], occurring within the acinar cell[12]. Various pathological
signals, such as calcium (Ca*) overload[13], impaired autophagy[14,15], endoplasmic reticulum (ER) stress[16], and
oxidative stress[17], contribute to the disease onset and progression. Oxidative stress is critical in the early stages of AP,
as reactive oxygen species (ROS) modify signal transduction pathways susceptible to redox control and directly cause
oxidative damage[18].

The pathogenesis and development of AP are significantly influenced by ROS. An intriguing finding is that neutrophils
derived from patients with AP exhibit increased generation of ROS[19]. ROS appear to be primarily produced by nicoti-
namide adenine dinucleotide phosphate (NADPH) oxidases (NOXs), with nuclear factor kappa B (NF-«B) acting as the
main target in redox signaling in AP[20,21]. The expression of inflammatory factors regulated by NF-xB, as well as NF-«xB
activation, are extremely important in the development and exacerbation of AP. Several studies have confirmed that
modulation of this pathway can reduce inflammation, such as the use of a caffeine-free extract from green tea, which
mitigates inflammation by attenuating NF-xB activation and suppressing pro-inflammatory responses[22]. Additionally,
ascorbic acid and N-acetyl cysteine have shown favorable effects in reducing acute inflammation in mice with AP[23].
This article offers a thorough analysis of the vital function ROS plays in the etiology and development of AP, and the
therapeutic potential of anti-oxidative stress interventions in managing AP.

ROS AND OXIDATIVE STRESS

In biology and medicine, ROS encompass various oxidants generated by molecular oxygen (O*). They belong to a group
of reactive species, classified based on the reactive atom involved, including reactive nitrogen species (RNS), sulfur,
carbon, and others. These species have been shown to cause oxidative changes in biological macromolecules through
redox reactions, playing a crucial role in redox signaling and biological functions[24].

ROS consists of molecules produced through redox reactions or electronic excitation from O*. These molecules exhibit
a wide range of chemical reactivities, with second-order rate constants towards specific targets spanning up to 11 orders
of magnitude[25,26]. The group includes oxygen-containing free radicals such as superoxide anion and hydroxyl radicals.
Given that ‘ROS’ serves as a broad yet chemically vague term in redox biology studies, researchers recommend
identifying the precise species being investigated. When specific details are unavailable, it is advisable to refer to these
compounds as “oxidants”[27]. In this review, we specifically examine hydrogen peroxide (H,0,) and O*, both of which
are well-documented in terms of their functions.

ROS is a byproduct of normal cellular metabolism, playing complex roles in signal transduction pathways and
maintaining tissue homeostasis[24]. Most ROS are produced by the mitochondprial respiratory chain and perform essential
cellular functions, such as regulating redox-sensitive transcription factors and interacting with various molecules[28].

Exposure to various inflammatory stimuli leads to the excessive production of highly reactive compounds such as RNS
and ROS, both within and outside tissues or cells. The inability of tissues or cells to efficiently remove these highly
reactive molecules disrupts oxidative balance, leading to oxidative stress imbalance, resulting in cell death and tissue
damage. At supra-physiological concentrations, ROS exhibit non-specific reactivity towards proteins, lipids, and other
cellular components. Additionally, they generate further reactive species, potentially causing hazardous effects[28].
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MECHANISM OF OXIDATIVE STRESS IN THE DEVELOPMENT OF AP

Oxidative stress occurs when the body’s antioxidant system and the generation of ROS are out of balance, which can
activate multiple signaling pathways. Moreover, ROS act as critical signaling molecules, regulating both inflammatory
cascades and the aggregation of inflammatory cells, such as neutrophils, significantly contributing to pancreatic and
systemic injury, ROS can also cause pathophysiological changes such as mitochondrial dysfunction, ER stress, and Ca*"
influx[29]. In turn, these pathophysiological changes also stimulate ROS production and aggravate cell and tissue
damage, which is shown in Figure 1. Studies have identified malondialdehyde (MDA) as a primary biomarker for
oxidative stress, while superoxide dismutase (SOD) activity and total antioxidant capacity indicate the body’s capability
to neutralize free radicals[30,31]. Other key biomarkers include glutathione peroxidase (GSH-Px) and 4-hydroxynonenal
[30].

During AP, immune cells trigger an acute inflammatory response by secreting various cytokines, which activate
inflammation in multiple disease processes[12,32,33]. Influenced by inflammatory mediators, such as tumor necrosis
factor alpha (TNF-a), interleukin 1 beta (IL-1p), and IL-6, endothelial permeability increases, microcirculation is impaired,
and highly reactive molecules such as ROS are produced. These ROS directly damage biomolecules, including DNA,
proteins, and lipids, and affect transcription and protein expression. They also react with unsaturated fatty acids in cell
membranes, creating harmful byproducts such as MDA, leading to membrane damage and cell death. This cascade
exacerbates disease progression and complications[18,34].

Telek et al[35] demonstrated in situ the formation of oxygen free radicals during rat and human pancreatitis using the
cerium group trapping method[35], and identified that ROS sources vary according to the experimental models of AP. In
mild AP induced by cerulein, radical formation is primarily linked to activated neutrophil infiltration, while in necrotic
AP induced by retrograde taurocholate injection, radical production is associated with the conversion of xanthine
dehydrogenase (XDH) to xanthine oxidase (XO). Due to its significant capacity to generate large amounts of free radicals
upon activation, the role of XDH has been extensively studied in ischemia-reperfusion situations and various diseases. In
AP, this enzyme plays a critical role in both localized and systemic responses. Granell et al[36] suggested that increased o-
amylase activity in AP disrupts the connection between endothelial cell glycoproteins and XDH, leading to significant
enzyme release into the circulation, and proteolytic enzymes in plasma may activate XO[36]. Consequently, XO-induced
pulmonary oxidative damage can be mitigated by administering oxypurinol, a water-soluble derivative of allopurinol
[37]. This intervention reduces leukocyte infiltration and myeloperoxidase (MPO) activity in experimental AP[38].

Being the primary non-protein thiol in the cells of mammals, reduced glutathione (GSH) is essential for antioxidant
function. It remains in balance with oxidized GSH (GSSG), and a reliable measure of oxidative stress is the ratio of GSSG
to GSH, indicating the delicate balance in prooxidant processes and cellular antioxidant activity[39], and the pancreas
showed a substantial reduction in reduced GSH and an increase in tissue and plasma lipid peroxidation during experi-
mental AP, and one feature of AP observed in its early stages is a reduction of GSH in the pancreatic tissue, GSH
monoethyl ester pretreatment has been demonstrated to alleviate the inflammation in AP by raising GSH levels in the
pancreas[17]. However, rats with AP that received L-buthionine-(S,R)-sulfoximine to inhibit GSH synthesis had higher
pancreatic necrosis and worse survival rates. Importantly, the shift from mitogen activated protein (MAP) to stress-
activated protein (SAP) may be facilitated by the depletion of GSH[40].

Oxidative stress is commonly observed in patients with AP, as clinical studies have shown. Antioxidant enzyme levels,
including SOD and GSH-PX, significantly decrease, while levels of MPO, MDA, and protein carbonyl groups - all
markers of oxidative damage - significantly increase[41,42]. Furthermore, a correlation has been observed between MDA
levels and the incidence of AP complications[43] and multiple organ dysfunction[44]. The severity of AP correlates with
changes in superoxide radicals and lipid peroxide levels in the blood, as multiple studies have indicated[45].
Additionally, indicators of oxidative stress are correlated with serum phospholipase A2 and plasma polymorphonuclear
elastin activity, serving as prognostic indicators for AP[17]. Moreover, vitamin A may affect the expression of multiple
molecular pathways linked to cytoprotection and antioxidative defense[46].

During the development of AP, oxidative stress regulates multiple crucial cellular processes and is essential to the
development of pancreatic injury. Increasing levels of ROS induced by the oxidant menadione result in a higher rate of
apoptotic cell death, indicating that ROS formation influences the fate of pancreatic acinar cells[47]. ROS in tissues
primarily originate from NOX[48]. The superoxides generated by NOX within cells, such as H,0,, hold essential roles in
several routes of signaling, including NF-«B activation, and apoptosis signal-regulated kinase 1[49]. Redox processes
involving protein kinases and phosphatases may regulate NF-xB activation, as these enzymes are susceptible to oxidation
[50]. Consequently, IxB phosphorylation caused by ROS will cause it to separate from NF-«xB dimers, which will then
activate NF-xB[51]. Accordingly, pro-oxidants such as H,O, can activate NF-xB in different kinds of cells. On the contrary,
research has revealed that antioxidants can inhibit the activation of NF-xB[52]. The degree to which oxidative stress
activates NF-xB depends on the ROS-producing mechanism[53]. Research has shown significant upregulation of NOX
expression and activity in the pancreatic tissues of mice with experimental AP[54]. Some cell types, such as mouse
alveolar epithelial cells, have no effect on NF-xB in response to H,O,, which has also been observed to reduce NF-xB
nuclear translocation[55]. Oxidation of the IxB kinase (IKK) complex's cysteine residues leads to reduced activation of NF-
kB by H,O, through inhibition of IKK activity[55]. Furthermore, oxidation can directly target NF-«B, particularly p50,
reducing its DNA-binding capacity[50,51]. The new research demonstrates that neutrophil extracellular traps, a unique
neutrophil defense system function, contribute to pancreatic inflammation and distant organ damage during pancreatitis
[56]. In pancreatic acinar cells, ROS-induced apoptosis can be facilitated by NOX, which also alters the production of
inflammatory factors such as IL-6[20]. Research shows that controlling NOX activity through NAD(P)H quinone
dehydrogenase 1’'s enzymatic modification of the cellular NADPH:NADP+ ratio prevents AP[57].
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Figure 1 Effect of reactive oxygen species on acute pancreatitis. ER: Endoplasmic reticulum; ROS: Reactive oxygen species.

ROS plays a far greater part in the inflammatory cascade than was previously thought. Recent research has indicated
that mitochondrial ROS function as signals, through both inflammasome-dependent and inflammasome-independent
pathways, causing the generation of pro-inflammatory cytokines[58,59]. Large cytoplasmic multiprotein complexes called
inflammasomes connect the proteolytic activity of certain cytokines to the detection of microbial compounds that damage
cells, damage-associated molecular patterns secreted by the necrotic cells, or the metabolic stress that nucleotide
oligomerization domain-like receptors cause[60,61]. Inhibition of mitochondrial ROS prevents lipopolysaccharide-
triggered activation of the MAP kinase (MAPK) signaling pathway and subsequent synthesis of TNF-o and IL-6 through
a mechanism that does not involve inflammasomes[62]. Notably, the nucleotide-binding oligomerization domain,
leucine-rich repeat and pyrin domain-containing (NLRP) inflammasome and mitochondrial ROS are necessary to release
mitochondrial DNA (mt-DNA), which enhances inflammation activation[63]. It is interesting to note that blocking
autophagy or mitophagy causes damaged ROS-producing mitochondria to accumulate and discharge mt-DNA into the
cytoplasm, which activates the NLRP3 inflammasome and caspase-1 as a result[59]. Importantly, both the NLRP inflam-
masome and mitochondrial ROS are essential for the release of mt-DNA, which amplifies inflammatory responses[63].
Protein phosphatases have a significant part in redox signaling during the inflammatory reaction because oxidative stress
affects their activity. Since thiols in protein phosphatases can be oxidized reversibly to create intramolecular disulfide
bridges or sulfenyl-amide linkages, which inactivate the enzymes, they are crucial indicators of the redox condition of
cells[64,65]. Thus, oxidative stress promotes MAPK activation by deactivating protein phosphatases. ROS-induced MAPK
activation is primarily mediated by MKP inhibition through various signaling pathways[66]. For example, TNF-o-
induced mitochondrial ROS converts the catalytic cysteine of MAPK phosphatases (MPKs) to sulfenic acid, causing MKP
oxidation and inhibition, which results in prolonged c-Jun N-terminal kinase activation.

According to the theory of Ca* overload, damage to cell membranes caused by AP leads to an influx of extracellular
Ca” into the cells, causing excessive Ca*" accumulation. This excess Ca** further impairs mitochondrial function, inhibits
energy-dependent Ca** pumps, and prematurely activates digestive enzymes, Causing a severe inflammatory response.
However, ROS can intensify Ca** overload through various channels, compromising its barrier function[13]. It has also
been shown that pancreatic acinar cell mitochondria produce ROS when exposed to bile acids, elevating mitochondrial
Ca* in both humans and mice[67].

In addition to ROS's extensive role in the etiology of AP, RNS are essential to its advancement. The destructive impacts
of highly reactive RNS are comparable to those of ROS, as they directly affect biomolecules such as lipids or proteins,
triggering pro-inflammatory signaling cascades that ultimately lead to immune responses[68]. The progression of AP
results in the induction of inducible nitric oxide synthase (iNOS) in tissues, producing a significant amount of highly
RNS, including NO[69]. Under normal conditions, the endogenous production of NO is beneficial; however, uncontrolled
and excessive NO can cause tissue damage[70,71].
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APPLICATION OF ANTI-OXIDATIVE STRESS DRUGS IN THE INTERVENTIONS OF AP

The etiology and progression of AP are profoundly influenced by oxidative stress, and modulating this pathway can
significantly mitigate the progression of this condition. Within the body, there are two types of molecules with
antioxidant properties: One includes antioxidant enzyme molecules, such as SOD, and catalase; the other comprises non-
enzymatic antioxidant molecules including melatonin, vitamins, carotenoids, and a-lipoic acid. Research on AP treatment
with antioxidants has focused primarily on these two antioxidant systems.

Although the specific regulators of this inflammasome machinery remain unidentified, pancreatic cell damage
mediated by the NLRP3 inflammasome is the fundamental pathophysiology of AP. Membrane-associated RING-CH 9 is
part of the family of MARCH-type E3 ubiquitin ligases, which facilitate the polyubiquitination of crucial immunological
components to regulate innate immunity. Studies show that MARCH? attenuates pancreatic cell damage mediated by the
NLRP3 inflammasome by targeting the ubiquitination and degradation of NOX-2, thereby reducing ROS production and
NLRP3 inflammasome activation[72]. Research has also found that high-density lipoprotein (HDL) derived from humans
protects against cell death both in vitro and in vivo. The mimic peptide D4F has been identified as a highly effective
protector against AP. Reduction of gasdermin D (GSDMD) and constitutive caspase-1, or NLRP3 conditional on acinar
cells, could counteract the protective benefits of HDL, indicating that HDL could prevent acinar cell pyroptosis and
benefit AP treatment[73]. Therefore, the GSDMD pyroptosis signaling pathway and the NLRP3 inflammasome are
potential therapeutic targets for directed AP treatment[74] (Table 1).

Rong et al[38] reported that AP was alleviated by XO inhibition through hypoxia inducible factor 1 alpha-regulated
lactate dehydrogenase A and NLRP3 signaling pathways. However, the translation of these findings to clinical practice is
debated. Zheng et al[75] and Romagnuolo et al[76] stated that the use of allopurinol for prophylactic purposes in
preventing and treating pancreatitis after endoscopic retrograde cholangiopancreatography (ERCP) did not result in a
reduction in the incidence of pancreatitis or hyperamylasemia. However, other studies suggest that allopurinol may
effectively lower the risk of postoperative pancreatitis and shorten hospital stays[77], highlighting the need for further
well-designed, large-scale clinical studies.

Li et al[78] found that deoxyarbutin, a tyrosinase inhibitor, significantly reduces acinar necrosis and ROS production,
thereby preserving normal mitochondrial function and lessening pancreatic damage in AP mice. Cuzzocrea et al[79]
observed that mice deficient in iNOS showed less severe pancreatic inflammation induced by cerulein compared to wild-
type mice, suggesting a possible function of iNOS inhibitors as therapeutic agents for AP. Additionally, Chvanov et al[69]
demonstrated significant improvement in experimental acute pancreatic inflammation following the administration of
highly selective inducible iNOS inhibitors, which effectively inhibited iNOS activity. Sulfiredoxin-1 (Srxnl) is an
endogenous small molecule protein selected evolutionarily for its antioxidant and anti-apoptotic functions. He et al[80]
showed that Srxn1 alleviates inflammation in AP mice through regulation of the ROS/ER stress/cathepsin B axis,
underscoring its potential as a protective target for AP. Zhao ef al[81] found that melatonin mitigates AP by effectively
blocking cell death in pancreatic tissues. Importantly, melatonin also reduces damage to distant organs, such as the lungs
and liver.

The therapeutic role of vitamins has drawn more attention in recent years (Table 2). The study conducted by Yuan et al
[62] demonstrated that vitamin B12 has a beneficial effect on AP by activating cystathionine-p synthase, a crucial
coenzyme involved in GSH synthesis. This mechanism significantly reduces oxidative stress and improves mitochondrial
dysfunction. Gui et al[83] determined that in rats with SAP, high-dose vitamin C reduces pancreatic necrosis by inhibiting
platelet activation through the C-X-C motif chemokine 12/C-X-C chemokine receptor type 4 pathway. A clinical study by
Sadeghi et al[84] indicated that rectal indomethacin and vitamin C injection together decreased the occurrence of pancre-
atitis caused by ERCP.

Various components derived from traditional Chinese medicine have shown significant antioxidant effects. Triptolide
reduces AP by suppressing the NF-xB-mediated signal pathway and activating the nuclear factor erythroid 2-related
factor-mediated expression of antioxidant genes[85]. The natural product Danshensu also reduces AP through a
comparable mechanism[86]. Resveratrol, as a natural antioxidant, eases AP by activating the sirtuin 1-forkhead box
protein O1 axis to reduce disturbances in microcirculation[87]. The therapeutic mechanism of Chaiqin Chengqi Decoction
(CQCAQD) in mice with alcohol-induced obesity-related AP was identified by Yang et al[88] through transcriptomic
analysis. Specifically, CQCQD helps reduce pancreatic necrosis and ease systemic inflammation in visceral adipose tissue
and pancreatic tissue by downregulating the phosphoinositide 3-kinase/ Akt signaling pathway. Emodin, a key bioactive
compound derived from rhubarb, lessens the severity of AP due to its potent antioxidative and anti-inflammatory
properties[89]. Quercetin 3-O-xyloside, noted for its strong anti-pancreatitis activity, can work as a therapeutic agent to
treat AP or as a beneficial functional ingredient in health-promoting foods. It achieves this by enhancing apoptotic cell
death and reducing the production of intracellular ROS and the ER stress response[90].

Additionally, the rapid development of nanomaterials provides innovative strategies for antioxidant therapy in AP.
Prussian blue nanomaterials are known for their activity as oxygen scavengers. Xie et al[91] demonstrated that Prussian
blue-mediated nanomaterials can effectively improve AP in mice by inhibiting the Toll-like receptor/NF-kB signaling
pathway. Furthermore, these nanomaterials exhibit stable and safe biological properties. Zhou et al[92] developed a
nanomaterial encapsulated by neutrophil cell membrane and coated with triptolide, utilizing the inherent targeting
capability of neutrophils to penetrate the blood-pancreatic barrier in pancreatic inflammation. This design ensures
specific delivery to pancreatic tissue, enhancing the anti-inflammatory and antioxidative effects of the material and
effectively mitigating disease progression.
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Table 1 Studies about the treatment of inhibitors or vitamins on acute pancreatitis

Ref. Treatment Journal Year Model
Gao et al[74] NLRP3 and caspase-1 British Journal of Pharmacology 2021 Caerulein-induced AP in mice
inhibitors Vol
Rong et al[38] Xanthine oxidase Acta Pharmaceutica Sinica. B 2024 L-arginine-induced AP, caerulein-induced AP, and
retrograde injection of 3.5% NaT induced AP in mice
Zheng et al[75] Allopurinol Pancreas 2008 Post-ERCP pancreatitis in patients
Romagnuolo et al[76] ~ Allopurinol Clinical Gastroenterology and 2008 Post-ERCP pancreatitis in patients
Hepatology
Katsinelos et al[77] Allopurinol Gastrointestinal Endoscopy 2005 Post-ERCP pancreatitis in patients
Li et al[78] Deoxyarbutin Free Radical Research 2022 Retrograde injection of 3.5% NaT induced AP in mice
Cuzzocrea et al[79] iNOS inhibitors Shock 2002 Caerulein-induced AP in mice
He et al[80] Sulfiredoxin-1 Cell Death & Disease 2021 Caerulein-induced AP in mice
Zhao et al[81] Melatonin European Journal of Pharma- 2024 Caerulein plus LPS induced AP in mice
cology
Yuan et al[82] Vitamin B,, Oxidative Medicine and Cellular ~ 2021 Retrograde injection of 3.5% NaT induced AP in mice
Longevity
Gui et al[83] Vitamin C Journal of Inflammation Research 2023 Retrograde injection of 3.5% NaT induced AP in mice
Sadeghi et al[84] Vitamin C Clinical Endoscopy 2023 Post-ERCP pancreatitis in patients

AP: Acute pancreatitis; ERCP: Endoscopic retrograde cholangiopancreatography; iNOS: Inducible nitric oxide synthase; LPS: Lipopolysaccharide; NaT:
Sodium taurocholate; NLRP3: Nucleotide-binding oligomerization domain, leucine-rich repeat and pyrin domain-containing 3.

Table 2 Studies about treatment with traditional Chinese medicine or nanomaterials for acute pancreatitis

Ref. Treatment Journal Year Animal model

Yang et al[85]  Triptolide International Journal of Molecular Sciences ~ 2022  Caerulein-induced AP in mice

Renetal[86]  Danshensu Frontiers In Immunology 2018 Caerulein-induced AP in mice

Rong et al[87] Resveratrol Oxidative Medicine and Cellular Longevity =~ 2021  Retrograde injection of 3.5% NaT induced AP in rats
Yang et al[88]  Chaiqin Chenggqi Decoction  Frontiers In Pharmacology 2022  Obesity-related AP in mice

Xia et al[89] Emodin Inflammation 2019 Retrograde injection of 3.5% NaT induced AP in rats
Seo et al[90] Quercetin 3-O-xyloside Phytomedicine 2019 Lipopolysaccharide and cerulein-induced cellular AP
Xie et al[91] Prussian blue nanozyme Theranostics 2021 Caerulein-induced AP in mice

Zhou et al[92]  Celastrol Molecular Pharmaceutics 2019  Retrograde injection of 3.5% NaT induced AP in rats

AP: Acute pancreatitis; NaT: Sodium taurocholate.

CONCLUSION

ROS are byproducts of normal cellular metabolism, playing complex roles in signal transduction pathways and are
essential for maintaining tissue homeostasis. When AP occurs, it induces oxidative stress. This imbalance can trigger the
activation of signaling pathways responsible for inflammatory responses in the body, leading to various inflammatory
cascades, resulting in inflammatory progression and organ tissue damage. During the development of AP, oxidative
stress regulates several critical cellular processes and influences the development of pancreatic injury. Modulating the
oxidative stress pathway can effectively mitigate the progression of this condition. The body contains two categories of
molecules that exert antioxidant effects: Antioxidant enzyme molecules and non-enzymatic antioxidant molecules.
Antioxidant therapy is an effective treatment strategy for AP, research on AP treatment with antioxidants primarily
focuses on these two types of antioxidant systems, which have recently been the subject of significant basic research.
However, current research primarily utilizes animal models of AP, which are far removed from clinical application.
Indeed, current treatments for AP still lack key therapeutic drugs, and oxidative stress plays a critical role in the disease's
development; thus, the potential for drug intervention treatment is considerable. Meanwhile, it has been observed that
current studies do not sufficiently report possible adverse events caused by antioxidant drugs used in the treatment of
pancreatitis, which should not be overlooked as antioxidants may disrupt the normal ROS signaling pathway. Clearly,
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further research is required to develop redox-based medicines, which will need to carefully identify and quantify the
species involved in signaling, as well as determine the locations and rates at which they are produced within cells. There
is still much to learn about the relationship between the redox state and antioxidants and gene expression. This
necessitates more precise oxidant definitions and the development of improved analytical instruments, such as real-time
imaging techniques that can identify the production of oxidants locally and the signal transduction they induce.
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