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Abstract
Acute pancreatitis (AP) and chronic pancreatitis (CP) are debilitating diseases of gastrointestinal tract and constitute great 
threat for human health in high-income countries. Recent studies emphasize the impact of oxidative stress on development of 
these pathologies, and numerous authors evaluate the effect of the antioxidant therapy on the course of AP and CP. Though 
several antioxidative agents were discovered in the past decades, vitamins remain canonical antioxidants. Despite the fact 
that vitamin A is known for its antioxidative effect, there is little data about the impact of vitamin A on oxidative stress in the 
pathogenesis of AP and CP. The scope of the review is to evaluate molecular targets for vitamin A, which may be involved 
in oxidative stress occurring in the course of AP and CP. Our research of available literature revealed that several mecha-
nisms are responsible for attenuation of oxidative stress in AP and CP, including Nrf2, MAPK, AMPK, TLR3, and TLR4. 
Furthermore, these factors are at least partially expressed in vitamin A-dependent manner, though further investigations are 
required for elucidating in detail the role of vitamin A in defense against reactive oxygen species. Our review revealed that 
vitamin A might influence the expression of several molecular pathways involved in antioxidative defense and cytoprotec-
tion; thus, its administration during AP and CP may change the course of the disease.
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Abbreviations
AMPK  5'AMP-activated protein kinase
AP  Acute pancreatitis
ARE  Antioxidant response element
ATRA   All-trans retinoic acid
BRB  Berberine
CP  Chronic pancreatitis
DAMPs  Damage-associated molecular
HO-1  Heme oxygenase 1
IFN  Interferon
IL  Interleukin
Keap1/Nrf2  Kelch-like ECH-associated protein 1/

nuclear factor (erythroid-derived 2)-like 2
LPS  Lipopolysaccharide
MAPK  Mitogen-activated protein kinase
NFκB  Nuclear factor kappa-b
NLRP3  NOD-like receptor family pyrin domain 

containing 3

NQO1  NAD(P)H quinone dehydrogenase 1
OS  Oxidative stress
PDAC  Pancreatic ductal adenocarcinoma
polyI:C  Polyinosinic:polycytidylic acid
RA  Retinoic acid
RAR   Retinoic acid receptor
RIP3  Receptor interacting protein 3
ROS  Reactive oxygen species
SOD  Superoxide dismutase
TAK-242  Transforming growth factor β-activated 

kinases
VA  Vitamin A

Introduction

Inflammatory pathologies of the pancreas, including acute 
pancreatitis (AP) and chronic pancreatitis (CP), are the 
most common diseases affecting this organ and remain a 
major issue for healthcare system in high-income countries 
(Boxhoorn et al. 2020) AP is characterized by local and sys-
temic inflammation that resolves within 1 week in major-
ity of cases. Nevertheless, 20% of patients exhibit a more 
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severe course of the disease or local and/or systemic com-
plications, which may lead to distant organ failure or even 
death (20–40%) (Boxhoorn et al. 2020). On the contrary, 
in CP, persistent fibroinflammatory process occurs, result-
ing in irreversible damage of pancreatic parenchyma. Due 
to destruction of secretory structures, CP patients develop 
exocrine and endocrine pancreatic insufficiency, which 
exhibit as diabetes and/or malabsorption (Beyer et al. 2020) 
Despite the growth of medical knowledge and development 
of new therapeutical strategies, treatment of AP and CP 
remains poorly effective and mainly focuses on alleviating 
symptoms. As regards AP, fluid resuscitation and antibiotic 
therapy are commonly used, though in more severe course 
of disease, surgical intervention may be required. In terms of 
CP, treatment mainly involves administration of pancreatic 
enzymes (lipase, amylase, proteases) and/or insulin. Anal-
gesics (metamizole, buprenorphine, tramadol) are essential 
part of management of both pathologies (Boxhoorn et al. 
2020; Beyer et al. 2020).

Several mechanisms are involved in pancreatic damage, 
whether it occurs during acute or chronic process.

An early event in pathogenesis of AP is activation of 
NOD-like receptor family pyrin domain containing 3 
(NLRP3), nuclear factor kappa-b (NFκB), and receptor 
interacting protein (Mayerle et al. 2019) (RIP3) receptors, 
which triggers cellular death, along with massive release of 
damage-associated molecular patterns (DAMPs) and inflam-
matory cytokines (such as interleukin-1β (IL-1β) and IL-6). 
Subsequently, macrophages and neutrophils infiltrate pan-
creatic tissue and secrete various enzymes (such as metallo-
proteinases, collagenases), leading to further destruction of 
acinar cells (Mayerle et al. 2019). Special attention is given 
to excessive accumulation of reactive oxygen species (ROS) 
in course of the pancreatitis. In physiological state, ROS are 
effectively scavenged by various endogenous factors (glu-
tathione peroxidase (GPx), superoxide dismutase (SOD), 
or catalase (CAT)), though when inflammatory response is 
triggered, these mechanisms are insufficient, which results in 
oxidative damage of pancreatic tissue. Recently, numerous 
studies examined the impact of plant-derived compounds 
(Pohl and Lin 2018; Yarley et al. 2021; Anchi et al. 2017) on 
the course of oxidative damage; however, vitamins remain 
canonical exogenous antioxidants for mammals.

Though vitamin A (VA, retinol) was first described as 
an essential factor in the vision process, presently, its func-
tion extends beyond maintaining ocular homeostasis. It is 
estimated that VA regulates the expression of nearly 500 
genes and exhibits anti-inflammatory, anticarcinogenic, and 
antiproliferative properties (Haymon 1957).

Retinoic acid is an active form of VA, which exerts 
its biological function by stimulation of transcriptional 
factors, so called retinoic acid receptors (RARs). As 
shown in Fig. 1, RA (as a fat-soluble compound) is 

transported directly through the cell membrane and in 
cytosol binds to cellular retinoic acid binding protein 
(CRABPII), which subsequently transfers RA to the 
nucleus. Within the nucleus, RA interacts with RAR 
to form a RA-RAR complex, which further binds to 
the retinoic X receptor (RXR), creating RAR-RXR het-
erodimers. These heterodimers directly interact with 
DNA and are responsible for the regulatory effects of 
RA (al Tanoury, Z., Piskunov, A. Rochette-Egly, C. 
2013).

Despite the antioxidative properties of VA being widely 
described in literature (Haymon 1957; al Tanoury, Z., Pisku-
nov, A. Rochette-Egly, C. 2013; Kim et al. 2021), there is 
little data on the influence of VA on oxidative stress (OS) 
occurring in the course of pancreatitis. Therefore, we con-
ducted a systematic review, aimed to investigate molecular 
targets of VA, which may be involved in attenuating OS in 
AP and/or CP.

Aim of the study

Due to limited amount of data about the impact of VA on 
OS in AP and/or CP, the aim of our study was to evaluate 
potential link between antioxidative properties of VA and 
OS in the pathogenesis of AP and/or CP.

Methodology

We performed research of current literature published 
on PubMed, Scopus, and Google Scholar between Janu-
ary 2017 and April 2022. Our research was divided into 
two steps. Firstly, the databases mentioned above were 
searched with the following terms: vitamin A, acute 
pancreatitis, chronic pancreatitis, and oxidative stress 
to evaluate factors, whose expression is controlled in 
a VA-dependent manner and which are simultaneously 
involved in maintenance of redox homeostasis in AP and 
CP. Title and abstracts of collected papers were screened 
by JB under the supervision of AT. Once the putative 
factors were assessed, we extended our research by the 
name of the factor involved in neutralizing ROS, e.g., for 
the Nrf-2/KEAP1 pathway, the research included vita-
min A, chronic pancreatitis, acute pancreatitis, and Nrf-2/
KEAP1. In this step, we did not use time criteria. After-
wards, collected data were evaluated if they met inclusion 
criteria of our study.

In our research, we involved original papers, which 
were performed on cell culture of pancreatic acinar cells, 
animal models of AP or CP, and human pancreatic tis-
sue. Several forms of VA were used in the analyzed stud-
ies, though we decided to include research evaluating 
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properties of all-trans retinoic acid (ATRA), retinyl palmi-
tate, and β-carotene due to their homogeneity of actions. 
However, studies investigating properties of crocetin, 
which is reported to have similar properties to VA, were 
excluded due to the not fully described mechanism of 
action of this compound.

Results

Keap1/Nrf2/ARE pathway

Kelch-like ECH-associating protein 1/nuclear factor 
erythroid 2-related factor 2-antioxidant response element 

Fig. 1  Retinoic acid signaling: 
a Transport of retinoic acid 
across membrane and cyto-
plasm. b Retinoic acid signaling 
in nucleus. RA retinoic acid, 
CRABPII cellular retinoic acid 
binding protein, RAR retinoic 
acid receptor, RXR retinoic X 
receptor

a

b
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(Keap1/Nrf2) signaling is a crucial element of antioxida-
tive defense of cell, and alterations in this pathway are 
involved in the pathogenesis of pancreatitis. Nrf2 is a tran-
scriptional factor, which regulates the expression of 250 
genes involved in the cytoprotection and metabolism of 
xenobiotics. In the physiological state, Nrf2 is constantly 
degraded in Keap1-dependent manner. However, due to 
sensitivity of Keap1 to ROS, this process is altered dur-
ing OS, resulting in stabilization of Nrf2 and its nuclear 
translocation. In the nucleus, Nrf2 binds to antioxidant-
response element (ARE), leading to enhanced expression 
of endogenous antioxidants, such as heme-oxygenase 1 
(HO-1) and NAD(P)H quinone dehydrogenase 1 (NQO1) 
(Cuadrado et al. 2019).

Numerous studies 11–14 revealed that Nrf2 expression 
is significantly downregulated during AP, whereas Fu 
et al. 15 reported that overexpression of Nrf2 enhanced 
the levels of SOD, HO-1, and NQO1 and mitigated AP 
in vivo and in vitro. Furthermore, our research of litera-
ture revealed that Nrf2 signaling was restored by several 
exogenous antioxidants, such as high-dose vitamin C, 
pomegranate extract, Tanshinone IIA (the main active 
component of red sage), and lycopene. However, this 
effect was abolished when inhibitors of Nrf2 were used 
(Xu et al. 2020; Gupta et al. 2019; Chen 2020; Lee et al. 
2022). Nrf2 pathway may be influenced by several other 
factors, including melatonin, hepatocyte growth factor, 
vinpocetine, borneol, visnagin, chitosan oligosaccharides, 
or flavonoids derived from Coreopsis tinctoria nuts (Jung 
et al. 2010; Palestino-Dominguez et al. 2018; Abdelzaher 
et al. 2021; Bansod et al. 2021; Pasari 2019; Mei, et al. 
2021; Du, et al. 2018). Unfortunately, these studies did 
not evaluate whether the alleviation of symptoms occurs 
once Nrf2 expression is blocked; thus, we suggest inter-
preting these results with caution. An interesting strategy 
was developed by Yao et al. (Yao et al. 2020). The authors 
developed nanoparticles containing complexes of silk 
fibroin and antioxidant bilirubin. These compounds were 
not active during physiological state, though when exces-
sive activation of trypsin occurred, bilirubin was released 
from nanoparticles and attenuated OS in pancreas. The 
authors suggest that the antioxidative effect of bilirubin 
was exerted by direct neutralization of ROS along with 
enhancement of Nrf2 signaling.

The role of Nrf2 in pathogenesis of CP remains obscure. 
Choudhury et al. (Choudhury et al. 2015) reported that mice 
with lipopolysaccharide (LPS)-induced CP model had a sig-
nificantly decreased activity of Nrf2 signaling. In compli-
ance with this study, Yang et al. (Yang 2012) as well as 
Liang et al. (Liang 2021) reported a decrease in cellular 
level of Nrf2 in the mouse CP model, though L-cysteine 
and Dahuang Danshen Decoction (DDD) restored the Nrf2 
expression.

Moreover, Nrf2 is a key factor in the pathogenesis of 
pancreatic ductal adenocarcinoma (PDAC), and it plays 
dual role in cancer development. In an early stage of car-
cinogenesis, diminished expression of Nrf2 increases 
ROS-driven DNA alteration, thus facilitating cancer devel-
opment. However, during progression of PDAC, the high 
expression of Nrf2 is associated with increased cancer cell 
survival, resulting in enhanced cancer growth (Cykowiak 
and Krajka-Kuźniak 2022). Given that CP predisposes to 
PDAC (Hao et al. 2017), downregulation of Nrf2 expres-
sion in CP may be an essential step during progression 
from chronic inflammation to neoplasm.

Furthermore, Masuda et  al. (Masuda et  al. 2015) 
reported that induction of Nrf2 in beta cells resulted in 
increased survival due to enhanced expression of anti-
oxidants, along with reduced secretion of inflamma-
tory cytokines. In compliance with that, the study per-
formed by Schultheis et al. (Schultheis 2019) revealed 
that activation of Nrf2 signaling restored physiological 
response of beta cells to glucose. These data indicate 
that activation of Nrf2 may be beneficial in patients 
with CP due to its positive effects on pancreatic islet 
cells homeostasis.

As regards the impact of VA on Nrf2 signaling, current 
literature remains inconclusive. Several studies reported 
that administration of VA led to restoration of Nrf2, along 
with mitigation of OS; however, the authors did not evalu-
ate whether the antioxidative effect of VA was exerted 
exclusively through Nrf2 signaling (Wang et al. 2014; 
Cheng et al. 2019; Wu 2022; Latief et al. 2019). On the 
contrary, Yin et al. (Yin et al. 2015) reported that ATRA 
reduced the expression of Nrf2 and HO-1 in glial cells, 
resulting in enhanced inflammation and OS of brain tis-
sue after intracerebral hemorrhage. Moreover, Jayakumar 
et al. (Jayakumar et al. 2015) used ATRA as inhibitor of 
Nrf2 signaling to examine the role of Keap1/Nrf2 pathway 
in DNA repair. Sapiro et al. (Sapiro et al. 2017) reported 
that ATRA slightly increased intracellular levels of Nrf2, 
though the cytoprotective effect of ATRA putatively arose 
independently to Nrf2 signaling.

A study performed by Xiu et  al. (Xiu et  al. 2007) 
seems to partially explain these discrepancies. The 
authors reported that the administration of ATRA did 
not influence the expression of Nrf2 and its nuclear 
translocation of Nrf2, though it activated retinoic acid 
receptor α (RARα), which subsequently altered down-
stream induction of antioxidant synthesis by Nrf2 path-
way. Similar effect was observed regarding RAR-gamma; 
however, it was much less exacerbated. Unfortunately, 
the authors did not examine the impact of activation of 
other retinoic receptors such as RARβ, and it requires 
further investigation to entirely describe the impact of 
VA on the Keap1/Nrf2 pathway.
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MAPK pathway

The mitogen-activated protein kinase (MAPK) family is a 
large group of proteins, which are involved in intracellu-
lar signal transduction and control basic cellular functions 
such as differentiation, response to stress, and apoptosis 
(Plotnikov et al. 2011). Several authors reported that P38-
MAPK signaling is enhanced during development of AP, 
and the inhibition of this pathway is associated with alle-
viation of its symptoms (Ma et al. 2018; Hu et al. 2019; 
Morsy and Ahmed 2020). Furthermore, An et al. (Cykowiak 
and Krajka-Kuźniak 2022) reported that OS may increase 
P38-MAPK signaling, whereas a study performed by Hu 
et al. 41 revealed that enhancement of the activity of this 
pathway is associated with decreased levels of endogenous 
antioxidants (SOD, GSH). These data indicate that OS may 
enhance P38-MAPK signaling pathway, which subsequently 
results in diminishing the antioxidative defense, leading to 
development of positive feedback loop. Moreover, a study 
performed by An et al. (An et al. 2020) revealed that OS 
induces P38-MAPK signaling and subsequently increases 
fibromodulin expression in the rat model of CP. Afterwards, 
it enhanced extracellular matrix (ECM) synthesis and activa-
tion of pancreatic stellate cells occurs, resulting in excessive 
fibrosis of the pancreatic tissue.

The impact of VA supplementation on P38-MAPK path-
way is unclear. Few studies indicate that ATRA decreases 
P38-MAPK signaling (Pu 2022; Liu et al. 2018; Li et al. 
2018), though Pu et al. (Pu 2022) reported that a greater 
effect on P38-MAPK activity was observed when L-cysteine 
(a strong antioxidant) was administered. This indicates that 
ATRA may not directly interact with P38-MAPK, and the 
decrease in its activity is a result of alleviation of OS. On the 
contrary, Namachivayam et al. (Namachivayam et al. 2015) 
reported that ATRA increases the activity of P38-MAPK. In 
conclusion, given that attenuation of OS alone may decrease 
the P38-MAPK activity, it is crucial to establish whether 
VA mitigates the activity of this pathway by modulating OS 
alone or if there is any mechanism explaining the impact of 
VA on P38-MAPK signaling.

TLR4

Toll-like receptor (Pohl and Lin 2018) (TLR4) signaling 
plays a crucial role in the development of both AP and CP. 
As a result of cell necrosis, several DAMPs are released, 
which consequently trigger the activation of TLR4 signaling, 
leading to exacerbation of inflammation and OS. In terms of 
CP, administration of transforming growth factor β-activated 
kinases (TAK-242), a TLR4 inhibitor, resulted in reduced 
synthesis of extracellular matrix and organ fibrosis (Pan 
et al. 2017).

In OS, an enhanced expression of TLR4 signaling 
induced oxidative damage in the pancreatic tissue. Pan et al. 
(Pan et al. 2016) reported that excessive accumulation of 
ROS occurred in acinar cells overexpressing TLR4. Further-
more, administration of TAK-242 resulted in the mitigation 
of OS induced by taurocholate. A decrease in lipid peroxi-
dation and the restoring of mitochondrial homeostasis were 
observed as well. A study conducted by Hong et al. (Hong 
2020) revealed that high-lipid diet induces expression of 
TLR4 and OS, though these effects were diminished by the 
administration of TAK-242. Moreover, Xie et al. (Xie et al. 
2021) reported that Prussian blue nanozymes (PBzyme) sig-
nificantly scavenged ROS and alleviated OS in the course of 
AP. Furthermore, in the same study, potential molecular tar-
gets of PBzyme were investigated, and the authors revealed 
that besides direct neutralization of ROS, PBzyme exerted 
antioxidative and anti-inflammatory effect via inhibition of 
TLR4/NFκB pathway.

Analysis of current literature revealed that VA may 
inhibit TLR4 signaling. Li et al. (Li et al. 2017) reported 
that administration of ATRA resulted in diminished TLR4 
expression, along with enhanced macrophage phagocyto-
sis in acute lung injury. Moreover, administration of ATRA 
mitigated diabetic nephropathy in a TLR4-dependent man-
ner (Sierra-Mondragon et al. 2018). In compliance to these 
results, Young et al. (Kim et al. 2013) reported that retinol 
inhibited the synthesis of downstream targets of TLR4. As 
regards intestinal inflammation and epithelial integrity, cur-
rent data is inconclusive. Cheng et al. (Cheng et al. 2021) 
reported that administration of β-carotene alleviated LPS-
induced inflammation and disturbance in epithelial integ-
rity in a TLR4-dependent manner, whereas ATRA did not 
exert similar effect. On the contrary, a study performed by 
Li et al. (Li et al. 2017) reported that treatment with ATRA 
resulted in an enhanced TLR4 expression in RAR-β depend-
ent manner, which was linked with improvement of intestinal 
integrity. Thus, further studies should focus on the impact of 
activation of different RARs on TLR4 signaling, along with 
influence of various VA derivatives on this pathway.

TLR3

In contrast to TLR4, the activation of TLR3 seems to alle-
viate symptoms of AP. Huang et al. (Huang et al. 2019) 
reported that administration of polyinosinic/polycytidylic 
acid (polyI:C), a selective TLR3 activator, resulted in 
enhanced interferon-β (IFN-β) secretion, along with dimin-
ished adhesion and invasion of neutrophils. Furthermore, 
activation of TLR3 mitigated oxidative damage in the pan-
creatic tissue.

A study performed by Bernardo et al. (Bernardo et al. 
2013) revealed that the co-administration of retinoic acid 
(RA) and T polyI:C resulted in synergic upregulation 
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of IFN-dependent apoptosis in breast cancer cells. The 
observed effect was significantly diminished when only 
RA or polyI:C was administered. Similarly, Szabo et al. 
(Szabo et al. 2012) reported that ATRA and polyI:C acted 
synergically to enhance chemokine and IFN-β secretion in 
melanoma cell culture (WM35, WM983A). However, stud-
ies conducted by Kim et al. (Kim et al. 2013) and Pu et al. 
(Pu 2022) indicated that the administration of ATRA or RA 
downregulated TLR3 synthesis; thus, the exact impact of VA 
on TLR3 signaling remains unclear.

AMPK

Though 5′AMP-activated protein kinase (AMPK) signal-
ing pathway is essential in maintaining redox homeosta-
sis, its role in defense against ROS in pancreatitis remains 
obscure (Ren and Shen 2019). Srinivasan et al. (Srinivasan 
et al. 2021) reported that AMP activity was diminished by 
administration of ethanol to pancreatic acinar cells, resulting 
in enhanced OS and production of inflammatory cytokines. 
Another study performed by the same authors revealed that 
treatment with AICAR, an AMPK-activator, diminished 
ROS accumulation in pancreatic acinar cells (Srinivasan 
2021). In compliance with these results, a study conducted 
by Bansod et al. (Bansod et al. 2020) indicated that ber-
berine (BRB), a natural alkaloid, exerted anti-inflammatory 
and antioxidative effect in CP through an AMPK-dependent 
manner. Moreover, Tarasiuk et al. (Tarasiuk et al. 2019) 
reported that administration of BRB alleviated inflamma-
tion in the pancreas and the lungs in the course of AP. These 
data indicate that BRB may be potential therapeutic agent 
in treatment of AP and should be further evaluated in CP.

Current literature indicates that VA may induce AMPK 
signaling. Kim et al. (Kim et al. 2015), along with Ishijima 
et al. (Ishijima et al. 2015), reported that administration of 
RA resulted in enhanced AMPK activity. Furthermore, a 
study performed by Yun et al. (Yun et al. 2008) revealed that 
RA stimulated glucose uptake in an AMPK-dependent way.

Conclusions

Despite the great impact of OS in pathogenesis of AP and 
CP, mechanisms leading to alleviation of OS in pancreas 
remain poorly described in the current literature. The authors 
mainly focus on Nrf2 signaling, as a canonical antioxida-
tive agent, and discuss in what manner it is influenced by 
various exogenous antioxidants. Unfortunately, only a few 
studies examined whether the observed antioxidative effects 
and mitigation of symptoms of AP and CP result from an 
exclusive stimulation of Nrf2 pathway (Xu et al. 2020; Gupta 
et al. 2019; Chen 2020; Lee et al. 2022). Furthermore, the 
impact of other signaling pathways on oxidative damage of 

pancreas is much less evaluated compared to Nrf2 signaling. 
Though experimental studies suggest that alleviation of OS 
may improve symptoms of AP and CP, results of clinical tri-
als do not support this hypothesis. It was reported that admin-
istration of antioxidants is associated with improved quality 
of life and diminished use of analgesics in CP patients, yet no 
impact on exo- and endocrine functions was reported (Gao, 
et al. 2021). Akin to CP, antioxidant therapy (e.g., with VA) 
in patients with severe AP did not influence the course of 
disease in terms of mortality, severity of disease, and organ 
dysfunction. However, it should be emphasized that VA is 
not a typical antioxidant and besides direct neutralization 
of ROS, it regulates transcription of numerous genes and 
influences several molecular pathways. Noteworthy, it was 
reported that RA signaling increases during inflammation of 
pancreas and is associated with tissue repair. Given that VA 
exerts pleiotropic function in the organism, including antioxi-
dant and anti-inflammatory effects, it is possible that patients 
suffering from AP or CP will benefit from VA-based therapy.

Our review revealed that TLR signaling may be crucial in 
the antioxidative defense, as well as AMP and MAPK path-
ways; thus, these factors might become potential therapeutic 
targets in treatment of AP and/or CP. Moreover, the authors 
mentioned that several different factors, such as NLRP3, 
PI3K/AKT/mTOR, or NFκB, are involved in the pathogenesis 
of AP and/or CP, though a detailed correlation between them 
and OS was not evaluated (Xue, et al. 2019; Kong et al. 2021; 
Tarasiuk et al. 2021). Moreover, given that the factors men-
tioned above are involved in regulating cellular death, further 
studies examining the impact of OS on their expression and 
its influence on cellular death would by highly interesting.

Several authors reported conflicting results about the 
impact of VA on OS; thus, it is difficult to predict its influ-
ence on the pathogenesis of AP and/or CP (Table 1).

Our review revealed that VA may influence molecular 
pathways involved in the maintenance of redox homeostasis 
in the pancreas, though there is not enough data to establish 
whether the administration of VA may lead to mitigation 
of symptoms of AP and/or CP. However, little is known 
about the exact mechanisms of action of VA, and only few 
are emphasized. VA exerts its antioxidative and protective 
effects through activation of specific RAR such as RARα, 
RARβ, and RXR. It can be hypothesized that VA may exert 
different effects depending on the type of RAR, which is 
dominantly expressed in the particular tissue.

In summary, our review indicates that VA may influence 
OS in the course of inflammatory states of pancreas, though it 
is difficult to predict particular outcome of VA administration. 
Given that current literature describes VA as an antiprolifera-
tive, anti-inflammatory, and antioxidative agent, it seems that 
VA should alleviate symptoms of AP and CP; however, some 
conflicting results were reported. To fully elucidate the impact 
of VA on OS in AP and CP, further studies with well-designed 
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methodology are required. It is important to evaluate specific 
receptors for RA and its derivatives which are involved in VA 
downstream effects. Furthermore, given that OS itself influ-
ences various pathways, it is crucial to determine whether the 
impact of VA on a given pathway results from its direct inter-
action or attenuation of OS in different mechanism. Therefore, 
a holistic approach is required to fully elucidate molecular 
downstream effects of VA and to avoid potential bias.

Author contribution JB and AT provided the overall concept and 
framework of the review; JB researched and identified appropriate 
articles and wrote the manuscript; JB, AT, and JF revised the review. 
All the authors read and approved the final manuscript.

Funding Supported by the grant from Medical University of Lodz 
(#503/1–156-04/503–11-001–19-00 to JF).

Data availability Not applicable.

Declarations 

Ethical approval Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Abdelzaher WY et  al (2021) Vinpocetine ameliorates L-arginine 
induced acute pancreatitis via Sirt1/Nrf2/TNF pathway and inhi-
bition of oxidative stress, inflammation, and apoptosis. Biomed 
Pharmacother 133:110976

al Tanoury, Z Piskunov, A. & Rochette-Egly, C (2013) Vitamin a and 
retinoid signaling: genomic and nongenomic effects. Journal of 
Lipid Research vol. 54 1761–1775 Preprint at https:// doi. org/ 10. 
1194/ jlr. R0308 33

An W et al (2020) Fibromodulin is upregulated by oxidative stress 
through the MAPK/AP-1 pathway to promote pancreatic stellate 
cell activation. Pancreatology 20:278–287

Anchi P, Khurana A, Bale S, Godugu C (2017) The role of plant-
derived products in pancreatitis: experimental and clinical evi-
dence. Phytother Res 31:591–623

Bansod S, Doijad N, Godugu C (2020) Berberine attenuates severity of 
chronic pancreatitis and fibrosis via AMPK-mediated inhibition 
of TGF-β1/Smad signaling and M2 polarization. Toxicol Appl 
Pharmacol 403:115162

Bansod S et al (2021) Borneol protects against cerulein-induced oxi-
dative stress and inflammation in acute pancreatitis mice model. 
Environ Toxicol 36:530–539

Bernardo AR, Cosgaya JM, Aranda A, Jiménez-Lara AM (2013) Syn-
ergy between RA and TLR3 promotes type I IFN-dependent apop-
tosis through upregulation of TRAIL pathway in breast cancer 
cells. Cell Death Dis 4:1–10

Beyer G, Habtezion A, Werner J, Lerch MM, Mayerle J (2020) Chronic 
pancreatitis. The Lancet 396:499–512

Boxhoorn L et al (2020) Acute pancreatitis. The Lancet 396:726–734
Chen W et al (2020) Tanshinone IIA protects against acute pancrea-

titis in mice by inhibiting oxidative stress via the Nrf2/ROS 
pathway. Oxid Med Cell Longev 2020

Cheng X et al (2019) ATRA protects skin fibroblasts against UV-
induced oxidative damage through inhibition of E3 ligase Hrd1. 
Mol Med Rep 20:2294–2302

Cheng J, Balbuena E, Miller B, Eroglu A (2021) The role of 
β-carotene in colonic inflammation and intestinal barrier integ-
rity. Front Nutr 8:1–13

Choudhury S, Ghosh S, Gupta P, Mukherjee S, Chattopadhyay S 
(2015) Inflammation-induced ROS generation causes pancreatic 
cell death through modulation of Nrf2/NF-κB and SAPK/JNK 
pathway. Free Radic Res 49:1371–1383

Cuadrado A et al (2019) Therapeutic targeting of the NRF2 and KEAP1 
partnership in chronic diseases. Nat Rev Drug Discov 18:295–317

Cykowiak M, & Krajka-Kuźniak V (2022) Role of nrf2 in pancreatic 
cancer. Antioxidants 11

Du D et al (2018) Protective effects of flavonoids from Coreopsis tinc-
toria Nutt. on experimental acute pancreatitis via Nrf-2/ARE-
mediated antioxidant pathways. J Ethnopharmacol 224:261–272

El Morsy EM, Ahmed MAE (2020) Carvedilol attenuates L-arginine 
induced acute pancreatitis in rats through modulation of oxidative 
stress and inflammatory mediators. Chem Biol Interact 327:109181

Fu X et al (2020) Overexpression of Nrf2 protects against lipopoly-
saccharide and cerulein-induced pancreatitis in vitro and in vivo. 
Pancreas 49:420–428

Gao Lin et al (2021) The challenges and effects of ascorbic acid treat-
ment of acute pancreatitis: a systematic review and meta-analysis 
of preclinical and clinical studies. Frontiers in nutrition 8

Gupta P et  al (2019) Dietary pomegranate supplement alleviates 
murine pancreatitis by modulating Nrf2-p21 interaction and con-
trolling apoptosis to survival switch. J Nutr Biochem 66:17–28

Hao L et al (2017) Incidence of and risk factors for pancreatic cancer in chronic 
pancreatitis: a cohort of 1656 patients. Dig Liver Dis 49:1249–1256

Haymon S (1957) The Short of It. Libr Rev 16:165–169
Hong YP et al (2020) High-fat diet aggravates acute pancreatitis via 

TLR4-mediated necroptosis and inflammation in rats. Oxid Med 
Cell Longev 2020

Hu SH, Guang Y, Wang WX (2019) Protective effects of calcitonin gene-
related peptide-mediated p38 mitogen-activated protein kinase path-
way on severe acute pancreatitis in rats. Dig Dis Sci 64:447–455

Huang C et al (2019) TLR3 ligand polyi: C prevents acute pancreatitis 
through the interferon-β/interferon-α/β receptor signaling pathway 
in a caerulein-induced pancreatitis mouse model. Front Immunol 
10:1–15

Ishijima N, Kanki K, Shimizu H, Shiota G (2015) Activation of AMP-
activated protein kinase by retinoic acid sensitizes hepatocellular carci-
noma cells to apoptosis induced by sorafenib. Cancer Sci 106:567–575

Jayakumar S, Pal D, Sandur SK (2015) Nrf2 facilitates repair of radia-
tion induced DNA damage through homologous recombination 
repair pathway in a ROS independent manner in cancer cells. 
Mutation Research - Fundamental and Molecular Mechanisms of 
Mutagenesis 779:33–45

Jung KH et al (2010) Melatonin ameliorates cerulein-induced pancrea-
titis by the modulation of nuclear erythroid 2-related factor 2 and 
nuclear factor-kappaB in rats. J Pineal Res 48:239–250

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1194/jlr.R030833
https://doi.org/10.1194/jlr.R030833


1369Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1361–1370 

1 3

Kim SY, Koo JE, Song MR, Lee JY (2013) Retinol suppresses the acti-
vation of toll-like receptors in MyD88- and STAT1-independent 
manners. Inflammation 36:426–433

Kim YM, Kim JH, Park SW, Kim HJ, Chang KC (2015) Retinoic acid 
inhibits tissue factor and HMGB1 via modulation of AMPK activ-
ity in TNF-α activated endothelial cells and LPS-injected mice. 
Atherosclerosis 241:615–623

Kim JA, Jang JH, & Lee SY (2021) An updated comprehensive review 
on vitamin a and carotenoids in breast cancer: mechanisms, genet-
ics, assessment, current evidence, and future clinical implications. 
Nutrients 13

Kong L et al (2021) AICAR, an AMP-activated protein kinase acti-
vator, ameliorates acute pancreatitis-associated liver injury par-
tially through Nrf2-mediated antioxidant effects and inhibition 
of NLRP3 inflammasome activation. Front Pharmacol 12:1–17

Latief U, Umar MF, Ahmad R (2019) Nrf2 protein as a therapeutic 
target during diethylnitrosamine-induced liver injury ameliorated 
by β-carotene-reduced graphene oxide (βC-rGO) nanocomposite. 
Int J Biol Macromol 137:346–357

Lee J, Lim JW, & Kim H (2022) Lycopene inhibits IL-6 expression by 
upregulating NQO1 and HO-1 via activation of Nrf2 in ethanol/
lipopolysaccharide-stimulated pancreatic acinar cells. Antioxidants 11

Li Y et al (2017) Retinoic acid facilitates Toll-like receptor 4 expres-
sion to improve intestinal barrier function through retinoic acid 
receptor betA. Cell Physiol Biochem 42:1390–1406

Li M et al (2018) All-trans retinoic acid ameliorates the early experi-
mental cerebral ischemia-reperfusion injury in rats by inhibiting 
the loss of the blood-brain barrier via the JNK/P38MAPK signal-
ing pathway. Neurochem Res 43:1283–1296

Liang X et al (2021) Dahuang Danshen decoction inhibits pancreatic fibro-
sis by regulating oxidative stress and endoplasmic reticulum stress. 
Evidence-based Complementary and Alternative Medicine 2021

Liu W et al (2018) The protective role of all-transretinoic acid (ATRA) 
against colorectal cancer development is achieved via increasing 
miR-3666 expression and decreasing E2F7 expression. Biomed 
Pharmacother 104:94–101

Ma R et al (2018) Calycosin alleviates cerulein-induced acute pancrea-
titis by inhibiting the inflammatory response and oxidative stress 
via the p38 MAPK and NF-κB signal pathways in mice. Biomed 
Pharmacother 105:599–605

Masuda Y et al (2015) The effect of Nrf2 pathway activation on human 
pancreatic islet cells. PLoS ONE 10:1–14

Mayerle J et al (2019) Genetics, cell biology, and pathophysiology of 
pancreatitis. Gastroenterology 156:1951-1968.e1

Mei Q, xiang, et al (2021) Pretreatment with chitosan oligosaccha-
rides attenuate experimental severe acute pancreatitis via inhibit-
ing oxidative stress and modulating intestinal homeostasis. Acta 
Pharmacol Sin 42:942–953

Namachivayam K et al (2015) All-trans retinoic acid induces TGF-β2 
in intestinal epithelial cells via RhoA- and p38α MAPK-mediated 
activation of the transcription factor ATF2. PLoS ONE 10:1–19

Palestino-Dominguez M et al (2018) Recombinant human hepatocyte 
growth factor provides protective effects in cerulein-induced acute 
pancreatitis in mice. J Cell Physiol 233:9354–9364

Pan LF et al (2016) The toll-like receptor 4 antagonist transforming 
growth factor-β-activated kinase(TAK)-242 attenuates taurocho-
late-induced oxidative stress through regulating mitochondrial 
function in mice pancreatic acinar cells. J Surg Res 206:298–306

Pan LF et al (2017) The Toll-like receptor 4 antagonist TAK-242 protects 
against chronic pancreatitis in rats. Mol Med Rep 16:3863–3868

Pasari LP et al (2019) Visnagin attenuates acute pancreatitis via Nrf2/
NFκB pathway and abrogates associated multiple organ dysfunc-
tion. Biomedicine and Pharmacotherapy 112

Plotnikov A, Zehorai E, Procaccia S, Seger R (2011) The MAPK cascades: 
signaling components, nuclear roles and mechanisms of nuclear trans-
location. Biochim Biophys Acta Mol Cell Res 1813:1619–1633

Pohl F, & Lin P, KT (2018) The potential use of plant natural products 
and plant extracts with antioxidant properties for the prevention/
treatment of neurodegenerative diseases: in vitro, in vivo and 
clinical trials. Molecules 23

Pu J et al (2022) All-trans retinoic acid attenuates transmissible gas-
troenteritis virus-induced inflammation in IPEC-J2 Cells via sup-
pressing the RLRs/NF‐κB signaling pathway. Front Immunol 13

Ren Y, Shen HM (2019) Critical role of AMPK in redox regulation 
under glucose starvation. Redox Biol 25:101154

Sapiro JM, Monks TJ, Lau SS (2017) All-trans-retinoic acid-mediated 
cytoprotection in LLC-PK1 renal epithelial cells is coupled to 
P-ERK activation in a ROS-independent manner. Am J Physiol 
Renal Physiol 313:F1200–F1208

Schultheis J et al (2019) Nrf2 activation protects mouse beta cells from 
glucolipotoxicity by restoring mitochondrial function and physi-
ological redox balance. Oxid Med Cell Longev 2019

Sierra-Mondragon E et al (2018) All-trans retinoic acid ameliorates 
inflammatory response mediated by TLR4/NF-κB during initia-
tion of diabetic nephropathy. J Nutr Biochem 60:47–60

Srinivasan MP et al (2021) Differential cytotoxicity, ER/oxidative 
stress, dysregulated AMPKα signaling, and mitochondrial stress 
by ethanol and its metabolites in human pancreatic acinar cells. 
Alcohol Clin Exp Res 45:961–978

Srinivasan MP et al (2021) Activation of AMP-activated protein kinase 
attenuates ethanol- induced ER/oxidative stress and lipid pheno-
type in human pancreatic acinar cells. 1–39 https:// doi. org/ 10. 
1016/j. bcp. 2020. 114174. Activ ation

Szabo A et al (2012) Temporally designed treatment of melanoma cells 
by ATRA and polyI: C results in enhanced chemokine and IFNβ 
secretion controlled differently by TLR3 and MDA5. Melanoma Res 
22:351–361

Tarasiuk A, Pawlik L, Fichna J (2019) Berberine as a potential thera-
peutic agent in the treatment of acute pancreatitis. Postepy Bio-
chem 65:224–230

Tarasiuk A, Bulak K, Talar M, Fichna J (2021) Chlorogenic acid 
reduces inflammation in murine model of acute pancreatitis. 
Pharmacol Rep 73:1448–1456

Wang G, Xiu P, Li F, Xin C, & Li K (2014) Vitamin A supplementa-
tion alleviates extrahepatic cholestasis liver injury through Nrf2 
activation. Oxid Med Cell Longev 2014

Wu P et al (2022) Dietary vitamin A improved the flesh quality of grass 
carp (Ctenopharyngodon idella) in relation to the enhanced antioxidant 
capacity through Nrf2/Keap 1a signaling pathway. Antioxidants 11

Xie X et al (2021) Prussian blue nanozyme-mediated nanoscavenger 
ameliorates acute pancreatitis via inhibiting TLRs/NF-κB signal-
ing pathway. Theranostics 11:3213–3228

Xiu JW, Hayes JD, Henderson CJ, Wolf CR (2007) Identification of 
retinoic acid as an inhibitor of transcription factor Nrf2 through 
activation of retinoic acid receptor alpha. Proc Natl Acad Sci U 
S A 104:19589–19594

Xu L-L et al (2020) High-dose vitamin C alleviates pancreatic injury 
via the NRF2/NQO1/HO-1 pathway in a rat model of severe acute 
pancreatitis. Ann Transl Med 8:852–852

Xue R et al (2019) Coenzyme Q10 Ameliorates pancreatic fibrosis via 
the ROS-triggered mTOR signaling pathway. 2019

Yang LJ et al (2012) L-cysteine administration attenuates pancreatic 
fibrosis induced by TNBS in rats by inhibiting the activation of 
pancreatic stellate cell. PLoS One 7

Yao Q et al (2020) Protective effects and mechanisms of bilirubin nano-
medicine against acute pancreatitis. J Control Release 322:312–325

Yarley OPN et al (2021) Reviews on mechanisms of in vitro antioxi-
dant, antibacterial and anticancer activities of water-soluble plant 
polysaccharides. Int J Biol Macromol 183:2262–2271

Yin XP, Zhou J, Wu D, Chen ZY, Bao B (2015) Effects of that ATRA 
inhibits Nrf2-ARE pathway on glial cells activation after intracer-
ebral hemorrhage. Int J Clin Exp Pathol 8:10436–10443

https://doi.org/10.1016/j.bcp.2020.114174.Activation
https://doi.org/10.1016/j.bcp.2020.114174.Activation


1370 Naunyn-Schmiedeberg's Archives of Pharmacology (2023) 396:1361–1370

1 3

Yun ML et al (2008) Retinoic acid leads to cytoskeletal rearrange-
ment through AMPK-Rac1 and stimulates glucose uptake 
through AMPK-p38 MAPK in skeletal muscle cells. J Biol Chem 
283:33969–33974

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Putative molecular targets for vitamin A in neutralizing oxidative stress in acute and chronic pancreatitis — a systematic review
	Abstract
	Introduction
	Aim of the study
	Methodology
	Results
	Keap1Nrf2ARE pathway
	MAPK pathway
	TLR4
	TLR3
	AMPK

	Conclusions
	References


