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Abstract

Acute pancreatitis (AP) is an inflammatory disorder of the pancreas that can lead to se-
rious systemic complications. Its clinical presentation varies widely, ranging from mild,
self-limiting symptoms to severe, life-threatening illness. Currently, there are no specific
therapies approved for the treatment of AP, and management primarily relies on support-
ive care. However, a growing number of clinical trials have evaluated the translational
potential of effective therapies derived from experimental models and have identified
promising pharmacological agents that may help ameliorate disease severity. Alongside
pharmacological approaches, nutritional management of AP has been gaining increasing
attention. Evidence supports the use of enteral nutrition over parenteral feeding, as it is
associated with a lower risk of necrotic infections, multiple organ dysfunction, mortality,
and other associated complications of AP. In this review, we summarize the therapeutic
potential of pharmacological and dietary/nutritional interventions, including naturally
occurring bioactive compounds, for AP in the context of its molecular pathology, with the
aim of supporting improved clinical decision-making, enhancing patient outcomes, and
informing future research directions.

Keywords: acute pancreatitis; therapeutics; pharmacological agents; nutrition; probiotics

1. Introduction
Acute pancreatitis (AP) is a common and potentially lethal inflammatory condition

of the pancreas [1], a vital glandular organ. Although regional variation exists [2], the
global incidence of AP has alarmingly increased over the past few decades, rising by 59%
between 1990 and 2021 [3]. Currently, AP affects approximately 35 individuals per 100,000
population annually, equating to nearly 2.75 million people worldwide each year [3].
In the United States alone, AP results in over 255,000 hospitalizations annually, with
associated healthcare costs exceeding US $2.5 billion [4]. Moderate to severe AP develops
in approximately 20% of patients and carries a mortality rate of 20 to 40% [5,6], further
contributing to the economic burden on the healthcare system.

AP presents with varying degrees of severity and is classified accordingly (Table 1)
(adapted with slight modifications from reference [7]). The clinical detection of AP is
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determined by conducting blood tests (e.g., serum amylase, lipase, signs of pancreatic in-
flammation/infection, C-reactive protein (CRP), etc.) and utilizing the imaging techniques
(e.g., ultrasound (US), endoscopic US, computed tomography (CT), magnetic resonance
cholangiopancreatography (MRCP)) [8,9]. In most cases, the clinical presentation (i.e.,
typical radiating abdominal pain) and serum enzymes elevation (at least threefold above
the upper limit of normal, with lipase being more specific) are sufficient for the diagnosis,
with imaging reserved for uncertain cases or severity assessment. CT-based radiomics
is also a pivotal tool in predicting AP and associated organ failure. For instance, recent
studies demonstrate that combined radiomics-clinical models achieve enabling earlier
risk stratification, personalized management, and more efficient allocation of critical care
resources [10–12]. Furthermore, early detection and diagnosis of AP remain critical for
improving disease outcomes. For instance, timely interventions including rapid fluid
resuscitation, adequate pain control, and initiation of early enteral feeding can signifi-
cantly improve clinical outcomes, reducing morbidity and mortality. Conversely, delays
in diagnosis are associated with higher rates of systemic complications and prolonged
hospitalization [9,13].

Table 1. Classification of acute pancreatitis.

AP Classification Degree of Severity
Complications

Local Systemic

TOF POF EPC

Atlanta 1992 [14]
Mild × × × N/A

Severe
√ √ √

N/A

* Revised Atlanta 2012
[15,16]

Mild × × × ×
Moderate

√ √
×

√

Severe
√

×
√ √

or ×

# Determinant-based [17]

Mild × × × N/A
Moderate Sterile

√
× N/A

Severe Infected
√ √

N/A
Critical Infected ×

√
N/A

TOF, transient organ failure; POF, persistent organ failure; EPC, exacerbation of pre-exiting comorbidity;
√

, Yes;
×, No; N/A, not applicable; * According to the revised Atlanta classification (2012) [15,16], local complications are
subcategorized into interstitial oedematous, necrotizing pancreatitis, infected necrotizing pancreatitis, and other
local complications. Systemic complications are defined as TOF, POF, or an EPC. POF is defined as a Marshall
score of 2 or more in any one of the three organ systems—renal, respiratory, cardiovascular—persisting for more
than 48 h. # The sepsis-related organ failure assessment (SOFA) scoring system is also used to define organ failure.
For a diagnosis of severe pancreatitis, either POF or infected pancreatic necrosis is required.

The etiology of AP is multifactorial, with gallstones, trauma, metabolic diseases, and
alcohol consumption among the most common causes [18]. Before exploring the various
treatment interventions for AP, it is essential to develop a comprehensive understanding of
its molecular pathology, as outlined here. Cellular events such as pathological Ca2+ over-
load [19], premature activation of digestive enzymes (e.g., trypsin) within acinar cells [20]
and macrophages [21], endoplasmic reticulum stress [22], mitochondrial dysfunction [23],
impaired autophagy [24], and gut microbiota dysbiosis [25,26] have all been implicated in
the pathogenesis of AP. Beyond its pathogenic role, ER stress also represents a potential
therapeutic target in AP. Chemical chaperones, PERK pathway inhibitors, and modula-
tors of unfolded protein response signaling have shown promise in preclinical studies,
offering opportunities for future AP drug development [27]. These processes contribute
to a complex pathophysiological cascade that begins with acinar cell injury, activation
of the immune system, and progression to systemic pathological responses (Figure 1).
One of the early hallmarks is the premature intra-acinar activation of digestive zymogens,
such as trypsin, mediated by enterokinase (Figure 1). This aberrant enzyme activation
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promotes pancreatic auto-digestion, leading to the release of pro-inflammatory mediators,
including tumor necrosis-alpha (TNF-α), interleukin-1 beta (IL-1β), and IL-6, which in turn
facilitate crosstalk between acinar and immune cells, further amplifying the inflammatory
response [28,29]. The I kappa B (IκB) kinase complex/nuclear factor-kappa B (NF-κB)
pathway mediated inflammatory stimuli is a key underlying cellular mechanism of AP [30].
Given its central role in the initiation and propagation of AP, the therapeutic inhibition of
IκB/NF-κB pathway has been proposed as a potential target in AP. Numerous experimental
models demonstrate that inhibition of IκB/NF-κB axis activity attenuates NF-κB signaling,
reduces cytokine release, and alleviates tissue damage [31–33].

Collectively, these inflammatory mediators disrupt the pancreatic microcirculation,
resulting in increased vascular permeability, edema, hemorrhage and tissue necrosis [34,35]
(Figure 1). Consequently, amplified inflammatory reactions, together with extensive aci-
nar cell injury, contribute to the development of life-threatening systemic inflammatory
response syndrome (SIRS) [36,37]. SIRS, in turn, leads to distinct organ damage and
can progress to multiple organ dysfunction (MOD) [34] (Figure 1), which is ultimately
responsible for AP-associated mortality [38].

Although current treatment approaches for AP remain suboptimal, advances in un-
derstanding its pathophysiology have driven research toward the development of novel
pharmacological and nutritional strategies aimed at restoring organ and tissue homeostasis.
Several pharmacological agents [39] have shown promise in targeting key mechanisms of
this complex disorder. Alongside pharmacological approaches, the traditional bowl at rest
(nothing by mouth) approach has been conventionally employed in the management of
AP [7,40]. However, prolonged dietary restriction can exacerbate malnutrition by limiting
nutrient intake at a time when the body’s metabolic demands are elevated [41]. This nu-
tritional imbalance may lead to enhanced catabolism, resulting in excessive production
of reactive oxygen species and subsequent oxidative stress [42]. These effects can disrupt
the gut barrier, promoting bacterial translocation from the gastrointestinal tract to the
bloodstream [43], which contributes to infected pancreatic necrosis and increases the risk
of mortality [44,45]. Of relevance, pancreatic acinar and Paneth cell-derived antimicrobial
peptides (AMPs), including defensins, cathelicidins, lysozyme, and Reg family proteins
play a pivotal role in maintaining gut homeostasis and mucosal immunity. These peptides
help regulate the microbial composition, prevent bacterial translocation, and sustain in-
testinal barrier integrity. Whereas dysbiosis of the gut microbiota/AMPs has been linked
to immune dysregulation and exacerbation of pancreatic inflammation, including AP,
thus underscoring the importance of AMP-mediated gut–pancreas crosstalk in the disease
progression [46–48]. Strategies aimed at preserving microbiota balance and enhancing
endogenous antimicrobial defense; therefore, they may also hold promise in mitigating
complications associated with AP.

Thus, both pharmacological and nutritional approaches such as probiotic and antioxi-
dant therapies are equally crucial in the management of AP. Notably, both recent experi-
mental [49,50] and clinical [51] studies suggest that probiotics could help restore disrupted
intestinal homeostasis, potentially reducing bacterial translocation and the risk of secondary
infection in AP. The present narrative review summarizes the evidence on the therapeutic
potential of pharmacological and nutritional strategies in the clinical management of AP in
the hopes of supporting better clinical decision-making and patient outcomes.



Pharmaceuticals 2025, 18, 1621 4 of 23

Figure 1. Cellular mechanisms and inflammatory pathways involved in the pathophysiological course
of AP. In a healthy pancreas, digestive enzymes are secreted in an inactive form and activated only
upon reaching the small intestine. In AP, etiological stress triggers pancreatic injury and premature
activation of digestive zymogens. This initiates an inflammatory cascade characterized by immune
system activation and the release of various pro-inflammatory mediators. Activated leukocytes fur-
ther amplify inflammation by increasing the expression of adhesion molecules, promoting leukocyte
aggregation and infiltration into pancreatic microcirculation, and releasing additional cytokines and
inflammatory mediators. At the cellular signaling level, inflammatory stimuli activate the I kappa B
(IκB) kinase complex, which phosphorylates IκBα, leading to its degradation (see introduction for
explanation). This process frees nuclear factor-kappa B (NF-κB) to translocate into the nucleus, where
it enhances the transcription of inflammatory genes. The resulting upregulation of inflammatory
mediators promotes further recruitment of inflammatory cells and sustains the activation of IκB
kinase, creating a feedback loop. Meanwhile, platelet-activating factor (PAF) increases the vascular
permeability and facilitates the extravasation of inflammatory cells. These combined responses lead
to tissue edema, microvascular dysfunction, hypoxia, cellular injury, multiple organ dysfunction
(MOD), and ultimately, death. Baso., basophils; Dendt., dendritic cell; IKK, Ikappa kinase; Inflam.,
inflammatory; Macr., macrophages; Mast., mast cell; Mon., monocytes; Neut., neutrophils; NF-κB,
nuclear factor kappa B; P, phosphorylation; Plt., platelet; REL, proto-oncogne; Ub, ubiquitination.
Image created with BioRender (www.biorender.com).

www.biorender.com
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2. Literature Search Methodology
This review was conducted as a narrative review of literature. We performed literature

search in PubMed, Scopus, Web of Science, and Google Scholar databases for publications.
Only peer-reviewed articles published in English were considered. Search terms, alone
or combinations (as appropriate) included: “acute pancreatitis”, “pharmacological ther-
apy/interventions”, “nutritional therapy/interventions” “mild”, “moderate”, “severe”,
“critical”, “ERCP”, “NSAIDs”, “antibiotics”, “cytokines”, “immunomodulatory”, “enteral
feeding”, “bioactive compounds”, “antioxidants”, “prebiotics” “probiotics”, “clinical trials”,
“case reports”, and “translational approaches”.

3. Pharmaco-Nutritional Management of Clinical AP
Ongoing research into the pathophysiological course of AP has yielded promising

evidence supporting both pharmacological (Table 2) and nutritional interventions (Table 3)
to manage disease severity. In the following sections, these therapies have been discussed
in detail.

Table 2. Summary outline of pharmacological therapies for management of clinical AP.

Therapy Examples Evidence/Clinical Implications

NSAIDs Indomethacin,
Diclofenac

Effective prophylaxis in high-risk patients, standard
of care in post- endoscopic retrograde

cholangiopancreatography (ERCP) settings

Antibiotics Carbapenems,
Quinolones Guidelines discourage routine prophylaxis

Cytokines Anti-TNF-α,
infliximab

Experimental/under clinical investigation, not in
routine practice, inconclusive survival benefits

Immunomodulatory Platelet activated factor,
Lexipafant Limited therapeutic role

Table 3. Nutritional therapeutic management of clinical AP.

Nutrition Study Design N Protective Role(s) in Clinical AP Conclusion

EEN vs.
ODN [52] RCT 208 ■ infection (25% vs. 26%), ↓ death

(11% vs. 7%)

EEN showed no significant
advantage over ODN in
↓ infection and mortality

rates

EEN vs.
DEN [53] PCT, RCT 60

■ IAP, ↓ IAH, beneficial for
patients with an IAP < 15 mmHg,

■ mortality

EEN prevents IAH and
↓ the severity of severe AP

compared with DEN

SD vs.
CLD [54] RIT 60

(*) ↓ hospitalization stay, (*)
↓ post-refeeding length of

hospitalization

A SD as the initial meal in
patients with mild AP is

well tolerated and ↓ length
of hospitalization

EEN vs.
DEN [55] HCS 197

↓ pancreatic necrosis (4 vs. 18),
↓ respiratory failure and transfer

to intensive care unit occurred
(5 vs. 15), ↓ (9 vs. 16), ↓ surgery

(7 vs. 11), (*) ↓ mortality (0 vs. 9)

EEN started within 48 h of
admission improves clinical

outcomes via reducing
complications
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Table 3. Cont.

Nutrition Study Design N Protective Role(s) in Clinical AP Conclusion

TEN vs.
TPN [56] RCT 107

(*) ↓ MOF (21% vs. 80%), (*)
↓ surgery (22% vs. 80%), (*)
↓ pancreatic septic necrosis

(23% vs. 72%), (*) ↓ mortality
(11% vs. 43%).

TEN is better than TPN in
preventing pancreatic

necrotic infection

EN vs.
TPN [57] PCT, RCT 50

(*) ↓ serum CRP, (*) ↑ serum
albumin,

(*) ↑transferrin value, ■ surgery
(56% vs. 60%), ■ infective

complications (64% vs. 60%),
■ hospital stay, ■ mortality

(20% vs. 16%)

EN is comparable to PNT in
terms of hospital stay, need

for surgical intervention,
infections and mortality

EIN vs.
TPN [58] HCS 76 ↓ severity, ↑ intestinal

permeability, ↑ clinical outcomes
Improved clinical outcomes
with EIN compared to TPN

TEN vs.
TPN [59] PRT 22

■ APACHE II score, CRP, TNF-a,
IL-6, pre-albumin and albumin
levels, ↓ severe complications,
■ surgery, ■ hospital stay

TEN tends to be associated
with a better outcome

compared to TPN

TEN vs.
TPN [60] RCT 466

(*) ↓pancreatic infectious
complications (7 vs. 16), ↓ MOF
(7 vs. 17), (*) ↓overall mortality

2 vs. 12)

Early TEN could be used as
prophylactic therapy for

infected pancreatic necrosis

TEN +
Abx vs. TPN +

Abx [61]
PNR 87

↓ MOF (31% vs. 79%), ↓ surgery
(25% vs. 88%), ↓ pancreatic

necrosis infection (20% vs. 74%),
(*) ↓ death rate (5% vs. 35%)

TEN could be used as a
prophylactic therapy for

infected pancreatic necrosis

EN vs.
PN [62] RCT 728

↓ CRP, ■ cholecystokinin levels,
↓ mortality, ↓ infected pancreatic

necrosis, ↓ cost

EN tends to be associated
with fewer septic

complications, quicker
inflammation reduction,

and greater
cost-effectiveness compared

to PN

EN + PN vs. TPN
[63] RCT 96

↑ body weight and pre-albumin,
↓ APACHE II, ↓TNF-a, ↓ IL-6,
↓ serum CRP, ■ albumin,

■ pancreatic lesions, ■ endotoxin
and lactulose/manicol of urine, (*)

↑ CD4:CD8 T-cells and IgG

Combined therapy of EN
and PN may be better than

TPN as it improves
nutrition status, moderates
inflammation, and protects

the gut integrity and
immunity more effectively

TEN vs.
TPN [64] RCT 17

↓ fatigue, ■ oxidative stress,
■ plasma glutamine, ↓ respiratory

failure, ↓ hospital stay, ↓ cost

TEN is as safe and as
efficacious as TPN

TEN vs.
TPN [65] RCT 156

↓ feeding duration, ↓nutrition
costs, (*) ↓ nutritional

requirements, (*) ↓ metabolic and
septic complications

TEN seems to be safer and
less expensive than TPN
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Table 3. Cont.

Nutrition Study Design N Protective Role(s) in Clinical AP Conclusion

TEN vs.
TPN [66] RCT 89 (*) ↓ septic complications, ↓ MOF,

↓ mortality

EEN in combination with
abx prophylaxis may

prevent MOF
■, no effect; * results are significant; ↑, increase/higher; ↓, decrease/lower; TEN, total enteral nutrition; TPN, total
parenteral nutrition; EEN, early enteral nutrition; DEN, delayed enteral nutrition; EIN, eco immune nutrition; SD,
solid diet; CLD, clear liquid diet; ODN, on demand nutrition; Abx, antibiotics; vs., comparison; RCT, randomized
control trial; PCT, pilot/prospective clinical trial; HCS, hospital conducted study; PRT, prospective randomized
trial; PNR, prospective non-randomized; RIT, randomized interventional trial; MOF, multiple organ failure;
IAP, intra-abdominal pressure; IAH, intra-abdominal hypertension; CRP, C-reactive protein; APACHE II, Acute
physiology and chronic health evaluation II.

4. Pharmacological Approaches
4.1. NSAID Therapy in Clinical AP

Non-steroidal anti-inflammatory drugs (NSAID) possess both analgesic and anti-
inflammatory effects and are widely used in the treatment of various inflammatory dis-
eases [67], including AP [68]. Most NSAIDs act as non-selective inhibitors of cyclooxyge-
nase (COX) enzymes [67]. Among these, indomethacin and diclofenac are notable agents
that can be conveniently administered as rectal suppositories.

In a study involving 117 patients undergoing ERCP, prophylactic administration of
indomethacin (100 mg) two hours prior to the procedure significantly reduced the incidence
of post-ERCP hyperamylasemia (10.2% vs. 16.2%) and AP (2.5% vs. 6.8%) compared to
placebo [69]. This therapeutic benefit of indomethacin was further confirmed in a larger
double blind, randomized trial involving 490 patients, where those who received a 100 mg
indomethacin suppository immediately before ERCP experienced a significant reduction in
the severity of post-ERCP pancreatitis (PEP) [70].

Moreover, recently, in a randomized clinical trial (NCT00820612) of 602 patients, rectal
indomethacin treatment significantly reduced the incidence of post-ERCP pancreatitis [71].
Pancreatitis developed in 27 of 295 patients (9.2%) in the indomethacin group vs. in 52
of 307 patients (16.9%) in the placebo group (p = 0.005). Similarly, moderate-to-severe
pancreatitis developed in 13 patients (4.4%) in the indomethacin group compared with
27 patients (8.8%) in the placebo group (p = 0.03).

The potential protective effects of the diclofenac have also been investigated. In a
study of 220 patients, rectal administration of diclofenac (100 mg) was associated with
a significantly lower frequency of PEP compared to placebo (6% vs. 15%; p = 0.05) [72].
Additionally, a prospective randomized control trial involving 104 patients investigated the
efficacy of a lower dose of diclofenac (50 mg, reduced to 25 mg in patients over 50 kg body
weight [73]. This study reported that PEP pain was significantly reduced in the diclofenac
group compared to the control group (7.8% vs. 37.7%; p = 0.001), suggesting that even
low-dose diclofenac may confer protective benefits.

Furthermore, intramuscular administration of a single 75 mg dose of diclofenac was
assessed in a study of 60 patients and was found to significantly reduce the incidence of
PEP (p = 0.032) [74]. Additionally, they observed a significant increase in the levels of
lipoxin A4, resolving D1 and E1 in the diclofenac-treated group compared to the control
group (p < 0.05), suggesting that this may underlie its protective effect. Recently, this
therapeutic benefit of diclofenac was further supported by a larger retrospective study of
301 patients [75]. Although this clinical investigation, which utilized a low dose of 25 mg
rectal diclofenac, did not observe a reduction in the incidence of PEP in patients with a
native papilla and a body weight under 50 kg, it suggested that a higher dose of rectal
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NSAIDs, such as 100 mg, should be administered regardless of body weight to prevent
PEP [75].

Taken together, the results from these trials support the beneficial role of NSAIDs—
particularly indomethacin and diclofenac—in the prevention and attenuation of PEP.

4.2. Antibiotics Therapy in Clinical AP

Infected pancreatic necrosis is a major clinical complication that severely worsens
prognosis and accounts for approximately 70% of all mortality in AP patients who survive
the early phase [76]. The use of antibiotic prophylaxis and therapy in AP has long been
debated [77] and current treatment guidelines advocate for minimal and judicious antibiotic
usage [78]. A 2004 double-blind, placebo-controlled trial involving 114 patients with AP
in combination with a C-reactive protein level exceeding 150 mg/L and/or a CT-verified
necrosis, found no significant difference in the incidence of infected pancreatic necrosis
between the placebo group and those treated with ciprofloxacin (2 × 400 mg/day) and
metronidazole (2 × 500 mg/day) [79].

Nevertheless, antibiotics offer the potential to prevent and/or treat infected necrosis,
thereby reducing morbidity and mortality [80,81]. The efficacy of antibiotics depends
on their ability to penetrate necrotizing pancreatic tissue, which varies among different
antibiotic classes [82], and their activity against the specific bacteria commonly implicated
in infected pancreatic necrosis. Given that both imipenem and quinolone demonstrate
effective penetration into peripancreatic tissue and offer a broad spectrum of activity against
probable pathogens, the selection of antibiotics is typically between them [80,83].

A Cochrane meta-analysis of five randomized controlled trials involving 294 AP
patients with CT-verified pancreatic necrosis found that antibiotic prophylaxis significantly
reduced mortality (odds ratio 0.37; 95% CI: 0.17–0.83), but not the incidence of infected
pancreatic necrosis (odds ratio 0.62; 95% CI: 0.35–1.09) [84]. Sub-group analysis by antibiotic
regimen showed that beta-lactams significantly reduced both mortality (odds ratio 0.34;
95% CI: 0.13–0.91) and infected pancreatic necrosis (odds ratio 0.41; 95% CI: 0.20–0.85),
whereas quinolone plus imidazole combinations did not.

Similarly, another Cochrane review of seven randomized studies involving 404 AP
patients found no significant benefit of prophylactic antibiotics in reducing infection of
pancreatic necrosis or mortality [85]. However, imipenem—a beta-lactam antibiotic—
significantly reduced the rate of infected pancreatic necrosis (16.8% vs. 24.2%) without
significantly affecting mortality. Furthermore, another study randomized 90 patients
with acute necrotizing pancreatitis—defined by CT-confirmed necrosis and C-reactive
protein levels > 150 mg/L—within 48 h to receive either imipenem (1.0 g plus cilastatin
intravenously 3 times a day) or no antibiotic therapy. Early imipenem treatment signifi-
cantly reduced the need for surgery and the overall incidence of major organ complications
(p = 0.0003) [86]. Studies on prophylactic use of antibiotics prior to ERCP are limited. Nev-
ertheless, a prospective study by Raty and colleagues [87] involving 321 patients found that
administering 2 g of cephtazidime intravenously 30 min before ERCP significantly reduced
the incidence of PEP compared to the control group (p = 0.009). Based on these findings,
prophylactic antibiotics may be considered for routine use prior to ERCP.

Collectively, these findings suggest that while the overall benefit of prophylactic
antibiotics in AP remains inconclusive, beta-lactam antibiotics, particularly imipenem,
demonstrate superior efficacy in reducing infected pancreatic necrosis, mortality, and
major complications. However, to draw more definitive conclusions and determine the
most effective antibiotic regimens, future research should prioritize larger, high-quality
randomized clinical trials.
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4.3. Cytokine and Immunomodulatory Therapy in Clinical AP

IL-10 is produced by regulatory immune cells and acts primarily as an anti-
inflammatory cytokine [88]. Clinical studies have reported elevated IL-10 levels in patients
with both mild and severe AP [89,90]. In a randomized study involving 144 patients,
human recombinant IL-10 (4 µg/kg or 20 µg/kg) or placebo was administered 30 min prior
to ERCP [91]. IL-10 administration significantly reduced the incidence of PEP compared to
placebo (p = 0.038). As the study controlled for variables such as age, sex, type of treatment,
baseline cytokine levels, the authors concluded that IL-10 independently reduces the risk
of PEP.

In addition to IL-10, the immunomodulatory monoclonal anti-TNF-α antibody inflix-
imab, which neutralizes the effects of secreted TNF-α, has been investigated as a potential
therapeutic agent in experimental AP [92,93]. In experimental models, blocking TNF-α
mediated inflammation with anti-TNF-α antibodies or agents like pentoxifylline has shown
beneficial effects on histological score and mortality [92–94]. However, clinical data are
extremely limited.

To date, only two case reports have described the use of infliximab in patients with AP.
A recent case report involving a 48-year-old man with the extremely rare co-occurrence
of colitis and AP investigated the therapeutic use of infliximab, administered at 5 mg/kg
in three biweekly doses [95]. Treatment led to immediate clinical improvement, including
resolution of diarrhea and hematochezia, normalization of pancreatic enzyme levels, and
no recurrence of either condition. Similarly, an earlier case described a male patient with
segmental Crohn’s disease presenting with severe bloody diarrhea who also developed
interstitial AP [96]. Following a single infusion of infliximab, the patient experienced
clinical improvement and normalization of serum amylase levels without complications.

These reports highlight the potential of cytokine-targeting therapies, such as infliximab,
in the treatment of AP. However, to validate these beneficial effects and determine efficacy
and safety in broader patient populations, more well-designed clinical trials are urgently
needed. Encouragingly, a randomized trial investigating infliximab for AP (NCT03684278)
is currently underway in the UK [97].

Platelet activated factor (PAF) is a phosphoglyceride produced by endothelial cells,
macrophages, neutrophils, and platelets [98] and (Figure 1). Alongside pro-inflammatory
cytokines (IL-1β, IL-6, IL-8, TNF-α) and anti-inflammatory cytokines (IL-2, IL-10), PAF
plays a key role in the pathogenesis of AP [99]. In rodents models, PAF antagonists have
been shown to ameliorate the severity of AP [100–102].

Numerous clinical studies have also been conducted to evaluate the effect of PAF
inhibition in AP. Clinical data suggest that lexipafant (a potent PAF antagonist) could signif-
icantly reduce the incidence of pseudocysts, systemic sepsis and deaths when administered
within the first 48 h of AP symptom onset [103]. The first clinical trial to assess the efficacy
of lexipafant was a randomized, double-blind study involving 83 AP patients who received
either placebo or lexipafant at a dose of 60 mg/day intravenously for three days [104]. The
inflammatory response over days 1–5 was assessed by measuring IL-8, IL-6, E-selectin,
C-reactive protein, and polymorphonuclear elastase-α (1)-antitrypsin. The lexipafant group
showed a greater reduction in organ failure (p = 0.041), IL-8 (p = 0.038), and IL-6 levels.
These effects were further confirmed in another clinical trial in which patients received
lexipafant (100 mg/day) or placebo for 5–7 days. A significant reduction in organ failure
score (OFS) was observed in the treatment group (p = 0.003), along with trends toward
fewer systemic complications and reduced mortality [105].

However, despite these early promising results, a larger, more definitive multicenter
phase III trial failed to demonstrate any benefit of lexipafant in reducing organ failure or
mortality in patients with severe AP, suggesting it is unlikely to be effective as a standalone
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therapy for severe AP [106]. Several factors may explain this discrepancy, including hetero-
geneity in patient populations, delayed initiation of therapy beyond the early inflammatory
phase, and the multifactorial mechanisms underlying AP-associated organ failure. These
considerations, again, highlight the challenge of translating promising anti-inflammatory
interventions into consistent clinical benefits.

Drotrecogin alfa (Xigris) is a 55 kDa glycoprotein analog of endogenous activated
protein C [107]. Low levels of activated protein C are associated with a higher risk of mor-
tality in AP and are thought to influence disease progression by modulating immune and
inflammatory responses [108]. Several experimental models of AP treated with activated
protein C have demonstrated improved pancreatic histology, decreased infection rates, and
lower systemic inflammatory markers [109–111].

In clinical settings, drotrecogin alfa has shown potential benefits in the treatment of
severe AP and its associated septic complications. The first clinical evaluation in 2004
involved two patients who developed severe sepsis during AP, with treatment resulting
in interruption of the severe sepsis cascade and improved organ function [112]. In con-
trast, a randomized, double-blind study involving 32 patients with severe AP found that
intravenous administration of activated protein C (24 µg/kg/h for 96 h) did not result in a
significant difference in MOD compared to placebo [113].

Moreover, due to concerns about the potential risk of pancreatic hemorrhage in this
population, a prospective safety study was conducted in 166 consecutively admitted
patients, of whom 43 met screening criteria and 19 were recruited [114]. In this study,
intravenous administration of Drotrecogin alfa (24 µg/kg/h for 24 h) appeared to be safe.
Separately, a large randomized, double-blind, placebo-controlled multicenter phase III
trial involving 1690 patients with severe sepsis found that Drotrecogin alfa significantly
reduced the relative mortality risk by 19.4% (95% CI, 6.6–30.5), and the absolute risk by 6.1%
(p = 0.005), although it was associated with a trend toward increased bleeding compared to
placebo (p = 0.06) [115].

These mixed findings underscore the urgent need for larger, well-designed clinical tri-
als to further evaluate the safety, efficacy, and therapeutic potential of immunomodulatory
approaches in patients with severe AP. Fortunately, additional immunomodulatory trials
are underway, including IL-1 receptor antagonists such as anakinra (NCT04681066) and
IL-6 inhibitors such as tocilizumab (NCT06045672), are also undergoing clinical evaluation.
Nafamostat mesylate continues to be studied in early AP as a protease inhibitor with anti-
inflammatory effects (NCT04419315). Collectively, these ongoing trials highlight the shift
toward targeted pharmacological strategies to generate robust evidence from large-scale,
multicenter studies before routine implementation.

Autoimmune pancreatitis (AIP) [113], a rare immune-mediated form of pancreatitis
is stratified into type 1 (elevated serum IgG4) and type 2 (pancreas specific, and often
linked to inflammatory bowel disease). AIP also highlights the therapeutic potential of
targeted immunomodulation; however, in contrast to AP, this condition responds rapidly
to corticosteroids [116] as a first-line therapy, and to immunosuppression medications
(i.e., Azathioprine, Rituximab) at maintenance level [117,118]. These established therapies
emphasize that immune-mediated pancreatic inflammation can be specifically targeted,
offering a point of contrast with the largely supportive or experimental approaches in AP.

5. Nutritional Approaches
5.1. Nutrition Therapy in Clinical AP

Historically, AP patients were managed by a nothing by mouth (NBM) strategy to
rest the pancreas [119]. Most clinical guidelines recommended withholding oral intake
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until resolution of abdominal pain, while some also suggested waiting for normalization of
pancreatic enzyme levels [13,120,121].

However, early and adequate fluid resuscitation remains the cornerstone of AP man-
agement. Lactated Ringer’s solution (LR) is generally preferred over normal saline, as it
more effectively corrects metabolic acidosis, attenuates systemic inflammation, and has
been associated with reduced risk of organ failure [122]. Further experimental evidence
suggests that lactate may signal through G-protein-coupled receptor 81 (GPR81), modu-
lating immune and inflammatory responses during AP [123,124]. While fluid therapy is
essential, over-resuscitation carries risks, including abdominal compartment syndrome,
pulmonary edema, and worsened outcomes. Therefore, individualized, goal-directed fluid
replacement is recommended.

Indeed, in AP, intestinal barrier dysfunction—combined with bacterial overgrowth
due to impaired gut motility and systemic immunosuppression—promotes bacterial
translocation, leading to pancreatic tissue necrosis and infection, and the development
of MODS [43,44,125]. Maintaining gut barrier integrity is a central therapeutic goal in
the management of AP [25,126,127]. For this reason, in AP, nutritional support has been
proposed to help prevent morphological deterioration of the intestinal lining and restore
gut function [7,128].

The metabolic response in AP [129,130] closely resembles that seen in severe sepsis
or trauma [131], characterized by increased protein catabolism, persistent gluconeoge-
nesis despite exogenous glucose administration, elevated energy expenditure, insulin
resistance, and increased dependence on fatty acid oxidation for energy. These metabolic
alterations, combined with the dynamic clinical course of AP, mean that energy and nu-
trient requirements vary depending on disease severity, stage, patient comorbidities, and
complications [132]. The dietary modification for patients with AP typically emphasizes
avoidance of alcohol, high-fat foods, and refined sugars, all of which may exacerbate
pancreatic inflammation and delay recovery. Instead, a gradual introduction of easily
digestible, low-fat diet with adequate protein and complex carbohydrates is recommended,
with small frequent meals favored over large portions [40,133,134]. Such a balanced diet
approach reduces pancreatic stimulation, supporting nutritional recovery.

The discussion above, thus, suggests nutritional support in AP is essential. Table 3
summarizes the various forms of nutritional therapy and their protective roles across
the clinical spectrum of AP, as well as the effectiveness of the two main forms of nutri-
ent delivery: enteral nutrition, which involves the delivery of nutrients directly to the
gastrointestinal tract, and parenteral nutrition, which provides nutrients intravenously, by-
passing the gastrointestinal tract. Total enteral nutrition is able to attenuate the acute-phase
response—as evidenced by reductions in serum C-reactive protein, IgM anti-endotoxin
antibodies, and improvements in total antioxidant capacity—and to improve clinical out-
comes by mitigating disease severity [135]. It is of relevance that studies have also explored
on-demand feeding within 72 h, in which patients begin oral intake as soon as they report
hunger. While this approach leverages hunger as a marker of gastrointestinal recovery and
offers favorable outcomes to some extent, the superiority of “on demand” oral intake over
the enteral nutrition is not established [52].

Enteral feeding could also maintain the gut mucosal barrier and hinder bacterial
translocation, thereby limiting the risk of infection in pancreatic necrosis [136,137]. Multiple
studies (as summarized in Table 3) have demonstrated that early oral feeding during the
course of AP is associated with shorter hospital stays, decreased infectious complications,
and lower morbidity and mortality. In contrast, while a small percentage of AP patients
will still need a parenteral nutrition, total parenteral nutrition is not recommended for
patients with either mild or severe AP [137], as numerous randomized controlled trials



Pharmaceuticals 2025, 18, 1621 12 of 23

have linked total parenteral nutrition to increased risks of infection and other closely
related complications.

Beyond conventional nutritional interventions, several studies have explored the
use of immune-enhanced naturally occurring bioactives as emerging adjuncts therapy
for the management of AP. While these compounds hold promise, most supporting ev-
idence remains preclinical, and rigorous clinical trials are needed to define their role in
routine clinical therapy. Curcumin (i.e., from turmeric) and resveratrol (i.e., from grapes
and berries) have demonstrated modulation of several key AP signaling pathways and
attenuation of pro-inflammatory cytokines release/pancreatic inflammation in preclinical
models [138–141]. Of relevance, results from a recent placebo controlled randomized trial
(NCT04989166) [142] also demonstrate a reduction in the gastrointestinal ward length
of stay, lower analgesics requirements, and an improved appetite in the patients with
mild/moderate AP receiving twice 40 mg soft gel nano-curcumin for 2 weeks.

Quercetin (i.e., from onions and apples) demonstrates protective effects against oxida-
tive stress and acinar cell apoptosis; such that a recent work indicates that quercetin allevi-
ates experimental AP by modulating glycolysis and mitochondrial function via PFKFB3
inhibition [143]. Relevantly, for the treatment of AP, systematic reviews [144] and a meta-
analysis [145] also emphasize antioxidant and immunomodulatory potential of quercetin
despite bioavailability challenges.

Additionally, omega-3 fatty acids (i.e., from fish oil) modulate immune responses,
reduce systemic inflammation, and may improve clinical outcomes in small-scale clinical
studies [146,147], thereby reducing the risk of mortality, infectious complications, and
length of hospital stay and suggesting a promising adjunctive role in comprehensive
nutritional strategies for AP.

5.2. Antioxidant Therapy in Clinical AP

Oxidative stress plays a significant pathological role in AP, closely linked to the
systemic inflammatory response [148]. Hypo-oxygenated pancreatic tissues and polymor-
phonuclear leukocytes generate ROS, which can further infiltrate and damage the inflamed
pancreas [149]. Clinical studies have demonstrated that blood levels of antioxidants are
depleted during AP, with lower levels correlating with increased disease severity [150,151].

Antioxidants such as n-acetylcysteine (NAC), methionine, beta-carotene, selenium,
ascorbic acid, and α-tocopherol form a heterogeneous group of agents that modulate the
inflammatory response and may help mitigate oxidative tissue damage in inflammatory
diseases [152–154]. Clinical trials assessing these agents support the role of ROS in pancre-
atic cellular injury and highlight the therapeutic potential of antioxidant supplementation
in AP. One randomized clinical trial evaluated the combined protective effects of NAC
(200 mg every 8 h), vitamin C (500 mg every 8 h), and antoxyl forte (1 capsule every hour)
in AP [155]. The intervention led to a significant reduction in oxidative stress markers
(thiobarbituric acid reactive substances and superoxide dismutase), alongside a marked
increase in serum antioxidant levels and total antioxidant capacity. The authors further
hypothesized that antioxidant supplementation may decrease the hospital stay duration
and complication rates in AP patients.

Also, in another randomized trial (treatment group, N = 19; control group, N = 20),
Bansal and colleagues (2011) [156] investigated the effects of intravenous antioxidant
therapy—including Vitamins A (10,000 IU; i.m.), C (1000 mg; i.v.), and E (200 mg; oral)—in
patients with severe AP. While the therapy was safe and well tolerated, it did not result
in significant improvements in clinical outcomes such as systemic inflammatory response,
organ dysfunction, hospital stay, or mortality. These findings underscore a potential role
for Vitamin therapy (i.e., A, C, and E) in the pathophysiology of AP, but therapeutic
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supplementation has yet to demonstrate the clear clinical benefits. Therefore, further
research, including large-scale trials, is warranted to explore the combined antioxidant
therapy, particularly in early stages of AP.

Furthermore, glutamine, a potent antioxidant, is an important constituent of both
intra- and extracellular amino acid pools and plays an essential role in the development
and function of immune cells [157,158]. Its depletion has been demonstrated in criti-
cally ill patients [159]. A meta-analysis of 12 randomized controlled trials of glutamine
supplementation in AP showed a mortality benefit and a significant reduction in infec-
tious complications, although no significant difference was observed in length of hospital
stay [160]. These findings are supported by another meta-analysis conducted by Jeurnink
and colleagues [161], which concluded that glutamine treatment may offer potential bene-
fits for AP patients. Furthermore, early administration (initiated on the day of admission)
of alanyl-glutamine dipeptide in cases of severe AP has been associated with statistically
significant improvements in key clinical outcomes, including duration of hospitalization,
rate of infection, organ dysfunction, need for surgery and mortality, when compared to
delayed treatment initiated five days after admission [162].

In summary, these studies indicate that glutamine may represent a promising adjunc-
tive therapy in the management of AP.

5.3. Probiotic Therapy in Clinical AP

Changes in intestinal motility, microbiome composition [43], immune response [28],
and mucosal barrier function [125] contribute to bacterial translocation [163]—primarily
involving Gram-negative strains—which can lead to pancreatic necrosis infection. The exact
pathomechanisms and specific routes of this translocation, though remain incompletely
understood, are actively being investigated [164,165]. Definitive evidence is also lacking
regarding whether bacteria predominantly originate from the colon or the small bowel.
Nevertheless, the recognized role of bacterial translocation in the progression of AP has
prompted several studies to explore the therapeutic potential of probiotics in reducing
necrotic infection. Oral probiotics are living microorganisms that confer health benefits
beyond basic nutrition by restoring gut integrity, modulating immune responses to invading
pathogens, and inhibiting the proliferation of harmful bacteria [166,167].

A recent review of both experimental and clinical studies suggests that probiotics
and/or probiotic food may plausibly diminish bacterial translocation and thereby decrease
the risk of infectious complications in AP [168]. These findings have been further supported
by clinical evidence. For example, a prospective randomized trial involving 66 patients
with severe AP compared standard EN (N = 32) to EN combined with Bifidobacterium
quadruplex live bacterial tablets (N = 34) [169]. Probiotic supplementation was associated
with significant reductions in inflammatory markers such as IL-6, TNF-α, and C-reactive
protein (p < 0.05 for all inflammatory markers), as well as clinical improvements including
relief of abdominal pain, alleviation of pancreatic edema, and shorter hospital stays (p < 0.05
for all outcomes) [169].

In another placebo-controlled, double-blind clinical study of 64 AP patients, a com-
bination of Bacillus subtilis and Enterococcus faecium was evaluated [51]. Although no
difference in recurrent abdominal pain was observed between the probiotic and control
groups, the probiotic-treated group showed a statistically significant reduction in the time
to abdominal relief (p < 0.01), time to successful oral feeding (p < 0.01), and length of
hospital stay (5.36 ± 0.15 vs. 6.02 ± 0.17 d, p < 0.05). A prior randomized clinical trial
involving 22 patients with AP demonstrated that Leuconostoc plantarum 299, administered
at a dose of 1 × 109 organisms twice daily for one week alongside oat fiber, significantly
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reduced pancreatic sepsis and the number of surgical interventions related to pancreatic
damage [170].

Additionally, a placebo-controlled double-blind study of 62 patients with severe AP
also evaluated a combination of four probiotic strains (L. mesenteroides, L. plantarum, L.
paracasei, Pediococcus pentosaceus) at a dose of 1 × 1010 colony forming units administered
once daily for one week along with prebiotics containing four bioactive fibers (inulin,
beta-glucan, resistant starch and pectin) [171]. This intervention resulted in a statistically
significant reduction in SIRS and multiple organ failure (MOF) compared to the control
group receiving only prebiotic feeding (p < 0.05), suggesting a protective role of probiotics
against organ dysfunction in severe AP.

Moreover, Ecologic 641, a multispecies probiotic preparation containing L. casei, L.
salivarius, L. acidophilus, L. lactis, B. bifidum, and B. lactis, was shown to significantly increase
levels of the anti-inflammatory cytokine IL-10 and decrease levels of the pro-inflammatory
cytokine IL-2, compared to its individual components [172]. These findings further suggest
that probiotics may help modulate inflammation in AP. Furthermore, the administration
of synbiotics (L. mesenteroides, L. plantarum, L. paracasei, P. pentosaceus at a dose of 1 × 1010

organisms combined with dietary fibers) in 90 patients with severe AP significantly reduced
the rate of pancreatic necrosis infection, the need for surgical interventions, and the length
of hospital stay, suggesting that early, low-volume enteral oral synbiotic supplementation
could potentially be incorporated into routine treatment protocols for AP [173].

Though promising, existing clinical data are often incomplete such that numerous
limitations and questions remain. For instance, the timing of intervention, optimal probi-
otic strain(s) and/or the clinical practice guidelines for the components of the probiotic
foods. We, therefore, encourage the field to move toward using future large, multicenter
randomized controlled trials to uncover the mechanisms and efficacy of probiotics to cure
the AP. This would help bridge the gap in our understating and enhance the knowledge of
potential probiotic interventions in treatment of AP.

6. Conclusions
The global incidence of AP continues to rise, posing a significant healthcare burden.

Recent advances in understanding the cellular and molecular mechanisms of AP in animal
models have led to the identification of promising pharmacological agents, some of which
have shown beneficial effects in clinical settings. These pharmacological interventions
aim to prevent or treat pancreatic necrosis, multiple organ dysfunction syndrome, and
infection of necrotic pancreatic tissue. In parallel, nutritional support has emerged as a
key component in the management of AP. Importantly, the first 24–48 h after symptom
onset represent a critical interventional window during which inflammatory processes
can be effectively targeted, potentially improving clinical outcomes. To advance the field,
we propose a conceptual framework that integrates pharmaco-nutritional strategies into
a tiered clinical algorithm: (i) early baseline care; (ii) adjunctive therapies tailored by risk
stratification (e.g., antioxidants, immunonutrition in severe disease); and (iii) emerging
targeted interventions (e.g., cytokine inhibitors, bioactives) within controlled trials. Looking
ahead, future progress requires multicenter registries and international collaborative studies
to refine patient phenotyping, validate biomarkers of response, and translate preclinical
discoveries into practice. This approach will not only consolidate current knowledge
but also provide a roadmap for personalized management of AP. Finally, such a globally
coordinated effort would offer a robust platform for evaluating emerging therapies and
improving care for this complex and often life-threatening condition.
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Abbreviations
The following abbreviations are used in this manuscript:

AP Acute pancreatitis
TOF transient organ failure
POF persistent organ failure
EPC exacerbation of pre-exiting comorbidity
N/A not applicable
SOFA sepsis-related organ failure assessment
TNF-α tumor necrosis-alpha
IL interleukin
SIRS systemic inflammatory response syndrome
MOD multiple organ dysfunction
Iκ I kappa
NF-κB nuclear factor kappa B
PAF platelet-activating factor
Neut. neutrophils
Baso. basophils
Dendt. dendritic cell
Mon. monocytes
Macr. macrophages
Plt. platelet
Mast. mast cell
REL proto-oncogne
P phosphorylation
Ub ubiquitination
NSAID non-steroidal anti-inflammatory drugs
ERCP endoscopic retrograde cholangiopancreatography (ERCP)
PEP post-ERCP pancreatitis
NBP nothing by mouth
TEN total enteral nutrition
TPN total parenteral nutrition
EEN early enteral nutrition
DEN delayed enteral nutrition
EIN eco immune nutrition
SD solid diet
CLD clear liquid diet
ODN on demand nutrition
FA Fatty acids
Abx antibiotics
Ctl control
vs. comparison
RCT randomized control trial
PCT pilot/prospective clinical trial
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HCS hospital conducted study
PRT prospective randomized trial
PNR prospective non-randomized
RIT randomized interventional trial
MOF multiple organ failure
IAP intra-abdominal pressure
IAH intra-abdominal hypertension
CRP C-reactive protein
APACHE II Acute physiology and chronic health evaluation II
sTNFRI soluble tumor necrosis factor receptor I.
NAC n-acetylcysteine
ROS reactive oxygen species
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