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ABSTRACT
Background: Inflammatory bowel disease (IBD) is linked to dysregulated mucosal immunity, microbiota imbalances, and envi-
ronmental factors, though its exact cause remains unknown. Current treatments often have limitations, necessitating innovative 
therapies. This review evaluates anti-inflammatory peptides (AIPs) as emerging therapeutic agents, focusing on their efficacy in 
Ulcerative Colitis and Crohn's disease.
Methodology: A systematic review was conducted in February 2023, adhering to PRISMA 2020 guidelines. Studies published 
from 2010 to 2023 on AIPs for IBD treatment were retrieved from Medline, Web of Science, and Cochrane databases using key-
words such as IBDs, AIPs, Crohn's disease, Ulcerative Colitis, and therapy.
Results: Seventeen studies met the inclusion criteria, comprising 12 animal studies, four clinical trials, and one case–control 
study. H-SN1 (snake venom peptide) and GLP-2② (glucagon-like peptide-2 dimer) effectively inhibited TNF cytotoxicity. Oral 
AVX-470 (bovine-derived anti-TNF antibody) reduced enterocyte TNF, MPO, and apoptosis levels. Ac2-26 (annexin A1 mimic) 
and αs2-casein peptide combined with synbiotics were shown to restore gut homeostasis and dysbiosis. AMP-18 (gastrokine-1) 
and MBCP (buffalo milk peptide) stabilized tight junctions, preserving intestinal barrier integrity and potentially preventing IBD 
progression.
Conclusion: AIPs effectively reduce inflammation, regulate gut microbiota, and stabilize the intestinal barrier, showing prom-
ise for managing IBD. However, their therapeutic potential is limited by protease degradation, poor bioavailability, and possible 
cytotoxicity. Future research should enhance their stability, delivery systems, and pharmacokinetic properties to optimize their 
clinical applicability and safety.

1   |   Introduction

Inflammatory bowel diseases (IBD) are gastrointestinal chronic 
inflammation that comprises ulcerative colitis (UC) and Crohn's 

disease (CD) [1–3]. IBD is a recurrent inflammatory disorder 
that, in CD, can cause inflammation of any part of the intestine, 
particularly the distal ileum, cecum, perianal, as well as colon, 
whereas UC only affects the rectum and colon [4, 5]. IBD is still 
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an idiopathic disorder; however, some studies revealed that IBD 
pathogenesis is probably related to the dysregulation of gut mu-
cosal immunity, intestinal microbiota dysbiosis, and genetic 
and environmental risk factors [5–8]. Colonic lesions in patients 
show overexpression of inflammatory mediators that trigger re-
cruitment and chemotaxis of PMNs and lymphocytes [9, 10].

Studies display that Th-17 cells, innate lymphoid cells (ILCs) 
[10], as well as TNF-α, interleukin-1β, interferon-γ, and IL-23 
play a significant role in IBD progression [5, 11, 12]. Targeted 
conventional therapies involve amino-salicylates (5-ASA), aza-
thioprine, corticosteroids, as well as monoclonal antibodies and 
inhibitors of TNF that could slow down IBD progress, which 
ranges from mild to severe [13, 14]. Specific side effects accom-
pany the management of IBD with these medicines and are 
effective only in a fraction of patients [14, 15]. IBD's incidence 
and prevalence are also rising as the CDC reported that about 
3.1 million persons in the USA are affected by these idiopathic 
colorectal disorders; there needs call for novel therapeutic strat-
egies [16].

Antimicrobial peptides (AMPs) with broad-spectrum activ-
ities act as endogenous antibiotics and provide a new way to 
fight against infection in serious drug resistance [17–19]. AMPs 
comprise approximately 12–50 amino acids [20], exist widely 
in nature, and are derived from species ranging from bacteria, 
herbals, and animals to mammals like humans [20]. Their anti-
inflammatory effect complements the antimicrobial properties 
of AMPs. These cationic polypeptides are involved in the first 
line of the innate immune system and are commonly known as 
“host defense peptides” expressed and synthesized by immune 
cells [21, 22]. Their immunomodulatory activities are varied 
and specific to AMP types. They include multiple cytokines and 

growth factor-like influences to regulate immunity and consti-
tute a linkage between adaptive and innate immune responses 
[23]. Therefore, the prospect of anti-inflammatory drugs based 
on anti-inflammation peptides has a promising future despite 
their optimal drug delivery role.

This study systematically reviews the latest evidence on anti-
inflammatory peptides (AIPs) emerging as a novel therapeutic 
approach in IBDs, particularly in UC and CDs.

2   |   Materials and Methods

2.1   |   Search Strategy

The present systematic review was carried out in March 2023 
following Preferred Reporting Items for Systematic Reviews 
method recommendations, PRISMA 2020, outlined in Figure 1 
[24]. Published studies investigating the use of AIPs for IBD 
management in patients with colitis and CD were retrieved 
through the literature in the Medline, Web of Science, and 
Cochrane databases. Medical Subject heading terms (MeSH) 
and text words for query were “anti-inflammatory peptide” 
AND “inflammatory bowel diseases” OR “IBD” OR “Crohn's 
disease” OR “Ulcerative colitis” AND “therapy*” AND “treat*.” 
All duplicate articles were deleted by EndNote (version 20) ref-
erence management software. To ensure that all relevant studies 
were involved, articles selected from the databases were manu-
ally and independently reviewed and approved by all authors.

Although the initial search retrieved a large number of studies 
due to the intentionally broad strategy designed to ensure com-
prehensive coverage, strict inclusion and exclusion criteria were 

FIGURE 1    |    PRISMA 2020 flowchart of study selection.
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systematically applied during the screening phases. This ap-
proach minimized the risk of missing relevant evidence and ul-
timately led to a significant reduction in the number of included 
studies.

2.2   |   Eligibility and Inclusion/Exclusion Criteria

Every study from 2010 to 2023 that used AIPs to eliminate 
inflammatory bowel progression was considered eligible. 
Inclusion criteria consist of English and Persian language, orig-
inal article, mouse and human model, open access article (ab-
stract of nonopen accesses paper were included), the study was 
published as peer-reviewed, and those studies which adhere to 
the research topic. Subsequently, the Exclusion Criteria were as 
follows: review articles, letters, guidelines, editorials, case re-
ports, and articles unrelated to AIPs.

3   |   Result

3.1   |   Bibliographic and Characteristic of Included 
Studies

Overall, 17 studies satisfied the predesigned criteria (Figure 1) 
and were involved in this systematic review, in which 12 re-
ported results used animal models of IBDs, four were clinical 
trials, and one study was case–control concerning UC and CD 
patients. Tables  1 and 2 summarize the studies' descriptions, 
such as types of peptides, their effect on intestinal inflammation, 
and efficient therapeutic options for moderately to severe IBDs. 
Four studies included just UC patients, and one investigated pa-
tient with IBD. The AIPs used as biologic therapy were peptides 
B7 and B12 (from Bifidobacterium longum and Bacteroides fra-
gilis, respectively), Casein glycomacropeptide (CGMP), AVX-470 
(bovine-derived, antitumor necrosis factor antibody), Anti-IP-10 
antibody (Interferon-γ-inducible protein-10), Tripeptide K(D)PT.

3.2   |   Anti-Inflammatory Peptides

3.2.1   |   In Human Studies

As shown in Table 1, Fernández-Tomé et al. conducted the first 
case–control study, which involved 17 active IBD patients (10 
CD and seven UC cases) and 20 healthy controls (HCs). Each 
participant provided two samples: an intestinal biopsy obtained 
by colonoscopy. At the same time, the other was a blood sam-
ple to investigate the presence of cytokines within the mucosal 
tissues and circulating human antigen-presenting cells (APCs) 
phenotype change in the presence or absence of the adminis-
tered peptides. Peptide B7, derived from probiotic B. longum, and 
peptide B12, derived from B. fragilis, were used in this study to 
determine their effectiveness [25].

The second study by Hvas et al. conducted a randomized pilot 
study to determine the effectiveness of using CGMP as a nu-
tritional therapy for active UC patients. In this study, 24 active 
UC patients were chosen and then split into two groups. The 
first group received the standard treatment alongside consum-
ing 30 g of CGMP/day, while the control group only received 

the standard treatment (4800 mg oral mesalamine daily) over 1 
month. For analysis purposes, biopsy samples, blood samples (to 
measure circulating cytokines and detect the level of Hb, CRP, 
WBC count, and albumin), and stool samples (for fecal calpro-
tectin assessment) were collected from both groups [26].

Hartman et  al. conducted a clinical trial (NCT01759056) to 
evaluate the efficacy of AVX-470, a bovine-derived anti-TNF 
antibody, in treating active UC. The study involved 36 patients 
randomly assigned to receive AVX-470 at three doses (0.2, 1.6, 
or 3.5 g/day) or a placebo for 1 month. The study collected bi-
opsy samples from five bowel segments to assess tissue inflam-
matory biomarkers using immunohistochemical staining and 
qRT-PCR. These biomarkers included anti-TNF, antibovine 
Ig, anti-IL-1β, anti-CD3, anti-CD68, and antimyeloperoxidase 
(MPO). Additionally, epithelial cell apoptosis was evaluated 
using TUNEL staining. The researchers aimed to determine 
whether AVX-470 could reduce inflammation in the gut tissue 
of UC patients by targeting TNF. This proinflammatory cyto-
kine plays a critical role in the development and progression of 
UC. They measured tissue biomarkers to assess the drug's ef-
fectiveness in reducing inflammation and TUNEL staining to 
evaluate its effect on cell death in the gut lining. However, it was 
observed that drug selectivity and stability were one of the major 
problems of this study [27].

In a double-blind phase II randomized study, Mayer and col-
leagues (trial identifier: NCT00656890) evaluated the potential 
effectiveness of an anti-IP-10 antibody as a therapy for UC. The 
antibody targets Interferon-γ-inducible protein-10. 109 patients 
with UC were enrolled, with 55 patients receiving the pep-
tide and 54 receiving a placebo. Patients received 10 mg/kg of 
the anti-IP-10 antibody biweekly for 8 weeks. The researchers 
assessed the clinical response rate at day 57 by measuring re-
ductions in the Mayo total score by three or more points and 
a decrease in the rectal bleeding score by one or more points. 
They also evaluated the mucosal healing rates, which required 
a Mayo total score of two or less with no individual score more 
significant than one, and total clinical remission was described 
as a Mayo total endoscopic score of one or less. In addition, 
the researchers conducted post hoc analyses to evaluate drug 
exposure-response association and histological amelioration. 
Overall, the study aimed to determine whether the anti-IP-10 
antibody could be an effective treatment for improving clinical 
symptoms and mucosal healing in UC patients [28].

The study conducted by Kucharzik and colleagues was a phase 2 
clinical trial designed to investigate the efficacy of K(D)PT medi-
cation in UC cases. The trial was double-blind, randomized, and 
lasted for 8 weeks. Patients were given oral K(D)PT twice daily 
at three doses (20, 50, or 100 mg). The researchers assessed the 
drug's effectiveness by measuring the colitis activity index (CAI) 
after treatment. They also evaluated the rate of improvement at 
different time points during the study. The CAI score indicates 
the severity of inflammation in the colon, with higher scores 
indicating more severe symptoms. Therefore, the researchers 
were interested in whether K(D)PT could reduce CAI scores and 
improve the rate of improvement in UC patients. In this study, 
the researchers also aimed to increase the drug's tolerability and 
find ways for the drug to overcome existing problems in this 
area [29].
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Due to the high costs and significant risks associated with 
human trials, animal studies have garnered considerable atten-
tion from scientists [42]. Many studies highlight the remarkable 
functional similarities between humanized mice and humans, 
making these mice a common choice for in vivo research [43]. 
We have reviewed several studies on AIPs using humanized 
mice models in this context.

3.2.2   |   In Animal Model Studies

A wide range of AIPs in IBD's animal models was analyzed in 
this systematic review, such as Vasoactive Intestinal Peptide, 
Thrombospondin peptide ABT-898, Self-assembling Peptide 
Hydrogel (SAPH, PuraMatrix), glucagon-like peptide-2 dimer 
(GLP-2②), Hydrostatin-SN1 (H-SN1), Cortistatin (A5), αs2-
casein, peptide 317, Peptide drove from annexin A1, annexin A1-
mimetic peptide Ac2-26, Bubalus bubalis milk-derived products 
(MBCP), AMP-18 (Antrum Mucosal Protein).

Two recent studies have highlighted the anti-inflammatory po-
tential of peptides derived from Hericium erinaceus, a medicinal 
mushroom. An ex vivo study demonstrated that these peptides 
can significantly attenuate inflammation in human IBD models 
[44]. Furthermore, a clinical study published in 2024 confirmed 
their beneficial effects in patients with UC [45]. These findings 
suggest that H. erinaceus-derived peptides could be promising 
therapeutic candidates for IBD management.

4   |   Discussion

The pathogenesis of IBD is closely linked to the presence of 
inflammatory cytokines, including IL-1β, IFN-γ, TNF-α, and 
Interleukin-6/10/18/33. These cytokines play a critical role in 
initiating, progressing, and resolving inflammation in the gut. 
Still, they can also cause tissue damage and sometimes per-
petuate the disease. Their proinflammatory effects can lead to 
the destruction of intestinal epithelial cells, which further ex-
acerbates inflammation in the affected area. It is essential to 
monitor the levels of these cytokines in patients with IBD to 
manage their symptoms effectively. Furthermore, developing 
therapies targeting these cytokines may hold promise for more 
effective treatment options in the future [25, 46, 47]. Therefore, 
the current treatment methods for IBD involve immunomodu-
lators and immunosuppressives. Examples of these treatments 
include Azathioprine, Ciclosporin, anti-integrin agents such 
as Vedolizumab, anti-interleukin agents like Ustekinumab, 
and anti-TNFα antibodies, which encompass Infliximab, 
Adalimumab, and Golimumab. These therapies work by mod-
ulating or suppressing the immune system to reduce inflam-
mation in the gut and alleviate symptoms associated with IBD. 
However, it is essential to note that these treatments may have 
side effects and may not work for everyone, highlighting the 
need for continued research into alternative therapeutic options 
[48, 49].

In UC and CD cases, anti-TNF agents have proven highly ef-
ficient and had significant breakthroughs in IBD treatment 
[50, 51]. Studies have shown that H-SN1, a natural peptide 
derived from the venom of Hydrophis cyanocinctus snakes, 

significantly inhibits tumor necrosis factor cytotoxicity in L929 
fibroblast cells. According to Zheng et al., this peptide is capable 
of binding to TNF-α receptor 1 (TNFR1), which leads to the sup-
pression of TNF/TNFR1 axis signaling and inhibition of NF-кB 
pathways and MAPK activation in HEK293 embryonic kidney 
and HT29 adenocarcinoma cell lines. Moreover, experiments 
conducted on mice using the DSS-induced colitis model indi-
cated that the anti-inflammatory properties of H-SN1 effectively 
reduced the clinical symptoms of colitis, including decreased 
body weight loss, disease severity, bloody diarrhea, and colon 
inflammation. These findings suggest that H- SN1 could be the 
prospective therapy for IBD [34]. H-SN1 as a treatment method 
resulted in a notable decrease in proinflammatory cytokines, 
such as IL-1β, IFN-γ, and IL-6 transcripts. These results were 
similar to those achieved using GLP-2②, a potent candidate for 
IBD therapy. Both H-SN1 and GLP-2② have been found to ef-
fectively reduce these proinflammatory cytokine levels, which 
are commonly involved in the onset and progression of IBD 
[33, 34]. The gut hormone GLP-2, known for promoting intesti-
nal growth, demonstrated promising results in a murine model 
of colitis treatment. The treated mice showed increased body 
weight and reduced colitis scores comparable to those of the 
other peptide. Additionally, GLP-2 was found to alleviate MPO 
activities and decrease protein expression of NLR Family Pyrin 
Domain Containing 3 (NLRP3) and Cyclooxygenase 2 (COX2), 
which are both associated with inflammation [33]. Moreover, 
when AVX-470 (bovine-derived, anti-TNF antibody) was ad-
ministered orally at a dosage of 3.5 g/day for 4 weeks, it reduced 
TNF, MPO, and apoptosis levels in enterocytes observed in bi-
opsy specimens. This treatment was found to be effective in pa-
tients who were suffering from active UC [27] (Figure 2).

Disruptions in the gut microbiota might be associated with IBD 
progression. Specifically, dysbiosis can negatively impact the 
function of the intestinal barrier. This can lead to changes in 
the secretion of AMPs and mucus glycosylation, which are es-
sential for supporting healthy gut bacteria growth. Additionally, 
these changes can create an environment where commensal 
bacteria living in the gut cannot properly adhere to and func-
tion as they should [52, 53]. In addition to the current immune-
suppressing treatment for patients with IBD, novel biologic 
therapies focused on maintaining gut hemostasis and reversing 
gut dysbiosis could be effective [54]. The use of Ac2-26, a pep-
tide that mimics annexin A1, in experimental colitis models 
has been found to cause changes in the makeup of the intesti-
nal microbiota. Additionally, this peptide has been observed to 
boost the production of short-chain fatty acids (SCFAs), which 
have essential roles in maintaining gut health and reducing 
inflammation. Therefore, Ac2-26 shows promise as a potential 
therapeutic agent for treating colitis and related conditions [39]. 
A study conducted by Li and colleagues found that mice with 
colitis induced by dextran sulfate sodium (DSS) experienced 
a reduction in the abundance of Escherichia-Shigella bacteria 
when treated with oral administration of AON (Ac2-26, which is 
a type of oxidation-labile Nanotherapy). These particular bacte-
rial species have been associated with the development of colitis 
and other IBDs. Therefore, reducing their abundance may be 
beneficial in managing colitis symptoms and improving overall 
gut health. The findings suggest that treatment with AON can 
manipulate the gut microbiome in a way that promotes a more 
balanced and diverse gut ecosystem, which can, in turn, help 
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prevent the development of inflammatory diseases like colitis 
[55]. Furthermore, there was an increase in the prevalence of 
certain bacterial species belonging to the Prevotellaceae family 
in the colitis group. These particular bacteria are known to pro-
duce SCFAs, which are the preferred source of energy for cells 
in the colon. SCFAs have anti-inflammatory properties and help 
to maintain a healthy balance of gut bacteria. This suggests that 
even though colitis is characterized by inflammation, the body 
may try to counteract this by increasing the abundance of bac-
teria that produce anti-inflammatory compounds like SCFAs. 
Overall, this finding highlights the critical role that gut bacteria 
play in maintaining gut health and preventing inflammatory 
diseases [39]. SCFA compounds have several vital functions 
within the body, including immune modulation. Specifically, 
SCFAs can decrease the release of proinflammatory cytokines 
via macrophages. This is achieved by activating G protein re-
ceptors known as GPR43 and inhibiting an enzyme called his-
tone deacetylase. As a result, they may be beneficial in treating 
inflammatory conditions like IBD [56]. Similarly, taking syn-
biotics, a combination of probiotics and prebiotics, can be ad-
vantageous in treating IBD because they can help decrease the 
expression of cytokines that promote inflammation. Essentially, 
synbiotics work by introducing beneficial bacteria into the gut, 
along with the fibers that feed these bacteria. This helps to 
balance the microbiome in the gut, decreasing the abundance 
of opportunistic bacteria that can trigger inflammation and 
increasing the presence of beneficial bacteria that can help to 
reduce inflammation. As a result, synbiotic supplements may 
help manage symptoms of IBD and improve overall gut health 
[57]. A study by Ha et al. investigated the use of a peptide called 
αs2-casein to treat mice with IBD. This study found that using 
this peptide decreased inflammation associated with IBD. It is 
worth noting that this peptide was isolated from synbiotics, a 

combination of fermented Cudrania tricuspidata extract and 
Lactobacillus gasseri. This suggests combining the αs2-casein 
peptide with synbiotics may effectively treat IBD-related inflam-
mation [36]. However, two types of peptides, specifically those 
derived from gut commensals B. longum (known as peptide B7) 
and opportunistic bacteria B. fragilis (known as peptide B12), 
were not successful in reversing the altered mucosal cytokine 
profile seen in individuals with IBD. This suggests that these 
peptides may not be effective treatments for IBD [25].

Melanocortin-derived peptides, including α-MSH and its syn-
thetic analogs, have shown substantial anti-inflammatory and 
immunomodulatory potential. These peptides modulate cyto-
kine profiles, preserve epithelial integrity, and regulate innate 
immune responses in experimental models of IBD [58]. Their 
promising biological activities highlight their value as emerging 
candidates in peptide-based IBD therapies.

Some recent studies have used animal models to investigate 
the connection between an impaired intestinal barrier and the 
progression of IBD. The research suggests that stabilizing tight 
junctions (TJs) in the intestine may effectively prevent IBD. This 
indicates that there may be a link between the breakdown of the 
gastrointestinal barrier and the pathogenesis or development of 
IBD [59, 60]. When mice with colitis were given a specific type of 
AMP called AMP-18 (also known as gastrokine-1), it positively 
affected their intestinal health. Specifically, it helped to reverse 
the hyper-permeability (or increased permeability) of the gastro-
intestinal mucosal barrier that is often seen in cases of colitis. 
This was achieved by stabilizing the TJs in the colon's epithelial 
tissue. By doing so, the wound-healing process in the affected 
area was accelerated. Overall, this suggests that AMP-18 may 
be a promising treatment option for individuals suffering from 

FIGURE 2    |    AIPs are effective in IBD treatment through three mechanisms of action. MBCP (Bubalus bubalis milk-derived products), Anti-IP-10 
antibody (Interferon-γ-inducible protein-10), AMP-18 (Gastrokine-1), and Tripeptide K(D)PT play a role in intestinal barrier maintenance through 
stabilization of Tight Junction. Another two peptides, annexinA1-mimetic peptide (Ac2-26) and αS2-casein peptide, help the maintenance of Gut 
Microbiota. AVX-470, Hydrostatin-SN1 and glucagon-like peptide-2 dimer (GLP-2②) has anti-TNF activity.
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colitis [41]. Research has shown that a peptide derived from buf-
falo milk, called MBCP, may have the ability to repair damage 
to the intestinal epithelium caused by inflammation related to 
IBD. Doing so helps maintain the integrity of the intestinal bar-
rier. In laboratory experiments using Caco-2 cells induced with 
TNF-α—a substance known to cause inflammation—MBCP 
was found to be effective in regulating the activity of the NF-
κB pathway, which is involved in immune responses and in-
flammation. Additionally, it was observed to reduce intestinal 
permeability in mice models. Consequently, MBCP could be a 
prospective therapeutic agent for individuals with IBD who ex-
perience damage to the intestinal barrier [40]. Furthermore, a 
clinical trial study has also explored the use of AIPs. One such 
peptide is Interferon-γ-inducible protein-10 (IP-10 or CXCL10), 
used in a phase II randomized clinical trial for patients with 
moderate-to-severe UC. The trial demonstrated that IP-10 in-
creased these patients' mucosal healing rates and histologi-
cal improvement. This suggests that IP-10 has the potential to 
modulate epithelial homeostasis (balance) and could, therefore, 
be a promising treatment option for individuals with IBD [28]. 
Meanwhile, anti-inflammatory tripeptide K(D)PT was efficient 
in UC patients, probably due to the fixation of TJ protein [29].

Despite the promising findings, several research gaps remain for 
many of the peptides discussed in this review. Key limitations 
include a lack of pharmacokinetic data, insufficient large-scale 
human trials, and unclear long-term safety profiles. A summary 
of each peptide's observed effects and the corresponding re-
search gaps is presented in (Table S1).

5   |   Conclusion

The present study explored the potential of AIPs in treating IBD 
and their clinical benefits. The findings indicate that AIPs could 
serve as a viable alternative or complement to current therapeu-
tic strategies. These peptides modulate the immune response, 
reduce inflammation, maintain mucosal homeostasis, regulate 
gut microbiota, and reinforce the intestinal barrier. However, 
their clinical application remains limited due to challenges 
such as susceptibility to proteolytic degradation and potential 
cytotoxicity. Therefore, future research should aim to improve 
the pharmacokinetic properties of these peptides, focusing on 
enhancing their stability, specificity, and targeted drug deliv-
ery mechanisms to optimize their therapeutic efficacy in IBD 
treatment.
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