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ABSTRACT 

Chronic wounds are characterized by prolonged healing durations and disrupted progression through the normal 

phases of wound healing, hemostasis, inflammation, proliferation, re-epithelialization and remodeling. These 

wounds are often complicated by persistent infections and underlying conditions like diabetic mellitus, which 

hinders effective tissue regeneration. Traditional dressings provide limited therapeutic benefits; therefore, recent 

advancements in wound care have introduced peptide-based therapies that have gained considerable attention for 

their multifunctional roles in modulating wound repair. Peptides possess intrinsic antimicrobial, anti-inflamma-

tory, angiogenic, and pro-regenerative properties, enabling them to regulate diverse cellular and molecular events 
across all stages of healing. This review highlights the mechanistic roles of therapeutic peptides in regulating and 

orchestrating wound healing applications. We further classify bioactive peptides derived from microbial, animal, 

and plant sources with documented roles in wound healing, and also address synthetic peptides engineered for 

wound healing. We discussed the peptide-based hydrogels, recent advancements in peptide-based hydrogels in 

wound healing, and also those hydrogels that are currently under investigation in clinical trials. The primary ob-

jective of this review is to provide the readers a detailed overview of the advancements in wound healing studies 

especially peptide incorporated hydrogels.  
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Figure 1: Graphical abstract 

 

 

INTRODUCTION 

The skin is the largest organ in the human body, accounting for approximately 16 % of the 

total body weight. It serves as the outermost barrier against environmental, microbial, and phys-

ical insults. The skin is composed of three main layers; epidermis, dermis, and hypodermis (also 

known as the subcutaneous layer). Each layer contributes to structural integrity, homeostasis, 

and immune defense (McKnight et al., 2022; Wong et al., 2016). When this barrier is compro-

mised by injury, burns, trauma, surgery, or pathological conditions such as diabetes or periph-

eral vascular disease, the body initiates a complex biological process known as wound healing. 

This process aims to restore tissue integrity, reduce microbial load, and re-establish homeostasis 

through a tightly regulated cascade of cellular and molecular events (Sorg et al., 2017).  

The earliest recorded wound treatments date back to ancient Egyptian script, Ebers Papyrus, 

they used honey and natural substances with bandages for their antimicrobial and absorbent 

properties to treat wounded individuals. In ancient Greece and Rome, physicians such as Galen 

emphasized moisture maintenance for optimal healing. Significant progress occurred in the 19 th 

century, when Joseph Lister, guided by Pasteur’s germ theory, introduced antiseptic practices 

using phenol, which drastically reducing surgical infections and revolutionized wound care 

(Ahmad et al., 2020; Michaleas et al., 2022). Today, chronic wounds significantly burden 

healthcare systems due to prolonged healing time and high treatment costs (Powers et al., 2016). 

As shown in Figure 2, the United States spends approximately $126.95 billion annually on 

chronic wound care, followed by substantial expenditures in Germany, Canada, China, Aus-

tralia, and other countries. 

Given these burdens and the urgent demand for more effective interventions peptides have 

attracted a significant attention for their antimicrobial, immunomodulatory, and regenerative 

properties. Peptides like LL-37 and β-defensins promote fibroblast and keratinocyte activity, 

reduce inflammation, and prevent infection (Ahmad et al., 2024). Because of their size and 

multifunctional activity, peptides are promising agents for chronic wound treatment, as they 

exert their benefits through multiple pathways that are dysregulated in chronic wounds. Some 



EXCLI Journal 2025;24:1657-1689 – ISSN 1611-2156 

Received: July 25, 2025, accepted: October 07, 2025, published: December 01, 2025 

 

 

 

1659 

of these pathways include promoting re-epithelialization by stimulating keratinocyte and fibro-

blast migration and proliferation, improving angiogenesis by upregulating vascular endothelial 

growth factor (VEGF), and accelerate extracellular matrix (ECM) remodeling by modulating 

the activity of matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases 

(TIMPs) (Gomes et al., 2017; Kumar et al., 2024). Many peptides also possess an immunomod-

ulatory properties that shift macrophage phenotypes from a pro-inflammatory (M1) to a regen-

erative (M2) state, thereby resolving persistent inflammation commonly seen in chronic 

wounds (Nazari et al., 2025). Their high specificity, low immunogenicity, and potential for 

combinatorial modification make peptides highly versatile candidates for wound therapy (Guan 

et al., 2022). However, peptide instability remains a major limitation, which prompt their inte-

gration of peptides into delivery platforms such as hydrogels. These systems enhance peptide 

retention at the wound site, protect against enzymatic degradation, and sustain therapeutic ac-

tivity, eventually improving healing outcomes (Kumar et al., 2024). 

 

Figure 2: The illustration shows the total healthcare expenditure on wound care (in billion USD per year) 
and the prevalence of wounds (per 100,000 population) across selected countries (Ref: Wounds Aus-
tralia, 2024; Queen and Harding, 2024; Ruiz and Lima, 2022; Queen and Botros, 2024; Hopkins et al., 
2015; Queen and Harding, 2023; Jiang et al., 2020; Healthcare-in-Europe, 2008; Heyer et al., 2016; 
Morat and Ajemi, 2024; Iyun et al., 2024; Kharrati, 2024; Sharma et al., 2024; Sen, 2021). 

 

 

This review highlights the mechanistic roles of therapeutic peptides in orchestrating wound 

healing, and briefly explores their integration into advanced delivery systems such as hydrogels 

to improve stability and bioavailability. By precisely targeting specific biological pathways, 

peptide-based interventions represent a promising frontier in chronic wound management. We 

further presented bioactive peptides derived from microbial, animal, and plant sources with 

documented roles in wound healing, and discussed synthetic peptides engineered for wound 

healing applications. We also discussed the commercial aspects of peptide-based hydrogels 

used in wound care, recent advancements in their application to wound healing, and their cur-

rent clinical trials. Furthermore, this review also aims to provide a comprehensive guide for 

professionals and researchers from diverse scientific communities, including pharmaceutical 

sciences, clinical sciences, biomaterials, and individuals engaged in wound healing-related 

studies.  
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CLASSIFICATION OF WOUNDS  

The classification of wounds can be made based on various parameters. An accurate classi-

fication is essential for diagnosing the severity of the wound, predicting its healing pace, and 

selecting the most effective treatment approach (Abazari et al., 2022). Thereby, Table 1 sum-

marizes the key classification criteria for wounds, which are as follows: nature, etiology, depth, 

level of pollution, and healing process time. 

 

Table 1: Classification of wounds based on different wound characteristics 

Classifica-
tion  

criteria 

Sub- 
categories 

Characteristics Reference 

Nature  

Clean, incised 
wounds 

Sharp injuries from surgery or sharp objects, e.g., sur-
gical cute 

Percival, 
2002 

Shearing inju-
ries 

Skin separation from deeper layers due to trauma, 
e.g., car accidents 

Crushing 
wounds 

Extensive damage due to high-pressure trauma, e.g., 
machinery accidents 

Burns Injuries from thermal, chemical, electrical exposure, 
e.g., chemical burns 

Contaminated 
wounds 

Exposed to bacteria or foreign material, e.g., open 
traumatic wounds 

Etiology  

Diabetic foot 
ulcers  

Caused by prolonged hyperglycemia, e.g., diabetic 
patients with poor control 

Stefanou et 
al., 2020; 
Rodrigues 
et al., 2019 

Venous leg ul-
cers  

Resulting from venous hypertension, e.g., chronic ve-
nous insufficiency 

Surgical 
wounds 

Intentional incision healing by primary intention, e.g., 
postoperative scars 

Burn wounds Caused by heat, chemicals, or electricity, e.g., fire 
burns 

Depth  

1st degree 
wounds 

Affect only epidermis, cause mild erythema and pain, 
e.g., sunburns 

Abazari et 
al., 2022 

2nd degree 
wounds 

Partial-thickness injury with blistering, e.g., scald inju-
ries 

3rd degree 
wounds 

Full-thickness wounds destroying all skin layers, e.g., 
severe burns that needs grafting 

4th degree 
wounds 

Extend beyond skin to muscles, fascia, or bones, e.g., 
electrical burns 

Contami-
nation 
Level 

Clean wounds Uninfected wounds, often surgical, e.g., sterile surgi-
cal incisions 

Boersema 
et al., 2021 

Clean-contami-
nated  

Controlled exposure to endogenous bacteria, e.g., GI 
surgery wounds 

Contaminated  Open wounds with infection risk, e.g., opened frac-
tures 

Dirty/infected  Infected wounds requiring aggressive management, 
e.g., abscesses 

Duration 

Acute wounds Heal within expected timeframe, e.g., surgical cut Boersema 
et al., 2021 Chronic 

wounds 
Persist longer due to underlying complications, e.g., 
diabetic foot ulcer 

Burn wounds Variable healing; may involve prolonged inflamma-
tion, e.g., deep thermal burns 

Non-healable 
wounds 

Do not heal due to ischemia or other factors, e.g., 
gangrenous wounds 
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PEPTIDES’ ROLES IN ORCHESTRATING WOUND HEALING PHASES 

Wound healing is a complex, multistep process characterized by a cascade of biological 

events that can be divided into five overlapping but distinct phases: hemostasis, inflammation, 

proliferation, re-epithelialization, and remodeling (Rodrigues et al., 2019). Immediately after 

injury, the hemostasis phase begins to prevent blood loss through rapid vasoconstriction and 

platelet aggregation (Golebiewska and Poole, 2015). Activated platelets release a variety of 

vasoactive substances and growth factors including ADP, TXA2, PDGF, TGF-β, and serotonin 

(5-HT), which facilitate clot formation and recruit inflammatory cells (Beura et al., 2022). Pep-

tides such as LL-37 can further support the process of clot formation (Duan et al., 2022) as 

illustrated in Figure 3a. 

As the hemostatic plug stabilizes, the inflammatory phase begins with neutrophil infiltra-

tion, leading to the release of reactive oxygen species, proteases, and antimicrobial peptides 

such as LL-37 (Adnan et al., 2025). LL-37 exerts direct antimicrobial effects and modulate 

immune responses by neutralizing endotoxins, recruiting immune cells, and enhancing cytokine 

production (Agier et al., 2015). Under normal inflammatory phase of wound healing, the mon-

ocytes differentiate from M1 to M2 macrophage phenotypes. This transition is essential for 

tissue debridement, secretion of tissue repair cytokines and promote wound healing. This pro-

cess can be further facilitated by peptides such as Thymosin β4, which activates macrophages, 

thereby promoting infection control and resolution of inflammation (Yu et al., 2025) as shown 

in Figure 3b. 

The proliferative phase then reconstructs the wound tissue through fibroblast proliferation, 

ECM synthesis, and angiogenesis. Endothelial cells and pericytes form new capillaries under 

the influence of VEGF and PDGF, while fibroblasts deposit collagen and glycoproteins (Ro-

drigues et al., 2019). Thymosin-β4 significantly enhances this phase by stimulating fibroblast 

migration, upregulating VEGF, promoting neovascularization, and exerting cytoprotective ef-

fects against oxidative stress (Srinivasan et al., 2025). As granulation tissue forms, keratino-

cytes at the wound edges initiate re-epithelialization by detaching from their basement mem-

brane, extending filopodia, and migrating across the wound bed. This process is guided by 

growth factors such as EGF, HB-EGF, and FGF-7, and is further accelerated by peptides such 

as LL-37, which activates EGFR signaling to promote keratinocyte migration and proliferation 

(Tomic-Canic et al., 2018; Wang et al., 2016). Thymosin β4 also enhances this phase by sup-

porting keratinocyte motility, ECM remodeling, and cytoskeletal organization, thereby facili-

tating rapid epithelial coverage (Yu et al., 2025) as illustrated in Figure 3c and32d.  

In the final remodeling phase, the temporary granulation matrix is replaced with organized 

type I collagen, and myofibroblasts contract the wound before undergoing apoptosis. MMPs 

degrade excess ECM components, while TIMPs ensure controlled remodeling (Rodrigues et 

al., 2019; Xue and Jackson, 2015). Peptides like Thymosin β4 plays a critical role in scar mod-

ulation by reducing myofibroblast persistence, limiting TGF-β-driven fibrosis, and regulating 

MMP activity, ultimately leading to faster wound healing as shown in Figure 3e. 

 

Wound healing peptides, structure, classification, and functional diversity  

Peptides are organic molecules consisting of chains of amino acids (ranging from about 2 

to more than 50) linked by peptide bond. Peptides exhibit diverse pharmacological effects, in-

cluding antimicrobial, antihypertensive, anti-inflammatory, and anticancer effects (Zhou et al., 

2023). A polypeptide is a longer, continuous, unbranched peptide chain, When its molecular 

mass reaches 10,000 Da or more, it is referred to as a protein (Feng et al., 2022). Chains of 4 – 

20 amino acids are termed oligopeptides, and include dipeptides, tripeptides, and tetrapeptides 

(Nasadyuk, 2021). Peptides can be broadly classified according to their origin, chain length, 

biological role, and structural properties. Currently, peptides have attracted significant attention 
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Figure 3: Schematic representation of the five sequential phases of wound healing and the associated 
roles of key peptides where (a) Hemostasis phase that is characterized by platelet aggregation and 
vasoconstriction mediated by secreted molecules including ADP, PDGF, TXA2, TGF-β, and 5-HT; Here 
in peptides such as LL-37 can induce further clot formation. (b) Inflammatory phase were neutrophils 
and macrophages clear pathogens. Peptides such as Thymosin β4 can facilitate macrophage transition. 
(c) Proliferative phase were fibroblasts, myofibroblasts, and pericytes coordinate ECM deposition and 
angiogenesis. Peptides such as Cathelicidin can support this phase. (d) Re-epithelialization phase in 
which keratinocyte migration and proliferation occur, and it’s driven by MMPs and growth factors (EGF, 
HB-EGF, FGF-7), this can be enhanced by peptides such LL-37 and Thymosin β4. Lastly, (e) Remod-
eling phase where collagen maturation and tissue contraction take place, and it’s regulated by MMPs 
and myofibroblast apoptosis which can be facilitate by peptides such as Thymosin β4. (VEGF, Vascular 
Endothelial Growth Factor; TGF-β, Transforming Growth Factor-beta; MMP, Matrix Metalloproteinase; 
EGFR, Epidermal Growth Factor Receptor). 
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due to their ability to modulate diverse biological pathways and enhance cellular and molecular 

interactions (Gori et al., 2023).  

A notable example is the Arg-Gly-Asp (RGD) peptide sequence, which enhances fibroblast 

recruitment and migration, thereby accelerating the inflammatory and proliferative phases of 

wound healing (Chen et al., 2025a). The following sections further explain different classes of 

peptides with wound healing properties. 
 

Wound healing peptides from micro-organisms 

Antimicrobial peptides (AMPs) are a diverse group of naturally occurring molecules found 

in a wide range of organisms, including humans, toad, and mice. They are generally low in 

molecular weight, cationic, and amphipathic. Their amphipathic nature allow them to insert 

into the lipid bilayers and disrupt the microbial cell membranes (Feng et al., 2022; Travkova et 

al., 2017). AMPs typically act through mechanisms such as pore formation, membrane disinte-

gration, and intracellular targeting (inhibition of protein or DNA synthesis), thereby providing 

broad-spectrum activity against bacteria, fungi, viruses, and even cancer cells (Le et al., 2017).  

AMPs contribute significantly to the wound-healing process through their antimicrobial, 

immunomodulatory, and regenerative properties (Nasseri and Sharifi 2022). Their immuno-

modulatory functions include regulating cytokine production, influencing immune cell recruit-

ment to the wound site, suppressing excessive inflammation by downregulating TNF-α, IL-6, 

and other pro-inflammatory mediator, and enhancing phagocytosis by modulating macrophage 

activity to facilitate the clearance of necrotic tissue and pathogens (Duan et al., 2022), In addi-

tion, AMPs are highly effective against multidrug-resistant bacteria, as they target bacterial 

membranes, making it difficult for pathogens to develop resistance (Pervin and Hassan, 2021).  

Many AMPs adopt α-helical or β-sheet conformations that enhance their stability and inter-

action with bacterial membranes. Also, their relatively short peptide chains enable rapid diffu-

sion through tissue, making them particularly effective for deep wound penetration (Zhang et 

al., 2025). A notable example of an AMPs is Nisin, produced by Lactococcus lactis. It binds to 

lipid II on bacterial membranes, forming pores that lead to ion leakage and bacterial cell death. 

Its potent antimicrobial effect primarily targets Gram-positive pathogens, thereby minimizing 

wound infections and supporting tissue regeneration (Khan et al., 2023). Other types of AMPs 

are summarized in Table 2.  

 

Wound healing peptides from animals 

Animal-derived peptides have been shown to accelerate wound healing, prevent scar for-

mation, and contribute to infection control at the wound site. As they are derived from natural 

animal proteins, these peptides are generally considered safe and reliable. They are sourced 

from a wide range of animals, including amphibians, insects, marine organisms, and mammals 

(Fan et al., 2024). 

Structurally, animal-derived peptides are typically composed of short amino acid sequences 

(ranging from 12–50 residues) that may be linear or cyclic and often adopt secondary structures 

such as α-helices and β-sheets. They are amphipathic, containing both cationic and hydrophobic 

domains, which enable them to interact with microbial membranes and as well as host cells, 

thereby exerting antimicrobial and wound-healing effects (Sun et al., 2024; Ma et al., 2024). 

For example, Bovine Lactoferrin (BLF) is an iron-binding glycoprotein derived from bovine 

colostrum, with each lobe capable of binding a single Fe³⁺ ion. Its structure enables it to inhibit 

microbial growth by sequestering iron, which bacteria need to survive, and by disrupting mi-

crobial membranes. In wound healing, BLF modulates inflammation by downregulating key 

cytokines such as TNF-α and IL-6, and promotes ECM remodeling through the regulation of 

MMPs. It exerts positive effects across all phases of wound healing, homeostasis, 
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inflammatory, proliferative, re-epithelization and remodeling phase (Dyrda-Terniuk and Po-

mastowski, 2023; Shini et al., 2022). Other types of animal-derived peptides are summarized 

in Table 2. 

 

Wound healing peptides from plants 

Plant-derived peptides are typically short sequences of 2–20 amino acids with molecular 

weights below 3 kDa, and are generated through the enzymatic hydrolysis of plant proteins 

(Nicolas-Espinosa et al., 2022). Their small size and structural composition often featuring cat-

ionic and hydrophobic residues enable them to interact with and penetrate biological mem-

branes. This facilitates various therapeutic effects, including modulation of inflammation, re-

duction of oxidative stress, antimicrobial activity, stimulation of cell proliferation, and remod-

eling of ECM, all of which are crucial to the skin repair process (Nirmal et al., 2024; Fan et al., 

2022). In a burn-injury rat model, oral administration of soybean-derived peptides downregu-

lated NF-κB pathway activation and reduced neutrophil and macrophage infiltration at wound 

sites. Treated animals also exhibited enhanced angiogenesis, indicated by elevated CD31 ex-

pression, and accelerated healing, achieving 67 % wound closure compared with 41 % in con-

trol animals by the eighth week (Zhao et al., 2019). Other types of plant derived peptides are 

summarized in Table 2. 

 

Wound healing synthetic peptides 

In addition to natural peptides, synthetic peptides have gained a considerable attention as 

bioactive agents for accelerating wound healing. Their small size, ease of synthesis, and high 

tunability make them versatile tools that can be tailored for specific biological functions. They 

can be rationally designed or derived from natural protein sequences to target specific pathways 

involved in wound repair (Guan et al., 2022; Md Fadilah et al., 2024). 

A notable example is A7-1, a synthetic peptide derived from a 13-residue sequence in silk 

fibroin, identified for its adhesive properties and ability to support early wound regeneration. 

A study demonstrated that topical application of A7-1 in mice accelerated early angiogenesis 

and granulation tissue formation, potentially through stabilizing local growth factor gradients 

(Jung et al., 2024). Additional engineered peptides and their mechanisms of action are summa-

rized in Table 3. Furthermore, to provide a concise overview of the strength of evidence, Table 

4 summarizes wound healing peptides for which results have been independently reproduced 

across different study types. 

 

HYDROGELS FOR THE DELIVERY OF THERAPEUTIC PEPTIDES: SHIELDING, 

SYNTHESIS, AND WOUND TARGETING 

Hydrogels are three-dimensional networks of hydrophilic polymers that can absorb large 

amounts of water while retaining a semi-solid structure. With water content often exceeding 

90 %, hydrogels provide a moist environment that facilitates tissue repair. They can be tuned 

to incorporate bioactive components (e.g., antimicrobials, growth factors, or cells) that actively 

promote healing (Xiang et al., 2020; Khan et al., 2016). The swollen hydrogel matrix can also 

absorb excess wound exudate, helping to regulate tissue fluids while maintaining hydration. 

Importantly, hydrogel dressings provide a degree of mechanical protection, as they are con-

formable and cushion the wound against external stresses. Unlike traditional dry gauze, hydro-

gels do not adhere tightly to the granulating wound bed, thereby minimizing pain and tissue 

damage during dressings (Xiang et al., 2020; Ahmed, 2015; Feng et al., 2024). These charac-

teristics, moisture retention, non-adherence, and softness, make hydrogels particularly suitable 

for dry or painful wounds, including burns, necrotic wounds, and chronic ulcers. 
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Table 2: Bioactive peptides derived from microbial, animal, and plant sources with documented roles in wound healing 

S. 
NO. 

PEPTIDE MOLECULAR WEIGHT 
[DA] AND ORIGIN 

MECHANISM IN WOUND HEALING TARGETED 
HEALING 
PHASE[S] 

REFERENCE 

WOUND HEALING PEPTIDES FROM MICRO-ORGANISMS 

1 Actinomy-
cin X2 

C62H86N12O16 

1255.42 Da 

Streptomyces cyaneofus-
catus 

Consists of a planar phenoxazinone chromophore ena-
bling it to activate the classic NF-kB signaling pathway 
and down-regulate the pro-inflammatory factor IL-6.  
 

Inflammatory, 
proliferative and 
remodeling 
phases 

Zhou et al., 
2023 

2 Enterocin 
A 

C219H352N64O66S5 

4800 Da 

Enterococcus faecalis 

Consist of a conserved N-terminal region and a disul-
fide-bonded globular C-terminal domain, which allow it 
to produce localized holes in cell wall causing leakage 
of macromolecules such as proteins and resulting in 
death of pathogenic organisms.  

Inflammatory 
phase 

David et al., 
2016 

3 Fengycin  C72H110N12O20 

1,463.7 Da 

Bacillus subtilis and 
Bacillus velezensis 

Amphipathic cyclic lipopeptide that inhibit the growth of 
pathogenic fungi such as Aspergillus flavus. By disrupt-
ing membrane integrity, alter permeability, surface hy-
drophobicity, and causes cell lysis.  

Inflammatory 
phase 

Araujo et al., 
2022 

4 Iturin A C54H95N13O15 

1,122.4 Da 
Bacillus subtilis 

Lipopeptide containing a cyclic structure and a β -hy-
droxy fatty acid giving it amphipathic properties. It binds 
selectively to ergosterol in fungal membranes, inserting 
its lipophilic tail into the lipid bilayer, forming transmem-
brane pores, and disrupting membrane architecture.  

Inflammatory 
phase 

Zhou et al., 
2021; Yang et 
al., 2024 

5 Nisin C143H230N42O37S7 

3500 Da 
Lactococcus lactis 

Encompasses five lanthionine rings that facilitate its 
binding to bacterial targets, and forming pores that lead 
to ion leakage and cell death. Additionally, it helps in re-
ducing bacterial load in the wound site. It also increases 
the synthesis of TGF- and FGF-2. 

Inflammatory 
phase 

Guryanova and 
Ovchinnikova, 
2022; Khan, 
2022 

6 Plantaricin 
A 

C128H200N32O29S 

2847 Da 
Lactobacillus plantarum 

Amphiphilic α-helical structure, enabling it to permea-
bilizes the inner membrane, leading to influx and efflux 
of various molecules across the transmembrane barrier, 
and altering electrical potential and pH gradients across 
the membrane, leading to cell death.  

Inflammatory 
phase 

Ong et al., 
2020; Zhao et 
al., 2016 
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7 Subtilin C144H230N42O39S6 

3430 Da 
Bacillus subtilis  

Encompasses multiple lanthionine rings. Have the ability 
to produce proteases enzymes which act by selectively 
breaking down necrotic tissue at the wound site, cata-
lyzing the hydrolysis of peptide bonds within denatured 
proteins, thereby liquefying and removing barriers to tis-
sue regeneration. 

Inflammatory 
and proliferative 
phase 

Shahzad, 2015 

8 Surfactin C53H93N7O13 

1036 Da 
Bacillus subtilis 

Cyclic lipopeptide composed of a heptapeptide linked to 
a β-hydroxy fatty acid forming an amphiphilic structure, 
enabling it to insert into and disrupt bacterial mem-
branes. It enhances macrophage polarization toward the 
M2 phenotype and boosts phagocytic activity. It also up-
regulates the expression of HIF-1α and VEGF. 

Inflammatory, 
proliferative and 
remodeling 
phases 

Shahzad, 2015; 
Yan et al., 2020 

9 Tyrothricin  C₆₅H₈₅N₁₁O₁₃ 
1228.4 Da 
Brevibacillus brevis 

Rigid cyclic polypeptide composed mainly of gramicidine 
S and tyrocidine A. The cyclic nature confers high enzy-
matic stability and allows it to disrupt bacterial mem-
branes effectively and reducing bacterial contamination. 

Inflammatory 
and proliferative 
phase 

Kim et al., 2015 

  Wound healing peptides from animals 

10 AH90 C₁₂₃H₁₉₄O₂₈ 
2657.2 Da 
Odorrana graham 

Stimulating the release of TGF-β1 through NF-Қb and 
JNK pathways. Triggers granulation formation through 
activation of the TGF-β/Smad pathway. 

Proliferative and 
remodeling 
phases 

Ahmad et al., 
2024; Nasseri 
and Sharifi, 
2022 

11 Bovine 
Lactoferrin 
(BLF) 

C2766H4290N754O819S32 

80,000 Da 
Bovine colostrum 

Bilobed iron-binding glycoprotein that inhibits microbial 
growth via iron sequestration and membrane disruption. 
It modulates inflammation by downregulating cytokines 
like TNF-α and IL-6. Also, promotes extracellular matrix 
remodeling by regulating MMPs.  

All phases of 
wound healing 

Dyrda-Terniuk 
and Po-
mastowski, 
2023; Shini et 
al., 2022 

12 Catestatin C₁₀₇H₁₇₃N₃₇O₂₆S 
2362.8 Da 
Human Skin 

Induces keratinocyte migration and proliferation through 
G-protein, PLC, EGFR, Akt/PI3K, and MAPK signaling 
pathways. 

Proliferative 
phase 

Nasseri and 
Sharifi, 2022; 
Hoq et al., 2011 

13 Cathelici-
din-OA1 

C₁₃₄H₂₀₈O₃₉ 
3,038.5 Da 
Odorrana andersonii 

Amphipathic with an intramolecular disulfide bridge that 
allow it to accelerate re-epithelialization and stimulating 
fibroblast migration. Also, it upregulates TNF-α secre-
tion during the early inflammatory phase, which facili-
tates macrophage recruitment to the wound site and 
boosts TGF-β1 secretion. 

Inflammatory, 
proliferative, and 
remodeling 
phases. 

Cao et al., 2018 
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14 Crotamine C204H314N56O41S6 

4,882 Da 
Crotalus durissus 

Amphipathic β-sheet structure stabilized by three disul-
fide bonds. Exhibits membrane-disruptive activity, that 
leads to microbial cell death through membrane desta-
bilization. It also possesses potent anti-inflammatory ef-
fect and downregulates pro-inflammatory mediators 
such as TNF-α. 

Inflammatory, 
proliferative and 
remodeling 
phases 

Yacoub et al., 
2020 

15 CW49 C₁₁₀H₁₉₀O₃₄ 
2056.6 Da 
Odorrana grahami 

Possess a potent pro-angiogenic ability that promotes 
angiogenesis. Also, it prevents excessive inflammatory 
response during the wound-healing process. 

Inflammatory 
and proliferative 
phase 

Nasseri and 
Sharifi, 2022; 
Wang et al., 
2023 

16 Esculentin-
1a 

C₂₁₂H₃₆₉N₅₉O₆₀S 
4800.7 Da 
Rana esculenta 

Consists of 20 amino acids plus a glycinamide residue 
at its C-terminus which allow it to stimulates keratinocyte 
migration through EGFR and STAT3 pathways, and pro-
motes re-epithelialization.  

Proliferative 
phase 

Di Grazia et al., 
2015 

17 Epincidin-1 C₁₁₄H₁₇₆N₃₀O₂₁S 
2334. 9 Da 
Epinephelus coioides 

Acts as a cell proliferation inducer through an increase 
in S-phase and promoted vascularization in the wound 
site, enhances keratinocyte cell proliferation and migra-
tion, induces epithelial cell proliferation, vascularization, 
and collagen formation.  

Proliferative and 
remodeling 
phases 

Huang et al., 
2017 

18 Human β-
defensin-3 

C₁₅₀H₂₂₈N₄₄O₃₈S₆ 
3448.1 Da 
Human skin, eyes, respira-
tory,  
and urogenital tract 

Enhances fibroblast migration, proliferation and pro-
motes angiogenesis through the activation of 
FGFR/JAK2/STAT3 pathways. It also reduces microbial 
burden at the wound site. 

Inflammatory 
and proliferative 
phase 

Nasseri and 
Sharifi, 2022; 
Takahashi et 
al., 2021 

19 GHK-Cu C14H24N6O4Cu 
403.9 Da 
Human plasma 

Consist of histidine imidazole group and peptide back-
bone of GHK. It upregulates VEGF and promotes fibro-
blast proliferation, collagen synthesis, and keratinocyte 
migration. It also downregulates pro-inflammatory cyto-
kines and ROS. Additionally, GHK-Cu facilitates ECM 
remodeling by regulating MMPs and TIMPs. 

Inflammatory, 
proliferative and 
remodeling 
phases 

Li et al., 2024 

20 LL-37 C211H384N64O67 

4,492 Da 
Endogenously expressed 
in  
the skin and mucosal tis-
sues  
in response to injury. 

Cationic, amphipathic α-helical structure with a C-termi-
nal enabling it to enhance keratinocyte and fibroblast mi-
gration, promoting re-epithelialization and granulation 
tissue formation. It also stimulates angiogenesis via up-
regulation of VEGF and modulating cytokine release 
(e.g. IL-6). 
 

Inflammatory 
and proliferative 
phase 

Guryanova and 
Ovchinnikova, 
2022 
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21 Melittin C131H229N39O31 

2844 Da 
Bee Venom 

Cationic, amphipathic α-helical structure enables it to 
destroy the integrity of the bacterial outer membrane. 
Moreover, it exhibits anti-inflammatory properties by 
suppressing pro-inflammatory cytokines such as TNF-α 
and IL-1β. 

Inflammatory 
and proliferative 
phase 

Kurek-Górecka 
et al., 2021 

22 OA-GL12 C₅₄H₈₅N₁₅O₁₆S 
1275.4 Da 
Odorrana andersonii 

Amphipathic, and functionally rich sequence of OA-
GL12 can induces the secretion of pro-inflammatory cy-
tokines TNF-α and TGF-β1 from macrophages and acti-
vates EGFR pathway, further promoting cell migration. 

Inflammatory, 
proliferative and 
re-epithelization 
phases. 

Song et al., 
2019 

23 Temporins C66H123N17O13 

1329 Da 
Granular glands in frog 
skin 

Cationic, amphipathic α-helical conformation enables to 
efficiently induce HaCaT cell migration. Additionly, their 
antimicrobial efficacy also played an important role in 
the infection stage of wound healing.  

Inflammatory 
and re-epitheli-
zation phase 

Wang et al., 
2023 

24 Thymosin 
β4 

C212H350N56O78S 

4921 Da 
Naturally produced in the 
body (in the heart, lung, 
brain, and liver) 

Intrinsically disordered peptide under physiological con-
ditions. It binds to G-actin, promoting cytoskeletal reor-
ganization necessary for cell migration, particularly of 
keratinocytes and fibroblasts. Also, it modulates inflam-
mation by suppressing NF-κB activation and reducing 
pro-inflammatory cytokines. And enhanced the switch-
ing of macrophages phenotype and myofibroblast apop-
tosis. 

Inflammatory, 
re-epithelization, 
and remodeling 
phases. 

Yu et al., 2025 

  Wound healing peptides from plants 

25 Calotropin C₃₀H₄₄O₁₀ 
576.7 Da 
Calotropis procera 
 

Steroidal backbone with a glycosidic linkage that ena-
bles strong interaction with cellular membranes and en-
zymatic pathways involved in tissue remodeling. It sup-
presses proinflammatory cytokines and inhibiting NF-κB 
activation. Moreover, stimulates fibroblast proliferation 
and collagen deposition. 

Inflammation, 
proliferation, epi-
thelialization, 
and remodeling 
phases. 

Misra et al., 
2024 

26 Cecropins C176H302N52O41S 

Molecular weight = 3800 
Da 
Hyalophora cecropia 

Amphipathic basic N-terminal α-helical segment linked 
to a hydrophobic C-terminal that contribute to their initial 
electrostatic contacts with the membrane of the target 
microorganism. Resulting in a potent antimicrobial ef-
fect, Also, it downregulates TLR4 and inhibits pro-in-
flammatory cytokines (e.g., TNF-α, IL-6). 

Inflammatory 
and proliferative 
phase 
 

Wang et al., 
2018 

27 Cycloviola-
cin O2  

C133H207N37O39S6 

3169.5 Da 
Viola odorata 

Head-to-tail cyclized backbone and a cyclic cystine knot 
motif that enables cyclotides to enhances bacterial 
clearance by both direct membrane-disrupting 

Inflammatory 
phase 

Fensterseifer et 
al., 2015 
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28 Kalata B2 C67H104N18O18S3 
1515.8 Da 
Oldenlandia affinis 

bactericidal action and immunomodulation, especially in 
wounds infected with drug-resistant Staphylococcus au-
reus. 

 

29 Soybean 
derived 
peptide 

C₄₅H₇₀N₁₂O₁₂ 
971.1 Da 
Soybean 

Small sized peptides that can modulate the TLR4/NF-κB 
inflammatory signaling pathway, significantly reducing 
proinflammatory cytokines (e.g., TNF-α, CCL-3, CCL-
11) while increasing anti-inflammatory IL-10. Further-
more, they enhance angiogenesis via upregulation of 
CD31, contributing to revascularization and tissue re-
generation. 

Inflammatory 
and proliferative 
phase 

Zhao et al., 
2019 

  
Abbreviations: AMPs, Antimicrobial Peptides; BLF, Bovine Lactoferrin; ECM, Extracellular Matrix; EGFR, Epidermal Growth Factor Receptor; FGF, Fibroblast Growth Factor; FGFR, 
Fibroblast Growth Factor Receptor; GHK-Cu, Glycyl-L-histidyl-L-lysine–Copper[II] complex; IL, Interleukin; JAK, Janus Kinase; MAPK, Mitogen-Activated Protein Kinase; MMP, Matrix 

Metalloproteinase; NF-κB, Nuclear Factor kappa-light-chain-enhancer of activated B cells; PI3K, Phosphoinositide 3-kinase; STAT, Signal Transducer and Activator of Transcription; 

TGF-β, Transforming Growth Factor-beta; TIMP, Tissue Inhibitor of Metalloproteinases; TNF-α, Tumor Necrosis Factor-alpha; VEGF, Vascular Endothelial Growth Factor.. The chemical 
formulas presented were retrieved from PubChem (https://pubchem.ncbi.nlm.nih.gov) and supporting databases including ChemSpider (https://www.chemspider.com), DrugBank 

(https://www.drugbank.ca), and ChEBI (https://www.ebi.ac.uk/chebi). Molecular weights [M.wt] were sourced from these databases or estimated using the ExPASy ProtParam tool 
(https://web.expasy.org/protparam) for peptides with known sequences but unlisted molecular data.  

 

  

https://pubchem.ncbi.nlm.nih.gov/
https://www.chemspider.com/
https://www.drugbank.ca/
https://www.ebi.ac.uk/chebi
https://web.expasy.org/protparam
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Table 3: Synthetic peptides engineered for wound healing applications 

S. 
NO. 

PEPTIDE MOLECULAR 
WEIGHT [DA] AND 

ORIGIN 

MECHANISM OF ACTION IN WOUND HEALING TARGETED 
HEALING 
PHASE[S] 

REFERENCE 

1 A7-1 C74H129N27O15S 

1612 Da 

Bombyx mori fibroin 
heavy chain  

Stimulates neovascularization, through modulation of VEGF, 
improves fibroblast infiltration, and act as a fibrin-like scaffold 
that supports cell adhesion and preserves growth factors within 
the wound microenvironment. 

 

Proliferation and 
remodeling 
phases 

Jung et al., 
2024 

2 AG30/5C C₁₄₉H₂₆₆N₄₈O₄₀  
3400 Da 
Parent peptide AG30 

Possess a potent antimicrobial activity against a range of path-
ogens, and enhances angiogenesis by stimulating endothelial 
cell proliferation and capillary formation.  
 

Inflammation, 
proliferation, and 
remodeling 
phases 

Nakagami et 
al., 2017 

3 DRGN-1 C₇₁H₁₃₀N₂₀O₁₇ 
1535.9 Da 
Komodo dragon-
inspired synthetic 
peptide 

Cationic antimicrobial peptide that possesses a partial α-helical 
traits in membrane which enhances its membrane-penetrating 
capability. Therefore, it disrupts microbial biofilms and bacterial 
membranes while also stimulating keratinocyte migration and 
proliferation via activation of the EGFR-STAT1/3 signaling cas-
cade. 
 

Inflammatory, 
proliferative and 
early remodeling 
phases 
 

Chung et al., 
2017 

4 GFOGER C₂₉H₄₄N₉O₁₀  
678.32 Da 
Collagen-mimetic 
peptide  
 

Specifically binding to α2β1 integrin receptors on cells, enhanc-
ing cell adhesion, proliferation, and differentiation at the injury 
site, promoting tissue regeneration. 

Proliferation and 
remodeling 
phases 
 

Singh et al., 
2025 

5 IKVAV C₂₅H₄₇N₉O₇  
555.65 Da 
α1 chain of laminin 

Pentapeptide with an amphiphilic nature that enables sustained 
release and localization where it significantly suppresses fi-
brotic scar formation by inhibiting fibroblast migration and acti-
vation. Also, interferes with the TGF-β1 signaling pathway and 
downregulating TGF-β1 and α-SMA expression 
 

Proliferation and 
remodeling 
phases 
 

Jiang et al., 
2023 

6 KSL-W C₆₄H₁₀₈N₁₈O₁₀  
1321.7 Da 
Synthetic decapep-
tide 

Possesses antimicrobial effect and enhances fibroblast prolif-
eration and migration, as evidenced by increased S and G2/M 
cell cycle phases and elevated F-actin production. It also up-
regulates the expression of MMP-1 and MMP-2 and their inhib-
itors TIMP-1 and TIMP-2, facilitating ECM remodeling. 

Inflammation, 
proliferation, and 
remodeling 
phases 

Gawande et 
al., 2014 
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7 LysSYL-
loaded L5 

C₅₃H₁₀₄N₁₆O₉  

1156.5 Da 

Synthetic peptide 

Its amphiphilic nature allows it to accelerate wound healing by 
upregulating genes involved in tissue regeneration. It also 
causes infiltration of predominant inflammatory cells, deposi-
tion of fibroblasts and collagen.  

Inflammation, 
proliferation, and 
remodeling 
phases 

 

Liu et al., 
2024 

8 SHAP1 C₁₀₇H₂₀₅N₃₅O₂₁ 
2316.9 Da 
Synthetic peptide 

Induce HaCaT cell migration via the EGFR signaling pathway 
and transactivation of EGFR. And accelerates closure and 
healing of full-thickness excisional wounds in mice. 
 

Proliferative 
phase 

Gomes et al., 
2017 

9 Pep19-2.5 C₁₂₄H₂₀₆N₄₀O₂₄S 
2672.3 Da 
Synthetic peptide 

Amphipathic and cationic that effectively suppresses inflam-
mation in skin cells by inhibiting TLR2/TLR4-mediated activa-
tion of NF-κB and MAPK signaling, leading to reduced cyto-
kine production (e.g, IL-6, IL-8, MCP-1). Also, enhances 
keratinocyte migration via EGFR transactivation and down-
stream ERK1/2 phosphorylation.  
 

Inflammatory and 
proliferative 
phase 

Pfalzgraff et 
al., 2016 

10 RADA16-I C₆₆H₁₁₃N₂₉O₂₅  
1712.73 Da 
Synthetic peptide 

Possesses a direct interaction with cellular receptors to pro-
mote adhesion, proliferation, and migration of fibroblasts and 
keratinocytes. It also reduces inflammation and edema and 
accelerate wound closure  
 

Proliferation, and 
remodeling 
phases 

Dzierżyńska 
et al., 2023 

11 RGD C₁₃H₂₂N₆O₆  
346.35 Da 
Synthetic peptide 

Mimicks cell adhesion motifs found in ECM proteins. It en-
hances cell adhesion, migration, and proliferation, particularly 
of fibroblasts and keratinocytes 

Proliferation and 
remodeling 
phases 

Mndlovu et 
al., 2023 

 
Abbreviations: EGFR, Epidermal Growth Factor Receptor; ERK, Extracellular signal-Regulated Kinase; MMP, Matrix Metalloproteinase; NF-κB, Nuclear Factor kappa-light-chain-
enhancer of activated B cells; PI3K, Phosphoinositide 3-kinase; PLC, Phospholipase C; STAT, Signal Transducer and Activator of Transcription; TGF-β, Transforming Growth Factor-

beta; TLR, Toll-Like Receptor; VEGF, Vascular Endothelial Growth Factor; α-SMA, alpha-Smooth Muscle Actin. The chemical formulas presented were retrieved from PubChem 
(https://pubchem.ncbi.nlm.nih.gov) and supporting databases including ChemSpider (https://www.chemspider.com), DrugBank (https://www.drugbank.ca) and ChEBI 

(https://www.ebi.ac.uk/chebi). Molecular weights (M.wt) were sourced from these databases or estimated using the ExPASy ProtParam tool (https://web.expasy.org/protparam) for 
peptides with known sequences but unlisted molecular data. 

https://pubchem.ncbi.nlm.nih.gov/
https://www.chemspider.com/
https://www.drugbank.ca/
https://www.ebi.ac.uk/chebi
https://web.expasy.org/protparam
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Table 4: Wound-healing peptides with details of the studies replicated by independent research groups 

S.NO. PEPTIDE STUDY TYPE SUMMARY OF FINDINGS REFERENCE 

1 AG30/5C In vitro; preclinical; 
clinical  

Accelerated wound closure in animal models and improved healing in 
severe limb ulcer patients in first-in-human clinical trial 

Nakagami et al., 2017; Tomi-
oka et al., 2014 

2 AH90 In vitro; preclinical Enhanced wound healing in murine models via modulation of immune 
and cellular responses 

He et al., 2019; Liu et al., 
2014b 

3 BLF In vitro; preclinical  Topical application accelerated wound closure and tissue repair in a 
rat nasal septum perforation model 

Shini et al., 2022; Uşaklıoğlu 
and Çakan, 2023 

4 Catestatin In vitro; preclinical  Catestatin enhanced keratinocyte migration and proliferation in vitro 
and promoted antimicrobial, healing effects in a mouse skin injury 
model 

Radek et al., 2008; Hoq et al., 
2011 

5 Cecropins In vitro; preclinical  Cecropin P1 with transgenic Kalanchoe pinnata accelerated tissue 
repair in vivo, while Cecropin D-derived peptides enhanced fibroblast 
migration and demonstrated wound healing activity in insect and in 
silico models 

Lebedeva et al., 2017; Rivera-
Sanchez et al., 2025 

6 CW49 In vitro; preclinical  CW49 peptide–lavender oil emulsion enhanced wound closure, re-
generation, and antibacterial defense in vivo; in diabetic mice, it ac-
celerated healing via re-epithelialization and granulation tissue for-
mation 

Liu et al., 2014a; Jaramillo et 
al., 2023 

7 Esculentin-1a In vitro; preclinical  Stimulated keratinocyte migration via EGFR in vitro; in vivo acceler-
ated mouse wound closure through PI3K/AKT-mediated angiogene-
sis, and enhanced bronchial epithelial repair via MMP-9/EGFR sig-
naling 

Di Grazia et al., 2015; Hu et 
al., 2023; Cappiello et al., 
2019 

8 GHK-Cu In vitro; preclinical  Nanoparticle formulations accelerated wound closure and antibacte-
rial protection in rats, while in vitro and gene expression studies re-
vealed regenerative, anti-inflammatory, and protective roles in tissue 
repair 

Pickart et al., 2015; Sun et al., 
2019 

9 Iturin  In vitro; preclinical  Iturin-based chitosan–silver nanoparticles showed strong antibacte-
rial activity and accelerated wound healing in rat excisional wounds 

Yaraguppi et al., 2023; Zhou 
et al., 2021 

10 LL-37 In vitro; preclinical; 
clinical  

LL-37 promoted keratinocyte/fibroblast migration and wound closure 
in vitro and mice; LL-37–mimic nanofiber aerogels enhanced regen-
eration in diabetic mice; a multicentric clinical trial showed topical LL-
37 improved healing of venous leg ulcers. 

Carretero et al., 2008; John et 
al., 2023; Mahlapuu et al., 
2021 
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11 Nisin In vitro; preclinical  Nisin-preconditioned stem cells enhanced growth factors and cyto-
kine balance; in vivo, it accelerated healing via immunomodulation, 
while nisin-loaded nanofiber dressings reduced infection, promoted 
re-epithelialization, and hastened closure without adverse effects 

Karimi et al., 2021; Mouritzen 
et al., 2019; Heunis et al., 
2013 

12 RADA16-I In vitro; preclinical; 
clinical 

RADA16 hydrogels enhanced re-epithelialization and repair in mouse 
and rat wound models; clinically, RADA16-based formulations (Pura-
Stat, PuraBond) have been used as safe, compatible hemostatic 
agents in surgery. 

Dzierżyńska et al., 2023; Song 
et al., 2025 

13 RGD In vitro; preclinical  Hydrogel sheets with mesenchymal stem cells enhanced closure and 
soft tissue regeneration in mice, while chitosan–alginate–tannic acid 
scaffolds accelerated repair and skin regeneration in rats 

Mndlovu et al., 2023; Ansari et 
al., 2021 

14 Soybean de-
rived peptide 

In vitro; preclinical Supplementation enhanced skin repair in rats by promoting collagen 
deposition and tissue regeneration, while soy bean derived small 
peptides attenuated burn-induced inflammation and accelerated heal-
ing through improved tissue remodeling 

Zhang et al., 2020; Zhao et al., 
2019 

15 Temporins In vitro; preclinical  Temporin A accelerated repair of MRSA-infected wounds in mice 
through bactericidal action, while Temporin-Ra delivered via pH-sen-
sitive nanofibers promoted closure and tissue regeneration in rat ex-
cisional wounds. 

Simonetti et al., 2008; 
Koohzad and Asoodeh, 2023 

16 Thymosin β4 In vitro; preclinical In animal models it improved re-epithelialization, collagen deposition, 
supported hair follicle development, and overall tissue repair. Clini-
cally, Phase 2 studies in patients with venous stasis ulcers, pressure 
ulcers, and epidermolysis bullosa wounds demonstrated accelerated 
healing and confirmed safety and tolerability. 

Raheem et al., 2024; Philp et 
al., 2004; Guarnera et al., 
2010 

17 Tyrothricin In vitro; preclinical; 
clinical 

A chitosan film-forming gel accelerated closure in rat excisional and 
burn wounds, while the Tyrosur® wound gel improved healing out-
comes in superficial abrasive wounds in clinical settings. 

Kim et al., 2015; Wigger-Al-
berti et al., 2012 
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Beyond passive protection, hydrogels act as an active scaffold for tissue regeneration. Their 

porous, hydrated structure mimics the natural ECM, allowing cells to infiltrate and proliferate 

within the wound site (Radulescu et al., 2022). In particular, peptide-based hydrogels rely on 

peptides that self-assemble into nanofibrous networks through non-covalent interactions such 

as β-sheet hydrogen bonding and hydrophobic forces (Dou and Feng, 2017). A hallmark of 

peptide hydrogels is their biomimicry of the ECM, they form nano-scale fibrous scaffolds re-

sembling collagen fibrils and proteoglycan networks, creating a cell-friendly matrix that sup-

ports cell adhesion and migration (Wang et al., 2020). Peptides can be designed to include 

specific biochemical signals (e.g., the RGD cell-adhesion motif or growth factor-binding se-

quences), endowing these hydrogels intrinsic bioactivity not easily achieved in conventional 

synthetic polymer gels (Mndlovu et al., 2023). Peptide hydrogels are generally biocompatible 

and biodegradable via proteolytic enzymes because they are composed of natural and short 

chains of amino acid, thereby minimizing chronic foreign-body reactions (Wu et al., 2022). 

The formulation of hydrogels incorporated with peptide typically begins with the selection 

or synthesis of short peptide sequences capable of self-assembly. These peptides are then dis-

solved in an appropriate solvent to initiate the process. Crosslinking agents or environmental 

triggers are then used to induce self-assembly into a hydrogel matrix. Therapeutic peptides such 

as RADA16-I may be incorporated to boost biological activity. The hydrogel is subsequently 

molded, sterilized, and applied to wound models (e.g., mice) for in vivo evaluation 

(Dzierżyńska et al., 2023; Stefanov et al., 2017) as illustrated in Figure 4.  

 

 

Figure 4: A schematic illustration that shows the preparation and application of peptide-based hydrogels 
for wound healing. 

 

 

Approved and commercially available peptide-loaded hydrogels in wound care 

Peptide-based hydrogels can enhance nearly all phases of wound healing. For example, 

during the homeostasis phase, they can aid by rapidly forming a physical barrier and promoting 

clot formation. In a rat bleeding model, h9e peptide solution achieved hemostasis 82 % faster 

than a commercial hemostatic agent (Celox™) by rapidly gelling and concentrating platelets 

and clotting factors at the bleeding site (Guan et al., 2022; Carter et al., 2021).  



EXCLI Journal 2025;24:1657-1689 – ISSN 1611-2156 

Received: July 25, 2025, accepted: October 07, 2025, published: December 01, 2025 

 

 

 

1675 

Additionally, peptide-based hydrogels can facilitate the inflammatory phase through their 

intrinsic antimicrobial and immunomodulatory functions (Kharaziha et al., 2021). A notable 

example is a hydrogel functionalized with the thrombin-derived peptide TCP-25, designed to 

address bacterial infection and inflammation. TCP-25 not only exhibits broad-spectrum anti-

microbial activity but also binds bacterial endotoxins (e.g., lipopolysaccharide) neutralizing 

their inflammatory effects. In infected wound models, a TCP-25 peptide hydrogel eradicated 

Staphylococcus aureus and Pseudomonas aeruginosa while concurrently reducing pro-inflam-

matory cytokine levels in the local tissue (Dahlman et al., 2021).  

Moreover, peptide hydrogels can significantly enhance the proliferative phase by serving 

as a bioactive scaffold for cell growth (Im et al., 2018). Because peptide matrices closely re-

semble native ECM, they promote keratinocyte and fibroblast migration into the wound and 

support their proliferation (Xiang et al., 2020). For example, in a study using a chitosan-based 

film-forming gel containing tyrothricin, researchers observed accelerated healing in rat wound 

models, including burns, abrasions, and excisions. Treated wounds showed enhanced granula-

tion tissue formation and epithelialization compared with control groups. Additionally, histo-

logical analyses revealed increased fibroblast proliferation and angiogenesis, leading to a faster 

and smoother transition to tissue regeneration (Kim et al., 2015). 

In the final remodeling phase, peptide hydrogels can influence remodeling and improve 

healing in earlier phases, eventually reducing scar formation (Song et al., 2020). For instance, 

a study investigating a resveratrol-loaded self-assembling peptide hydrogel, RADA-PDGF2, in 

a rat model demonstrated its beneficial effects on wound healing. Treated wounds displayed 

more organized collagen deposition and nearly normal epidermal architecture at the completion 

of healing, with minimal scar tissue. Furthermore, histological analyses showed that collagen 

fibers in treated wounds were aligned similarly to those in uninjured skin, in contrast to the 

disorganized bundles typically observed in scar tissue (Deptuła et al., 2023). Thus, peptide-

based hydrogels not only accelerate the early stages of healing but also improve the overall 

quality of repair. Table 5 lists peptide-based hydrogels that are available in the current market. 

 

Recent advancements in peptide-based hydrogels 

Recent research has achieved remarkable advances in the functionalization and perfor-

mance of peptide hydrogels for wound healing. For example, in 2023, Huang et al., engineered 

an “all-peptide” hydrogel using modified γ-polyglutamic acid and RGD-containing peptides, 

which could be 3D-printed with living cells. Endothelial cells overexpressing VEGF were 

printed within this peptide matrix, creating a living scaffold that continuously released VEGF, 

promoted angiogenesis. In diabetic wound models, this VEGF-eluting peptide hydrogel signif-

icantly accelerated wound closure and enhanced tissue regeneration by reducing inflammation 

and hypoxia (Huang et al., 2023).  

In 2025, Chen et al. reported a self-healing hydrogel composed of food-derived peptides 

that simultaneously addresses infection, inflammation, and hemostasis. The hydrogel was 

formed by cross-linking egg-white proteins with oxidized polysaccharides and incorporating a 

copper-bound tripeptide (GHK-Cu) known for its regenerative activity. The resulting gel 

demonstrated broad-spectrum antibacterial and anti-inflammatory effects and rapidly stopped 

bleeding by adhering to tissues (Filipczak et al., 2021). In infected wound models, the GHK-

Cu peptide hydrogel significantly accelerated healing, achieving ~95 % wound closure by day 

12 compared with 65 % in controls, primarily by promoting neovascularization and tissue re-

generation (Chen et al., 2025b).  
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Table 5: List of commercial peptide-based hydrogels in the current market 

PRODUCT 
NAME 

MANU-
FAC-

TURER 

ACTIVE 
COMPO-
NENTS 

ROUTE OF 
ADMIN-

ISTRATION 

INDICATIONS REFER-
ENCE 

      
BIOGELX™ Biogelx Ltd. Synthetic 

self-assem-

bling pep-

tides [e.g., 

IKVAV] 

Injectable hy-

drogel 

Improve nerve re-

generation through 

a critical nerve gap 

in rat model. 

Guiotto et 

al., 2024 

CORNING® 

PURAMA-

TRIX™ 

Corning 

Inc. 

RADA16-I 

peptide  

Injectable hy-

drogel 

Used for tumor cell 

migration and inva-

sion, in vivo analy-

sis of tissue regen-

eration, and regen-

eration of brain tis-

sue. 

Abbasi Aval 

et al., 2022; 

Mohapatra 

et al., 2021 

MATRISTEM® ACell Inc. ECM-derived 

peptides 

[porcine 

bladder] 

Sheet or pow-

der hydrogel 

Burn treatment Capella-

Monsonís 

et al., 2020 

PURASINUS™ 3-D Matrix RADA16-I 

peptide 

Injectable hy-

drogel 

Hemostasis and 

wound healing after 

sinus surgery 

Michaels et 

al., 2024 

PURASTAT® 3-D Matrix RADA16-I 

peptide 

Injectable hy-

drogel 

Hemostasis in sur-

gery; adjunct in 

chronic wound 

healing 

Gil et al., 

2022 

Abbreviations: ECM, Extracellular Matrix; IKVAV, Isoleucine–Lysine–Valine–Alanine–Valine; PEG, Polyethylene Glycol; 

RADA16-I, Arginine–Alanine–Aspartic acid–Alanine. 

 

 

Another advancement is the development of dual-action anti-infective peptide hydrogels. 

Puthia et al. (2020) created a hydrogel incorporating TCP-25, a peptide derived from thrombin 

that not only kills bacteria but also neutralizes inflammatory endotoxins (PAMPs). In mouse 

and pig wound models, a TCP-25 hydrogel eradicated MRSA and Pseudomonas aeruginosa 

infections and significantly reduced pro-inflammatory cytokines in the wound environment, 

thereby expediting healing (Puthia et al., 2020). This study highlights a strategy of functional-

izing a polymer hydrogel with a host-defense peptide to create a dual-action dressing capable 

of reducing bacterial biofilm and excessive inflammation. 

Peptide hydrogels are also being designed to respond to wound microenvironmental cues. 

For example, pH-switchable peptide assemblies have been developed to release therapeutics in 

infected wounds (Li et al., 2022). Many peptide hydrogels are injectable or sprayable, leverag-

ing their shear-thinning behavior. A notable property of certain peptide formulations (e.g., the 

UD-developed peptides in G4Derm) is their ability to be applied as a liquid and rapidly gel in 

situ upon contact with tissues, conforming to irregular wound shapes (Roberts, 2024). This 

shear-thinning and rapid recovery behavior is particularly advantageous for filling deep or 
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tunneling wounds where pre-formed dressings cannot reach. Such advancements greatly en-

hance the applicability of peptide hydrogels in complex wound scenarios. Table 6 summarizes 

additional recent progress in peptide hydrogel research.  

Additionally, a range of peptide-containing hydrogels is currently under investigation for 

skin regeneration. For example, Granexin® Gel (containing αCT1) has advanced to Phase III 

trial in diabetic foot ulcers, while SLI-F06, a fibromodulin-mimetic peptide hydrogel, has com-

pleted Phase I/IIa testing in post-surgical scars (Freedman et al., 2023). The emerging clinical 

pipeline of peptide hydrogels ranging from anti-scarring agents to antimicrobial and angiogenic 

dressings reflects a rapidly maturing field poised to deliver novel bioactive wound therapies. 

Examples of hydrogels currently in clinical trials but not yet approved by regulatory agencies 

are presented in Table 7. 

 
Table 6: Recent advances on peptides as tissue regenerative wound healing agents for skin conditions  

S. 
NO. 

PEPTIDE  EXCIPIENTS 
SYSTEM 

HYDROGEL 
SYSTEMS 

OBSERVATIONS REFER-
ENCE 

1 Angiopoietin-1 
motif 
QHREDGS (Q-
peptide) 

Collagen-
based hydro-
gel with pep-
tide tethered 

Chemical conju-
gation of peptide 
to hydrogel (bio-
functionalization) 

Q-peptide presentation in 
the matrix polarized mac-
rophages to a pro-healing 
M2 phenotype and en-
hanced wound closure in 
diabetic models. Demon-
strated a coordinated anti-
inflammatory and facili-
tated tissue regeneration. 

 

Mandla 
et al., 
2019 

2 Angiopoietin-1-
derived 
QHREDGS 
peptide 

Collagen–chi-
tosan compo-
site 

Peptide chemi-
cally immobilized 
in polymer scaf-
fold 

Promoted keratinocyte sur-
vival, migration, and faster 
re-epithelialization in dia-
betic wounds. Increased 
granulation tissue and an-
giogenesis compared to di-
abetic wound-healing 
model. 
 

Xiao et 
al., 
2016; 
Ho-
soyama 
et al., 
2019; 
Foley 
and Lau, 
2016 

3 Feruloyl-modi-
fied peptide 
with antioxidant 
motif 

Glycol-chi-
tosan  

Enzymatic lac-
case-mediated 
phenolic cross-
linking of peptide 
and polysaccha-
ride 

In a cutaneous wound 
model, the antioxidant pep-
tide–chitosan hydrogel mit-
igated oxidative stress and 
significantly improved 
wound healing rates. 
 

Wei et 
al., 
2019; 
Robert 
et al., 
2022 

4 IKVAV–Fmoc-
DD (laminin-de-
rived IKVAV 
motif on Fmoc-
dipeptide) + 
myoglobin 

Hybrid: Self-
assembling 
peptide + my-
oglobin pro-
tein  

Co-assembly of 
amphiphilic pep-
tide nanofibers 
with embedded 
protein  

In a rat neural injury 
model, this hybrid hydrogel 
increased neuronal differ-
entiation and synaptic inte-
gration of transplanted 
neural stem cells, leading 
to improved functional inte-
gration of grafts.  
 

Roberts, 
2024 

5 Jelleine-1 (nat-
ural antimicro-
bial peptide) + 

Carrier-free 
peptide/small-
molecule 

Co-assembly of 
peptide with 
small molecule  

In MRSA-infected diabetic 
wounds, this carrier-free 
peptide hydrogel 

Zhou et 
al., 2022 
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8-bromoadeno-
sine-cAMP 

eradicated bacteria and 
promoted angiogenesis 
and accelerated wound 
closure. 
 

6 Thrombin-de-
rived 25-aa 
peptide TCP-25 

PEG-based 
hydrophilic 
hydrogel  

Covalent func-
tionalization of 
polymer with 
peptide  

The antimicrobial peptide 
hydrogel killed S. aureus 
and P. aeruginosa and 
neutralized LPS, reducing 
inflammation. In mouse 
and porcine infection mod-
els it prevented infection 
and lowered pro-inflamma-
tory cytokines. 
 

Puthia et 
al., 2020 

7 Ultrashort pep-
tide  

Peptide nano-
fibers 

External stimu-
lus-triggered as-
sembly (formed 
gel upon ultra-
sound exposure) 

In a rabbit model with bone 
defect, the ultrasound-trig-
gered peptide nanofiber 
gel modulated macro-
phages toward pro-healing 
behavior and created an 
osteogenic immune micro-
environment. This led to 
enhanced vascularized 
bone regeneration. 
 

De 
Leon-
Oliva et 
al., 
2023; 
Zhang et 
al., 
2024; 
Yadav et 
al., 2022 

8 Ultrashort self-
assembling 
peptide LK6C  

Ultrashort 
peptide nano-
fibers 

Physical self-as-
sembly into nan-
ofibers, then oxi-
dation crosslink-
ing via disulfide 
bonds 
 

Accelerated full-thickness 
skin wound closure and re-
epithelialization in mice, 
with minimal inflammation 
or allergy.  

Seow et 
al., 2016 

Abbreviations: ECM, Extracellular Matrix; EGFR, Epidermal Growth Factor Receptor; Fmoc, Fluorenylmethyloxycarbonyl; HIF-

1α, Hypoxia-Inducible Factor 1-alpha; MMP, Matrix Metalloproteinase; PEG, Polyethylene Glycol; TGF-β, Transforming Growth 
Factor-beta; VEGF, Vascular Endothelial Growth Factor. 

 

 

FUTURE DIRECTIONS OF PEPTIDES IN WOUND HEALING 

An innovative development in this field is the use of wound-healing peptides that selectively 

bind to injured tissues. One example is the cyclic peptide CAR (CARSKNKDC), which targets 

angiogenic vasculature and accelerates wound closure and re-epithelialization by enhancing 

keratinocyte migration via syndecan-4 signaling (Maldonado et al., 2023). Such approaches 

enable targeted modulation of healing pathways, making them particularly suitable for chronic 

or non-healing wounds. 

Another promising innovation as suggested by Huang et al. is the use of 3D bioprinting to 

create customized peptide-based scaffolds. Where endothelial cells overexpressing VEGF were 

bio-printed into a peptide hydrogel scaffold, creating a bioactive matrix that substantially en-

hanced vascularization and wound closure in diabetic models. This demonstrates the potential 

of integrating peptide science with additive manufacturing to produce personalized, therapeutic 

wound grafts (Huang et al., 2023). 

Moreover, peptides can also be incorporated into smart dressings that can monitor and re-

spond to the wound environment. For example, wearable biosensors functionalized with pep-

tides can be developed to detect infection-related biomarkers like S. aureus enzymes and 
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inflammation markers such as MMP-13. These dressings can wirelessly transmit diagnostic 

data, enabling real-time monitoring and early intervention.  
 
Table 7: List of peptide hydrogels that are currently under investigation in clinical trials 

S. 
NO. 

PRODUCT  PEPTIDE  
COMPOSITION 

INTENDED  
APPLICATION 

CLINI-
CAL 
TRIAL 
PHASE 

REFERENCE 

1 ADP-5 Hy-
drogel 

Amelogenin-derived 
peptide (ADP-5) in 
gellan–xanthan hy-
drogel 

 

Periodontal tissue re-
generation 

Phase I Attik et al., 
2023 

2 CMC+PEO 
Dual-Polymer 
Gel 

Carboxymethyl cellu-
lose (CMC) and poly-
ethylene oxide (PEO) 

Prevention of postsur-
gical adhesions in peri-
toneal, intrauterine, 
lumbar spine, and ten-
don/nerve surgeries 
 

Ongoing 
phase I–
III trials 

Ye et al., 
2022 

3 Granexin® 
Gel 

ACT1 peptide (αCT1, 
a 25-amino-acid con-
nexin-43 mimetic 
peptide) 

Chronic wound heal-
ing, burns, scar reduc-
tion, and radiodermati-
tis 
 

Phase I 
and II 

Yaguchi et 
al., 2021 

4 Novocart® In-
ject Plus 

Fibrin/collagen gel 
with autologous 
chondrocytes 
 

Regenerative cell ther-
apy for articular carti-
lage repair in the knee 
 

Phase III Niemeyer et 
al., 2022 

5 SAPB-T45K Synthetic self-assem-
bling peptide, short 
oligopeptide 
 

Small skin wounds Phase I Gelain et al., 
2021 

6 SLI-F06 SLI-F06 peptide em-
bedded in a cross-
linked hyaluronic acid 
hydrogel 

Surgical wound repair 
and scar prevention 
 

Double 
blind 
study 

Freedman et 
al., 2023; 
Banerjee et 
al., 2025 
 

7 TFC-1326 Synthetic anti-freeze 
glycoprotein mimetic 
peptide (TFC-1326) – 
a carbohydrate–pep-
tide hybrid compound 
 

Anti-aging skin therapy  Pilot clini-
cal trial  

Deliencourt- 
Godefroy et 
al., 2025 

Abbreviations: αCT1, Alpha Connexin C-Terminal 1; CMC, Carboxymethyl Cellulose; ECM, Extracellular Matrix; HA, Hyaluronic 

Acid; PEO, Polyethylene Oxide; SAP, Self-Assembling Peptide 

 

 

CONCLUSION 

Peptides have rapidly emerged as an effective therapy for advanced wound care due to their 

ability to modulate the complex biological processes that underlie tissue repair. Unlike tradi-

tional topical therapies that often target single aspects of healing, peptides offer a multifunc-

tional approach by acting as antibacterial agents, angiogenic stimulants, immune-modulators, 

and regenerative inducers. Their capacity to interact with cellular receptors and modify 
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intracellular signaling pathways across all stages of wound healing makes them an ideal candi-

date for managing chronic wounds. 

Therapeutic peptides, owing to their short amino acid chains, can be tailored or naturally 

sourced to target specific molecular pathways and regulate key mediators like VEGF, MMPs, 

and TGF-β in wound healing. They offer favorable pharmacokinetics including high tissue per-

meability, low immunogenicity, and predictable degradation, but face challenges of enzymatic 

breakdown and rapid clearance. To overcome these, advanced delivery systems such as hydro-

gel encapsulation are employed to enhance stability, efficacy, retention, and controlled release. 

The future of peptide therapeutics in wound care lies in innovations at the intersection of 

biology, chemistry, and material science. Stimuli-responsive peptides, capable of releasing 

therapeutic cues in response to pH, enzymatic activity, or oxidative stress, are currently under 

active investigation. Integration with biosensors, wearable electronics, and 3D bioprinting tech-

nologies may enable real-time diagnostics and personalized therapeutic delivery. Furthermore, 

the exploration of ultrashort peptides, cyclopeptides, and peptide-mimetic analogs presents new 

opportunities to overcome the traditional limitations of peptide-based therapeutics. 
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