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Abstract: Globally, wound care has become a significant burden on public health, with annual medical costs reaching billions of 
dollars, particularly for the long-term treatment of chronic wounds. Traditional treatments, such as gauze and bandages, often fail to 
provide an ideal healing environment due to their lack of effective biological activity. Consequently, researchers have increasingly 
focused on developing new dressings. Among these, electrospinning technology has garnered considerable attention for its ability to 
produce nano-scale fine fibers. This new type of dressing, with its unique physical and chemical properties—especially in enhancing 
breathability, increasing specific surface area, optimising porosity, and improving flexibility—demonstrates significant advantages in 
promoting wound healing, reducing the risk of infection, and improving overall healing outcomes. Additionally, the application of 
natural products from plants in electrospinning technology further enhances the effectiveness of dressings. These natural products not 
only exhibit good biocompatibility but are also rich in pharmacologically active ingredients, such as antibacterial, anti-inflammatory, 
and antioxidant compounds. They can serve as both the substrate for nanofibers and as bioactive components, effectively promoting 
cell proliferation and tissue regeneration, thereby accelerating wound healing and reducing the risk of complications. This article 
reviews the application of plant natural product nanofibers prepared by electrospinning technology in wound healing, focussing on the 
development and optimisation of these nanofibers, discussing the advantages and challenges of using plant natural products in this 
technology, and outlining future research directions and application prospects in this field. 
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Introduction
Wound care is a significant global public health issue, imposing a substantial burden on individuals and the economy.1 

Treating chronic wounds such as diabetic foot ulcers, pressure ulcers, and venous ulcers often necessitates long-term care 
and high medical costs.2 Statistics indicate that the annual cost of wound care in the United States exceeds 25 billion US 
dollars, and the wound care market in Europe is also rapidly expanding.3 These chronic wounds severely impact patients’ 
quality of life and increase the strain on the medical system.4 Additionally, treating infectious wounds is more complex, 
further exacerbating the economic burden. And because the wound healing process includes four stages: hemostasis, 
inflammation, proliferation and reconstruction. Its complexity and multi-stage nature make it an important topic in 
current medical research to effectively promote wound healing and reduce infection.5 Wound dressings are crucial in 
promoting wound healing by protecting the wound from external risks and accelerating the healing process.6 However, 
most dressings used in wound healing are still primarily composed of traditional gauze, cotton wool, and bandages.7 This 
often results in the gauze adhering to the wound skin during dressing changes, causing the wound to tear and increasing 
patient suffering.8 Additionally, these dressings primarily provide physical protection and absorption, with limited 
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efficacy in promoting the wound healing process itself. Therefore, developing efficient, cost-effective, and rapid-healing 
wound care materials is an urgent priority. In response to the needs of wound treatment, an increasing number of 
researchers are focussing on new types of medical dressings. Among these, nanofiber dressings prepared through 
electrospinning technology are gaining attention due to their unique advantages.9

Electrospinning technology is an advanced method for preparing nanofibers, offering significant advantages over 
traditional wound dressings. By applying a high voltage, electrospinning technology can stretch polymer solutions or 
melts into continuous nanofibers, forming a fibrous network structure. The core principle lies in the electric field force 
acting on the polymer solution or melt. The polymer solution is injected at a constant rate through an injection system, 
and a high voltage is applied between the needle and a grounded collector. The electric field force acts on the droplet at 
the tip of the needle, forming nanometer-scale fibers that accumulate on the collector, resulting in a non-woven fibrous 
network. The nanofiber membranes produced by electrospinning exhibit excellent breathability, high specific surface 
area, and high porosity.10 These characteristics make them superior in promoting wound healing, reducing infection risk, 
and enhancing healing quality. More importantly, by adjusting the composition, diameter, and arrangement of the fibers, 
the physical and chemical properties of electrospun nanofibers can be customised to meet the needs of different wounds, 
optimising their functional performance.11 Studies have shown that embedding bioactive molecules such as antibacterial 
drugs, anti-inflammatory drugs, or growth factors into the fibers can achieve controlled drug release, inhibit infection, and 
accelerate cell proliferation and tissue regeneration.12 Such nanofiber dressings not only accelerate the wound healing 
process but also reduce scar formation, showing significant advantages in treating chronic and infectious wounds. 
Moreover, the three-dimensional structure of electrospun nanofibers mimics the natural cell growth environment, forming 
a highly porous and large surface area scaffold that effectively supports cell adhesion, migration, and proliferation.13 By 
precisely controlling the morphology and composition of the fibers, these dressings provide ideal support for new tissue 
formation in the wound bed.14 In summary, electrospun nanofiber dressings not only provide physical protection for 
wounds but also promote wound healing through customised design and drug loading. Their tremendous potential in 
modern wound care is driving treatment towards more efficient and personalised directions.

However, most electrospun dressings currently rely on synthetic polymers, lacking the biocompatibility and sustain-
ability of natural materials. In recent years, plant-based materials have become an important research direction in 
electrospinning technology due to their natural biodegradability, antibacterial properties, and anti-inflammatory effects. 
Materials like cellulose, plant proteins, and alginates are extensively studied for wound dressing due to their biocompat-
ibility and inherent antimicrobial and anti-inflammatory properties.15 These plant-derived fibers can closely interact with 
wounds without causing irritation, supporting healing processes and reducing environmental impact through natural 
degradation. Moreover, electrospinning allows for the functionalisation of these dressings by incorporating natural 
antioxidants, vitamins, or bioactive compounds, which can directly enhance cell proliferation and tissue regeneration, 
thus speeding up wound healing.16 Cellulose-based nanofibers, for instance, can be infused with natural healing agents 
like curcumin or witch hazel extract, enhancing the therapeutic efficacy of the dressings. Overall, plant-based electrospun 
nanofiber dressings offer an efficient and sustainable solution for wound care, while actively support the biological 
processes of healing through their natural components, showing significant promise in modern wound management.

In the current research on electrospun nanofibers and their application in wound healing, there are many important 
papers discussing the progress in this field. For example, Guo et al17 and de Almeida Bertassoni et al18 introduced the 
application of plant-based nanofibers and discussed their mechanism of action in wound healing. Although these studies 
provide important theoretical support, they mainly focus on the preparation techniques, mechanisms, or applications of 
specific plant components. They have not yet fully covered the diversity of different plant sources and the broader 
applications of plant components in nanofibrous structures. Based on this, this review aims to systematically explore the 
application of electrospun nanofibers derived from plant natural products in wound treatment. It focuses on their specific 
roles as electrospun nanofiber matrix materials and bioactive components. According to the plant-derived natural 
products commonly used as electrospinning nanofiber-based materials, they are divided into plant cellulose, alginate, 
and plant protein. The emphasis is on their use of plant natural products as nanofiber bases in wound healing treatment 
under the action of electrospinning significant advantages. Next, the review summarises the application of major plant- 
derived active components, such as flavonoids, polyphenols, and plant extracts, in wound treatment. It highlights the role 
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of electrospinning technology in improving plant-based natural products, emphasising the advantages of nanofibers 
prepared by different electrospinning techniques in wound healing. Finally, we summarise the use of vegetable oils as 
both a nanofiber base and a bioactive ingredient for wound treatment. Our review presents significant innovation and 
uniqueness compared to existing literature. We not only cover the latest results of in vitro and in vivo experiments, but 
also expand the literature coverage to include a wider range of plant ingredients, especially the diversity in plant source 
selection. Compared with the existing literature, our review systematically classifies and analyses the potential and 
specific applications of more diverse plant ingredient nanofibers, striving to provide a more comprehensive perspective 
for further research in this field.

Selection of Natural Products
When preparing plant-based nanofiber dressings, selecting suitable natural products is crucial. The selection of plant- 
based natural products for nanofiber substrates must meet several key criteria. Firstly, these materials must exhibit 
excellent biocompatibility and low immunogenicity to avoid adverse reactions during application.19 Secondly, they 
should possess good mechanical properties and processability, enabling the formation of stable nanofiber structures 
during electrospinning.20 Additionally, an appropriate degradation rate is crucial, allowing the materials to be gradually 
absorbed by the body during wound healing.21 For instance, plant-derived natural products like alginate, cellulose, and 
plant proteins perform well in electrospun nanofiber preparation. Alginate is ideal for wound dressings due to its 
biocompatibility and antimicrobial properties; cellulose is valued for its mechanical strength and biodegradability;22 

plant proteins offer adhesiveness and stability, making them promising candidates for wound care materials.23

As active ingredients in nanofibers, plant-derived natural products must meet specific criteria. They should exhibit 
significant biological activity, such as antimicrobial and anti-inflammatory properties, and promote cell proliferation. For 
instance, tea tree oil, rich in terpenes, has strong antimicrobial effects that effectively inhibit various pathogens;24 linalyl 
acetate and linalool in lavender oil reduce inflammation and promote wound healing;25 asiaticoside from Centella 
asiatica extract accelerates tissue regeneration by promoting skin fibroblast proliferation.26 These plant-derived active 
components, with their potent biological activities, enhance the therapeutic effects of nanofiber dressings and provide 
a natural and effective solution for wound management.

Chemical stability is another crucial factor when selecting natural products. The chemical components must remain 
stable during electrospinning and storage to ensure their biological activity is preserved. For example, thermal stability is 
essential, as some plant extracts may decompose under the high temperatures involved in electrospinning, making it 
necessary to choose extracts with good thermal stability.27 Additionally, pH stability is important, as some components 
may lose activity with changes in pH.28

Finally, the availability, cost-effectiveness, and cost effectiveness of natural products are important factors that 
determine their practical application. For example, materials like aloe29 and Centella asiatica,30 which are widely 
available and sustainably sourced, are ideal choices for large-scale procurement. By considering these criteria compre-
hensively, it can be ensured that the selected materials not only possess good therapeutic effects but also meet economic 
feasibility and market competitiveness.

Application of Electrospun Nanofibers from Plant Natural Products in 
Wound Healing
In the previous section, we studied the selection of natural products. Next, we would like to mention specific roles of 
plant-derived natural products in wound healing. This section will be classified into two parts. One part will focus on the 
role of plant-derived natural products in the form of a nanofiber-based material in wound healing. The other part will 
discuss the role of plant-derived natural products as an active substance in wound healing. The purpose of this study is to 
discover how electrospinning technology improves the properties of plant-derived natural products. It also aims to 
explore how these improved plant-based nanofibers facilitate wound healing. We shall strive to explore the potential of 
this technology for an increase in medical applications of plant natural products, especially in the field of wound 
treatment.
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The Role of Plant-Derived Natural Products as Nanofiber Bases in Wound Healing
When preparing nanofibers for wound healing, selecting the appropriate fiber base material is crucial. Compared to 
synthetic materials or animal sources, plant-derived natural products offer unique advantages as nanofiber bases. 
Materials like cellulose, alginate, and plant proteins are sustainably sourced and generally exhibit higher biocompatibility 
and biodegradability.31 These characteristics enable better integration with human tissues without causing allergic 
reactions, thus promoting natural wound healing. It is worth noting that the unique chemical and physical structures of 
plant-derived fibers provide an excellent support environment for cell attachment and proliferation, which is essential for 
wound healing.32 This section will detail the specific applications and benefits of three main plant-derived natural 
products commonly used in electrospinning technology for wound healing: cellulose, alginate, and plant proteins, in the 
preparation of nanofiber-based dressings.

Cellulose
Cellulose, as a nanofiber base, boasts remarkable mechanical properties and biocompatibility.33 In a study conducted by 
Adhikari et al,34 they crafted a dual-layer nanofiber scaffold comprising regenerated cellulose and quaternized CS- 
hyaluronic acid/collagen. This scaffold not only showcased the synergistic effects of these materials but also underscored 
cellulose’s pivotal role. The cellulose layer plays a crucial role in providing mechanical support for structural stability. 
Additionally, it acts as a foundational substrate, facilitating cell adhesion and migration on the more bioactive hyaluronic 
acid/collagen layer. By harnessing the advantages of cellulose nanofibers, this structural design significantly improves the 
scaffold’s biocompatibility and therapeutic efficacy. In addition, other research has explored combining cellulose-based 
nanofibers with natural products. For instance, electrospun nanofibers created by combining cellulose with acacia extract 
and CS exhibited excellent mechanical properties and biocompatibility.35 Notably, these nanofibers demonstrated potent 
antifungal activity in vitro and promoted wound healing in animal models, suggesting exciting clinical applications.

Cellulose-based nanofibers exhibit remarkable antibacterial and anti-inflammatory properties, critical for preventing 
wound infections.36 In research conducted by Ullah et al,37 cellulose acetate (CA) nanofiber mats infused with Manuka 
honey (MH) showed remarkable antibacterial and antioxidant effects. In vitro experiments confirmed significant inhibi-
tion of Escherichia coli and Staphylococcus aureus growth, alongside high cell compatibility when co-cultured with NIH 
3T3 cell lines.

Moreover, cellulose-based electrospun nanofibers can be functionalised for controlled drug release, further promoting 
wound healing. Khalek’s study38 incorporated the antibiotic ciprofloxacin (CIP) into hydrophobic ethyl cellulose (EC) 
and hydrophilic polyvinylpyrrolidone (PVP) nanofibers. This enhanced the material’s antibacterial properties and enabled 
sustained drug release, ensuring prolonged antibacterial protection. The in vitro drug release test showed that hydrophilic 
fibers released drugs significantly faster than hydrophobic fibers, with EC nanofibers exhibiting near zero-order release 
characteristics over three days. This functional modification controlled the drug release rate through the polymers’ 
physicochemical properties. It significantly improved the antibacterial efficacy of cellulose nanofibers and effectively 
inhibited the growth of both gram-positive and gram-negative bacteria. This sustained and effective treatment notably 
accelerated the wound healing process.

Alginate
Alginate is a natural polysaccharide extracted from brown algae. It is widely used in electrospun nanofiber bases due to 
its excellent biocompatibility, low cost, renewability, and biodegradability.39 Alginate-based nanofibers offer significant 
advantages in wound healing, particularly in promoting cell proliferation, antibacterial activity, and controlled drug 
release.40 Alginate’s biocompatibility and biodegradability ensure compatibility with human tissues and natural degrada-
tion without harmful metabolites.41 Alginate’s production process is simpler and safer than animal-derived collagen 
systems. This reduces the risk of complications during prolonged use and ensures no adverse effects on the wound or 
surrounding tissues.42

Secondly, alginate-based nanofibers excel in moisture absorption and breathability, maintaining a moist environment 
around the wound.43 This environment promotes cell migration and proliferation, accelerating new tissue formation and 
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speeding up wound healing. Dodero et al44 found that alginate nanofiber ENMs exhibit exceptional water absorption 
capacity and biocompatibility in both in vitro and in vivo tests, creating an ideal microenvironment for wound healing.

In addition, alginate-based nanofibers demonstrate excellent antibacterial activity. Their porous structure and chemi-
cal properties effectively inhibit the growth of various pathogenic microorganisms, including both gram-positive and 
gram-negative bacteria. This antibacterial activity reduces the risk of wound infection and facilitates smooth healing. 
A study by Smith et al45 demonstrated that alginate nanofiber dressings form an antibacterial barrier on the wound 
surface, preventing bacterial invasion. This barrier also promotes biofilm formation at the wound base, significantly 
improving treatment outcomes and patient recovery rates.

As a carrier for drug delivery systems, alginate-based nanofibers exhibit remarkable drug loading capacity and precise 
controlled release characteristics. These nanofibers can encapsulate various drugs, such as antibiotics, growth factors, and 
anti-inflammatory agents. They release the drugs directly at the wound site, achieving high local concentrations and 
ensuring sustained release. This maximises therapeutic efficacy while minimising side effects. In a recent study,46 

alginate/polyvinyl alcohol(PVA) composite fibers prepared by electrospinning were used to load paclitaxel, an anticancer 
drug. The nanofibers achieved slow and sustained release, significantly enhancing the therapeutic effect on chronic 
diabetic wounds.

Alginate-based nanofibers also serve as excellent carriers of bioactive substances, effectively binding and releasing 
compounds like growth factors and antioxidants to enhance therapeutic effects. For example, Hu’s47 team developed 
a composite wound dressing that combines alginate and PCL fibers. The highly absorbent alginate maintains a moist 
environment, while PCL promotes cell adhesion. Additionally, plasmid DNA encoding platelet-derived growth factor-B 
(PDGF-B), complexed with polyethyleneimine (PEI), forms cationic nanoparticles that are adsorbed onto alginate fibers. 
Wound healing experiments showed that PDGF-B-loaded fibers accelerate wound closure and promote collagen forma-
tion, offering a promising multifunctional solution for wound care.

Based on the above, alginate-based nanofibers have great potential as carriers for bioactive substances. In the future, 
researchers can further optimise the fabrication process of alginate nanofibers and explore their functional modifications 
or synergistic effects with other bioactive substances, enhancing their role in wound care.

Plant Protein
Plant proteins, such as soy protein isolate (SPI) and zein, are preferred for electrospun nanofibers due to their high 
biocompatibility, environmental friendliness, and cost-effectiveness. These proteins are less likely to cause immune 
reactions and carry a lower risk of disease transmission than animal-based proteins.48 Their natural hydrophilicity and 
optimised cell adhesion properties make them ideal for wound healing applications. Furthermore, the presence of the 
abundant disulphide bonds in their molecular structure provide water stability, maintaining structural integrity and 
functionality in practical applications, ensuring long-term safety and environmental sustainability.49

SPI stands out in wound healing because of its remarkable biological properties. Rich in amino acids, SPI offers 
favourable biocompatibility and stability. Its structure closely resembles the extracellular matrix (ECM), which makes it 
well-suited for electrospinning.50 In addition to serving as an effective matrix, SPI also possesses antioxidant and anti- 
inflammatory properties. These characteristics help reduce oxidative stress and inflammation at the wound site, facilitat-
ing faster healing.51 Khabbaz et al prepared electrospun nanofiber mats (ENMs) and cast films (CFs) made from PVA and 
SPI that exhibit favourable physical, chemical, mechanical, and biological properties for wound healing. These materials 
can effectively absorb wound exudates, maintain a moist environment, promote cell migration and proliferation, and 
stimulate new tissue formation and healing.52 Furthermore, SPI/cellulose nanofiber scaffolds successfully mimic the 
physicochemical properties of natural skin by simulating the ECM and exhibiting high water retention capacity. In vitro, 
CA/SPH nanofibers promote fibroblast proliferation, migration, infiltration, and integrin β1 expression. In vivo, CA/SPH 
scaffolds accelerate re-epithelialisation and epidermal thinning, while reducing scar formation and collagen anisotropy, 
confirming their potential as novel wound dressings.15 Furthermore, multifunctional electrospun nanofibers were made 
from Eudragit®/soy protein isolate, with ZnO-loaded halloysite nanotubes and allantoin. These nanofibers possess 
excellent antibacterial, anti-inflammatory, and antioxidant properties. They exhibit good biodegradability and strong 
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mechanical properties. They also support significant cell proliferation. In addition, they demonstrate antimicrobial 
activity, especially against S. aureus. These characteristics highlight their potential for wound healing applications.53

Zein, a hydrophobic plant protein extracted from corn, has good biocompatibility and film-forming properties, making 
it ideal for electrospun nanofibers.54 In wound healing, zein-based nanofibers perform exceptionally well. For example, 
aloe-loaded nanofiber scaffolds (NFs/ZnO/Alv) were prepared by combining zein with polycaprolactone (PCL) and 
collagen. These scaffolds exhibited favourable morphology, mechanics, thermal stability, and hydrophilicity.55 Studies 
indicate these scaffolds have good cell compatibility, promoting fibroblast proliferation and adhesion, and exhibit 
significant antibacterial activity against S. aureus and E. coli, making NFs/ZnO/Alv samples effective for wound healing.

Other plant proteins, such as pea protein and soy protein isolate, have also been used to prepare electrospun 
nanofibers. These materials show similar biological activity and have broad potential for biomedical applications. 
Nanofibers based on plant proteins (like potato, pea, and soy protein isolate) produced by Kalouta56 using an eco- 
friendly water-based electrospinning method demonstrated high protein content and excellent biological properties. Pea 
and soy protein isolate, with their rich β-sheet content, form strong, dense nanofibers that decompose slowly in water, 
showing broad potential for biomedical applications. However, pea protein’s application in wound healing is less 
explored. While it is cost-effective and nutritionally beneficial, it lacks bioactivities that promote cell growth and 
migration, essential for wound repair. Additionally, pea protein fibers may not meet the mechanical strength and 
durability required for clinical use, especially in moist environments, and may degrade too quickly, reducing their 
effectiveness in wound care.

Based on the above summary, which includes examples from Table S1 highlighting the role of plant-derived natural 
products as nanofiber bases in wound healing, plant-based electrospun nanofiber materials show great potential for 
wound healing. Several factors, however, may limit their standalone use. First, some plant-derived fibers may lack 
sufficient structural stability and mechanical strength, making them unsuitable for some applications on their own. 
Second, while some plant-based materials offer good biocompatibility, they may not provide enough biological activity 
on their own, such as promoting cell adhesion and tissue regeneration. Additionally, the production cost and supply 
fluctuations of plant-derived fibers may restrict their large-scale production and use. Therefore, while plant-based 
materials have advantages in biocompatibility and environmental friendliness, overcoming technical and production 
challenges is key to their wider application. To meet the multifunctional requirements of wound healing dressings, plant- 
based materials are often combined with other functional materials. These composite materials are better suited to clinical 
needs and enhance the overall performance of the dressings.

Plant-Derived Natural Products as Active Ingredients
Plant-derived natural products possess unique bioactive properties that make them highly advantageous for wound 
healing.57 These substances, derived from sustainable sources, offer a wide range of chemical diversity, allowing for 
targeted therapeutic interventions at various stages of the healing process. In contrast to synthetic compounds, the active 
ingredients from plants generally have lower toxicity and enhanced biocompatibility, supporting cell regeneration and 
exhibiting anti-inflammatory and antibacterial effects.58 In electrospinning technology, these plant-based active sub-
stances are categorised into several classes: flavonoids, polyphenols, and plant extracts. Each type exhibits unique 
chemical and biological properties and plays a key role in various wound healing aspects. Next, we will explore the 
applications and benefits of these specific plant-derived active components in wound healing, highlighting how they 
optimise the therapeutic performance of nanofiber dressings through their unique mechanisms.

Application of Flavonoid Electrospun Nanofibers in Wound Healing
Flavonoids, prevalent secondary metabolites in the plant kingdom, possess unique chemical structures that exhibit 
significant pharmacological activity, particularly antioxidant and anti-inflammatory effects during wound healing.59 

These compounds consist of two aromatic rings (A and B) connected by a three-carbon unit (C ring).60 This structural 
diversity endows flavonoids with potent bioactivity, effectively alleviating inflammation, promoting angiogenesis and cell 
migration, and accelerating wound healing. Electrospinning technology overcomes the poor water solubility and low 
bioavailability of flavonoids by encapsulating them within nanofibers, enhancing their direct application.
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Quercetin 
Quercetin (QE), a bioactive flavonoid obtained by hydrolysis of rutin (Ru), is widely found in fruits and vegetables.61 Its 
pharmacological activities include antioxidant, anti-inflammatory, and antimicrobial effects, as well as vascular nerve 
protection and pain relief.62 Despite its benefits in wound healing, the effectiveness of quercetin and its plant-derived 
derivatives is limited by poor water solubility and low bioavailability.63

To address this, Zhou64 developed a novel electrospun nanofiber membrane composed of PCL, chitosan oligosac-
charides (COS), and a combination of QE/Ru for use as a bioactive dressing for wound healing. By incorporating COSs 
into the PCL scaffold at an optimised molar ratio, the hydrophilicity and water absorption properties of the membrane 
were improved. The antioxidant and antimicrobial activities of the QE/Ru-loaded nanofiber ENMs were tested. Among 
all the membranes, the PCL-COS-QE film outperformed the others. In another study, Zhang65 and colleagues used 
electrospinning to load quercetin into a composite nanofiber dressing made of CS, PVP, and dihydroquercetin (DHQ). 
The results revealed that this membrane had good morphology, thermal stability, and hydrophilicity. It also displayed 
antimicrobial and antioxidant activities while being non-toxic to Hacat cells. Most importantly, animal experiments 
demonstrated that the CS-PVP-DHQ nanofiber membrane could accelerate wound healing. It achieved this by inducing 
autophagy pathways, increasing the expression of pan-cytokeratin, vascular endothelial growth factor (VEGF), and 
CD31.

The Croitoru research team66 created a novel microscale matrix using PLA and graphene oxide (GO) as base 
materials through electrospinning. They loaded quercetin onto the fiber matrix to explore its potential as a model drug 
for wound dressing applications. The study aimed to establish an electro-responsive drug delivery system, utilising 
external electrical stimuli to control and locally deliver drug molecules to target tissues. This significantly accelerates the 
drug release rate. With the application of appropriate electric fields, the release rate of QE increased by up to 8640 times. 
Antimicrobial tests confirmed that these scaffolds could prevent bacterial biofilm growth. Moreover, these scaffolds 
could be loaded with more effective drugs for cancer, infection, and osteoporosis treatments. When cultured on these 
scaffolds, L929 fibroblast cells were evenly distributed, with the highest cell survival rate of 82.3% observed on the 10% 
PLA/0.5% GO/Q scaffold. This further validates the potential of electrospinning technology in overcoming quercetin’s 
limitations and highlights its significant promise for wound healing and electro-responsive drug delivery systems. 
Overall, the electrospinning technique has significantly improved quercetin’s shortcomings, and the prepared scaffolds 
have shown good effects in wound repair, further proving their potential for application.

Naringenin 
Naringin (NR), a bioactive flavonoid from grapefruit peel, features a sugar group linked to a flavonoid skeleton. Its 
pharmacological activities include antioxidant, anti-inflammatory, lipid-lowering, anti-cancer, and cardiovascular protec-
tive effects, making it a promising candidate for wound healing.67 Unfortunately, NR is easily metabolised in the 
intestines and liver, leading to low bioavailability in the body and limiting its applications.68

To address this, Farzaei and colleagues69 used electrospinning technology to incorporate water-insoluble NR into 
PCL/polyethylene glycol (PEG) nanofibers, creating a wound dressing with notable antibacterial properties. These 
nanofibers exhibit a linear morphology with a uniform, smooth surface, as confirmed by SEM images. The dressing 
ensures sustained release of NR under high-concentration conditions. FT-IR analysis reveals cross-linking between the 
OH groups of NR and the C=O groups of PCL, enhancing its antibacterial effects. In vitro MTT assays and in vivo rat 
wound model experiments demonstrate that the dressing is non-toxic to human fibroblasts and significantly improves cell 
viability. It shows re-epithelialisation and wound closure effects comparable to commercially available phenytoin 
ointment. This highlighting its potential as a biodegradable antibacterial wound dressing.

Tottoli et al70 developed an advanced biopolymer dressing to prevent hypertrophic scars (HTS) in complex wounds. 
This dressing, composed of poly-L-lactide-co-ε-caprolactone (PLA-PCL) fibers loaded with 2.0% w/w NR, exhibits 
moderate hydrophobicity, good absorbency, and moisture permeability, providing an ideal healing environment. The 
fibers demonstrated excellent toughness and elongation in simulated wound fluid, ensuring flexibility and adaptability to 
the body surface. What’s more, the slow release of NR exerted a sustained anti-fibrotic effect on human dermal 
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fibroblasts over three days. By downregulating major fibrotic factors (TGF-β1, COL1A1, and α-SMA), it significantly 
prevented HTS formation, demonstrating potential to minimise hypertrophic scarring during early wound healing.

Lastly, the Arezomand team’s research71 combined copolymerisation and electrospinning technologies from nano-
medicine to create new biomimetic nanofiber composites, highlighting NR’s multifunctionality. This technique involves 
melt polymerisation of proline (Pr) and hydroxyproline (Hyp), followed by graft copolymerisation with CS, producing 
PHPC with amino acid grafting, drug-loaded, and porous nanofiber structures. Scaffolds based on PHPC are more 
effective in absorbing wound exudate and releasing drugs faster, with better compatibility with MDF cells and 
antibacterial activity against multidrug-resistant Staphylococcus aureus. In vivo studies further showed that PHPC- 
based scaffolds accelerate wound healing during cell migration, proliferation, and remodelling phases compared to CS- 
based scaffolds, promoting better collagen content, wound contraction, epithelialisation, and neovascularisation.

These studies demonstrate the immense potential of electrospinning technology in enhancing NR’s functionality, as 
well as highlight the effectiveness of optimising wound healing dressings through nanotechnology. These advancements 
drive technological innovation in wound treatment and lay a solid scientific foundation for future clinical applications, 
showcasing the broad application prospects of natural medicines in modern healthcare.

Astragaloside 
Astragaloside IV (AS) possesses pharmacological properties such as immune modulation, anti-inflammatory, antiviral, 
anti-apoptotic, and blood sugar reduction.72 Despite its benefits in wound healing, AS and its derivatives suffer from low 
bioavailability and stability in the human body, leading to poor drug absorption. To address these issues, Liu and 
colleagues73 developed a novel AS/CS/PLA nanofiber dressing using electrospinning technology to enhance diabetic 
wound healing. Experiments showed that the dressing significantly promoted cell proliferation, adhesion, and migration 
in vitro and increased collagen deposition and granulation tissue formation in vivo, aiding wound healing in diabetic rats. 
Early on, the AS/CS/PLA nanofiber dressing also enhanced the expression of CD31 and TGF-β factors, accelerating the 
healing process.

Further validating the efficacy of electrospun dressings, Zhang’s research74 demonstrated that AS-loaded nanofiber 
dressings significantly promoted wound healing in rat models, especially in the early stages. These dressings enhanced 
angiogenesis, improved immune function at the wound site, and regulated collagen alignment to inhibit scar formation. 
Preliminary mechanistic studies suggested that SF/GT nanofiber dressings loaded with AS increased macrophage 
numbers at the wound site. This promoted VEGF secretion and improving local immune function, thereby facilitating 
wound healing. Additionally, these dressings suppressed α-SMA expression, preventing myofibroblast formation and 
inhibiting scar formation.

Wang’s research75 utilised coaxial electrospinning technology to create a novel nanofiber dressing for chronic diabetic 
wounds. Coaxial electrospinning offers greater surface area and porosity and allows for adjustable drug release, 
enhancing therapeutic efficacy. This dressing, composed of AS, PVP, and PLA, featured nanofibers with a fast-first- 
then-slow release characteristic. Antioxidant tests showed a free radical scavenging rate of 61%. In vitro cell tests 
showed the dressing promoted L929 fibroblast proliferation, adhesion, and migration, with good biocompatibility. In 
a diabetic rat model, the dressing group achieved a wound healing rate of 96.54 ± 0.29% by day 14. Overall, the coaxial 
AS/PVP/PLA nanofiber dressing shows significant advantages in improving drug release efficiency, promoting wound 
healing, and antimicrobial properties, holding broad prospects for application.

Others 
In addition to the aforementioned common flavonoids, other flavonoids derived from natural sources have also shown 
unique advantages in the application of electrospun nanofibers. Firstly, chrysin (Chr) is a naturally occurring flavonoid 
with significant bioactivity, known for its anticancer, anti-inflammatory, and antioxidant properties.76 Unfortunately, its 
application in wound healing is limited due to low water solubility and rapid metabolism. Researchers have addressed 
these issues by integrating Chr into PCL and PEG nanofibers through electrospinning technology. These nanofibers 
release Chr slowly, increasing the drug’s concentration and duration at the target site, enhancing its bioactivity. 
Experimental results show that Chr nanofibers significantly improve cell viability and inhibit oxidative stress and 
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inflammation in models, indicating that electrospinning technology effectively enhances Chr’s application in wound 
treatment.77

Puerarin (PUE), a flavonoid extracted from kudzu root, is known for its strong antioxidant and anti-inflammatory 
activities.78 Nevertheless, like other flavonoid drugs, it faces the same limitations. Sun’s research79 utilized electrospin-
ning technology to prepare a composite nanofiber membrane of SF/PVP/PUE, incorporating PUE, natural silk fibroin 
(SF), and synthetic PVP. This fibrous membrane, with increased fiber diameter and porosity, significantly enhanced cell 
adhesion and proliferation. Moreover, the nanofiber membrane exhibits excellent antioxidant properties and effectively 
reduces cellular inflammatory responses induced by lipopolysaccharide (LPS). Mechanistic studies reveal that the 
nanofibers suppress the activation of the Toll-like receptor 4/myeloid differentiation factor 88/nuclear factor kappa 
B (TLR4/MyD88/NF-κB) and phosphoinositide 3-kinase/protein kinase B (PI3K/AKT) signalling pathways. This 
significantly reduces inflammation and promoting rapid wound repair. These findings provide theoretical support for 
the design of innovative wound dressings and demonstrate their potential for clinical application.

In summary, these nanofibers offer a high surface area and excellent biocompatibility, allowing localized and 
sustained release of flavonoid compounds while maintaining their bioactivity and minimising systemic side effects. By 
adjusting the fiber composition and structure, precise control of drug release can be achieved, enhancing therapeutic 
outcomes. In addition, these nanofiber dressings can be combined with antimicrobials and other functional materials to 
create a multifunctional therapeutic system, significantly improving wound healing efficiency.

Application of Electrospun Nanofibers of Polyphenols in Wound Healing
Polyphenolic compounds are widely distributed in nature and typically contain multiple phenolic structures. These 
structures form complex multi-ring configurations, endowing polyphenols with excellent antioxidant and anti- 
inflammatory properties.80 The immense potential of these substances is evident; yet, their limited water solubility and 
bioavailability remain significant challenges.81 Encapsulating polyphenolic compounds in nanofibers through electro-
spinning technology addresses these challenges and takes advantage of the high surface area and excellent biocompat-
ibility of nanofibers. This approach allows for controlled release of active ingredients, maintains the stability of active 
components, and reduces systemic side effects.

Curcumin 
Curcumin (CU), a bioactive polyphenolic compound extracted from turmeric rhizomes, possesses antioxidant, anti- 
inflammatory, anti-tumour properties, and offers cardiovascular, nervous system protection, and digestive improvement.82 

However, its clinical application is limited by poor water solubility and low bioavailability.83

In the study by Moradkhannejhad et al84 electrospinning technology effectively encapsulated curcumin in PLA 
nanofibers, enhancing wound dressings by adjusting the fibers’ physical and chemical properties. The study optimised 
fiber hydrophilicity by varying the molecular weight and proportion of PEG, improving curcumin’s bioavailability and 
accelerating wound healing by controlling the drug release rate. In another study, the Chagas team85 used electrospinning 
to create a top layer of PLA nanofibers and a bottom layer of PLA/CU ultrafine fiber blend. This combined curcumin’s 
protective and antimicrobial properties, providing an effective solution for wound protection, infection prevention, and 
healing. The dual-layer asymmetric nanofiber membrane design prevented curcumin’s photodegradation and enhanced its 
stability under sun exposure, crucial for externally used wound dressings.

Finally, the study expanded the application of electrospinning technology in wound treatment by integrating 
multiple bioactive functions such as antioxidant, anti-inflammatory, and angiogenesis. Xi86 designed 
a multifunctional elastomeric PLA-poly(citrate-siloxane)-CU@polydopamine hybrid nanofiber scaffold (PPCP 
matrix). The PPCP nanofiber matrix significantly promoted the adhesion and proliferation of normal skin cells by 
enhancing early angiogenesis and accelerating skin wound healing in both normal and bacteria-infected mice. This 
scaffold’s development demonstrated the potential of nanofibers in treating skin injuries and infections. It also 
highlighted the key role of electrospinning technology in preparing advanced dressings with high biocompatibility 
and therapeutic functionality.
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Resveratrol 
Resveratrol (RS) is a natural polyphenolic compound known for its antioxidant, anti-inflammatory, anti-cancer, and 
cardiovascular protective effects.87 Electrospinning, an advanced method for producing nanofiber materials, significantly 
improves the stability and bioavailability of resveratrol by mixing it with polymers and subjecting it to the electrospin-
ning process.88 For instance, Karakucuk et al89 demonstrated that resveratrol nanocrystals physically adsorbed onto PCL 
nanofibers significantly enhanced resveratrol’s solubility and bioactivity. This modification not only improved fiber-skin 
contact quality but also increased the antibacterial effect against Propionibacterium acnes, suggesting potential advan-
tages in treating acne and other skin conditions.

Electrospinning technology enables the uniform dispersion of resveratrol within nanofibers, creating a drug delivery 
system with well-controlled release properties, thereby enhancing its pharmacological activity and efficacy. Kanaujiya90 

successfully incorporated resveratrol into PVP and PVA nanofibers using electrospinning for burn wound treatment. This 
novel nanofiber mat not only provided sustained and controlled release of resveratrol but also significantly enhanced 
antimicrobial activity against, highlighting the broader application potential of resveratrol in drug development and 
functional foods.

In ischaemic wound treatment, Lakshmanan91 developed a resveratrol-loaded nanofiber scaffold using electrospin-
ning, significantly improving wound healing efficiency. The sustained release of resveratrol directly activates VEGF 
expression, driving new blood vessel formation, crucial for enhancing oxygenation and nutrient supply to wounds. By 
reducing local oxidative stress and inflammation through its antioxidant and anti-inflammatory effects, resveratrol 
alleviated conditions that typically inhibit VEGF function. Furthermore, resveratrol enhanced cell proliferation and 
migration by activating the PI3K/Akt and ERK/MAPK signalling pathways, essential for wound healing. This promoted 
angiogenesis and increased cell survival in the wound area by upregulating the anti-apoptotic effect of Bcl-2.

In summary, electrospinning technology effectively enhances resveratrol’s bioavailability and demonstrates broad 
application potential in various therapeutic areas.

Catechins 
Catechins, polyphenolic compounds found in plants like tea leaves and cocoa, possess various pharmacological activities, 
including antioxidant, anti-inflammatory, antibacterial, antiviral, anticancer, and cardiovascular protective effects, making 
them highly valued in pharmaceutical development.92 Electrospinning, an advanced method for producing nanofiber 
materials, protects catechins from degradation caused by light, heat, and oxygen, and controls their release rate, thereby 
enhancing their absorption and efficacy. Studies have shown that catechin nanofibers prepared by electrospinning 
significantly extend antioxidant activity, enhance anti-inflammatory effects, and improve bioavailability.93

Hu94 utilised uniaxial electrospinning to load catechins onto PVA/CS nanofibers, optimising them for diabetic wound 
infections. These nanofibers exhibit excellent antibacterial and antioxidant properties, effectively controlling both gram- 
positive and gram-negative bacteria. In addition, by dynamically releasing catechins, these nanofibers significantly 
promote cell migration and proliferation, offering a low-cost and efficient treatment option for diabetic wounds.

Dual-nozzle electrospinning, compared to uniaxial electrospinning, can simultaneously spin two different polymer 
solutions, achieving more uniform distribution and complex structural control in composite materials. Mohammadi95 

integrated catechins into gelatin/PLA fiber structures using dual-nozzle electrospinning, creating a hybrid composite fiber 
structure. This technique ensures even distribution of catechins within the fiber structure, enhancing the mechanical 
strength and bioactivity of the fibers. The improved fibers demonstrate increased antibacterial activity and enhance cell 
adhesion. They also increase fiber diameter, which improves cell viability and promotes cell migration, both crucial for 
rapid wound healing.

The primary advantage of coaxial electrospinning over dual-nozzle electrospinning is its ability to precisely generate 
nanofibers with a core-shell structure. This structure encapsulates active ingredients in the core layer, providing 
protection and controlled release. Coaxial electrospinning also enables the creation of complex composite functional 
materials, crucial for drug delivery systems requiring multifunctionality, delayed release, or environmental sensitivity. 
Li93 used coaxial electrospinning to create a poly(L-lactide-co-caprolactone) (PLCL)/gelatin/epigallocatechin gallate 
(EGCG) nanofiber membrane with a core-shell structure. This advanced structure stabilises EGCG encapsulation in the 
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core layer, while the outer gelatin layer provides mechanical support and additional bioactivity. The nanofiber membrane 
demonstrated excellent biocompatibility, antibacterial, and antioxidant capabilities in both in vitro and in vivo experi-
ments. It significantly promoted cell proliferation, inhibited inflammatory responses, and accelerating wound closure.

Progressing from basic to advanced technology, each application of electrospinning has markedly improved the 
therapeutic effects of catechins. This demonstrates broad potential in complex wound management, especially in 
promoting rapid healing and enhancing clinical outcomes.

Others 
To further demonstrate the widespread application of plant-derived natural products in wound healing, let us discuss 
several other polyphenolic compounds and their applications in nanofiber technology, beyond the commonly used ones.

Anand96 developed a silk-based ferulic acid (FA) carrier nanofiber mat for treating diabetic foot ulcers. 
Electrospinning technology allows precise control over the diameter (100–250 nm) and porosity of the fibers, optimising 
the loading and release of FA. Both in vitro and in vivo experiments have shown that this nanofiber mat can continuously 
release FA, demonstrating low cytotoxicity and significant wound healing effects, especially in restoring normal skin 
structure. Lan97 developed a novel core-shell structured nanofiber membrane using coaxial electrospinning technology, 
containing antioxidant tea polyphenols (TP) in the core and antimicrobial ε-polylysine (ε-PL) in the shell. This design 
achieves rapid release of ε-PL and sustained release of TP, aiding in rapid antibacterial action and long-term antioxidant 
protection, effectively promoting wound healing. These nanofibers exhibit excellent antibacterial performance, particu-
larly against Escherichia coli and Staphylococcus aureus, and good cellular compatibility, indicating their potential as 
ideal wound dressings.

In Table S2, I have summarized the application of plant-derived natural product monomers as active ingredients in 
nanofibers for wound healing over the past five years. These examples of polyphenolic compounds highlight the broad 
application and promising prospects of plant-derived natural product nanofibers in wound healing. Electrospinning 
technology offers innovative carrier designs for these natural products, enhancing their biological activity and clinical 
potential.

Application of Electrospun Nanofibers from Plant Extracts in Wound Healing
Compared to individual flavonoids and polyphenols, plant extracts contain a more complex and diverse array of bioactive 
components, including terpenes, alkaloids, glycosides, and polysaccharides.98 This diversity enhances their therapeutic 
efficacy and offers a broader range of biocompatibility and mechanisms, from anti-inflammatory and antibacterial effects 
to promoting cell proliferation and repair. This gives them a significant advantage in wound treatment applications. 
Through electrospinning technology, these complex plant extracts can be effectively encapsulated into nanofibers, 
creating smart dressings that release multiple active components at specific treatment stages, providing multidirectional 
therapeutic support.

Firstly, Doostan et al99 used electrospinning to create PVA/CS nanofiber scaffolds, meticulously controlling pore size 
and surface structure, greatly enhancing the antioxidant and anti-inflammatory properties of flaxseed extract. This 
technology ensured uniform distribution of active ingredients, accelerated wound healing, and reduced inflammation 
duration through controlled release dynamics. Similarly, Shahid100 optimised the antibacterial and healing-promoting 
effects of licorice extract by integrating it into PVA nanofibers using electrospinning. Active components in licorice, such 
as glycyrrhizin and glycyrrhetinic acid, were stably encapsulated and slowly released, providing long-term antibacterial 
protection and promoting tissue regeneration. In another study, Fahimirad101 prepared PCL nanofibers as the first support 
layer using electrospinning. Subsequently, a mixed solution of PVA/Quercus infectoria galls (QLG)/biosynthesised 
CuNPs was electrospun as the second bioactive external layer. The combined use of Crepe Myrtle extract with copper 
nanoparticles demonstrated enhanced antibacterial properties, long-lasting antioxidant protection. It also promoted 
wound healing through the complex nanofiber structure, showcasing technological advancements in integrating multiple 
functions to combat complex wounds.

Ramalingam’s team102 developed a poly-ε-caprolactone/gelatin composite pad containing Gymnema sylvestre extract 
to prevent bacterial colonisation. Electrospinning technology ensured the uniform distribution and effective release of the 
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extract, providing continuous protection against bacterial invasion. This composite fiber mat significantly enhanced the 
activity and proliferation of human primary dermal fibroblasts and keratinocytes. It accelerated wound closure and 
improved the formation and quality of new skin tissue. This sped up the healing process and improved the functionality 
and aesthetics of the skin post-treatment.

Almasian and colleagues103 incorporated peppermint extract into polyurethane (PU) nanofibers for diabetic wound 
healing. The addition of F127 to the polymer matrix enhanced the absorption capacity of the wound dressing. They 
precisely controlled the fiber structure and encapsulation of the extract. This optimised the sustained release curve of 
peppermint extract, ensuring a stable effect over a long period. The system continuously inhibited bacterial growth and 
reduced inflammation.

Furthermore, this nanofibre controlled-release system was tailored for diabetic wounds, ensuring the active components 
provided assistance when most needed at the wound site. This targeted release technology enhanced local treatment effectiveness 
and reduced the possibility of systemic side effects, making these nanofibers an efficient solution for diabetic wounds.

In addition to single plant extracts, Zehra et al104 developed a PLA-PHBV double-layer electrospun film incorporat-
ing extracts from both bearberry and licorice. During wound healing, arbutin reduces oxidative stress and inflammation, 
protecting tissues from free radical damage and minimising scar formation and pigmentation. The film’s design includes 
one layer for the rapid release of glycyrrhetinic acid from licorice, providing early-stage antibacterial and anti- 
inflammatory effects. Concurrently, a second layer ensures the gradual release of arbutin from bearberry, providing 
a continuous supply of antioxidants that promote cellular growth. Electrospinning technology precisely controls the 
loading and release rates of these extracts. The film support various stages of wound healing. It begins with the rapid 
action of licorice extract to reduce inflammation and prevent microbial infection.This is followed by the sustained release 
of bearberry extract, which promotes tissue growth and aids in wound closure. This innovative development demon-
strates the potential of electrospun nanofiber dressings in modern wound management and highlights the enhanced 
therapeutic outcomes achievable through the synergistic use of multiple plant extracts.

In Table S3, we summarize the application of plant extracts as active ingredients in electrospun nanofibers for wound 
healing in recent years. In summary, the application of electrospun nanofibers combined with plant extracts in wound 
healing demonstrates a powerful combination of innovation and natural efficacy. Electrospinning technology can 
effectively encapsulate plant extracts, ensure their uniform distribution and control their release, by precisely regulating 
the load and release rate of the extracts. In addition, plant extracts contain a variety of active ingredients that can cope 
with different types of wounds, such as diabetic wounds or chronic wounds, providing more possibilities for personalized 
treatment. The development of this technology has opened up new prospects for wound management and demonstrated 
the therapeutic advantages brought by the fusion of plant extracts and advanced technologies.

Application of Electrospun Nanofibers from Vegetable Oil in Wound Healing
Essential oils are highly concentrated plant-derived liquids extracted from various parts of plants, such as flowers, leaves, 
bark, roots, seeds, or peels, through distillation or cold pressing.105 Their complex chemical composition includes 
terpenes, alcohols, ketones, aldehydes, esters, and phenols, which provide a range of biological activities, including 
antibacterial, anti-inflammatory, antioxidant, analgesic, and antidepressant effects.106 Unlike plant extracts, which 
typically serve a single function in electrospun nanofibers, essential oils can serve dual roles. They act as both the 
base material for nanofibers and as bioactive components due to their exceptional biocompatibility and pharmacological 
properties. This multifunctionality grants essential oils broader potential in design and application.

Fiaschini et al107 created a three-layer core-shell membrane dressing using electrospinning technology, encapsulating 
neem oil and St. John’s wort oil in the core layer. This design offers antibacterial, anti-inflammatory, and antioxidant 
benefits. Neem oil (Azadirachta indica) is known for its broad-spectrum antibacterial and anti-inflammatory properties, 
while Hypericum perforatum is rich in antioxidants that scavenge free radicals and protect cells from oxidative stress. 
The multilayer structure ensures sustained release of active ingredients and provides excellent protection and usability 
through the mechanical strength of the outer medical-grade PCL. This design showcases the application of electrospin-
ning technology in controlled-release therapeutic systems, paving the way for more complex dressing designs.
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Irem Unalan’s108 research advanced the use of electrospinning technology in wound dressings by incorporating 
peppermint essential oil (PMO) into PCL fiber mats, boosting the dressing’s antibacterial and analgesic properties. Key 
components of PMO, like menthol and menthone, exhibit notable antibacterial, anti-inflammatory, and mild analgesic 
effects. By optimising spinning parameters, reducing fiber diameter, and enhancing the release efficiency of PMO, the 
dressing demonstrated excellent efficacy against pathogens such as S. aureus and E. coli.

Sofi et al’s study109 showcases the advanced technique of simultaneously incorporating lavender oil and silver 
nanoparticles into PU fibers. Lavender essential oil (LEO) is renowned in wound care for its anti-inflammatory and 
cell growth-promoting effects, while silver nanoparticles (AgNPs) are valued in medical materials for their strong 
antibacterial properties. The PU/lavender oil/silver nanoparticle composite fibers, created using electrospinning technol-
ogy, not only demonstrated excellent antibacterial activity but also enhanced fibroblast proliferation and migration, 
significantly speeding up the wound healing process.

Hussein110 explored PU and PVA/Gel nanofiber scaffolds using dual-nozzle electrospinning, incorporating cinnamon 
essential oil (CEO) and nCeO2 to enhance performance. Analysis using STEM, DSC, and FTIR revealed that CEO and 
nCeO significantly improved the scaffolds’ mechanical and thermal stability. Cytotoxicity tests showed that CEO and 
nCeO-enriched scaffolds enhanced cell viability and effectively inhibited Staphylococcus aureus, indicating their 
potential for diabetic wound management.

Rezk’s research111 developed nanofiber scaffolds loaded with pumpkin seed oil (PSO) using electrospinning technol-
ogy. These scaffolds showed significant antibacterial activity and excellent wound healing effects in animal models. Rich 
in fatty acids and antioxidants, PSO reduces inflammation and promotes tissue regeneration. In experiments on skin and 
oral wounds, the PSO nanofiber scaffolds demonstrated high healing rates and good biocompatibility, particularly 
excelling in treating skin and oral wounds.

Liu et al112 employed in situ electrospinning to directly deposit zein and thyme essential oil (TEO) membranes onto 
wounds. This method improved treatment convenience and precision, ensuring perfect dressing adherence and signifi-
cantly enhancing therapeutic efficacy. Zein’s excellent film-forming properties and biocompatibility, combined with 
TEO’s potent antibacterial and antioxidant properties, further boosted the dressing’s therapeutic effects.

In Table S4, we still summarize the application of plant essential oil nanofibers in wound healing. Based on the above 
studies, we can observe that essential oils, when applied through electrospinning technology, exhibit significant 
therapeutic potential in the field of wound healing. Electrospinning technology offers greater possibilities for the use 
of essential oils by combining them with nanomaterials, successfully enabling the controlled release of the oils’ multiple 
bioactive properties. This enhances their antimicrobial, anti-inflammatory, and antioxidant effects, providing a more 
efficient and precise solution for wound treatment.

Summary and Perspective
Overall, we can clearly see the significant advantages of plant-derived electrospun nanofibers in wound healing. Plant- 
derived materials have excellent biocompatibility, mechanical properties and degradability, and can provide good support 
for wound repair under the action of electrospinning technology. Secondly, the natural active ingredients in plant-derived 
materials have pharmacological activities that are beneficial to wound healing, helping to control infection, reduce 
inflammation and accelerate wound healing. In addition, electrospinning helps plant-derived natural products overcome 
challenges like poor water solubility, low bioavailability, and instability while preserving their pharmacological activity. 
This integration has allowed better development and utilisation of these natural products.

Although plant-derived electrospun nanofibers have so many advantages in wound healing, the diversity and 
selectivity of plant sources are not comprehensive. We look forward to seeing more plant-derived natural product 
nanofibers enter the field of wound treatment in the future. Similarly, we expect to further understand how plant active 
ingredients interact with human cells and biomolecules and their role in different stages of wound healing. In addition, 
there is still a lot of room for development in the wide application of plant-derived natural products and their multiple 
mechanisms of action in wound healing, which deserves further exploration.
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