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Abstract
Background. Chronic and infected wounds remain a major clinical challenge due to impaired tissue

regeneration, persistent inflammation, bacterial biofilms, and antimicrobial resistance.
Aim. This review aimed to assess the biological and therapeutic properties of honey in wound healing,

with emphasis on its mechanisms of action, clinical applications, and emerging therapeutic approaches.
Material and methods. A narrative review of scientific literature on honey in wound management was

conducted, focusing on its biological properties, mechanisms of action, clinical effectiveness, and modern
formulations.

Results. Honey acts through high osmolarity, acidic pH, hydrogen peroxide, and bioactive compounds,
including polyphenols, flavonoids, antimicrobial peptides, and methylglyoxal. Medical-grade honey exhibits
antimicrobial, anti-inflammatory, antioxidant, and regenerative effects. It may inhibit multidrug-resistant
bacteria, disrupt biofilms, promote autolytic debridement, angiogenesis, and tissue regeneration. Clinical benefits
have been reported in diabetic foot ulcers, venous leg ulcers, pressure ulcers, burns, and postoperative wounds.
Honey-based hydrogels, nanofibres, films, and biomaterial dressings may further improve therapeutic
effectiveness.

Conclusions. Medical-grade honey is a valuable adjunct in wound management due to its ability to
control infection and support tissue regeneration. Further clinical studies and product standardisation are
required to optimise treatment protocols and confirm its effectiveness.

Key words: honey, medical-grade honey, wound healing, chronic wounds, antimicrobial activity, tissue
regeneration, wound management

1. Introduction
Wound management represents one of the major challenges in contemporary regenerative medicine.

The aim of therapy is not only to achieve wound closure and restore skin integrity, but also to re-establish
normal skin function and obtain the best possible aesthetic outcome without excessive fibrosis or scarring [1].
Chronic wounds pose particular therapeutic challenges and constitute a significant health problem with medical,
social, and economic implications [2]. It is estimated that they affect approximately 2.5% of the general
population, with their prevalence increasing with age [2,3]. The treatment of chronic wounds is highly costly and
places a substantial burden on healthcare systems [2,4]. At the same time, these conditions have a considerable
impact on patients’ quality of life, leading to chronic pain, reduced social activity, isolation, and an increased
risk of depressive disorders [5,6]. Moreover, certain types of chronic wounds have been associated with
mortality rates exceeding those observed in many malignant diseases [2,7].
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Normal wound healing is a complex and dynamic biological process involving four overlapping phases:
haemostasis, inflammation, proliferation, and tissue remodelling [8–10]. In chronic wounds, this process
becomes disrupted, and the successive stages of healing fail to occur within the expected timeframe, which
generally ranges from four weeks to three months [11]. In clinical practice, the most common types of chronic
wounds include venous leg ulcers resulting from chronic venous insufficiency and venous hypertension, diabetic
foot ulcers associated with neuropathy, vascular impairment and infection, pressure ulcers arising from
prolonged pressure in immobilised patients, and infected postoperative wounds occurring as complications of
surgical procedures [8,10].

Bacterial biofilms, which are present in the majority of chronic wounds, play an important role in the
pathogenesis of these conditions [9]. Biofilms formed by microorganisms such as Staphylococcus aureus and
Pseudomonas aeruginosa constitute an effective protective barrier that shields bacteria from both antibiotics and
host defence mechanisms [2,9]. A further challenge is the increasing prevalence of antimicrobial resistance,
which is recognised as one of the major threats to public health [2,12]. Persistent chronic inflammation,
associated with excessive production of pro-inflammatory cytokines and matrix metalloproteinases, leads to
degradation of the extracellular matrix and inhibition of fibroblast proliferation, thereby preventing the normal
progression of the wound-healing process [4].

In the search for novel approaches to support wound management, increasing attention has been
directed towards natural substances with antimicrobial and regenerative properties [2,13]. Among the most
promising natural products is honey, which is one of the oldest therapeutic agents used by humans [13]. Its use
in wound treatment was already known to the ancient civilisations of Egypt, Greece, Rome, China, and India [7].
The medicinal properties of honey have been described in both medical sources and religious texts [13].
Although its therapeutic importance declined following the introduction of antibiotics in the mid-twentieth
century, there has recently been a marked resurgence of interest in the use of honey for wound management [7].

Contemporary research indicates that the therapeutic effects of honey cannot be attributed to a single
constituent but instead result from the synergistic action of multiple biological mechanisms [8,14].

Particular attention has been given to the antimicrobial properties of honey, which are associated with
hydrogen peroxide production, the presence of non-peroxide antimicrobial compounds, high osmolarity, and an
acidic pH [9,15,16]. These mechanisms effectively inhibit microbial growth while simultaneously creating
favourable conditions for the regeneration of damaged tissues [8,9,16]. In contrast to conventional antibiotics,
the development of bacterial resistance to honey has not yet been demonstrated, which considerably enhances its
therapeutic potential [2,11,17]. Honey has also demonstrated activity against multidrug-resistant strains, which
represent a major clinical challenge in contemporary medicine [9,16,18].

The growing interest in honey-based therapy is also associated with advances in modern wound-
dressing technologies [2,16,19]. Honey is currently incorporated into hydrogels, alginates, and other biomaterials
designed for wound management [8,12,15,16,19]. Such approaches enable the controlled release of active
compounds directly at the wound site, potentially enhancing therapeutic efficacy and reducing the risk of
infection [16,19]. At the same time, the importance of using standardised medical-grade honey is emphasised, as
such products undergo rigorous quality control and sterilisation procedures to ensure their safety for clinical use
[2,10,11,17,20].

Given the growing interest in the application of honey in wound management and the increasing body
of experimental and clinical evidence, a comprehensive review of current knowledge regarding its biological and
therapeutic properties is warranted [21]. Of particular importance is an analysis of the mechanisms underlying
the effects of honey, its efficacy in the treatment of different types of wounds, and the potential applications of
this natural product in modern medical technologies [17,20].

2. Chemical and Biological Characteristics of Honey
Honey is a natural product produced primarily by Apis mellifera bees [22,23]. Nectar honeys are

derived from floral nectar, whereas honeydew honeys originate from secretions of living plant parts and
excretions of plant-sap-feeding insects [13,14]. Chemically, honey is a viscous, supersaturated sugar solution
[13,15,24]. Its properties are not constant and depend on numerous factors, including botanical and geographical
origin, harvesting period, climatic conditions, and storage practices [6,8,18]. Variability in chemical composition
directly translates into differences in the biological activity of individual honey varieties [13,14].

2.1. Chemical Composition of Honey
Sugars constitute the predominant component of honey; however, its distinctive biological and

therapeutic properties are primarily attributed to the presence of numerous minor constituents, which account for
approximately 3% of the total product mass [14,15]. Carbohydrates represent approximately 65–87% of the total
mass of honey and more than 95% of its dry matter [6,23]. The predominant sugars are fructose and glucose
[15,23,25]. The fructose-to-glucose ratio usually ranges from 0.9 to 1.7 and is of considerable importance for the
physicochemical properties of honey [23,25]. In addition to monosaccharides, honey also contains disaccharides
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and oligosaccharides, including sucrose, maltose, isomaltose, and turanose, although their quantitative
contribution is considerably lower [15,23,26].

Water is the second major component of honey, typically accounting for approximately 15–20% of its
composition [3,23,27]. Water content influences product stability, viscosity, and susceptibility to fermentation
[13,15]. Heather honey constitutes an exception, as its water content may reach up to 23% [23,28]. Minor
constituents include proteins, enzymes, amino acids, particularly proline, organic acids, B-group vitamins and
vitamin C, minerals, polyphenols, and volatile aromatic compounds [14,15]. The presence of these compounds
contributes to the antibacterial, anti-inflammatory, antioxidant, and wound-healing-promoting properties of
honey [14,15].

2.2. Biologically Active Compounds Present in Honey
Polyphenols and flavonoids constitute one of the most important groups of biologically active

compounds in honey [23,26]. They are responsible for a substantial proportion of its antioxidant, anti-
inflammatory, and antimicrobial properties [14,23]. Polyphenolic compounds identified in honey include caffeic
acid, ferulic acid, gallic acid, and p-coumaric acid [14,15,23]. The most frequently reported flavonoids include
quercetin, kaempferol, chrysin, pinocembrin, and luteolin [14,15,23]. The concentration of these compounds is
strongly dependent on the nectar source; therefore, they are frequently used as markers of honey authenticity and
botanical origin [13,14]. Their mechanisms of action primarily involve free-radical scavenging and inhibition of
pro-inflammatory enzymes such as cyclooxygenase-2 (COX-2) [17,26]. As a result, these compounds protect
tissues against oxidative stress and attenuate inflammatory processes [14,26].

Enzymes represent another important group of honey constituents [14,15]. Particular importance is
attributed to glucose oxidase, which, following honey dilution, catalyses the oxidation of glucose to gluconic
acid [1,13]. Hydrogen peroxide is generated as a by-product of this reaction and is regarded as one of the
principal factors responsible for the antibacterial activity of most honeys [9,13,15,27]. Honey also contains
catalase, which regulates hydrogen peroxide concentrations, as well as invertase, which participates in sucrose
hydrolysis [13,15,29]. Diastase and amylase are additional enzymes involved in carbohydrate metabolism
[14,15,21,25].

Organic acids also play an important biological role and account for approximately 0.1–1.5% of honey
composition [14,23]. The most important is gluconic acid, which is formed through the activity of glucose
oxidase [13,15,23]. Organic acids are responsible for maintaining the acidic pH of honey, which generally ranges
from 3.2 to 6.1 [13,23,29]. Such conditions effectively inhibit the growth of numerous pathogenic
microorganisms [9,13,15]. In the context of wound healing, an additional benefit of the low pH may be its ability
to counteract the more alkaline environment characteristic of many chronic wounds [9,13,21,30].

Peptides and proteins are also particularly noteworthy among the biologically active constituents of
honey [13,15]. The best-characterised compound within this group is defensin-1, also referred to as bee defensin-
1 [2,13,15]. This peptide exhibits potent antibacterial activity, particularly against Gram-positive bacteria, and is
capable of inhibiting bacterial biofilm formation [9,10,13]. Glycoproteins present in honey, such as major royal
jelly protein 1 (MRJP1), participate in natural defence mechanisms and may contribute to the antimicrobial
activity of the product [8,13].

2.3. Types of Honey Used in Medicine
Various types of honey are currently used in medicine, and these may differ in their chemical profiles

and predominant mechanisms of action [8,9,15]. The best-known and most extensively studied honey currently
used for therapeutic purposes is Manuka honey, originating from New Zealand and Australia [5,8,10]. It is
produced from the nectar of Leptospermum scoparium and is distinguished by its high non-peroxide antibacterial
activity [8,10,13]. This activity is primarily attributed to methylglyoxal (MGO), which is formed from
dihydroxyacetone naturally present in Manuka nectar [2,8,10,13]. Owing to the high concentration of this
compound, Manuka honey exhibits potent antimicrobial properties [2,7,9].

Another group of honeys that has attracted considerable interest for therapeutic applications comprises
honeydew honeys, including Black Forest honey [9,30]. These honeys generally exhibit higher peroxide-
dependent activity and contain greater concentrations of minerals and polyphenols than conventional nectar
honeys [13,18,30]. The increased abundance of these constituents may contribute to their antioxidant and
antimicrobial potential [13,14,30].

Other honey varieties characterised by high biological activity include the Malaysian Tualang, Gelam,
and Kelulut honeys, which exhibit particularly pronounced anti-inflammatory effects [9,29,32]. Chestnut honey
also demonstrates considerable therapeutic potential and is distinguished by its relatively high acidity [33]. In
turn, buckwheat and acacia honeys may, in some experimental settings, promote faster wound closure than
Manuka honey [10,20,29].
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2.4. Medical-Grade Honey and Its Standardisation
Medical-grade honey (MGH) is a specialised honey product intended for therapeutic use [2,8,20]. To

ensure patient safety and reproducibility of therapeutic outcomes, it is subjected to rigorous quality control and
standardisation procedures [2,8,20]. Fundamental requirements include high product purity and appropriately
controlled sourcing [11,20]. Medical-grade honey should be free from residues of pesticides, herbicides,
antibiotics, and heavy metals that could compromise its safety in clinical applications [10,20].

An important stage in the preparation of medical-grade honey is sterilisation using gamma irradiation
[2,8,20]. This process is generally performed at doses ranging from 10 to 50 kGy and enables the effective
elimination of bacterial spores, including those of Clostridium botulinum [8,10,13]. Importantly, this method
does not cause substantial destruction of enzymes or other biologically active constituents that are sensitive to
high temperatures [8,20].

Assessment of the biological activity of the product is another important component of standardisation
[20]. Medical-grade honey should demonstrate a defined level of antibacterial or antioxidant activity [20]. In the
case of Manuka honey, specific quality indices are used, including the Unique Manuka Factor (UMF) and
methylglyoxal content [2,13]. These parameters enable the therapeutic potential of the product to be assessed
[2,13].

The physicochemical properties of medical-grade honey are also subject to quality control [1,20].
Parameters assessed include moisture content, which generally should not exceed 18%, reducing sugar content,
electrical conductivity, and the concentration of hydroxymethylfurfural (HMF), which serves as an indicator of
overheating or inappropriate storage conditions [8,20]. In addition, medical-grade honey products must comply
with the relevant regulatory requirements for clinical use, for example through CE marking or appropriate
authorisation by the US Food and Drug Administration (FDA) [2,20].

Because conventional food-grade honeys are not standardised, may exhibit unpredictable biological
activity, and may contain contaminants, their use for wound treatment is not recommended [13,20]. In clinical
practice, only preparations that meet the requirements established for medical-grade honey should be used
[10,20].

3. Mechanisms of Action of Honey in Wound Healing
The mechanisms through which honey promotes wound healing are multifactorial and involve both the

physicochemical properties of the product itself and its effects on host cells, microorganisms, and molecular
processes occurring within damaged tissues [2,7,32]. Honey simultaneously exhibits antimicrobial, anti-
inflammatory, immunomodulatory, and regenerative activities, enabling it to influence multiple stages of the
wound-healing process [2,7,28]. Its therapeutic efficacy results from the synergistic interaction of numerous
mechanisms that restrict infection and create favourable conditions for the restoration of damaged tissue
structures [2,7,34].

3.1. Antibacterial Activity
Honey exhibits broad-spectrum antibacterial activity [2,5,9]. It is effective against numerous pathogenic

microorganisms, including multidrug-resistant strains such as methicillin-resistant Staphylococcus aureus
(MRSA) and Pseudomonas aeruginosa [2,5,9]. This activity is not attributable to a single bioactive compound
but instead results from the simultaneous action of several complementary mechanisms [2,9,14].

An important role is played by the high osmolarity of honey, which results from its very high sugar
content combined with a relatively low water content [9,15,24,30]. Such conditions generate high osmotic
pressure, leading to the efflux of water from bacterial cells [2,9,18]. This subsequently results in cellular
dehydration, shrinkage, and ultimately microbial death [2,9,21,30]. Another factor restricting bacterial growth is
the low pH of honey, which typically ranges from 3.2 to 4.5 [2,7,9,30]. This acidic environment inhibits the
proliferation of most pathogens that preferentially grow at near-neutral pH and may additionally contribute to
protein denaturation within microbial cells [2,9,21,24].

Hydrogen peroxide (H₂O₂) constitutes another important component of the antimicrobial activity of
honey and is generated through the action of glucose oxidase following dilution of honey with wound exudate
[9,15,21,27]. Hydrogen peroxide exerts strong bactericidal effects by damaging microbial DNA, proteins, and
cell membranes [2,9,24,30]. In the case of Manuka honey, particular importance is attributed to non-peroxide
activity associated with the presence of methylglyoxal (MGO) [2,7,9,10]. This compound is capable of
modifying bacterial proteins through glycation, disrupting DNA replication, and interfering with normal cell
division [8,9,21,30].

Bee defensin-1 and polyphenolic compounds also contribute to the antibacterial properties of honey
[2,9,10,15]. Bee defensin-1 is a peptide capable of forming pores in bacterial cell membranes, resulting in
membrane disruption and cell death [2,9,10]. It may also inhibit bacterial biofilm formation [9,10,15].
Polyphenols and flavonoids present in honey restrict microbial proliferation by interfering with pathogen energy
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metabolism and inhibiting DNA gyrase activity [9,15,26,30]. The combined effects of these mechanisms result
in activity against both planktonic bacteria and microorganisms organised within biofilm structures [2,9,15,30].

3.2. Modulation of Inflammation and Immunomodulatory Activity
Honey may influence wound healing at different stages through its ability to modulate the host immune

response [2,7,9,17]. Its biphasic activity involves both stimulation of an appropriate inflammatory response and
attenuation of excessive or prolonged inflammation [9,17,21].

During the initial phase of healing, honey stimulates monocytes and macrophages to produce pro-
inflammatory cytokines such as tumour necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-
6) [2,9,17,21]. Activation of immune cells may help reinitiate endogenous repair mechanisms [9,17,21,22].
Restoration of an appropriate healing response is particularly relevant in chronic wounds, in which normal
progression through the healing phases is impaired or arrested [9,17,21].

Angiogenesis is particularly important during tissue regeneration [2,9,35,36]. This process may be
promoted, among other mechanisms, through hydrogen peroxide release and stimulation of macrophage activity
[29,30]. These effects can increase the expression of vascular endothelial growth factor (VEGF), which plays a
central role in the formation of new blood vessels [1,30,34]. Improved vascularisation facilitates the delivery of
oxygen and nutrients to regenerating tissues [17].

Studies also indicate that hydrogen peroxide released from honey may induce calcium ion influx into
keratinocytes [6,25]. This important molecular signal contributes to wound closure and may accelerate re-
epithelialisation of the damaged tissue [2,6].

3.5. Reduction of Wound Malodour
An additional benefit of honey application is its ability to reduce the unpleasant odour associated with

many infected and chronic wounds [4,24,37]. This phenomenon is commonly referred to as wound deodorisation
[24].

Unpleasant wound odour is primarily associated with volatile sulphur-containing compounds and
ammonia. These metabolites are generated during the microbial degradation of amino acids and proteins present
within damaged tissues [30].

Honey supplies microorganisms with readily available glucose, which may shift their energy
metabolism away from proteolytic pathways towards carbohydrate utilisation [9,30]. This metabolic shift results
in the production of relatively odourless lactic acid rather than malodorous compounds derived from protein
degradation. Consequently, honey may not only support the management of infected wounds but also improve
patient comfort by reducing one of the most distressing symptoms associated with chronic skin lesions [4,9,37].

4. Clinical Applications of Medical-Grade Honey in Wound Management
Contemporary clinical studies and meta-analyses indicate that honey is an effective and safe adjunct in

wound healing [9,21,24,30]. Particularly favourable effects have been observed with regard to infection control,
disruption of bacterial biofilms, acceleration of tissue regeneration, and improvement in patient comfort
[2,7,9,24]. Owing to its multifaceted mechanisms of action, medical-grade honey (MGH) is increasingly being
used in the management of wounds of diverse aetiologies [8,17,20,21].

4.1. Diabetic Foot Ulcers
One of the most important areas of clinical application of honey is the treatment of diabetic foot ulcers

[2,7,9]. This condition represents a major therapeutic challenge because of the high risk of infection, the frequent
presence of bacterial biofilms, and the possibility of complications leading to limb amputation [7,9]. In patients
with diabetes, the wound-healing process is often impaired; therefore, effective approaches capable of supporting
tissue regeneration are of particular importance [7,9].

Meta-analyses including sixteen randomised clinical trials have shown that the use of honey-containing
dressings significantly increases the likelihood of complete wound healing and reduces treatment duration
compared with standard care [30]. A particularly important advantage is the ability of honey to disrupt bacterial
biofilms formed, among others, by Staphylococcus aureus [2,9,38]. This may help limit the progression of
infection and reduce the need for systemic antibiotic therapy [8,9].

Clinical studies have also demonstrated that honey-based therapy can accelerate the removal of necrotic
tissue, reduce oedema, and improve the appearance of the wound bed [7,9]. Consequently, reductions in
hospitalisation rates and in the risk of amputation, one of the most serious consequences of diabetic foot disease,
have been reported [7,9].

4.2. Venous Leg Ulcers
Venous leg ulcers are among the most common chronic wounds and are caused by disorders of venous

circulation [6,28]. Owing to their prolonged course and frequent bacterial colonisation, their management can be
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highly challenging [2,28]. In this context, medical-grade honey has demonstrated considerable effectiveness in
both infection control and the promotion of tissue regeneration [6,28].

Comparative studies have shown that ulcers treated with Manuka honey achieved complete healing after
an average of approximately seven weeks of therapy [1,6]. In comparison, treatment with silver-containing
alginate dressings required up to fourteen weeks [6]. These findings suggest that honey may substantially shorten
the duration of treatment [6].

Another important benefit is the rapid resolution of clinical signs of infection [28]. It has been reported
that treatment with medical-grade honey can eliminate clinical symptoms of infection after an average of
approximately 2.2 weeks [28]. In addition, patients treated with honey dressings report less pain during dressing
changes [6,9]. This may be attributed to the fact that honey dressings do not strongly adhere to the wound
surface, thereby reducing trauma to newly formed tissue during dressing replacement [6,9,13,38].

4.3. Burns
Honey demonstrates particularly high clinical effectiveness in the treatment of burns, especially

superficial and partial-thickness burns, including first- and second-degree injuries [8,21,24,39]. This represents
one of the best-documented clinical applications of honey [8,21,24].

Systematic reviews and clinical analyses have shown that honey significantly reduces epithelialisation
time compared with conventional treatment using silver sulfadiazine or polyurethane dressings [5,21,22,24,29].
This translates into faster restoration of epidermal integrity and earlier completion of the healing process
[5,22,24].

Honey also exhibits anti-inflammatory activity, thereby reducing wound exudate and the intensity of the
inflammatory response within damaged skin [19,24,38]. These effects may contribute to a lower risk of scar
formation and a more rapid restoration of normal skin function [8,19,38]. An additional benefit is pain reduction,
which improves patient comfort during treatment [19,24,38].

4.4. Postoperative Wounds and Acute Traumatic Wounds
Medical-grade honey is also used in the management of postoperative wounds and acute traumatic

injuries [2,8,40]. It may be applied both for the prevention of surgical-site infections and for the treatment of
complications that have already developed following surgical procedures [2,17,24].

The use of honey following procedures such as mastoid surgery, ophthalmic surgery, and Caesarean
section has been associated with improved wound-healing outcomes [2,8,17,40]. Reported benefits include
improved scar appearance, reduced pain, and a lower risk of wound dehiscence [2,17,24].

Honey may also be particularly relevant in elderly patients [8,11,40]. In older individuals, the skin is
often thin, atrophic, and more susceptible to injury [2,11,40]. In cases of skin tears and abrasions, the use of
honey may accelerate tissue regeneration and reduce the risk of an acute wound progressing to a chronic state
[11,26,40].

4.5. Pressure Ulcers
Another important application of honey is the treatment of pressure ulcers, which occur primarily in

patients subjected to prolonged immobilisation [2,4,24]. These wounds are particularly difficult to manage
because of tissue necrosis, impaired local perfusion, and a high risk of infection [2,4,9].

The high osmolarity of honey promotes autolytic debridement of necrotic tissue [2,9,24,32]. This
process plays a key role in preparing the wound bed for subsequent stages of treatment [2,12,32]. Removal of
necrotic tissue helps restrict bacterial proliferation and improves the conditions required for tissue regeneration
[2,9,24,32].

Very favourable therapeutic outcomes have also been reported in severe stage III and IV pressure ulcers
[32]. In some studies, negative bacteriological cultures were obtained after only one week of treatment with
medical-grade honey, indicating substantial antimicrobial effectiveness [32].

4.6. Other and Emerging Clinical Applications
Current research indicates that the therapeutic potential of honey extends beyond the treatment of

cutaneous wounds [17,20]. Other potential applications in different areas of medicine are increasingly being
investigated [17,20].

In dentistry, honey has been used to support healing of extraction sockets following tooth removal and
in the management of oral mucositis in patients undergoing anticancer therapy [17,20,41]. Owing to its anti-
inflammatory and antimicrobial properties, honey may accelerate the regeneration of damaged tissues and reduce
pain [17,41].

Studies in abdominal surgery have also suggested the potential use of honey in the prevention of
postoperative adhesions [17]. Although these findings are derived mainly from animal models, they indicate the
possibility of extending the therapeutic applications of honey [17].
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Neonatology represents another emerging area of interest [2,17]. Medical-grade honey has been
reported to be safely used in preterm infants for the treatment of extravasation injuries [2,5,17]. This approach
may support the healing process without causing significant adverse effects [2].

4.7. Clinical Benefits Associated with the Use of Honey
Regardless of wound type, the use of medical-grade honey is associated with a range of potential

clinical benefits [2,8,20]. Honey can effectively reduce wound malodour, support autolytic debridement of
necrotic tissue, stimulate granulation tissue formation, and promote angiogenesis [2,9,24,32]. At the same time,
it has a favourable safety profile and is not associated with the development of bacterial resistance [2,5,20].

In clinical practice, the most commonly used formulations include sterilised honey preparations in the
form of gels, ointments, and honey-impregnated dressings [2,8,20,32]. Widely used commercial products include
Medihoney, L-Mesitran, and Activon [3,8,20]. Their use represents a valuable adjunct to contemporary wound
management and is becoming increasingly established in routine clinical practice [2,8,20,32].

5. Modern Honey-Based Preparations and Future Perspectives
Contemporary regenerative medicine increasingly utilises honey not only as a natural therapeutic agent

but also as a component of advanced wound-management systems [13,21,32]. Despite the numerous advantages
of pure honey, its practical application may be limited by characteristics such as high viscosity, a tendency to
leak from the site of application, and the natural variability of its biological composition [13,15,32,42]. For this
reason, modern honey-based formulations are being developed to ensure prolonged contact of active substances
with the wound bed, controlled release of therapeutic constituents, and improved ease of use for both patients
and healthcare professionals [13,15,32]. The integration of honey with modern biomaterials enables more
effective utilisation of its antimicrobial, anti-inflammatory, and regenerative properties [2,13,32].

5.1. Advanced Wound-Dressing Formulations
One of the most rapidly developing approaches involves honey-containing hydrogels and cryogels

[2,13,25,32]. These three-dimensional polymer networks have a high water content and therefore resemble the
natural extracellular matrix of tissues [29,32]. Combining honey with materials such as poly(vinyl alcohol)
(PVA), alginates, chitosan, or gelatine enables the production of dressings capable of maintaining an optimally
moist wound-healing environment [25,29,32,43]. These structures absorb excess wound exudate while
simultaneously preventing desiccation of the wound bed [29,32]. An additional advantage is their cooling effect,
which may contribute to the reduction of pain [32]. Cryogels represent a distinctive subgroup in which the
macroporous structure provides improved mechanical stability and more controlled release of the bioactive
constituents present in honey [2,25].

Another innovative approach involves nanofibres produced by electrospinning [2,13,25]. This
technology enables the production of extremely thin fibres with diameters measured on the nanometre scale [13].
Their very high specific surface area facilitates efficient honey release and its uniform distribution across the
wound surface [13,44]. Nanofibres, most commonly produced from polymers such as polycaprolactone (PCL) or
polylactic acid (PLA), mimic the architecture of the natural extracellular matrix and thereby promote cell
adhesion and stimulate fibroblast proliferation, which is essential for tissue reconstruction [13,25,44].

Honey-containing films and membranes are also used in modern wound care [12,13,32]. These are thin,
transparent polymeric layers that act as protective barriers against external factors [12,13]. At the same time,
they allow visual monitoring of the healing process without requiring dressing removal, thereby reducing the risk
of damaging newly formed tissue [12,32].

Foams and sponges produced by freeze-drying constitute another important group of advanced
formulations [13,25]. Their high porosity makes them particularly suitable for the management of heavily
exuding wounds [13,25,32]. The presence of honey supports autolytic wound debridement and stimulates
granulation tissue formation, thereby accelerating tissue regeneration [2,13,25,32].

5.2. Honey in Tissue Engineering and Advanced Technologies
The development of tissue engineering provides new opportunities for the use of honey in regenerative

medicine [13,25,32]. One of the most promising approaches is the incorporation of honey into bioinks used for
three-dimensional bioprinting [13,25,32,41]. Alginate- or pectin-based bioinks supplemented with honey exhibit
improved rheological properties and greater printing precision [13,32,41]. At the same time, honey confers
antibacterial properties on printed tissue scaffolds [13,32,41]. It has been demonstrated that lower honey
concentrations, of approximately 27%, do not exert toxic effects and may additionally stimulate the activity of
cells involved in tissue regeneration [32].

Another novel strategy involves dissolvable microneedles designed to deliver honey across the stratum
corneum [2]. These systems enable effective transport of active constituents into deeper tissue layers and may be
particularly useful in the treatment of deep infections caused by bacteria such as MRSA [2]. The use of
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microneedles can simultaneously preserve the structural integrity of the formulation and improve therapeutic
efficiency [2].

The application of honey in nanotechnology and within the concept of so-called green chemistry is also
gaining increasing attention [25,41,45]. Honey may act as a natural reducing and stabilising agent during the
synthesis of silver, gold, and zinc oxide nanoparticles [25,43,45]. The resulting nanocomposites exhibit stronger
antimicrobial activity than the individual components used separately [25,43,45]. In addition, synergistic
interactions may reduce potential toxicity towards host cells [25,41,43].

5.3. Supplemented and Bioengineered Preparations
Modern honey-based formulations are increasingly supplemented with additional compounds intended

to enhance their therapeutic efficacy [20,21]. Examples include products containing additional antioxidants such
as vitamins C and E [5,20,21,28]. Such combinations may enhance the anti-inflammatory and antibacterial
effects of honey while simultaneously increasing its protective potential towards damaged tissues [5,20,21].

Bioengineered preparations designed to provide controlled release of hydrogen peroxide are also under
development [13,20,21]. Products such as SurgihoneyRO are capable of maintaining antimicrobial activity for
periods of up to eight days [13,21]. Sustained H₂O₂ production is particularly important in combating persistent
bacterial biofilms, which represent one of the major factors underlying the chronicity of many wounds [13,21].

Another promising approach involves formulations combining honey with essential oils, including tea
tree or cinnamon oils [2,20,44]. When formulated as nanoemulsions, such systems demonstrate enhanced
activity against Gram-negative bacteria such as Pseudomonas aeruginosa [44]. This may broaden the spectrum
of antimicrobial activity and increase the effectiveness of treatment for infected wounds [2,44].

Honey is also increasingly incorporated into combination therapies in which it acts synergistically with
other modern treatment modalities [2,13,21]. One example is the combination of honey with vacuum-assisted
closure (VAC) therapy [2]. The simultaneous application of both approaches can accelerate the removal of
wound exudate and bacterial biofilm while creating favourable conditions for the regeneration of damaged
tissues [2]. A particularly important research direction concerns synergistic interactions between honey and
antibiotics [2,13,21]. Manuka honey has been reported to restore the susceptibility of certain antibiotic-resistant
bacterial strains, including MRSA, to agents such as oxacillin [13,21]. This opens new therapeutic possibilities
in addressing the growing problem of antimicrobial resistance [2,13,21].

Bioactive tissue scaffolds incorporating honey together with other biological materials, such as amniotic
membrane or bovine collagen, are also being investigated for wound treatment [46]. Such multicomponent
dressings are intended to stimulate multiple stages of the wound-healing process simultaneously, from infection
control to tissue remodelling [46].

5.4. Future Perspectives and Challenges
The development of honey-based therapies offers numerous new opportunities, although it is also

associated with substantial challenges [2,8,21]. One of the most innovative concepts is the genetic modification
of bees to produce honey with increased concentrations of selected antimicrobial peptides or growth factors [8].
Such an approach could substantially increase the therapeutic potential of future honey-based preparations [8].

The concept of personalised apitherapy is also attracting increasing interest [7,17]. This approach
involves selecting a specific type of honey according to the type and aetiology of the wound as well as the
current stage of healing [7,17]. In the future, specific honey varieties may potentially be selected according to the
predominant therapeutic requirement, such as infection control or stimulation of cellular migration [2,7,17].

However, the standardisation of honey-based products and prevention of honey adulteration remain
major challenges [2,20]. Large, multicentre clinical trials are also required to establish more definitively the role
of honey within contemporary standards of wound care [2,7,31]. Economic considerations are equally important
[2,7,25,31]. Honey is a relatively inexpensive product and may represent a cost-effective alternative to more
expensive synthetic dressings [7,25,31]. It therefore has the potential to play a particularly important role in low-
and middle-income countries, where access to advanced medical technologies remains limited [2,7,25,31]. In the
future, this may contribute to the broader implementation of honey-based therapies in the global management of
chronic and infected wounds [2,7,8,31].

Conclusions
Medical-grade honey represents a promising adjunct to contemporary wound management due to its

multifaceted antimicrobial, anti-inflammatory, antioxidant, immunomodulatory, and regenerative properties. Its
therapeutic activity results from the synergistic interaction of several physicochemical and biological
mechanisms, including high osmolarity, acidic pH, hydrogen peroxide production, and the activity of bioactive
constituents such as polyphenols, flavonoids, antimicrobial peptides, and, particularly in Manuka honey,
methylglyoxal. Through these complementary mechanisms, honey can inhibit microbial growth, including
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multidrug-resistant strains, interfere with bacterial biofilms, modulate excessive inflammation, and create
conditions favourable for tissue repair [2,7,9,13,15].

Available clinical evidence indicates that medical-grade honey may support several stages of wound
healing by promoting autolytic debridement, granulation tissue formation, angiogenesis, re-epithelialisation, and
regeneration of damaged tissues. The most extensively documented applications include diabetic foot ulcers,
venous leg ulcers, pressure ulcers, burns, and selected postoperative wounds. In these conditions, honey-based
treatment may contribute to improved infection control, shorter healing times, reduced pain and wound malodour,
and greater patient comfort. Its activity against multidrug-resistant microorganisms and the absence of confirmed
development of bacterial resistance to the complex antimicrobial mechanisms of honey further strengthen its
potential role in the management of chronic and infected wounds [2,6,24,28,31,32].

The incorporation of honey into advanced biomaterials, including hydrogels, cryogels, nanofibres, films,
membranes, foams, and tissue-engineering scaffolds, creates new opportunities for its application in regenerative
medicine. These systems may improve local retention, provide controlled release of bioactive compounds,
maintain an appropriate wound environment, and enhance the therapeutic potential of honey. Nevertheless,
differences in honey composition and biological activity remain important limitations, highlighting the need for
rigorous standardisation of medical-grade products. Further large-scale, multicentre clinical trials are required to
define optimal formulations and treatment protocols and to establish more precisely the role of honey-based
therapies within contemporary wound-care standards [2,7,13,20,25,32].
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