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Skin is constantly exposed to injury and infectious agents that can compromise its structural integrity and cause wounds.

When this occurs, microorganisms from the skin microbiota and external bacteria and fungi can penetrate the wound and

cause an infection, which complicates the healing process. Nowadays, there are several types of wound dressings

available to treat wounds, some of which are incorporated with antimicrobial agents. However, the number of

microorganisms resistant to these substances is rising. Therefore, the search for new, natural alternatives such as

essential oils (EOs) and plant extracts (PEs) is on the rise. 
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1. Introduction

Skin, the largest and outermost organ of the human body, acts as a barrier protecting the muscles, bones, ligaments, and

internal organs from biological, chemical, mechanical, and physical threats . The constant exposure of the skin to

injury and infectious agents can result in the disruption of its normal anatomical structure, causing wounds .

Wounds are breaks or defects in the skin caused by thermal or physicochemical damage. They can be classified as acute

or chronic, depending on the repair process . Acute wounds are injured tissues that usually achieve complete healing

within a period of 8 to 12 weeks. In contrast, chronic wounds appear because of diseases such as cancer, diabetes,

venous or arterial vascular insufficiency, and pressure necrosis. They need an extended healing time (beyond 12 weeks),

often failing to reach a normal healthy state . Wounds are also classified based on the affected skin layers and areas.

Thus, superficial wounds are those that only involve the skin surface; partial thickness wounds are injuries that affect the

epidermis, deeper dermal layers, blood vessels, sweat glands, and hair follicles; and full-thickness wounds are the ones

where subcutaneous fat or deeper tissue, epidermis, and dermis are injured . Chronic wounds, such as venous ulcers,

pressure sores, and diabetic foot ulcers, represent a major health problem affecting millions of people worldwide and

result in billions of dollars of costs for the national health services .

Burns are serious injuries (wounds) that can cause extreme pain and possibly death. These skin lesions are among the

most complex to clinically evaluate and manage. In fact, in addition to pain, they present challenges in restoring patient

functionality and cosmetic repair . Acute burns lead to a sudden influx of inflammatory cytokines and growth factors.

Burns that affect large areas usually result in several complications, such as hypertrophic scarring, facial disfigurement,

and loss of muscle and function. They can also be responsible for invisible psychological sequelae . A serious

complication of acute wounds and burns is sepsis and septic shock. These two phenomena account for approximately 30

million cases per year worldwide, with approximately 6 million being fatal .

2. Injured Skin: Microbiology

Healthy skin has its own microbiota that comprises millions of bacteria, fungi, and viruses. The main bacterial

communities found on the skin belong to phyla Actinobacteria, Firmicutes, Bacteroidetes, and Proteobacteria ,

specifically to the genera Staphylococcus, Propionibacterium, Corynebacterium, Streptococcus, and Pseudomonas .

Skin also has a community of eukaryotic organisms formed by mites from genus Demodex and yeasts belonging to the

genera Malassezia (main component of the fungal skin microbiome), Cryptococcus, Rhodotorula, and Candida .

Bacteriophages are the predominant viruses found on the skin; Densovirus, Alphapapillomavirus, Human papillomavirus,

Merkel cell polyomavirus, Molluscum contagiosum virus, Polyomavirus HPyV7, Polyomavirus, HpyV6 RD114 retrovirus,

and Simian virus are also present . Skin microbiota protects the organism from pathogen invasion and regulates the

local pH; these microorganisms respond rapidly to sudden environmental changes .

When the skin is injured, microorganisms of the normal skin flora and exogenous bacteria and fungi can penetrate it and

gain access to the underlying tissues, thus having optimal conditions to colonize . Based on the state of the infection
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and the replication cycle of the microorganisms, a wound is classified as being contaminated, colonized, locally infected,

and/or spreading invasive infection . So, as a result, acute and chronic wounds have different microbiota that are

summarized in Figure 1.

Figure 1. Main bacterial species present in acute and chronic wounds.

An infection at a wound site begins with contamination. Contamination occurs due to the existence of non-replicating

bacteria  that are part of the resident skin microbiota and/or come from the environment (transient microbiota). All

chronic wounds present some level of contamination . Colonization alone does not trigger a host response and thus

does not delay the healing process . The majority of microorganisms present in this phase are part of the normal

skin flora, such as Staphylococcus epidermidis (S. epidermidis) and other coagulase-negative bacteria like

Staphylococcus spp., Corynebacterium spp., Brevibacterium spp., Propionibacterium acnes, and Pityrosporum spp. Acute

colonization is a transition state between colonization and invasive infection ; this phase is characterized by a moderate

local reaction that is a result of the active bacterial replication . Although the appearance of the wound in this stage is

unhealthy, there is no microbial invasion of the tissues and most of the clinical signs of infection are absent; the only sign

that is present is delayed healing, which is due to the increased bacterial concentration .

A wound infection occurs when microorganisms multiply and invade the surface of the wound and the deeper, healthy

viable tissue on the periphery of the wound, triggering an immune response . The first bacteria that appear on an

infected wound are Staphylococcus aureus (S. aureus), Beta-hemolytic Streptococcus (Streptococcus pyogenes,

Streptococcus agalactiae), Escherichia coli (E. coli), Proteus, Klebsiella, Pseudomonas, Acinetobacter, and

Stenotrophomonas (Xanthomonas) . After four or more weeks of infection, the wound is colonized by Gram-negative

rods such as Proteus, E. coli, and Klebsiella . These bacteria can penetrate the deeper layers of the skin and cause

significant damage to the tissues . As the infection progresses, anaerobic bacteria outnumber the aerobic

microorganisms. Thus, in long-term chronic wounds, Pseudomonas, Acinetobacter, and Stenotrophomonas are

commonly found . The microbial invasion of the healthy tissues triggers local and systemic host reactions that manifest

as purulent expulsion, spreading erythema, or symptomatic cellulitis .

The occurrence of biofilms is an important characteristic of infected wounds . Bacteria living in a biofilm show changes

in their phenotypes that result in alterations in virulence factors’ production in response to signaling molecules produced

by other organisms in the biofilm. They also have more sessile growth and slower metabolic rates . A mature biofilm

confers a protective environment for the microorganisms, increasing the resistance to conventional antibiotics and

shielding bacteria from the phagocytic activity of the polymorphonuclear neutrophils . The existence of biofilms may

explain why chronic ulcers do not heal easily .

3. Wound Healing

The wound healing process can be divided into four stages: hemostasis, inflammation, proliferation, and remodeling 

(Figure 2).
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Figure 2. The four stages of wound healing.

Hemostasis consists of the organism’s immediate response to an injury and aims to stop the blood loss. This phase is

mediated by platelets that create blood clots . The next stage, inflammation, begins 24 h after the injury and has a

duration of 4 to 6 days. Neutrophils and macrophages are the cells responsible for this step and eliminate foreign particles

and tissue debris from the wound. In this stage, cytokines and enzymes are released to stimulate fibroblasts and

myofibroblasts. The exudate confers the necessary moisture for recovery to the wound . The proliferation phase is

characterized by the re-epithelization and formation of new granulation tissue that begins to fill the wounded area. This

stage has a duration of 4 to 21 days . Lastly, in the remodeling phase, a tight 3D network is formed through collagen-

based crosslinking, increasing the tensile strength of the new tissue . There are a series of factors that can influence

the wound healing process. They can be divided into local and systemic and are listed in Figure 3.

Figure 3. Factors that affect wound healing.

Systemic factors such as age, sex hormones/gender, stress, alcohol consumption, smoking, obesity, nutrition, ischemia

immunocompromised conditions, and some medications have an important impact on wound healing . Increased age

delays wound healing but does not affect the quality of the process. The delay of the wound healing process in aged

people is due to the alteration of the inflammatory response, re-epithelization, collagen synthesis, and angiogenesis .

Sex hormones also affect wound healing, resulting in significant differences between males and females. Female

estrogen hormones regulate a variety of genes associated with regeneration, matrix production, protease inhibition,

epidermal function, and genes related to inflammation . Furthermore, estrogen is known to improve age-related

impairment in the healing process, while androgen affects it negatively .

Stress has a huge impact on human health and affects the wound healing process by delaying it. Stressful conditions lead

to an up-regulation of glucocorticoids, reducing the levels of pro-inflammatory cytokines and chemo-attractants, which are

both necessary in the inflammatory phase. Additionally, glucocorticoids influence immune cells by suppressing their

differentiation and proliferation, reducing the production of cell adhesion molecules and regulating gene transcription .

Several diseases also affect the wound healing process; diabetes, in particular, is a condition in which the affected

individuals show delayed and impaired wound healing. Furthermore, diabetic individuals can suffer from diabetic foot

ulcer, which is followed by hypoxia, leading to insufficient angiogenesis, enhancing early inflammatory response, and
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increasing the levels of oxygen radicals. Additionally, hyperglycemia increases the levels of reactive oxygen species

(ROS), increasing the effect of oxidative stress .

Obesity is a well-known risk factor for a series of diseases, such as coronary heart disease, type 2 diabetes, cancer,

hypertension, dyslipidemia, stroke, sleep apnea, and respiratory problems, and it also affects wound healing . Obese

individuals frequently suffer from wound complications, like infections, dehiscence, hematoma and seroma formation,

pressure ulcers, and venous ulcers . Individuals who undergo bariatric and non-bariatric surgeries have high infection

rates at the surgical site due to relative hypoperfusion and ischemia that occur in subcutaneous adipose tissue, resulting

in a decreased delivery of antibiotics to the site .

Alcoholism and smoking are also two risk factors for impaired wound healing. Alcohol exposure increases the vulnerability

of a wound to infection because it interferes with defense mechanisms . Smoking negatively affects wound healing, too;

smokers present delayed wound healing and increased risk of infection, wound rupture, anastomotic leakage, flap

necrosis, and epidermolysis .

Local factors have a direct impact on the wound healing process, and oxygen is a particularly important one. Oxygen is

crucial for cell metabolism, energy production, and is vital in all steps of the wound healing process. It prevents the

infection of wounds, induces angiogenesis, increases keratinocyte differentiation, migration and re-epithelization,

enhances fibroblast proliferation and synthesis of collagen, and promotes wound contraction . Additionally, the

production of the superoxide anion, for the oxidative killing of pathogens, is dependent on oxygen levels. The rupture of

blood vessels in the wound site decreases the levels of oxygen, leading to hypoxia. Temporary hypoxia helps the wound

healing process because it induces macrophages, fibroblasts, and keratinocytes to produce cytokines and growth factors

crucial for cell proliferation and migration, chemotaxis, and angiogenesis. However, chronic hypoxia delays the healing

process because this phenomenon leads to an increase in the concentration of ROS (produced during normal

oxygenation), which is prejudicial for damaged tissues . Another important factor that affects the wound healing

process, delaying it, is the existence of infections , as discussed in detail in the previous section.

4. The Role of Essential Oils and Plant Extracts in the Wound Healing
Process

Natural compounds of plant origin have been used by humanity for centuries to treat wounds . Amongst these,

essential oils (EOs) and plant extracts (PEs) have recently attracted the attention of the scientific community .

EOs are secondary metabolites synthesized by several plant organs, such as leaves, seeds, bark, twigs, and roots .

They have antioxidant, anti-inflammatory, anti-allergic, antimicrobial, and regenerative properties , which makes them

useful in the wound healing process. PEs are acquired from natural plants and possess antioxidant, antimicrobial, and

immune response mediator activities . Additionally, they are effective at low concentrations, cost-effective, easy to

apply, and their toxicity levels are low . Several solvents can be used for the obtention of PEs (Table 1). Polar solvents

(acetone, ethanol, and methanol), except water, are usually able to extract a wide range of phytochemicals (phenols,

flavonoids, etc.) from plants. As such, these extracts present greater antimicrobial activity when compared to the extracts

obtained from non-polar solvents (hexane, ethyl-acetate, etc.) .

Both can be used in the treatment of wounds because they can be involved in all stages of the wound healing process.

These substances can interact at the intracellular level in the modulation of ROS generation, thus increasing the response

of immune cells, which leads to a decrease in the inflammatory state and acceleration of tissue regeneration. Moreover,

EOs and PEs prevent the deterioration of granulation tissue and help the proper functioning of growth factors and

extracellular matrix components, thus contributing to the normal progress of the healing process .

The occurrence of infections is an important factor that affects the wound healing process. Infected wounds frequently

need the use of antimicrobial agents for their treatment. However, the increase in antimicrobial-resistant microorganisms

requires the use of new agents, particularly those of natural origin . EOs and PEs display antimicrobial activity against

several microorganisms, including the ones that are more commonly found on infected wounds (Table 1). The

antimicrobial potential of these substances results from the effect of different molecules on different cell targets 

(Figure 4).
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Figure 4. Mechanisms of action of EOs and PEs on bacterial cells.

The cell membrane of bacteria is one of the targets of EOs. They damage the outer membrane of Gram-negative bacteria,

increasing the permeability of the cytoplasmatic membrane, which leads to the leakage of ATP, changes the fatty acid

composition, disrupts the enzyme systems, and compromises genetic material . However, in some Gram-negative

bacteria, the existence of an external capsule can limit the entry of EOs into the cell . Gram-positive bacteria are

usually more sensitive to EOs than Gram-negative bacteria, due to the amount of peptidoglycan (90–95%) in their cell

wall, which allows for the EOs to penetrate the cell wall more easily, damaging the cell membrane and causing alterations

in its structure and functionality . One characteristic of EOs that explains their capacity to affect the membrane of

bacterial cells is their hydrophobicity, which enables easy diffusion through the lipid bilayer and alters the permeability and

function of membrane proteins . Additionally, EOs can cause coagulation of the cytoplasm, leakage of cytoplasmic

components such as ions and metabolites, reduction in the proton motive force and the intracellular ATP pool by

decreasing the ATP synthesis, and denaturation of several enzymes and other cellular proteins . Some studies also

suggest that EOs can inhibit bacterial quorum sensing by interfering with quorum-sensing-responsible molecules

produced by bacteria. This results in the reduction of proteolytic activity, biofilm formation, and swarming motility .

The main mechanism of action of PEs in bacterial cells seems to be the rupture of the cell membrane ,

which leads to the leakage of cell content  and subsequent death. PEs also cause the depletion/leakage of

intracellular ATP  and disrupt cell metabolism by destroying proteins and/or inhibiting their synthesis . In bacteria

that have the ability to form biofilm, such as S. aureus and S. epidermidis, PEs can suppress its formation because they

interfere with the synthesis of biofilm extracellular polysaccharides .

Table 1. Antibacterial activity of some EOs and PEs for bacterial species commonly found on infected wounds.
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    Minimum Inhibitory Concentrations (%) References

Essential
oils

  Acinetobacter
sp. E. coli K.

pneumoniae
P.

aeruginosa
P.

vulgaris
S.

aureus
S.

epidermidis  

Arborvitae
sp.     0.125 0.25 0.125    

Cassia sp.     0.125 0.125 0.125    

Cinnamomum
zeylanicum
(Cinnamon)

0.8   0.2   0.8 0.05 0.1

Cymbopogan
citratus
(Lemongrass)

  0.06 0.25 0.25 0.25    

Eucalyptus
sp.
(eucalyptus)

    1.25 2.5 1.25    

Lavandula
officinalis
(Lavender)

  0.2       0.1  

Melaleuca
alternifolia
(Tea tree)

    0.125 0.5 0.125    

Pimenta
dioica
(Jamaica
pepper)

0.8   0.4     0.1 0.1

Piper betle
(Betel) 0.8   0.4   0.4 0.05 0.05

Psiadia
arguta 1.6         0.05 0.025

Psiadia
terebinthina 1.6   0.4   0.8 0.05 0.025

Origanum
vulgarae
(Oregano)

  0.115 0.05 0.125 0.05 0.029  

Rosmarinus
officinalis
(Rosemary)

  0.256          

Salvia
officinalis
(Sage)

  >0.256          

Satureja
montana
(Winter
savory)

      2.33      

Syzygium
aromaticum
(Clove)

    0.125 0.5 0.125    

Thymus
vulgaris
(Thyme)

  0.064 0.05 0.125 0.05    
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Types of solvents used in the preparation of the extracts: 1—ethanol; 2—ethyl acetate; 3—water; 4—methanol.
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