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A B S T R A C T   

Biomedical applications of herbals and their derivatives for skin tissue engineering have become increasingly 
popular in recent years. Herbals and their derivatives can be used to create scaffolds for skin tissue engineering 
and wound healing, as they provide a biocompatible and biodegradable structure that can be used to promote 
skin tissue regeneration. In the literature search for relevant papers, sixty-eight studies have been included from 
January 2000 to September 2023 from PubMed and Google Scholar database sources. This review provided an 
overview of current knowledge on biomedical applications of herbal medicine such as Aloe Vera, Calendula 
Officinalis, Hypericum perforatum, Lawsonia inermis, Nicotine, Propolis, Honey, Perovskia abrotanoides Karel, Oak 
fruit inner, Lithospermum officinale, and their derivatives in skin tissue engineering. We showed that tissue en
gineering is a prominent therapeutic strategy that can be cost-effective in treatment of skin wounds by applying 
different natural herbal products, nanotechnology, material science, and regenerative medicine to suit the cur
rent wound care demands such as tissue repair, restoration of lost tissue integrity and scarless healing. So the 
design, synthesis, modification, evaluation, and characterization of herbal products are needed to target skin 
tissue engineering and wound healing. New strategies based on the drug delivery systems and nanocarriers such 
as nanofibers, nanoparticles, and vesicular structures, based on materials such as gelatin, PCL, collagen, chitosan, 
PLGA, PEG, PEO, PVA, natural gums, and PU can also be developed to facilitate the wound healing process. The 
homeostasis, re-epithelialization, regeneration, and immunocytes can be investigated by inducing fibroblasts 
proliferation and/or collagen production. Nevertheless, further clinical studies are needed before introducing 
commercial products in the market.   

1. Introduction 

In recent years, more and more attention has been paid to the field of 
interdisciplinary tissue engineering or regenerative medicine to develop 
modified tissues to regenerate organs. Tissue engineering uses a variety 
of scaffolding systems to restore, improve, and maintain organ function. 

The use of new strategies, such as bioengineering techniques can 

revolutionize tissue engineering. Tissue engineering is an interdisci
plinary research field that includes principles of engineering, life sci
ences, materials science, and medical research (Fig. 1) (Yang et al., 
2022, Chen et al., 2023). 

Human skin, as body’s largest organ, is a self-regenerating tissue that 
protects the body against microorganisms’ invasion, tissue damage, and 
mechanical and pressure impacts (Amiri et al., 2017). Skin is a complex 
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structure consisting of the outer epidermis and the dermis, the connec
tive tissue beneath the epidermis (Tanideh et al., 2015). The epidermis is 
the outermost and thinnest layer of the skin and is avascular and consists 
of several keratinocytes’ layers. The dermis is rich in various glands, 
blood vessels, and nerve endings, and is mainly composed of fibroblasts 
that produce type I collagen for the extracellular matrix. The hypoder
mis is mainly composed of fat cells, which function in thermoregulation 
and energy storage. The hypodermis is often overlooked in skin models, 
but functions as a lipid barrier rich in hormones, stem cells, and growth 
factors. Fibroblasts and keratinocytes are the major cellular elements in 
the dermis and epidermis, respectively (Kaboodkhani et al., 2021, 
Yazarlu et al., 2021). 

When wounds occur, which can be divided into acute and chronic 
wounds, tissue regeneration and wound healing process commence. Our 
brain automatically sets a series of events to repair the injured tissues. 
This process is often called a healing cascade, aimed at improving the 
injured tissue. This cascade appears to be implicated in many stages of 
wound healing. Wound healing is the process through which they repair 
themselves. It is commonly accepted that the healing of a wound can 
proceed through the phases of hemostasis, inflammation, proliferation, 
and remodeling (Tanideh et al., 2014, Maver et al., 2015, Davoodi et al., 
2022). Wound healing comprises complicated processes that take place 
in three overlapping stages of cell migration, cell proliferation, and 
extracellular matrix deposition (Hashemi et al., 2019). The re- 
epithelialization process occurs on the edges of the wound by kerati
nocytes which close the wound and re-establish tissue homeostasis as 
soon as possible. Fibroblast migration is a key step in the wound-healing 
process. The dermal fibroblasts proliferate and migrate into the wound 
bed to form granulation tissue rich in extracellular matrix proteins and 
stimulate the growth of new blood vessels. This ultimately leads to the 
repair of the damaged tissue and restores the damaged tissue to a state 
similar to the condition before the injury. Alteration at any stage of the 
wound-healing cascade leads to the development of chronic or non- 
healing ulceration (Amini et al., 2010). The re-organization of the new 
extracellular matrix (ECM) is a key physiological process that occurs in a 
number of different contexts; including wound healing and cell migra
tion. Collagen is the main structural protein of the healing conjunctive 
tissue and is the main component of ECM, which is organized in a thick 
and dynamic net, resulting from constant collagen deposition and 
reabsorption (Ai et al., 2012). 

In order to prevent infections and scarring, particularly in some 
conditions such as diabetic wounds, deep injuries, burns, and wounds 

caused by surgeries, managing the wound healing process is necessary. 
The wound healing in diabetic patients occurs slowly due to the 
reduction of growth factors, collagen and keratinocytes’ secretion as 
well as slow proliferation, angiogenesis and remodeling stages (Chak
raborty et al., 2021). Ulcers, which are open sores, are a side effect of 
diabetes that can rapidly become infectious if not managed well (Mon
teiro-Soares et al., 2023). Different strategies in clinical care have been 
employed for wound treatments including skin autografts, skin allo
grafts, xenografts, amnion, and newer approaches for tissue engineering. 
Due to limited sources of donor skin grafts, tissue-engineered skin sub
stitutes present an efficient solution. Skin substitutes have been 
considered as an alternative to animal models for testing in the cosmetic 
and pharmaceutical industries (Nazempour et al., 2020). 

In the past, traditional bandages served to cover wounds and wound 
healing (Sedighi et al., 2016). Over the last three decades, recent ad
vances in wound care have grounded advances in polymer technology, 
tissue engineering, and regenerative medicine. Owning to the develop
ment of novel wound dressings, the financial and physiological burdens 
of the wound healing process have been alleviated. Wound dressings 
should have many properties, including flexibility, controlled adhesion 
to surrounding tissue, gas permeability, durability, and ability to pre
vent water loss (Mehrabani et al., 2022). Moreover, wound dressings 
should be capable of controlling bacterial infection and antibiotic re
sistances, resulting improvement of tissue regeneration (Pang et al., 
2023). Wound dressing systems are commonly prepared using natural or 
synthetic polymers, or the combination of both, and can be designed in 
different forms such as films, membranes, mats, sponges, hydrogels, and 
so forth, using different methods such as electrospinning, casting, freeze 
drying, phase inversion, and the like (Naseri and Ahmadi, 2022, 
Mahalakshmi et al., 2023). 

For instance, one of the most widely used methods of producing 
materials for wound healing and skin regeneration is electrospinning, 
which is a promising method for the fabrication of composite and 
nanocomposite fibers with desired diameters. The advantages of this 
method include easy processing for certain polymeric solutions and cost- 
effectivity that can provide nanoscale fibers with various physical, 
chemical, and biological attributes. Nanofibers produced by electro
spinning can be designed to be very smooth and oriented, which can 
possess a well-conformable mesh structure with a desirable microenvi
ronment for cellular infiltration and subsequent proliferation as well as 
tissue integration (Hashemi et al., 2024). 

While recently a large number of studies have been conducted on 

Fig. 1. The tissue engineering triad (Khodakaram-Tafti et al., 2018).  

S.-S. Hashemi et al.                                                                                                                                                                                                                            



Arabian Journal of Chemistry 17 (2024) 105820

3

novel wound dressing systems, materials that can also promote wound 
healing have been used in different societies for a long time (Moses et al., 
2023). Since ancient times, herbals and their derivatives have been the 
basis of indigenous and traditional medicine. Herbals extracts have been 
used as biocompatible and non-toxic drugs in burns and wound healing 
for thousands of years in many parts of the world owing to fewer side 
effects (Mehrabani et al., 2015, Bordoloi et al., 2023). Constituents 
present in herbal materials include agents such as alkaloids, volatile oils, 
flavonoids, terpenoids, tannins, saponins, phenolic compounds, and so 
forth, which possess anti-inflammation properties, promote collagen 
synthesis, induce the activation of coagulation, and protect the wound 
due to having antimicrobial activity during the epithelization stages of 
the healing process (Eğri and Erdemir, 2019). The incorporation of 
herbals and their derivatives as bioactive wound dressing materials in 
tissue engineering can significantly enhance the synergistic effects via 
sustained release of the pharmaceuticals to control infections and 
inflammation for therapeutic effects during wound healing (Huesca- 
Urióstegui et al., 2022). This review surveys the potential of herbals and 
their derivatives for wound healing and tissue engineering in regener
ative medicine. Furthermore, some of the evidence supporting the use of 
herbals and their derivatives as effective and affordable treatments for 
cutaneous wounds are studied. Finally, the influence of herbals and their 
derivatives in combination with other biomolecules are discussed. 

2. Herbals and natural products 

Fabrication of new scaffolds in field of tissue engineering using 
natural biomaterials is very attractive because it mimics the body’s 
natural biological and mechanical functions. Natural biomaterials can 
be divided into four groups of tissue/organ biomaterials (decellularized 
valves, heart, blood vessels, liver) (Gilbert et al., 2006), polysaccharide- 
based biomaterials (cellulose, chitin/chitosan, glucose) (Azuma et al., 
2015), protein-based biomaterials (collagen, gelatin, silk) and 
glycosaminoglycan-derived biomaterials (Roberts et al., 2011). They 
usually display important properties such as non-toxicity, biodegrad
ability, and biocompatibility (Shamosi et al., 2017). Naturally derived 
biomaterials have long been used in numerous regenerative medical 
applications. Natural products and their derivatives have been used for a 
long history of use in wound care and can be effective in facilitating the 
wound healing process. Today, there is a growing interest in the use of 
plants due to the low side effects and better compatibility of plants with 
the human body and also their safety compared to standard therapies 
(Hazrati et al., 2010). Natural products are known to be a major source 
of wound healing with potential pro-collagen synthesis, anti- 
inflammatory, antioxidant, and antibacterial properties. Various 
studies have shown that their medicinal properties can be due to the 
presence of bioactive phytochemical constituents such as flavonoids, 
tannins, lignins, alkaloids, phenolic compounds, and essential oils or 
saponins in the natural products (Sasidharan et al., 2011). Several nat
ural products and their derivatives were shown to be effective in pro
moting the wound healing process discussed below. 

3. The detailed data about medicinal herbs used in wound 
healing and skin regeneration 

According to compiled data, constituents, advantages and disad
vantages of studied plants are summarized and compared in Table 1. 

3.1. Aloe Vera 

Aloe Vera, also referred to as Aloe barbadensis Miller, is one of the 
oldest pharmaceutical herbs that has been widely used owning to its 
health benefits and special biological properties such as antiseptic, 
antibacterial, and anti-inflammatory activity, as well as its ability to 
promote tissue regeneration (Sholehvar et al., 2016, Hassanshahi et al., 
2020) (Fig. 2). The gel obtained from Aloe Vera is widely applied to 

produce cosmetic products as moisturizers. Researchers have conducted 
extensive experiments to demonstrate the efficacy of Aloe Vera in 
wound healing without any side effects and tissue engineering (Hassan 
et al., 2023, Jithendra et al., 2023). Since the process of the regeneration 
of injured skin is achieved primarily through the matrix formation of 
connective tissue, Aloe Vera is consumed to increase the production of 
collagen in the skin and granulation tissue. In addition, Aloe Vera con
sumption can increase skin’s degree of crosslinking, resulting the 
reduction of wrinkles (Chithra et al., 1998). 

Factors such as glucomannan, a mannose-rich polysaccharide, and 
gibberellin, a growth hormone, interact with the growth factor receptor 
on the fibroblasts, thereby stimulating its activity and proliferation 
which, in turn, lead to a dramatic increase in collagen synthesis (Tar
ameshloo et al., 2012). In addition, hyaluronic acid is a major compo
nent of the ECM structure and has an important role in every stage of the 
healing process. Dermatan sulfate is a proteoglycan (DSPG) composition 
of skin wounds and its release after an injury promotes fibroblast growth 
factor-2 function to accelerate the healing process. In this regard, Aloe 
Vera plays a crucial role in wound healing and it increases levels of 
dermatan sulfate and hyaluronic acid in the granulation tissue of wound 
healing (Chithra et al., 1998). Aloe Vera can penetrate into the tissue 
and stimulate the biological activities involved in the regeneration of 
tissue such as nutrients, cells, enzymes, oxygen content, and blood flow 
(Choi and Chung, 2003, Tarameshloo et al., 2012). The matrix metal
loproteinases (MMPs) are the major proteinases families capable of 
breaking down all kinds of ECM proteins (Loo et al., 2011). Moreover, 
Aloe Vera has been extensively used for medicinal purposes in derma
tology. It can inhibit the enzyme activity of matrix metalloproteinases 
(MMPs) (Vijayalakshmi et al., 2012). 

3.1.1. Aloe Vera/Polymer composites 
Due to the extraordinary effects of Aloe Vera in wound healing, it has 

been extensively used in this field along with polymers to enhance the 
properties that make scaffolds or wound dressings suitable for skin 
regeneration (Chelu et al., 2023). Studies have shown that Aloe Vera/ 
biopolymer composites have wound healing properties for various ul
cers such as burns (Ranjbar and Yousefi, 2018, Retnowati et al., 2021). 

Aloe Vera-based scaffolds can be manufactured using various pro
duction methods. Electrospinning is one of the techniques that has been 
used to produce Aloe Vera-based scaffolds. It was shown that Aloe Vera 
had different mechanical properties and behaviors when combined with 
other biomolecules such as polycaprolactone (PCL), collagen, chitosan, 
and polyvinyl alcohol (PVA) (Garcia-Orue et al., 2017). For instance, the 
morphology and structure of electrospun nanofibers made from plant 
extracts blended with PVA/polyvinylpyrrolidone (PVP) polymers were 
evaluated in a study. The results showed that the from the material and 
processing points of view, Aloe Vera gel concentration affected electrical 
conductivity and viscosity of electrospinning. Hence, Aloe Vera reduced 
the diameter of the produced fibers without inducing the formation of 
beads. These porous structures could lead to facilitated penetration of 
oxygen and moisture into the wound bed, which is important to the 
wound-healing process (AlFannakh, 2022). It has been demonstrated 
that the combination of Aloe Vera extract with poly (lactic-co-glycolic 
acid) (PLGA) and recombinant human epidermal growth factor (rhEGF) 
had a synergistic effect on fibroblast cell proliferation. These findings 
also revealed that the combination of PLGA/Aloe Vera/rhEGF compared 
to other compounds without Aloe Vera played a significant role in 
wound healing (Garcia-Orue et al., 2017). 

A similar effort was made in which collagen − chitosan scaffolds 
supplemented with different concentrations (0.1–––0.5 %) of Aloe Vera 
were examined. The addition of Aloe Vera to collagen − chitosan 
composite increased hydrophilicity as well as the thermal stability of the 
scaffolds. Growth and proliferation of fibroblasts were examined on the 
collagen − chitosan scaffold in the presence/absence of Aloe Vera. These 
findings illustrated the increased growth of fibroblast cells in the pres
ence of Aloe Vera indicating Aloe Vera utilized as a promising strategy in 
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Table 1 
Summary of constituents, advantages and disadvantages of herbal drugs.  

Herbal Ingredients Extraction methods Mode of 
application/ 
methodology 

Outcome References 

Advantages Disadvantages 

Aloe Vera Various amino acids, 
carbohydrates, long-chain 
polysaccharides, lectin, 
anthraquinones, amino acids, 
ascorbic acid, Vitamins A and E, 
and salicylic acid, saponins 

Washing, peeling the 
leaf, and filleting by 
hand or mechanically 

Wound 
dressing / 
in-vitro and in- 
vitro 

1.Treating skin 
disorders 
2.Healing skin 
lesions and wounds 
3.Alleviating pain 
4.Anti-inflammatory, 
antimicrobial, 
antioxidant, and 
immunomodulatory 
properties 
5.Treating 
hyperglycemic 
conditions 

1.Irritates the skin and 
the gastrointestinal 
tract 
2.Causes cramping and 
diarrhea 
3.Imbalances in the 
blood   

(Tarameshloo et al., 
2012, Chandegara 
and Varshney, 2013, 
Alishbah et al., 2022, 
Ansari et al., 2022) 

Calendula 
officinalis 

Phenolic compounds (e.g., 
coumarin and flavonoids), 
triterpenoids, steroids, terpenoids, 
carotenes, phenolic acids, 
carbohydrates, fatty acids, 
tocopherols, essential oils, 
minerals, quinones, and 
tocopherols 

Maceration and 
Soxhlet extraction or 
homogenizer and 
ultrasound assisted 
extraction 

Sound 
dressing / 
in-vitro and in- 
vitro 

1.Anti-inflammatory, 
antifungal, antiviral, 
antioxidant, antiviral, 
antibacterial activities 
2. Antiseptic property 
3.Free radicals’ 
inhibitors 
4.Blood coagulation 
activity 
5.Treating 
gastrointestinal ulcers 
and dysmenorrhea 

1.Causes insomnia  (Fronza et al., 2009, 
Dinda et al., 2015, 
Pedram Rad et al., 
2019, Hashemi et al., 
2023c) 
(Rad et al., 2019, Ak 
et al., 2020) 

Hypericum 
perforatum 

Xanthones, anthracenes, 
proanthocyanidins, hypericin and 
hyperforin, tannins, volatile oils, 
essential oil, hyperforins, 
hpericins, and flavonoids, and 
caffeine acid derivatives 

Direct sonication, 
maceration, indirect 
sonication, Soxhlet 
extraction, and 
accelerated solvent 
extraction 

Wound 
dressing / 
in-vitro and in- 
vitro 

1. Antidepressant 
2. Angioedema 
3. Antipyretic 
4. Antifungal 
5. Anti-viral 
6. Anti-inflammatory 
and antioxidant 
7. Antidiabetic 
8. Antispasmodic 
9. Anti-genotoxic 

May cause the 
following: 
1. Feeling anxious 
2. Irritation 
3. Dry mouth 
4. Upset stomach 
5. Diarrhea 
6. Headache 
7. Strange dreams 

(Wills et al., 2000, 
Nair and Laurencin, 
2006, Smelcerovic 
et al., 2006, Dost 
et al., 2009, Klemow 
et al., 2011, Tanideh 
et al., 2014a, Cirak 
et al., 2016, Tanideh 
et al., 2016, 
Pourhojat et al., 
2017, Pourhojat 
et al., 2018, Silva 
et al., 2021, Mouro 
et al., 2023, Nur Parin 
and Deveci, 2023) 

Lawsonia 
inermis 

2-Hydroxy-1, 2-hydroxy-1,4- 
diglucosyloxynaphthalene, 4- 
napthoquinone, 1,2-dihydroxy- 
glucoyloxynaphthalene, 1, 
4dihydroxynaphthalene.1,4- 
naphthoquinone, napthoquinone, 
triterpenoids-hennadiol, 
isoplumbagin, aliphatics, 
coumarins, steroids, glucose, 
mannitol, gallic acid, mucilage, 
fat, resin, 

Solvent assisted 
extraction, which may 
be coupled by 
ultrasonic waves 

wound 
dressing / 
in-vitro and in- 
vitro 

1.Diuretic 
2.Headache 
3.Hemicranias 
4.Lumbago 
5.Bronchitis 
6.Ophthalmia syphilitic 
Sores 
7.Amenorrhoea 
8.Scabies 
9.Spleen diseases 
10. Nootropics activity 
11.Antimicrobial and 
antibacterial activities 
12.Wound healing 
activity 
13.Antioxidant 
14.Hepatoprotective 
activity 
15.Antiparasitic 
16. Anticancer 

Inflammation of the 
skin (dermatitis) 
including redness, 
itching, swelling, 
burning, scaling, 
blisters 

(Muhammad and 
Muhammad, 2005, 
Jeyaseelan et al., 
2012, Avci et al., 
2013, Tan et al., 
2013, Yousefi et al., 
2017, Hadisi et al., 
2018, Dixit et al., 
2022, Tuan et al., 
2022, Zhang et al., 
2022, Bayati et al., 
2023, Moutawalli 
et al., 2023, 
Muheyuddeen et al., 
2023a) 

Nicotine Nicotine Maceration method, 
acid-base extraction, 
chromatography, 
ultrasound- and 
microwave-assisted 
extraction 

wound 
dressing/ 
in-vitro and in- 
vitro 

1.Wound healing even 
in low concentrations 
2.Anti-inflammatory 
3.Treating ulcerative 
colitis and obesity 

Diarrhea, irritation 
and burning sensation 
in the mouth and 
throat, enhanced 
salivation, nausea, 
abdominal pain, 
vomiting, reduce 
revascularization and 
osteogenesis 

(Zuo et al., 2004, 
Greenhalgh, 2013, 
Liem et al., 2013, Hu 
et al., 2015, Kheawfu 
et al., 2021) 

Propolis Terpenes, aldehydes, phenolic 
acids, ketones, trace minerals such 
as iron and zinc, vitamins, a 

Maceration, Soxhlet, 
ultrasound- and 
microwave-assisted 

wound 
dressing / 

1. Anti-microbial and 
anti-microbial actions 
2. Antifungal 

skin or respiratory 
symptoms 

(Burdock, 1998, 
Najafi et al., 2007, 
Yaghoubi et al., 2007, 

(continued on next page) 
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skin tissue engineering (Jithendra et al., 2013). In another effort, 
nanofiber-based PCL/chitosan/Aloe Vera composite was prepared and 
used as wound dressing. Aloe Vera was used as antibacterial agent in this 
study, showing activity of above 96 % against Staphylococcus aureus 
(S. aureus) and Escherichia coli (E. coli) (Yin and Xu, 2020). 

In animal models, chitosan-based Aloe Vera hydrogels with the high 

tissue tension promoted the wound-healing process through increasing 
epidermal thickness (Movaffagh et al., 2022). Collagen/chitosan-glucan 
complex hollow fibers displayed great bactericidal activity, biocom
patibility, as well as blood clotting efficiency and wound healing char
acteristics due to the synergistic effects of collagen and Aloe Vera 
(Abdel-Mohsen et al., 2020). The restorative impact of Aloe Vera gel on 

Table 1 (continued ) 

Herbal Ingredients Extraction methods Mode of 
application/ 
methodology 

Outcome References 

Advantages Disadvantages 

variety of hydrocarbons, enzymes, 
pinocembrin, acacetin, rutin, 
luteolin, chrysin, kaempferol, 
catechin, apigenin, galangin, 
myricetin, naringenin, quercetin, 
caffeic acid, phenolic acids, 
cinnamic acid, phenethyl ester, 
amino acids 

method, supercritical 
gas extraction, and 
high-pressure 
extraction 

in-vitro and in- 
vitro 

3. Antiviral 
4. Antitumor 
5. Anti-oxidative 
6. Immunomodulatory 
7. Anti-diabetic 
8. Anti-ulcer 

Ahmed et al., 2011, 
Pessolato et al., 2011, 
Daleprane and 
Abdalla, 2013, de 
Almeida et al., 2013, 
Olczyk et al., 2013, 
Abu-Seida, 2015, 
Valenzuela-Barra 
et al., 2015, Alberti 
et al., 2020, Asri 
et al., 2020, 
Eskandarinia et al., 
2020, Al-saggaf, 
2021, Bankova et al., 
2021, Ceylan, 2021, 
Sharaf et al., 2021, 
Hashemi et al., 2023, 
Mele, 2023, 
Phonrachom et al., 
2023) 

Honey Pinobanksin 5-methyl ether, 
hydroxymethylfurfural, organic 
acids (gluconic acid, acetic acid, 
lactic acid, citric acid, succinic 
acid and formic acid), p-coumaric 
acid, pinocembrin, phenolic 
compounds, protein (proline, 
lysine, phenylalanine, aspartic), 
vitamins, 

Chromatography, 
liquid–liquid 
extraction, accelerated 
solvent extraction, 
dispersive and inverse 
dispersive 
liquid–liquid 
microextraction, and 
solid-phase extraction 

wound 
dressing / 
in-vitro and in- 
vitro 

1.Antioxidant and anti- 
inflammatory 
2. Antidepressant 
3. Improve memory 
4.Anti-cancer 
5.Wound healing 

Nausea, food 
poisoning, vomiting, 
diarrhea, heart 
problems, low blood 
pressure, and chest 
pain 

(Molan, 2002, Al- 
Waili, 2003, Tonks 
et al., 2007, Sharma 
et al., 2012, Biesaga 
and Pyrzyńska, 2013, 
Arslan et al., 2014, 
Istasse et al., 2016, 
Pascual-Maté et al., 
2018, Ma et al., 2019, 
Mukhopadhyay et al., 
2020, Shamloo et al., 
2021, Dumitru et al., 
2022, Salama and El- 
Sakhawy, 2022, 
Sharma et al., 2022, 
Parvinzadeh Gashti 
et al., 2023) 

Perovskia 
abrotanoides 
Karel 

Flavonoids, anthocyanins, 
phenolics 

Maceration, Soxhlet, 
and simple soaking 
method 

wound 
dressing / 
in-vitro and in- 
vitro 

1.Leishmanicidal 
2.Anti-plasmodial 
3.Cytotoxic 
4.Anti-inflammatory 
5.Anti-diabetic 
6.Anti-lipidemic 
7.Anthelmintic activity 

Diarrhea, fever, and 
abdominal pain 

(Mahboubi and 
Kazempour, 2009, 
Hashemifar and 
Rahimmalek, 2018, 
Derakhshanfar et al., 
2019b, Alizadeh 
et al., 2021, Farzaneh 
et al., 2021, Bayat 
et al., 2022, Nazemi 
et al., 2023) 

Quercus 
brantii  

syringic acid, tannin, flavonoid, 
hexamethyl ether, isocryptomerin, 
β-sitosterol, amentoflavone, 
alkaloid, several aromatic 
components 

Soaking and 
centrifugation, 
hydroalcoholic 
extraction, and 
maceration 

Scaffolds/ 
in-vitro and in- 
vitro 

1.Antibacterial and 
antifungal activities 
2.Controls oxidative 
stress pathogenesis and 
inflammatory disease 
3.Treating gastric 
ulcers, diarrhea, 
alkaloid poisoning, 
dysentery, 
hemorrhoids, 
hemorrhages, and 
tonsillitis 

Bacterial resistance (Sadeghian et al., 
2012, Korbekandi 
et al., 2015, 
Aleebrahim- 
Dehkordy et al., 2019, 
Malayeri et al., 2022, 
Mehrabani et al., 
2022) 

Lithospermum 
officinale 

Naphthoquinones, flavonoids, and 
phenolic acids  

Solvent-assisted 
extraction 

Scaffolds/ 
in-vitro and in- 
vitro 

1.Anti-inflammatory 
agent 
2.Treatment of burns 
3.Diuretic, febrifuge 
and litholytic 
properties 

Diarrhea, pyuria, 
haematuria, 
proteinuria 

(Amiri et al., 2017, 
Al-Snafi, 2019, Al- 
Snai, 2019)  
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acid-induced colitis was reported in rats by histopathological and mo
lecular investigation of Bax and Bcl-2 revealing a decreased apoptosis 
within the colon when Aloe Vera was administered (Hassanshahi et al., 
2020). Moreover, hydrogels based on chitosan/guar gum/Aloe Vera 
were applied on the Wistar albino model to cure burn wounds, sug
gesting high angiogenesis due to fibroblast cells accumulation (Ansari 
et al., 2022). Accordingly, these studies have shown the validity of using 
Aloe Vera in products used for skin regeneration. 

3.2. Calendula officinalis 

Calendula officinalis (C. officinalis), commonly known as marigold, is 
a medicinal aromatic plant with orange or yellow flowers that is most 
widely used to accelerate the treatment of several tissue damages 
through enhancement of collagen production (Mehrabani et al., 2011). 
C. officinalis extracts have been shown to have many therapeutic effects 
including anti-inflammatory, antioxidant, antibacterial, antiviral, anti
fungal, anticancer, and regenerative activities (Hashemi et al., 2023, 
Shahane et al., 2023) (Table 2). Many studies have shown that extracts 
from C. officinalis stimulate both fibroblast migration and proliferation, 
and enhance the metabolism of glycoprotein and collagen during wound 
healing in a PI3K-dependent manner (Dinda et al., 2015). Many studies 
have confirmed the effect of the extract from the flower of C. officinalis 
on granulation tissue formation by altering the expression of connective 
tissue growth factor (CTGF) and α-smooth actin (α-SMA) in excisional 
wounds of BALB/c mice (Fronza et al., 2009). It has also been demon
strated that C. officinalis extract can promote wound healing by nucle
oprotein and glycoprotein metabolism, increasing both collagen and 
wound angiogenesis (Fronza et al., 2009, Hashemi et al., 2023). 

3.2.1. Calendula officinalis extract /polymer composites 
Due to the presence of evidence for the beneficial effects of Calendula 

officinalis extract for wound healing, which has been consistent with its 
application in traditional medicine, various studies have focused on the 
role of this herbal extract in wound healing along with polymers as 
composites. For instance, nanofibrous scaffolds based on gum Arabic 

and PCL were used to form hydrophilic composite via electrospinning 
with diameter distribution of 85–290 nm. This nanofibrous structure 
demonstrated good mechanical properties and porosity up 60 % to load 
C. officinalis for wound dressing. The results displayed antimicrobial 
activity and the proliferation of fibroblast cells (Fig. 3) (Pedram Rad 
et al., 2019). 

In another study, the role of C. officinalis in tissue engineering was 
investigated, revealing that the incorporation of the C. officinalis extract 
in electrospun fiber scaffolds composed of PCL, Zein, and gum Arabic 
increased porosity and resulted in a composite with good hydrophilicity, 
desirable mechanical properties and suitable degradability in skin tissue 
engineering. It was shown that when compared to PCL/Zein/gum Arabic 
scaffold, PCL/Zein/gum Arabic/C. Officinalis nanocomposite scaffold, 
higher adhesion and proliferation of fibroblast cells were observed and 

Fig. 2. Aloe Vera and its pharmacological activities. Leaf structure and important chemical constituents of Aloe Vera: Aloin, Aloe emodin, Acemannan, Rhein and 
Emodin (Hassanshahi et al., 2020). 

Table 2 
Pharmacological potentials presented in different parts of Calendula officinalis 
Linn (Shahane et al., 2023).  

Volatile oils Sabinene, limonene, α-pinene, p- 
cymene, nonanal, carvacrol, 
geraniol, nerolidol, t-muurolol, 
palustron, methyllnoleate, cubenol, 
α-cadinol, oplopanone  

Terpinoids Lupeol, Ψ-taraxasteol, erythrodiol, 
calendulaglycoside A, 
calendulaglycoside B, cornulacic 
acid acetate, calenduloside 

Flavonoids Quercetin, isorhamnetin, 
isorhamnetin-3-O-D glycoside, 
narcissin, isoquercitrin, rutin, 
calendoflavoside 

Coumarins 
(50) 

Umbelliferone, esculetin, 
scopoletin, 

Terpenoid Calenduloside B 
Quinones Phylloquinone, α-tocopherol, 

ubiquinone, plastoquinone (54)  
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nanocomposite scaffolds were demonstrated to be desirable bio
materials in skin regeneration (Rad et al., 2019). 

Another study showed that after loading C. officinalis into chitosan/ 
polyethylene oxide (PEO) scaffolds, the mechanical and antibacterial 
properties were improved. In addition, in-vitro studies confirmed that 
collagen synthesis, fibroblast cells, proliferation, cell attachment and re- 
epithelization were induced, resulting great wound healing ability 
(Pedram Rad et al., 2019, Kharat et al., 2021). 

3.3. Hypericum perforatum 

Hypericum perforatum (H. perforatum), commonly known as St John’s 
Wort, is a member of the genus Hypericum family, which is found in 
temperate areas of Europe, West Asia, North Africa, Madeira, and the 
Azores (44) (Fig. 4). H. perforatum extract is commonly used as a remedy 
for wound healing due to containing phloroglucinols, naphthodian
thrones, flavonoids, bioflavonoids, and phenylpropanoids that can 
promote the wound repair process and can lead to anti-inflammatory, 
antifungal, antimycobacterial, antiviral and antiparasitic activities, 
providing a wide range of medicinal actions for various diseases (Wills 

et al., 2000, Tanideh et al., 2014, Tanideh et al., 2016). H. perforatum is 
effective in healing burn wounds and provides a rapid recovery for ul
cers because of its antimicrobial activity in its crude extracts (Klemow 
et al., 2011). H. perforatum has gained a high reputation in wound 
healing because it plays an important role in the stimulation of fibro
blasts, collagen production, and activation of fibroblast cells in a 
polygonal shape (Dost et al., 2009). 

H. perforatum has several inhibitory enzymes such as anti- 
hyaluronidase, anti-tyrosinase, anti-collagenase, and anti-elastase, 
along with anti-inflammatory and antimicrobial activities (Silva et al., 
2021). The healing effect of H. perforatum are attributed to its phyto
chemicals, namely flavonoids (rutin, hyperoside, isoquercitrin, querci
trin, quercetin, amentoflavone), phloroglucinols (hyperforin), 
naphthodianthrones (hypericin and pseudohypericin), and phenyl
propanoids (chlorogenic acid). These molecules have antibacterial, an
tidepressant, photodynamic, anti-aging, anti-inflammatory, 
antimitogenic, antiviral, antiretroviral, and antitumor bioactivities 
(Cirak et al., 2016). 

3.3.1. Hypericum perforatum/polymer composites 
Different polymers such as natural ones like chitosan and alginate 

can be used to load this herbal for achieving a better wound dressing due 
to having antioxidant properties, antimicrobial effects against E. coli 
and S. aureus as well as having a proliferative effect (Tanideh et al., 
2014). In addition, PCL is a biodegradable, flexible and compatible 
polymer that is readily degraded by microbial agents (Nair and Lau
rencin, 2006). Pourhojat et al. investigated the advantages of wound 
dressings made of electrospun nanofiber scaffolds containing 
H. perforatum extract. They showed that human skin fibroblast cell 
culture on PCL nanofibrous mats including cell growth agents, increased 
cell accumulation and provided a compatible environment for their 
viability and proliferation (Pourhojat et al., 2017). In another study, 
electrospinning was used to produce PLGA nanofibrous scaffolds con
taining H. Perforatum alcoholic extract showing a good substrate for the 
growth and proliferation of fibroblast cells (Pourhojat et al., 2018). 
Using the electrospinning method, H. Perforatum was also utilized in a 
poly (L-lactic acid) (PLLA)/ PVA/chitosan matrix, which resulted in 
favorable porosity, wettability, water vapor transmission rate, and 
swelling behavior similar to ECM of the skin. In addition, nanofiber mats 
containing H. Perforatum were able to prohibit the growth of S. aureus 
without leading to cytotoxicity for normal human dermal fibroblasts 

Fig. 3. Antibacterial activity of compounds containing C. officinalis against E. coli and S. aureus (Pedram Rad et al., 2019).  

Fig. 4. The image of Hypericum perforatum.  
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(Mouro et al., 2023). Parin et al. H. Perforatum oil in PVA/sodium car
boxymethyl cellulose matrix, showing antibacterial activity against 
E. coli, S. aureus, and P. aeruginosa, along with favorable biocompati
bility, which demonstrated their potential for wound dressing applica
tions (Nur Parin and Deveci, 2023). 

3.4. Lawsonia inermis 

Lawsonia inermis (L. inermis), is a shrub or small tree widely culti
vated as an ornamental and hedge plant that has been used for medicinal 
purposes for centuries (Fig. 5). Traditionally, the plant is called henna 
and is known for its medicinal properties for the treatment of jaundice, 
renal lithiasis, and also skin wounds to prevent inflammation. Lawsone 
(hennotannic acid) is the main active ingredient of L. inermis which can 
serve as a raw material to synthesize many therapeutic agents. These 
compounds are effective at enhancing the healing process owing to ex
istence of various phytochemical constituents (Muheyuddeen et al., 
2023). It has been shown that henna leaf extract has a significant impact 
on wound healing by increasing the rate of collagen organization, 
fibroblast proliferation, granulation tissue formation, hydroxyproline 
content, wound contraction, and skin-breaking strength (Muheyuddeen 
et al., 2023). In addition, henna leaf extract can further inhibit the 
growth of microorganisms for both gram-positive and gram bacteria 
involved in infection caused by burn wounds (Muhammad and 
Muhammad, 2005). 

3.4.1. Lawsonia inermis/Polymer composites 
Due to containing substances such as phenolic compounds, non- 

volatile terpenes, oleamide, and trace elements such as Ca, Na, Mg, P, 

K, and Se, the potential of Lawsonia inermis in skin regeneration has been 
investigated in polymer composites (Dixit et al., 2022). It should also be 
mentioned that the methanolic extract of L. inermis (roots, leaves, and 
stems), has been shown to contain 12 compounds, including triterpe
noids, flavonoids, two naphthoquinone derivatives, β-sitosterol, and two 
long-chain alcohols that can promote wound healing (Tuan et al., 2022). 
In a study, henna leaf extract was loaded in chitosan/PEO nanofibers 
produced by electrospinning process. The results revealed that the 
diameter of chitosan/PEO nanofibers loaded with henna extract reduced 
compared to nanofibers without the extract. In this study, the produced 
nanofibers containing henna extract increased properties such as anti
bacterial activity, biocompatibility, wound healing rate, and mechanical 
properties (Yousefi et al., 2017). The gelatin-oxidized starch nano
fibers containing Lawsonia Inermis increased fibroblasts attachment, 
proliferation, collagen secretion, and antibacterial activity to accelerate 
the burn wound closure, with reducing inflammation and macrophage 
numbers in in-vitro studies (Hadisi et al., 2018). In addition, results of 
the study on nanofibers based on PEO and PVA prepared using elec
trospinning method and loaded by henna leaf extracts suggested that 
antibacterial activity of PEO/PVA nanofibers containing was higher 
than PEO/PVA nanofibers (Avci et al., 2013). Loading henna extract in 
poly (L-lactide-co-D, L-lactide) (PLDLLA) nanofibers showed that in 
animal models, PLDLLA/L. inermis considerably enhanced burn wound 
closure rate. Moreover, histological studies demonstrated the significant 
increase in the appearance of the epithelial layer. In addition to 
epithelialization, it was shown that the wound covered by PLDLLA/ 
L. inermis composite induced the formation of condensed collagen fibers 
without necrosis (Bayati et al., 2023). Preclinical studies have also 
shown that favorable epithelial thickness, collagen deposition, and 

Fig. 5. Structures of some important compounds reported in Lawsonia inermis (Moutawalli et al., 2023).  
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angiogenesis could be obtained by using cellulose acetate scaffolds 
containing L. inermis. Additionally, gene expression studies revealed 
while nuclear factor-κ β (NF-κ β) and tumor necrosis factor α (TNF-α) 
expressions were considerably decreased by these composites, they 
upregulated vascular endothelial growth factor (VEGF), basic fibroblast 
growth factor (b-FGF), and collagen type 2 genes (Zhang et al., 2022). 

3.5. Nicotine 

Nicotine, an organic compound that is the main alkaloid in tobacco, 
has a number of effects on cell proliferation. It has recently been re
ported to have angiogenic effects as well (Greenhalgh, 2013). According 
to a report by Liem et al., low nicotine concentrations can lead to 
increased angiogenesis, which ultimately leads to wound healing in the 
presence of nicotine (Liem et al., 2013). Masuoka and his colleagues 
assessed the wound healing process using a collagen scaffold in the 
presence of nicotine. They were able to treat full-thickness skin defects 
of the auricular cartilage in rabbits utilizing bi-layer artificial dermis 
with nicotine. 

3.6. Propolis 

Propolis and bee glue are typically produced by honey bees of the 
genus Apis. Honey bees produce a natural resinous substance by mixing 
bee wax and saliva with exudate gathered from buds and sap flows of 
trees, or other plant sources such as willow, poplar, elm, birch, alder, 
conifer, beech, and horse-chestnut trees (Kuropatnicki et al., 2013). 
Based on its mechanical properties and waxy nature, honey bees use 
propolis as a building material to build and repair their hive (Yaghoubi 
et al., 2007, Kuropatnicki et al., 2013). The chemical composition and 
nature of propolis are dependent on the geographical area, environ
mental conditions, season, time of collection, altitude, botanical origin 
of the exudates, and harvested resources; so, the chemical composition 
and nature of propolis can vary (Kuropatnicki et al., 2013). Propolis has 
been used in traditional medicine for thousands of years. In the last fifty 
years, scientists have proven propolis to be a useful and important 
substance in medicine, especially in tissue regeneration, treatment of 
burns, wound healing, neuro-dermatitis, psoriasis, and leg ulcers 
(Burdock, 1998, Najafi et al., 2007, Yaghoubi et al., 2007, Kuropatnicki 

et al., 2013, Hashemi et al., 2023). Several biological and pharmaceu
tical properties have been detected in propolis, including anti- 
inflammatory, antioxidant, antimicrobial, antitumor, and immunosti
mulant activities (Pessolato et al., 2011, Daleprane and Abdalla, 2013, 
Olczyk et al., 2013, Valenzuela-Barra et al., 2015). 

The potential beneficial effects of propolis in treatment of burns, 
incision wounds, excision, and diabetes were demonstrated confirming 
the role of propolis in accelerating the healing process throughout the 
various stages of wound healing (Ahmed et al., 2011, Hashemi et al., 
2023). Histologic findings have demonstrated propolis to facilitate the 
healing process by reducing mast and inflammatory cells. It is worth 
noting that wound contraction is an important part of wound healing 
and process of the repair. Propolis can be effective in rapid wound 
contraction by increasing the synthesis of collagen and stimulating the 
expression of collagen type I (Ahmed et al., 2011, de Almeida et al., 
2013, Abu-Seida, 2015). Fig. 6 shows some of the flavonoid structures 
isolated from propolis. 

3.6.1. Propolis/ polymer composites 
Due to the extraordinary effects of propolis in wound healing and 

also their clinical application for wound management, in recent years, 
advanced dressings incorporated with propolis that can release the 
beneficiary substances in the wound bed based on polymer matrices 
have been studied (Mele, 2023). In a study by Asri et al., the effects of 
propolis were examined in scaffolds containing composites of cellulose 
that could be enhanced with calcium alginate. Propolis extract was 
shown to have a significant effect on the growth and proliferation of 
fibroblasts without any toxicity. It is worth noting that the mechanical 
strength, water absorption, and porosity tests introduced propolis as a 
suitable option in tissue engineering and wound healing (Asri et al., 
2020, Hashemi et al., 2023). In research conducted by Alberti et al., they 
produced a polymeric nanofibrous wound dressing composed of PVA 
and propolis, and examined its effect on wound healing, showing that 
the association of propolis nanoparticles with PVA scaffold could lead to 
re-epithelialization, which could be effective in tissue regeneration, 
especially in healing-impaired individuals (Alberti et al., 2020). In a 
similar study, Eskandarian et al. investigated the effect of propolis on 
bilayer wound dressings using electrospun scaffolds composed of PCL/ 
gelatin in one layer consisting of polyurethane (PU) and ethanolic 

Fig. 6. The flavonoid structures isolated from propolis (Giampieri et al., 2022).  
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extract of propolis in the second layer. The membrane was employed as 
a protective layer against external factors such as dehydration and 
contamination. The findings revealed that the resulting wound dressing 
could accelerate wound healing by promoting fibroblast migration and 
collagen deposition in the skin wounds of Wistar rats. Also, due to its 
mechanical properties, antibacterial features, and wound-healing ac
tivities, this dressing was introduced as a suitable candidate for 
biomedical applications. This composite was shown to also have bio
logical properties, such as antibacterial, antifungal, antiviral, anti- 
inflammatory, anticancer, and antitumor activity (Eskandarinia et al., 
2020). In another study, silver nanoparticle-based chitosan scaffolds 
were prepared and loaded propolis to evaluate the antibacterial activity. 
The results of inhibition zones showed 26.3 and 23.4 mm against 
S. aureus and Candida albicans, respectively, values which were higher 
than commercial antibiotics. The results in in-vitro studies showed fast 
healing of wounds without signs of infection (Fig. 7) (Al-saggaf, 2021). 

Due to its hydrophilic nature, propolis can also be used for 
decreasing water contact angle in polymer composites. For instance, in 
PVA/chitosan/Propolis, enhanced hydrophilicity improved cell prolif
eration due to the interactions between membranes and mouse embry
onic fibroblasts cells, resulting wound healing ability (Ceylan, 2021). In 
other study, the hydrogel films-based propolis-loaded Quaternized chi
tosan (QCS)/pectin was fabricated and confirmed as non-toxicity 
candidate to mouse fibroblast cell line. QCS and pectin promoted the 
hydrogel stability and controlled the propolis release from the hydrogel 
to heal wounds. Due to bacterial growth inhibition especially against S. 
aureus and Streptococcus pyogenes, they could be considered as good 
candidates for wound healing applications (Phonrachom et al., 2023). 

Sharaf et al. reported the preparation of nanoparticles based on 
chitosan and propolis, which were loaded in deacetylated cellulose ac
etate nanofibers, resulting in enhanced hydrophobicity. This compound 
was used to treat second-degree burns via propolis release to increase 
the healing process. In addition, 89.46 % cell viability for cellulose 
nanofibers/chitosan/propolis nanoparticles was obtained, the epithelial 
cells were repaired after 21 days, and hair follicles and sebaceous glands 
were formed in albino-mice models (Fig. 8) (Sharaf et al., 2021). 

3.7. Honey 

Honey is a natural substance with many biological activities that 
work in concert to accelerate the wound healing process. For thousands 
of years, honey has been used as a wound dressing to treat burns, ulcers, 
and wounds (Nejabat et al., 2009). This positive impact on the wound- 
healing environment and on the healing process is largely due to the 
intrinsic properties of honey. Honey has an acidic pH of about 3.2–4.5. 
The local acidification of wounds accelerates healing by increasing the 
release of oxygen from hemoglobin. Its acidity makes the wound envi
ronment unsuitable for protease activity (Greener et al., 2005). Honey 
has been shown to stimulate the growth of fibroblast and epithelial cells, 
collagen synthesis, preventing scar tissue and keloid formation, sub
siding inflammation and pain, and development of new blood vessels, as 
some of the mechanisms of honey in the wound healing process (Molan, 
2002, Al-Waili, 2003, Sharma et al., 2012). 

Honey can play an important role in increasing the angiogenesis and 
proliferation of fibroblast and epithelial cells by producing certain 
growth factors like tumor necrosis factor (TNF-alpha) (Tonks et al., 
2007). Studies on honey have shown that there are various concentra
tions of nitric oxide metabolites in honey (Al-Waili, 2003). Nitric oxide 
is a multifunctional biological gas that is involved in some biological 
activities such as accelerating collagen synthesis, wound healing re- 
epithelialization, angiogenesis regulation, immunological, and inflam
matory responses (Witte and Barbul, 2002). Biological bioactive ele
ments such as vitamin A, B1, C, B2, B6, E, K, niacin, flavonoids, fatty 
acids, and phenolics, hydroxybenzoic acid, octadecanoic acid, and ethyl 
ester exist in honey (Dumitru et al., 2022). Table 3 presents various 
compounds identified in the honey. 

3.7.1. Honey/polymer composites 
Different biomaterials along with honey have been extensively 

applied to increase the process of angiogenesis for wound healing. In a 
study, the impact of honey and chitosan on the electrospinning process 
of polyethylene terephthalate (PET) was compared. The results 
demonstrated chitosan could lead to the formation of beaded or ribbon- 
like/branched morphology, while it improved when honey was used. 
The fiber diameters decreased with an increased concentration of honey 
in PET solution, and resulting nanofibers did not show cytotoxic activity 
(Arslan et al., 2014). In another study, a scaffold of PU was prepared 
using honey, sesame oil, and propolis by electrospinning method. It was 
observed that the blending honey, sesame oil, and propolis into the PU 
matrix resulted in reduction of the fiber diameter and thinner fibers 
were able to stimulate fibroblast mobility and proliferation. So, the 
mixture of honey, sesame oil, propolis, and PU was suggested as an 

Fig. 7. Comparing the healing rate of wounds using chitosan/propolis/silver 
nanoparticles and control groups (untreated) during 14 days (Al-saggaf, 2021). 
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appropriate combination for tissue engineering and wound healing 
(Salama and El-Sakhawy, 2022). The combination of honey and chito
san/ PVA to form hydrogels was shown to have wound healing effects 
and antimicrobial activity against S. aureus (Chopra et al., 2022). The 
cross-linked chitosan/gelatin/PVA hydrogel with the ratio of 2:1:1 (v/v) 
was prepared and loaded honey. Honey decreased tensile strength and of 
hydrogels. However, in-vitro studies showed accelerated wound healing 
in a rat model due to the formation well-structured layer of epidermis 
(Shamloo et al., 2021). 

Dual crosslinked sodium alginate hydrogels with different 

concentrations of honey were fabricated by ionically and covalently 
interactions, and were shown to have antibacterial activities against S. 
aureus and E. coli. This hydrogel performed favorable regenerative 
healing through re-epithelialization and decreasing epithelial thickness 
in-vitro with negligible scar (Mukhopadhyay et al., 2020). Another 
nanofiber based on alginate/PVA was prepared by electrospinning and 
used for efficient wound dressing. The results of antibacterial activity 
(zone of inhibition) were enhanced from 7.48 ± 0.17 mm to 11.38 ±
0.42 mm for E. coli and from 7.51 ± 0.55 mm to 13.67 ± 1.29 mm for 
S. aureus, respectively, by increasing honey content from 0 to 20 % in the 
nanofibers (Tang et al., 2019). 

In other study, nanofibers of poly (diallyldimethylammonium chlo
ride) loaded with honey were prepared by electrospinning to evaluate 
the diabetic wound-healing using in-vitro experiments. In order to design 
the honey release and decrease the solubility of nanofibers, glutaralde
hyde was used as crosslinker, showing that the release of honey could be 
sustained up to 125 h. Additionally, the obtained composites displayed 
antibacterial activities against S. aureus and E. coli bacteria. As a result, 
prepared nanofibers increased significantly diabetic wound-healing and 
decreased the acute and chronic inflammation (Fig. 9) (Parvinzadeh 
Gashti et al., 2023). 

3.8. Perovskia abrotanoides Karel 

Perovskia abrotanoides Karel (P. abrotanoides), also known as Salvia 
abrotanoides Karel, belongs to Lamiaceae family and is one of the most 
widely used pharmaceuticals in North and North East of Iran (Derakh
shanfar et al., 2019). Due to its efficiency in traditional medicine, ge
netic structure of P. abrotanoides has been studied by molecular and 
morphological markers and topical treatment with P. abrotanoides has 
been broadly utilized for antimicrobial and healing properties (Hashe
mifar and Rahimmalek, 2018, Maryam et al., 2023). It has been shown 
that extract of P. abrotanoides could inhibit the release of nitric oxide and 
the expression of related proinflammatory enzymes (Alizadeh et al., 
2021). Several researchers have successfully employed P. abrotanoides in 
treatment of burn injuries and demonstrated that P. abrotanoides can 

Fig. 8. The synthesis of cellulose nanofibers/chitosan/propolis nanoparticles to heal burn wound (Sharaf et al., 2021).  

Table 3 
The pharmacological activity of chemical propolis compounds.   

Chemical 
compounds 

Pharmacological 
activity 

Acacetin Anti-inflammatory 
Apigenin Anti-inflammatory; 

Antimicrobial 
Artepilin C Antitumor activity; 

Antioxidative 
Caffeic acid 
phenethyl ester 

Antitumor activity; 
Anti-inflammatory 

Chrysin Anti-inflammatory; 
Antibacterial 

Caffeic acid Antifungal; Antiviral; 
Anti-inflammatory 

Cinnamic acid Anti-inflammatory 
Dicaffeoylquinic 
acid derivatives 

Hepatoprotective 

Ferulic acid, 
Galangin, Gallic 
acid 

Anti-inflammatory 

Protocatechuic 
acid 

Anti-inflammatory, 
Antibacterial 

Pinocembrin Antifungal; 
Antimold; Local 
anesthesia 

Propofol Antioxidative  
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successfully accelerate the proliferation of fibroblasts and increase the 
rate of granulation tissue formation and finally with a potential effect to 
accelerate burn wound healing. The antibacterial activity of 
P. abrotanoides extract was illustrated against Escherichia coli, Staphylo
coccus aureus and Pseudomonas aeruginosa, which can cause infection in 
burn area. P. abrotanoides was shown to upregulate expression of 
vascular endothelial growth factor (VEGF) and transforming growth 
factor-β (TGF-β) genes too (Derakhshanfar et al., 2019). 

Leishmania is one of the most common infectious diseases of tropical 
countries, which mostly affects under-developed communities with 
lower incomes. There are cutaneous, mucosal, and visceral types. 
Numerous clinical considerations have been made about the importance 
of home-made substances against leishmaniosis due to the side effects, 
intake and adequacy of anti-leishmanial drugs. In Iranian traditional 
medicine, P. abrotanoides has been utilized in treatment of leishmaniosis, 
which has been shown to facilitate to secondary leishmaniosis contam
inations, particularly against S. aureus (Mahboubi and Kazempour, 
2009). 

3.9. Quercus brantii 

Quercus brantii, also known as the Persian Oak or Brant’s oak, is a 
member of the Fagaceae family. It may be a restorative plant broadly 
utilized by the tribes of southwestern Iran to treat stomach ulcers. 
Malayeri et al. assessed the effect of Persian oak on burn injuries of 
experimental rats and found it effective in wound closure, contraction 
and re-epithelialization, and formation of hydroxyproline and collagen 
substances revealing its significant impact on tissue repair when 
compared to the control group (Malayeri et al., 2022). The potential 
application of PCL/chitosan/oak seeds (jaft) electrospun within the in
ward layer as a skin platform has been investigated. SEM micrographs, 
trypan blue test, and DAPI staining affirmed that fibroblast cells could 
migrate and proliferate well on PCL/chitosan/oak seeds (Hashemi et al., 
2022). This bioactive platform showed promising mechanical properties 
and reasonable biocompatibility in-vitro and in-vitro that may be a 
promising candidate for skin tissue designing applications(Hashemi 
et al., 2022). 

3.10. Lithospermum officinale 

Lithospermum officinale, or common gromwell, is a member of Bor
aginaceae family. It consists of fatty acids, proteins, carbohydrates, al
kaloids, flavonoids and other bioactive substances and has anticancer, 
wound healing, antioxidant and anti-inflammatory effects (Al-Snai, 

2019). According to studies on burn wound healing, compared to silver 
sulfadiazine, Alpha burn cream, this herb can be used for topical 
administration as a biocompatible, cost-effective and easy to produce 
medicine that induces accelerated angiogenesis, granulation tissue for
mation, epithelialization and skin regeneration (Amiri et al., 2017). 
Hence, it has a great potential for application in modern wound 
dressings. 

4. Conclusion and future propositions 

As tissue engineering is a prominent therapeutic strategy for present 
and future medicine, developing scaffolds that mimic the architecture of 
tissue at the nanoscale that are cost-effective can be one of the choices in 
treatment of skin wounds. To improve wound healing, different natural 
products with the technological advances in nanotechnology, material 
science, regenerative medicine, and bioengineering have been investi
gated to suit the current wound care demands such as tissue repair, 
restoration of lost tissue integrity and scarless healing. So future re
searches and developments are needed to be directed toward the design, 
synthesis, modification, evaluation, and characterization of natural 
products targeting skin tissue engineering and wound healing. In addi
tion, further studies about combination of plant extracts and modern 
drugs can be designed with the aim of improved wound healing with 
reduced side effects. Moreover, the new strategies based on the drug 
delivery systems can be developed to facilitate the wound healing pro
cess by using bioavailability and the permeation of phytoconstituents 
via dermal sections and localizing at wound sites both in-vitro and in- 
vitro. Nanocarriers such as nanofibers, nanoparticles, vesicular struc
tures, and metal nanoparticles can assist to get these goals for better 
patient compliance by enhancing therapeutic efficacy due to their high 
surface area to volume ratio. The homeostasis, re-epithelialization, 
regeneration, immunocytes and non-lymphoid cells can be investi
gated by inducing fibroblasts proliferation and/or collagen production 
in animal models and also via molecular studies. Finally, clinical studies 
are needed before introducing commercial products in the market. 
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Alberti, T.B., Coelho, D.S., de Prá, M., et al., 2020. Electrospun PVA nanoscaffolds 
associated with propolis nanoparticles with wound healing activity. J. Mater. Sci. 55, 
9712–9727. 

Aleebrahim-Dehkordy, E., Rafieian-Kopaei, M., Amini-Khoei, H., et al., 2019. In vitro 
evaluation of antioxidant activity and antibacterial effects and measurement of total 
phenolic and flavonoid contents of Quercus brantii L. fruit extract. Journal of Dietary 
Supplements. 16, 408–416. 

AlFannakh, H., 2022. Impedance spectroscopy, AC conductivity, and conduction 
mechanism of Iron (II) chloride/polyvinyl alcohol/polyvinylpyrrolidone polymer 
blend. Adv. Mater. Sci. Eng. 2022. 

Alishbah, S., Z. Bint e, S. Kanwal, et al., 2022. Structure and Physiology of Human Ear 
Involved in Hearing. Auditory System. N. Sadaf. Rijeka, IntechOpen: Ch. 1. 

Alizadeh, Z., Farimani, M.M., Parisi, V., et al., 2021. Nor-abietane diterpenoids from 
Perovskia abrotanoides roots with anti-inflammatory potential. J. Nat. Prod. 84, 
1185–1197. 

Al-saggaf, M.S., 2021. Formulation of insect chitosan stabilized silver nanoparticles with 
propolis extract as potent antimicrobial and wound healing composites. 
International Journal of Polymer Science. 2021, 1–9. 

Al-Snafi, A.E., 2019. Chemical constituents and pharmacological effects of Lithospermum 
officinale. IOSR Journal of Pharmacy. 9, 12–21. 

Al-Snai, A.E., 2019. Chemical constituents and pharmacological effects of Lithospermum 
officinale. IOSR Journal of Pharmacy. 9, 12–21. 

Al-Waili, N.S., 2003. Identification of nitric oxide metabolites in various honeys: effects 
of intravenous honey on plasma and urinary nitric oxide metabolites concentrations. 
J. Med. Food 6, 359–364. 

Amini, M., Kherad, M., Mehrabani, D., et al., 2010. Effect of Plantago major on burn 
wound healing in rat. J. Appl. Anim. Res. 37, 53–56. 

Amiri, Z.M., Tanideh, N., Seddighi, A., et al., 2017. The effect of lithospermum officinale, 
silver sulfadiazine and alpha ointments in healing of burn wound injuries in rat. 
World Journal of Plastic Surgery. 6, 313. 

Ansari, M., Meftahizadeh, H., Eslami, H., 2022. Fabrication of multifunctional chitosan- 
guar-aloe vera gel to promote wound healing. Chem. Pap. 76, 1513–1524. 
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