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Abstract

	 The phenomenon of wound healing encompasses a coordinated sequence of cellular and 
biochemical phases collaborating synergistically to promote the restoration of the injured tissue. 
Tissue repair is complex, posing challenges in wound management. Healing involves three phases: 
inflammatory, proliferative, and remodeling. Treatments include antibiotics, antiseptics, and extracts, 
but synthetic drugs have limitations. There is growing interest in plant-based formulations for effective 
wound treatment. Medicinal plants are increasingly recognized for their wound healing potential with 
lower side effects, particularly in diabetic, infected, or open wounds, supported by studies highlighting 
various identified mechanisms for improved healing. Medicinal plants such as Allium sativum, Boerhavia 
diffusa, Calendula officinalis, Crocus sativus, Curcuma longa L., Glycyrrhiza glabra L., Melaleuca 
alternifolia, Woodfordia fruticosa, etc. have demonstrated wound healing properties and have proven 
effective in treating wounds. This review highlights medicinal plants in wound healing, emphasizing 
In-vivo models, specifically examining their effectiveness in excision and incision wound healing.

Keywords: Allium sativum, Boerhavia diffusa, Crocus sativus, Woodfordia fruticosa, 
Wound Healing.

Introduction

	 The skin is essential for our survival as it 
functions to perceive and respond to the surrounding 
environment, regulating temperature and chemical 
balance, storing vital nutrients, offering defense 
mechanisms, and reacting to injuries and stress1. To 
sustain these vital roles, the skin needs strong, efficient 
methods to shield it from harm, restore essential 
functions when compromised, and mend or regenerate 

what's been injured or lost. Throughout history, humans 
have tended to their wounds for thousands of years2. 
The scope of traditional wound care is often confined 
to locally available resources like water, soil, plants, and 
animal-based products. Throughout regions spanning 
Eastern Asia, the African continent, Southwest Asia, 
and Ibero-America, millions depend primarily, and 
sometimes exclusively, on locally sourced remedies 
derived from plants, animals, and natural elements for 
wound management3.
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	 The process of wound healing encompasses 
an intricate interplay of components, incorporating 
substances in solution, circulatory cells, matrix 
outside cells, and essential tissue cells, collaborating 
through a series of complex processes4,5. The 
process of healing a wound consists of three 
separate stages: inflammation, the creation of 
tissue, and the alteration of tissue. Inflammation 
encompasses the clustering of platelets, coagulation, 
and the movement of leukocytes. The creation of 
tissue involves re-establishing the epithelial layer, 
angiogenesis, the formation of fibrous tissue, and 
the contraction of the wound. The remodeling stage, 
lasting approximately one month, involves the dermal 
response to damage, wherein fibrous protein and 
interstitial proteins are generated before reverting 
to its state before the injury, as depicted in Figure 16.

tissues, the risk of external microbial infection 
can be minimized9. However, overexposing the 
indigenous microbial community exposed to an 
abundance of antibiotics may contribute to the 
development of antibiotic-resistant variants10. 
Moreover, managing the influence of antibiotics 
on the pre-existing beneficial bacterial community 
poses a challenge11. In addition to resistance 
development, applying topical antibiotics can 
potentially delay hypersensitivity reactions 
and trigger superinfections8. Pathogens are 
increasingly showing antibiotic resistance, and the 
decline in new antibiotic development has led to 
a quest for alternative approaches. Non-antibiotic 
elements like silver and plant-based products are 
gaining attention for their antimicrobial control in 
wound healing12.

	 The diverse array of chemical compounds 
present in secondary metabolites is believed to 
contribute to the medicinal properties exhibited 
by plants13. The complexity of herbal medicines 
presents an advantage, as their biological 
efficacy often stems from the combined action 
of multiple compounds14. Herbal medicines have 
the advantage of being holistic, utilizing a variety 
of substances for a range of possibly synergistic 
health benefits15.

Methods
	 In this review, articles have been included 
after thorough literature review using different 
databases like PubMed and Google Scholar 
etc. The literature search was performed using 
combination of different search keys or keywords, 
viz. 'wound healing', 'medicinal plants used in wound 
healing','advantages of herbal medicines','Allium 
sativum in wound healing','Aloe barbadensis miller 
in wound healing','Boerhavia diffusa in wound 
healing','Calendula officinalis in wound healing', 
'Commiphora myrrha in wound healing','Crocus 
sativus in wound healing','Curcuma longa L. in 
wound healing','Glycyrrhiza glabra L. in wound 
healing','Melaleuca alternifolia in wound healing', 
'Woodfordia fruticosa in wound healing' and  
'In-vivo wound healing model'. Our paper selection 
criteria involved exclusively peer-reviewed articles 
supported by credible references and substantial 
data as evidence. Specifically, the literature collection 

Fig. 1. Healing Process of Wounds in the Human Body

	 Nonsteroidal anti-inflammatory drugs 
(NSAIDs), widely employed, are a common 
choice for pain relief associated with injuries 
such as mechanical or surgical wounds. However, 
continuous systemic exposure to these drugs 
is not advisable throughout the entire healing 
process. To minimize this, a more effective 
approach involves incorporating anti-inflammatory 
drugs into wound dressings or sutures. This allows 
for targeted drug release, providing localized pain 
relief. Methods like electrospinning, suture coating, 
and hydrogel production are frequently employed 
in creating these specialized wound treatments7. 
Topical antibiotic delivery to wounds needs less 
drug compared to systemic treatment, offering 
concentrated and sustained drug levels at the 
wound site8. By integrating antibiotics with proper 
nutrition, suitable dressing, and removal of dead 
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was focused on excision and incision In-vivo wound 
healing models.

Medicinal Plants employed in wound healing
	 Figure 2 presents a compilation of the 
plants most frequently utilized for their wound healing 
properties.

aeruginosa and Staphylococcus aureus, both 
known for causing infections in burn wounds21. 
Moreover, allicin plays a crucial role in activating 
fibroblasts, accelerating the alignment of the skin 
borders, promoting structured collagen formation, 
and hastening the increase in tensile resilience 
within the regenerating tissue, thereby facilitating 
faster healing of wounds22.

Aloe barbadensis Miller
	 A loe  ve ra ,  a l so  known  as  A loe 
barbadensis, is a member of the Lilaceae plant 
family. The utilization of Aloe vera in crafting 
new food items has increased owing to its 
medicinal properties and functional attributes23. 
The Aloe vera sector is expanding owing to the 
plant's numerous asserted health advantages. 
Its applications range from the manufacturing of 
cosmetic products, laxatives, and nutrient-rich 
foods, including facial creams, hand lotions, base 
makeup, facial cleansers, lip color, moisturizers, 
hair care products, hair tonics, shaving creams, 
and bath essentials, as well as formulations for 
makeup and fragrances24. Numerous biological 
processes, including detoxification, constipation 
relief, elimination of waste products and toxins 
from the body, and improved digestion, have all 
been related to aloe plants. The bioactivities of aloe 
plants, attributed to their antibacterial, antiseptic, 
anticancerous, anti-swelling, anti-rheumatic, and 
joint-protective properties, contribute to their 
diverse range of therapeutic effects25.

	 Throughout history, Aloe vera has been 
utilized for the purpose of wound recovery. The 
application of Aloe vera extends to the treatment of 
enduring wounds, such as pressure sores, burns, 
surgical cuts, fissured nipples, genital herpes, and 
psoriasis. Studies indicate that Aloe vera hydrogel 
demonstrates a positive impact on inflammation, the 
formation of new blood vessels, and the narrowing 
of wounds, leading to a 29% reduction in the total 
healing time and the full closure of wounds within a 
15-day timeframe26.

Boerhavia diffusa
	 Boerhavia diffusa, commonly recognized 
as "Red Spiderling" or "Punarnava," is a perennial 
herbal plant belonging to the Nyctaginaceae plant 

Fig. 2. Plants used in wound healing

Allium sativum
	 Allium sativum, known widely as garlic, 
is a member of the Amaryllidaceae family16. Garlic 
is used globally for both culinary purposes and 
as a traditional remedy for diverse health issues. 
Its distinct taste and aroma make it a popular 
ingredient in various cuisines worldwide. Beyond 
its culinary role, garlic has a rich history of 
medicinal use. Acknowledged for its potential health 
advantages, which encompass reducing blood 
pressure, enhancing cholesterol levels, supporting 
cardiovascular well-being, managing blood sugar, 
and possessing antimicrobial properties to counter 
infections. Furthermore, its antioxidants might 
contribute to anti-cancer and anti-aging effects17. 

	 The  chemica l  compound  a l l i c i n , 
characterized by its pungent odor and flavor, 
stands out as the most bioactive sulfurous 
compound recognized in garlic18,19. The majority, 
roughly 70%, of sulfur-containing compounds 
in pulverized garlic bulbs originate from allicin, 
mainly sourced from its precursor known as alliin 
(S-allyl-L-cysteine sulfoxide)20. 

	 Allicin demonstrates its antibacterial 
effects by modifying sulfhydryl groups in microbial 
proteins, particularly in the bacteria Pseudomonas 
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family27. Boerhavia diffusa has been extensively 
studied for its various pharmacological properties, 
and several of its traditional uses have been 
validated through scientific research. Various 
studies have repor ted the immune system-
regulating, anti-tumor, anti-diabetic, anti-blood 
clot dissolution, anti-swelling, fluid-reducing, liver-
protective, antimicrobial, antifungal, antiseizure, 
and free radical-fighting properties associated 
with it. The plant contains various bioactive 
compounds that contribute to these diverse 
medicinal properties, making it a subject of 
interest in pharmacological research and herbal 
medicine28,29,30,31,32,33.

	 Punarnavoside, a flavonoid glycoside 
primarily found in the roots of Boerhavia diffusa, 
contributes to its antifibrinolytic properties. This 
attribute is valuable in exploring the plant potential for 
aiding wound healing treatments. Fibrin plays a vital 
role in the healing of wounds by creating a steadfast 
clot at the site of injury. Plasmin, on the other hand, 
is involved in breaking down clots by fibrinolysis, 
which can potentially destabilize the clot essential 
for healing. Inhibiting factors XIa and XII, which are 
involved in activating plasmin, can help maintain the 
stability of fibrin within the wound, promoting better 
healing outcomes. This inhibition prevents premature 
breakdown of the clot, allowing the wound to heal 
more effectively34.

Calendula officinalis
	 Calendula officinalis, a member of the 
Asteraceae family, is widely cultivated as an 
ornamental plant and bears medicinal importance 
in regions including European continent, People's 
Republic of China, America, and India. Commonly 
known by various names such as Marigold and Pot 
Marigold, it holds significance in traditional medicine 
practices. Historically, it has been applied topically 
to address minor wounds, burns, and various skin 
ailments35,36. Known for its medicinal properties, 
it is commonly employed as a remedy with anti-
inflammatory, diaphoretic, analgesic, and antiseptic 
characteristics. Its applications span treating 
gastrointestinal and gynecological issues, oral 
ailments, eye conditions, skin injuries, and certain 
types of burns, among other therapeutic uses37.

	 Preparations derived from Calendula 
officinalis are predominantly utilized as medicinal 
aids in wound healing for skin inflammations, 
mucous membrane issues, tissue repair, scar 
healing, blisters, and allergic rashes. Preparations 
of these varieties are available in diverse forms, 
including infusions, tinctures, and ointments. 
Studies have indicated the beneficial effects 
of Calendula extract cream in treating burn-
related swelling. Furthermore, in vitro laboratory 
examinations demonstrated the restraining 
impact of the essential oil derived from the 
flowers on Bacillus subtilis, Candida albicans, 
Escherichia coli, Pseudomonas aeruginosa, and 
Staphylococcus aureus38,39.

Commiphora myrrha
	 Commiphora myrrha, commonly referred 
to as "True Myrrha" or "Molmol Myrrha," is a 
botanical resin acquired by scraping the bark of 
the Commiphora myrrha tree, which is part of 
the Burseraceae family. The resin is utilized for 
addressing various conditions, encompassing 
arthritis, hyperlipidemia, obesity, pain management, 
fractures, cancer support, wound care, and 
combating bacterial and parasitic infections40.

	 Commiphora myrrha exhibits a diverse 
array of biological attributes, including antibacterial, 
antinociceptive, anti-inflammatory, and antiulcer 
effects. Additionally, studies have indicated its 
antioxidant and immunopotentiating properties41.

	 In vitro experiments demonstrated that 
Commiphora myrrha possesses anti-inflammatory 
properties by inhibiting interferon-γ, interleukin-12 
(IL-12), TNF-α, IL-1β, and nitric oxide levels. These 
properties contribute to the promotion of wound 
healing42.

Crocus sativus
	 Part of the Iridaceae botanical family, 
Crocus sativus L. is widely recognized as saffron, 
denoting the seasoning obtained from the 
desiccated stigmas of the Crocus sativus blossom. 
Saffron holds significance in traditional medicinal 
practices such as Chinese, Ayurvedic, Persian, 
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and Unani medicine, where it is utilized for various 
therapeutic purposes43. Recent pharmacological 
investigations have confirmed that saffron extract 
or its active components, comprising carotenoid 
derivatives, simple terpenes, flavones, phenolics, 
and plant sterols, they showcase a varied range of 
therapeutic advantages44.

	 C roc i n  and  Sa f rana l ,  a l ongs i de 
their precursor picrocrocin, form carotenoid 
elements found in Crocus sativus L., showcasing 
substantial antioxidative characteristics and the 
capability to counteract free radicals. Research 
indicates the potential anti-inflammatory and 
antitumoral characteristics associated with these 
compounds45,46.

	 Saffron significantly enhanced blood vessel 
formation and improved the multiplication and 
mobility of fibroblasts. It diminished inflammation 
and remarkably accelerated wound closure rates, 
encompassing the regeneration of epithelial tissue 
and wound contraction, in comparison to wounds 
treated through alternative approaches. Additionally, 
saffron intervention reduced neutrophil numbers 
and alleviated the occurrence of free radicals and 
reactive oxygen species (ROS) in the burn setting47.

Curcuma longa L.
	 Curcuma longa L., recognized for its 
rhizomes, is a perennial leafy herb belonging to the 
Zingiberaceae family and the Curcuma genus. The 
spice, commonly referred to as "turmeric," extracted 
from the rootstock of Curcuma longa, is rich in 
polyphenolic antioxidant compounds48.

	 There is substantial evidence supporting 
the advantageous effects of turmeric in alleviating 
conditions such as breakouts, irritation, discomfort 
in joints, respiratory distress, dermatitis, and 
sudden allergic reactions. Additionally, turmeric has 
shown positive impacts on wound healing, mood 
regulation, blood sugar level maintenance, and 
immunomodulation49.

	 Curcumin, a bioactive and lipophilic 
compound, originates from the rootstock of the 

Curcuma longa Linnean botanical specimen50.

	 The potential anti-swelling mechanism 
of  act ion at t r ibuted to curcumin involves 
the modulat ion of gene expression l inked 
to inflammatory cytokines. This modulation 
contributes to the regulation of the release of 
heightened levels of interleukin-6 (IL-6), tumor 
necrosis factor (TNF), and nitric oxide (NO), 
which have the potential to trigger enduring 
inflammation51. Furthermore, its non-targeted 
antimicrobial mechanism against bacteria is 
probably accomplished by attaching to FtsZ 
proteins. This attachment hinders the formation 
of FtsZ protof i laments, thereby eff ic ient ly 
obstructing bacterial growth and reproduction. 
Additionally, its method of operation may involve 
the interference with mecA gene transcription, 
leading to a reduction in the expression of 
penicillin-binding protein-2α. To illustrate, the 
interaction of curcumin with peptidoglycan on 
the cell wall of S. aureus makes it inaccessible 
for new peptidoglycan production, thereby 
weakening the peptidoglycan layer and ultimately 
causing bacterial breakdown52.

Glycyrrhiza glabra L.
	 Glycyrrhiza glabra, a perennial leafy 
plant within the Fabaceae legume family, is 
recognized for generating licorice, a flavoring 
with a sweet and aromatic profile derived from 
its root. This plant is extensively utilized as a 
herbal remedy and frequently incorporated into 
skincare items53,54.

	 Tra d i t i o n a l l y,  l i c o r i c e  h a s  b e e n 
documented as a remedy for a mult i tude 
of conditions, including bronchial condition 
like asthma, inflammation of the tonsils, and 
throat discomfort, excessive thirst, bloating, 
seizures, pyrexia, erectile dysfunction, immobility, 
respiratory irritation, gastric lesions, acid reflux, 
abdominal spasms, swelling, musculoskeletal 
discomfort, dermatological conditions, gastric 
acidity, vaginal discharge, hemorrhage, abnormal 
bleeding conditions, and icterus. Furthermore, it 
was historically utilized as an insect repellent, 
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substance to promote bowel movements, anti-
inflammatory agent, anti-ulcer remedy, antibiotic, 
anti-arthritis solution, antiviral substance, and 
cognitive booster associated with its capacity as 
an MAO inhibitor, along with having anti-cholinergic 
properties, cough suppressant, cavity prevention, 
cholesterol-lowering, antimycotic, estrogen like 
substance, antioxidative, anticancerous, and 
antidiuretic agent55.

	 As reported by Zangeneh et al., in 2019, the 
aqueous extract ointment derived from Glycyrrhiza 
glabra demonstrated significant enhancements 
across different stages of wound healing. These 
improvements encompassed wound contraction, 
epithelialization, the inflammatory response, and 
tensile strength, surpassing the effects observed in 
the control group56.

Melaleuca alternifolia
	 Melaleuca alternifolia, commonly known 
as tea tree, is a small tree belonging to the 
Myrtaceae family and native to Australia. The 
essential oil derived from tea tree leaves is 
categorized into three primary chemovarieties: 
terpinen-4-ol, terpinolene, and 1,8-cineole. There 
are also additional chemotypes displaying diverse 
compositions of dominant and non-dominant 
constituents. Among these, the terpinen-4-ol 
chemotype stands out as both dominant and more 
medically compelling. In medicinal applications, 
tea tree essential oil is employed to combat acne, 
alleviate contact dermatitis, and enhance the 
process of wound healing57.

	 The essential oil derived from tea tree 
leaves possesses antimicrobial proper ties, 
which can help prevent infection in wounds. It 
also exhibits anti-inflammatory effects that may 
aid in reducing inflammation at the wound site. 
Furthermore, the use of tea tree oil has been 
suggested to promote the healing of wounds 
by encouraging the formation of new tissue and 
hastening the closure of injuries58.

Woodfordia fruticosa
	 Woodfordia fruticosa, commonly identified 

as Fire flame bush, belongs to the Lythraceae 
family. This plant is distinguished for its widely 
acknowledged pharmacological characteristics, 
encompassing antimicrobial, anti-swelling, ulcer-
protective, liver-protective, immune system-
regulating, tumor-fighting, heart-protective, pain-
relieving, and wound-repairing properties59.

	 While all components of plants harbor 
medicinal attributes, flowers, particularly with 
reddish-brown hues, are highly sought after 
in both domestic and global markets. These 
blossoms boast pungent, acrid, cooling, and 
alexiter ic proper t ies, serving as a uter ine 
sedative and anthelmintic agent. The dried 
flowers of Woodfordia fruticosa are employed in 
the treatment of various ailments such as sprue, 
dysentery, intestinal complaints, rheumatism, 
hematuria, as well as for addressing wounds, 
bleeding, and injuries60.

	 The Woodfordia fruticosa  f lower is 
chemically abundant in tannins, specifically 
constituents like Ellagic acid and Gallic acid, 
which play pivotal roles in its pharmacological 
effects. During the proliferative phase, marked 
by the proliferation of granulation tissue primarily 
driven by fibroblasts and the crucial angiogenesis 
process, the flower contributes significantly by 
facilitating oxygen and metabolite supply to 
tissues. Notably, the flower showcases antifertility 
properties and demonstrates in vitro antibacterial 
effects, effectively preventing microbial wound 
infections. Phytochemical analysis has confirmed 
the presence of polyphenolic compounds, 
particularly tannins, which exhibit robust wound 
healing activity. Tannins, recognized for their 
astringent properties, are likely responsible for 
the observed antibacterial effects as well61.

	 Following are the plants which have been 
included in this study and their description is given 
in the Table. 1 which includes their common names, 
family, wound healing animal models, formulation 
used in the animal models and critical findings from 
the research work performed on animals by using 
different types of herbal preparation. 
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Conclusion

	 Globally, severe lesions have a substantial 
effect on overall well-being for individuals. The 
successful management of wounds relies on the 
intricate interplay among specific cell varieties, 
receptor sites on cells, the matrix outside cells, and 
therapeutic interventions. The intricate composition 
of skin tissue presents a challenge in formulating 
an ideal medication capable of promoting rapid and 
effective healing.

	 Addressing wound healing, an enduring 
clinical challenge since ancient times, remains 
a complex task in effective wound treatment. 
The process entails various group of cells, the 
matrix outside cells, and the influence of soluble 
signaling molecules like stimulatory factors and 
cell-signaling proteins. Considerable research has 
centered on wound management, with a notable 
focus on innovating healing methodologies and 
advancing techniques for treating both sudden 
and lingering wounds, particularly within the 
framework of traditional indian medicines (herbal) 
practices. Investigators are actively investigating 
novel formulations, bandages, and compositions 
incorporating healing plants to create economical, 
effective, and durable, and sustainable delivery 
systems for the treatment of wounds. The integration 
of nanotechnology and the availability of novel 
materials are enhancing the effectiveness and 
patient-centric nature of wound management. 
Emerging innovations such as 3D printing offer  
beneficial possibilities for creating diverse drug 
delivery systems to address wound management. 
Looking ahead, tissue engineering and regenerative 
medicine represent futuristic technologies in 
developing comprehensive wound healing systems. 
The implementation of improved quality assurance 
methods for identifying, assessment, and quantifying 
plant-based constituents, coupled with carefully 
planned preclinical and clinical investigations, holds 
the potential to open new avenues in wound care 
management.

	 The present direction in wound care 
involves pioneering treatments that merge 
traditional herbal remedies with contemporary 
products and methodologies. Advancements 
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in nanostructures and nanoformulations have 
notably addressed the limitations of conventional 
medications, showing promise in the field. In these 
procedures, numerous compounds extracted from 
plants collaborate synergistically to achieve the 
desired effect. Consequently, the concentration 
and blending of these phytochemicals from 
diverse sources, at optimal levels, are anticipated 
in the coming years. This aims to facilitate multi-
functional approaches in healing various types of 
wounds, leveraging the growing understanding of 
the properties of essential constituents and their 

role in the healing processes.
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