GSC Biological and Pharmaceutical Sciences

=<9 5

- % eISSN: 2581-3250 CODEN (USA): GBPSC2
R (i Cross Ref DOIL: 10.30574/gscbps
GSC Journal homepage: https://gsconlinepress.com/journals/gscbps/
ONLINE PRESS
(REVIEW ARTICLE) W) Check for updates

Role of Cannabis sativa on wound healing: An update
Kiran P. Kolkar 1, Ravindra B. Malabadi 3. *and Raju K. Chalannavar 2

1 Department of Botany, Karnatak Science College, Dharwad-580003, Karnataka State, India.
2 Department of Applied Botany, Mangalore University, Mangalagangotri-574199, Mangalore, Karnataka State, India.
3 Miller Blvd, NW, Edmonton, Alberta, Canada.

GSC Biological and Pharmaceutical Sciences, 2025, 32(03), 088-102
Publication history: Received on 13 July 2025; revised on 10 August 2025; accepted on 01 September 2025

Article DOI: https://doi.org/10.30574 /gscbps.2025.32.3.0330

Abstract

Wound healing is one of the most complex and essential treatments in the human body and still remains a challenge in
the healthcare system. Hemp-based materials are regarded as important components of wound dressings. Cannabidiol
(CBD) and cannabis-based therapies may protect against oxidative stress, potentially reducing inflammation and cell
damage in the chronic wound microenvironment and the surrounding tissues. Cannabis oil stands out in the realm of
wound care due to its unique combination of antimicrobial, anti-inflammatory, and antioxidant properties. Cannabis oil
offers a holistic approach to managing inflammation, minimizing systemic exposure, and promoting overall skin health
and regeneration. Wound dressings are essential for maintaining a moist environment and protecting the wound;
however, they can benefit from the addition of cannabis oil, which can enhance their effectiveness by providing added
anti-inflammatory and antimicrobial support. In vitro studies have offered a variety of targets in which cannabis
containing compounds may influence wound healing. Overall, these studies suggest a positive effect on wound healing
by cannabinoids. CBD oil can be used as a remedy for skin lesions. Hydrogel composite prepared from bio-based
materials is therefore considered as a promising route. However, further clinical research is needed to fully understand
the mechanisms involved and to optimize the therapeutic applications of cannabis oil in wound care. Further research
is needed to understand the full spectrum of side effects of topical cannabinoids.
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1. Introduction

A wound is defined as the breakage in the continuity of the skin. Wound healing is a dynamic process and many cellular
players and structures are involved in the process. In general, wound healing process has several phases: (1)
homeostasis/coagulation, (2) inflammatory cell recruitment, (3) proliferative phase and (4) maturation phase [45-53].
A wound may also be defined as an interruption within the continuity of the epithelial lining of the skin or mucosa that
occurs as a result of physical or thermal damage [46-53]. Wound healing represents an important medical problem [46-
53]. Fibrosis and tissue regeneration are opposite processes related with wound repair [46-53]. Human skin is an
important interface between the environment and the human body and is inhabited by diverse and complex microbial
communities, whose health impacts are still not clear [45-53]. Many factors in the wound healing process are still not
well understood, but the role of the Mesenchymal stem/stromal cells (MSCs) in the process seems to be useful [46-53-
94]. These cellular and molecular events are highly coordinated and controlled. For effective tissue repair and
restoration of tissue function, there is a need for alteration of actin cytoskeleton as well as secretion of extracellular
matrix (ECM) proteins and integrin receptors [46-53, 93-94]. Wound healing is one of the most complex and essential
treatments in the human body and still remains a challenge in the healthcare system [46-53]. The skin can prevent most
external pathogens from attacking the human body and keep the human body healthy [45-53]. However, it is
susceptible to injury and bacterial infection, which can lead to various diseases [46-53, 93]. Wound healing is a vital
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natural physiological response to tissue damage consisting of the collaboration of many cell strains and their products
[46-53]. In general, antimicrobial action is a current focus in wound healing and biomedical devices [46-53, 93]. The
antimicrobial wound dressing can be intrinsic, with the dressing material itself, or can be engineered with antimicrobial
molecules by adding an antibiotic agent to a polymer backbone or in the form of nanoparticles or chemicals linked to a
polymer surface [46-53].

In general, there are different types of wounds such as acute wounds, closed wounds, open wounds, incised wounds,
tear or laceration wounds, puncture wounds, abrasive or superficial wounds, penetration wounds, gunshot wounds and
chronic wounds [46-53, 93]. Open wounds are usually accompanied by bleeding and are associated with rupturing
layers of the skin [46-53, 93]. Closed wounds resulted from bruising or dead blood and crashes [46-53, 93]. The wound
healing and repair bring an immense burden economically and socially to the patient [46-53]. The wound healing
process is associated with cell migration and proliferation, extracellular matrix remodeling, angiogenesis and re-
epithelialization. In normal conditions, a wound will lead to healing, resulting in reparation of the tissue [46-53, 93].
Several risk factors, chronic inflammation, and some diseases lead to a deficient wound closure, producing a scar that
can finish with a pathological fibrosis [46-53]. Mesenchymal stem/stromal cells (MSCs) are widely used for their
regenerative capacity and their possible therapeutically potential [46-53, 93].

Chronic wounds are particularly challenging to treat as they remain susceptible to pathogenic microbes, including
antimicrobial-resistant strains, resulting in localized and potentially fatal systemic infections [54-90, 93]. The rise in
antimicrobial resistance exacerbates these challenges, leading to treatment failures, prolonged morbidity, and
increased healthcare expenditures [54-90]. Despite this pressing need, the development of new antimicrobials remains
slow [54-90, 93]. Current treatments for chronic wounds include conventional antibiotic therapy, wound dressings,
hyperbaric oxygen therapy, and negative-pressure wound therapy, alongside advanced methods such as skin grafting,
growth factor supplementation, collagen sponges, and tissue-engineered products [54-93]. These methods are often
labour-intensive, technologically sophisticated, and less accessible in resource-poor settings [54-90]. Topical agents
with antibacterial properties offer advantages in wound management, facilitating rapid healing without systemic effects
and ensuring better compliance [54-90, 93, 94].

2. Cannabis sativa: Phytochemistry and Pharmacology

Cannabis sativa L., belongs to Cannabaceae family is one of the oldest medicinal plant was found as wild noxious weed
particularly in Indian Himalayan Region, Asian countries, China, Pakistan, Nepal, Bhutan, Afghanistan, Morocco, Iran
and African countries [1-44, 92, 93]. Cannabis sativa has been used for thousands of years for recreational, medicinal,
or religious purposes. Cannabis sativa is also a wild noxious weed with notorious psychoactive principle (THC) found
growing in all the parts of India. Cannabis sativa L. with a diverse mixture of chemical constituents, creating a complex
matrix [1-44]. Terpenes, phenols, fatty acids, amino acids, flavonoids, sugars, phenolic compounds, hydrocarbons, and
phycannabinoids are only a few of the estimated 500 distinct ingredients [1-44, 92, 93, 94]. Cannabis sativa is known
for the accumulation of secondary metabolites, the phytocannabinoids as a part of its own defensive mechanism [1-44,
92-94]. Cannabis sativa is a psychoactive plant that contains more than 500 different chemical compounds, of which
phytocannabinoids are the main constituents [1-44]. These molecules are produced through the secondary metabolism,
and their concentration varies between the different subspecies, age, harvesting time, and growing conditions [1-44,
92,93, 94, 95]. Cannabis sativa has gained a lot of popularity in the last few decades for not only being an illicit drug but
for its medicinal values from ancient times and a potential source for modern drugs to treat several targets for human
wellness [1-44]. The pharmacologic and therapeutic properties of preparations of Cannabis sativa and A-9-THC (A9-
tetrahydrocannabinol) its most psychoactive compound, have been extensively reviewed [1-39]. There is still a huge
prejudice in society in relation to Medical Cannabis sativa L.(drug type or marijuana) due to its recreational use [1-44,
92,93].

Female Cannabis flowers have densely packed glandular structures called trichomes that store the phytocannabinoids,
tetrahydrocannabinolic acid (THCA) and Cannabidiolic acid (CBDA) which must be decarboxylated by heat to produce
A9-tetrahydrocannabinol (THC: intoxicating) and Cannabidiol (CBD: non-intoxicating) [1-35]. The two cannabinoids
the most well known for their therapeutic properties are, A9-tetrahydrocannabinol (THC) and Cannabidiol (CBD) [1-
44,92,93]. THC and CBD are the neutral homologs of tetrahydrocannabinolic acid (THCA) and Cannabidiol acid (CBDA)
respectively [1-35]. A conventional classification model of Cannabinoids is due to their chemical contents dividing them
to eleven subclasses including Cannabigerol (CBG), A9-tetrahydrocannabinol (A9-THC), Cannabidiol (CBD),
Cannabichromene (CBC), Cannabinol (CBN), (-)-A8-transtetrahydrocannabinol (A8-THC), Cannabicyclol (CBL),
Cannabinodiol (CBND), Cannabielsoin (CBE), Cannabitriol (CBT) and miscellaneous [1-44, 92, 93, 94, 95].
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Cannabis spp. are native to the Indian sub-continent and required warm temperatures and high light intensity to achieve
good yields [1-44, 92, 93]. Humans have a long history with Cannabis sativa, with evidence of cultivation dating back as
far as 10,000 years [1-44]. The World Health Organization (WHO) reported that Cannabis sativa is the most widely
cultivated, trafficked and abused illicit drug, and it constitutes over half of worldwide drug seizures [1-44, 92, 93].
Medical research on Cannabis sativa has primarily focused on isolated THC (A9-Tetrahydrocannabinol), and CBD
(Cannabidiol) but there are hundreds of other chemical constituents in cannabis, including cannabinoids and terpenes
[1-44, 92, 93]. Cannabis sativa existed prior to the development of agriculture, which began about 13 000 years ago [1-
44, 92, 93]. Therefore, it is assumed to have been one of the most critical crops for the development of civilization [1-
44]. Humans across different eras have utilized it for a variety of applications, such as nutrition, recreation, generation
of seed oil and fibre for industrial purposes, religious and spiritual practices and medicine [160]. Therefore, Cannabis
sativa is one of the oldest medicinal plant on earth [1-44, 92, 93, 94]

Cannabis sativa has a long history in India, recorded in legends and religion [1-44]. According to Ayuverda in India, the
medicinal value of the Cannabis sativa plants was well documented as Vijaya and often known as Desi Vijaya [1-44, 92,
93]. The meaning of Vijaya is nothing but a Victory [1-44]. This was the first Indian written evidence to support the
medicinal value of Cannabis plants which was well documented in Ayuverda in India [1-44]. The earliest written
reference to cannabis in India may occur in the Atharvaveda, dating to about 2500 BCE [1-44]. Initial uses of cannabis
date back to almost 5000 years in India which was well documented in Ayurveda now cultivated for both medicinal and
recreational applications [1-44, 92, 93-95]. It is found in various habitats ranging from sea level to the temperate and
alpine foothills of the Indian Himalaya Region from where it was probably spread over the last 10,000 years [1-44].
Therefore, medicinal uses of Cannabis might have started from Indian Himalayan civilization and moved to another
civilization through consecutive millennia [1-44]. Many of the historians believed that Indian Himalayan Region was the
centre of origin of Cannabis sativa and Cannabis indica [1-44, 92, 93, 94,95].

Cannabis sativa is also known as the Pot gold of Indian Himalayan Region (1-44). Many 19th-century practitioners
described medicinal properties to Cannabis sativa after the drug found its way to Europe during a period of colonial
expansion into Africa and Asia [1-44]. For example, William B. 0’Shaughnessy, an Irish physician working at the Medical
College and Hospital in Calcutta, West Bengal, India first introduced Cannabis sativa (Indian hemp) to Western medicine
as a treatment for tetanus and other convulsive diseases [1-44]. Tribal people in the Himalayan region used cannabis as
ahomemade herbal medicine for many diseases. During, Covid-19, the infusion of Cannabis sativa flower with a morning
cup of tea has saved the life of many people [1-44]. Cannabis sativa oil was used as dengue mosquito repellent for
controlling dengue viral fever, bacterial infections and fungal diseases [1-44, 92, 93].

Introduced into Western medicine by William O’Shaughnessy in 1838 to treat a variety of conditions, including
rheumatic pain and epilepsy, the use of cannabinoids (CBs) in clinical practice entered a period of latency and oblivion
due to political barriers and problems in establishing quality control [1-44]. Cannabis was (re) introduced into British
medical practice in the early 1840’s by Irish physician Dr. William O’Shaughnessy, an army surgeon serving in Calcutta,
India [1- 44]. In the Victorian period, cannabis was widely used for a variety of ailments, including muscle spasms,
menstrual cramps, rheumatism, the convulsions of tetanus, rabies, and epilepsy, and as a sedative [1-35]. Cannabis
sativa extracts were typically administered orally in the form of an alcoholic tincture and were commonly incorporated
in proprietary medicines [1-44]. With the introduction of synthetic drugs, herbal remedies were increasingly viewed as
unpredictable and many of them, including cannabis extracts and tinctures, were removed from the British
Pharmacopoeia of 1932 but retained in the British Pharmaceutical Codex of 1949[1-44, 92, 93].

Cannabis sativa L., is classified into two types as 1) Industrial Cannabis sativa, hemp or fiber type, and 2) Medical
Cannabis sativa L. (drug type or marijuana) based on its A9-tetrahydrocannabinol (THC) content [1-44]. Medical
Cannabis sativa (drug type or marijuana) contains very high levels of THC (above 0.3 to 38% of dry weight) and grown
inside the greenhouse-controlled conditions for the production of unfertilized female flowers containing very higher
levels of THC [1-44, 92, 93]. As of March, 2025, sales and cultivation of Medical Cannabis sativa L.(drug type or
marijuana) are illegal in India and considered as the narcotic substance. The import and export of Medical Cannabis
sativa L. (drug type or marijuana, Charas, Ganja, Bhang) into India was entirely prohibited by the Government of India
nearly two decades ago. The consumption of Cannabis sativa resin (Charas) is prohibited and banned everywhere in
India [1-44, 92, 93].

Industrial Cannabis sativa L. (Hemp or fiber type) and Medical Cannabis sativa (drug type or marijuana) share the same
species, Cannabis sativa L, but represent different varieties [1-35]. As such, there are genetic differences that lead to
different chemical characteristics, which, in turn, lead to different uses [1-44]. Industrial hemp or fibre Cannabis sativa
is grown outside in a large agriculture land for the stalk and seeds, and maximizing yields results. in tall plants with few
leaves [1-44]. On the other hand, Medical Cannabis sativa (Marijuana or drug type), is grown under controlled conditions
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in a green house conditions for its leaves and female unfertilized flower known for the parts of the plant with the largest
concentrations of THC [1-44]. As a result, Medical Cannabis sativa (drug type or marijuana) grown for its psychoactive
properties (THC) is generally managed to control height and increase bushiness: that is, encouraging many leaves and
branches, thus leading to more flowers and buds [1-44]. Cannabis sativa varieties also vary by planting density: Medical
Cannabis sativa (drug type or marijuana) plants are spaced to allow bushiness while Industrial Cannabis sativa L. (Hemp
or fiber type) plants are planted much closer together to discourage branching and flowering [1-44]. Harvest timing and
strategies also vary by variety, again allowing for detection of intended use [1-44, 92, 93].

A9-tetrahydrocannabinol (THC) is the narcotic chemical most responsible for the psychoactive properties in Medical
Cannabis sativa L.(drug type or marijuana). Industrial hemp has traditionally been defined as having less than 0.3
percent THC, although in some U.S. states it is now defined as having no more than 0.5 % percent THC [1-44]. They have
also established a maximum standard of 10 parts per million (ppm) for THC residue in hemp products, including grain,
flour, and oil (Agriculture and Agri-Food Canada 2013) [1-44]. However, due to the presence of psychoactive molecules,
A9-tetrahydrocannabinol (A9-THC) and A8-tetrahydrocannabinol (A8-THC), cannabis cultivation and its use is
restricted/regulated in many countries [1-44]. The official discovery of A9-tetrahydrocannabinol (THC) is commonly
attributed to Dr. Raphael Mechoulam affectionately referred to as the Godfather of Cannabis Science [1-44]. A9-
tetrahydrocannabinol (THC) was discovered in 1964 by Dr. Raphael Mechoulam and his colleagues at Israel's Weizmann
Institute of Science [1-44]. The credit of the discovery of Cannabidiol (CBD) in 1963 and A9-tetrahydrocannabinol (THC)
in 1964 isolated from Cannabis sativa attributed to Dr. Raphael Mechoulam and his team [1-44].

Today Cannabis sativa continues to be the most used drug in the world[1-44]. Research showed that cannabis use is
associated with a wide range of adverse health consequences that may involve almost every physiological and
biochemical system including respiratory/pulmonary complications such as chronic cough and emphysema,
impairment of immune function, and increased risk of acquiring or transmitting viral infections such as HIV, HCV, and
others [1-44, 92, 93]. Both Medical Cannabis sativa (Marijuana or drug type) and Industrial Cannabis sativa (hemp or
fiber type) is used for controlling numerous diseases, such as chronic pain, asthma, rheumatoid arthritis (RA), wound
healing, constipation, multiple sclerosis (MS), cancer, inflammation, glaucome, neurodegenerative disorders (Epilepsy-
seizure disorder, Alzheimer’s disease, Parkinson’s disease, dengue viral disease, Huntington’s disease, Tourette’s
syndrome, Dystonia, Lennox-Gastaut Syndrome (LGS) and Dravet Syndrome (DS), Obesity, weight loss, anorexia, and
emesis, osteoporosis, schizophrenia, cardiovascular disorders, sleep disorders, Traumitic brain injury (TBI), Post
traumetic stress injury, drug addiction (Marijuana), AIDS Wasting syndrome, Amyotrophic lateral sclerosis (ALS),
depression and anxiety, diabetes, migraine (headache disorder), Covid-19 (SARS-CoV-2), Leishmaniasis (Kala-Azar),
dengue fever, monkeypox, Nipah virus, Lumpy skin vital disease of cattle, and metabolic syndrome related disorders,
are being treated or have the potential to be treated by cannabinoid agonists/ antagonists/cannabinoid-related
compounds [1-44, 92, 93,94, 95].

3. Wound Healing: Role of Cannabis sativa

Wound healing is a complex biological process involving four sequential and overlapping phases, haemostasis,
inflammation, proliferation, and remodelling, which are mediated by various cellular and molecular events to restore
tissue integrity [45-60]. Oxidative stress (OS) plays a crucial role in regulating wound healing. Research over the past
decade shows that OS can have both positive and negative effects on wound healing, depending on its context [45-90].
In mammals, OS arises from either an overproduction of ROS or a reduction in antioxidant defense mechanisms [45-
90-93]. Excessive and uncontrolled oxidative stress is a key factor in both sustaining and disrupting inflammatory
processes, which are critical in the development of chronic non healing wounds [45-90-93]. The excessive formation
and accumulation of ROS beyond the cellular capacity to neutralize them can impede the transition of injured tissue
from the inflammatory phase to the proliferative phase of wound healing [45-90]. As a result, prolonged inflammation
in the wound area disrupts the healing process of skin [45-90]. Maintaining a balance in the redox (reduction-
oxidation) within cells can help prevent abnormal cell growth and immune dysregulation [45-90]. Scientific studies
have demonstrated that antioxidants can speed up wound recovery, particularly in cases of chronic wounds [45-90-
93].

As the largest organ in the human body, skin is the essential barrier for protecting the body against germs, various
injuries, hazardous substances, and external damaging factors [45-90]. Beyond this, skin plays crucial roles in vitamin
D production, body moisture and temperature regulation, and sensation, making skin damage and loss a critical health
issue [45-90]. Skin wounds are injuries to the skin resulting from disease, infection, mechanical, chemical, or thermal
damage and can be acute or chronic [45-90]. Wound management is a complex process that varies based on the wound
type, size and location, and patient characteristics, but in most cases, it involves the application of dressings that
modulate the wound environment, with or without surgical intervention [45-90]. Wound dressings range widely in
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their structure, composition, and mechanism of action and can serve a range of functions, including protection of the
wound site from further injury and pathogens, creating a moist wound environment to facilitate cell proliferation, and
actively promoting wound healing via a range of mechanisms [45-90]. They can be broadly classified into 1) passive
dressings, such as gauze and bandages that stop bleeding, absorb wound exudate, and protect the wound from the
external environment; 2) bioactive dressings including hydrogels and films that can be loaded with a range of bioactive
agents such as antibiotics and growth factors; and 3) interactive dressings such as foams, sponges, and membranes that
actas a barrier against microbes, provide a moist wound environment, and enhance granulation and re-epithelialization
[45-90]. The global prevalence of chronic wounds from 2000 to 2018 was approximately 2.21 per 1000 population.
Managing wounds imposes significant financial burdens on health systems worldwide, consuming 2-4% of national
health expenditures and costing about USD 30,000 per episode in 2015 [45-90]. However, the clinical and financial
burden of chronic wounds including high disability-adjusted life years, reduced quality of life, and in severe cases,
amputation and death remains vastly underestimated [45-90]. Wound dressings with natural antimicrobial,
moisturizing and swelling properties have received increasing attention. However, many natural materials used as
wound dressings require chemical cross-linking agents or acidic and alkaline environments and have problems such as
poor stability and uneven distribution [45-91].

A chronic wound is a serious complication associated with diabetes mellitus and is difficult to heal due to high glucose
levels, oxidative stress, and biofilm-associated microbial infection [45-91]. The structural complexity of microbial
biofilm makes it impossible for antibiotics to penetrate the matrix, hence conventional antibiotic therapies became
ineffective in clinical settings [45-91]. This demonstrates an urgent need to find safer alternatives to reduce the
prevalence of chronic wound infection associated with microbial biofilm [45-91]. A novel approach to address these
concerns is to inhibit biofilm formation using biological-macromolecule based nano-delivery system. Higher drug
loading efficiency, sustained drug release, enhanced drug stability, and improved bioavailability are advantages of
employing nano-drug delivery systems to prevent microbial colonization and biofilm formation in chronic wounds [45-
91].

Making use of wound dressings to protect the injured skin can prevent further infection, reduce pain and promote
wound healing [45-91]. An ideal wound dressing needs to possess several characteristics, including excellent
biocompatible and nontoxic, sufficient antibacterial activity to prevent wound infection good moisturizing properties
to promote cell and tissue regeneration, appropriate mechanical strength to ensure its integrity, and good swelling to
absorb tissue infiltration fluid [45-91]. Aerogels have a highly porous mesh, pores of controllable size, adjustable
surface characteristics, and they have capability to absorb blood exudate as wound dressings [45-91]. In addition,
aerogels can quickly capture bacteria and effectively treat bacterial wound infection Therefore aerogels have shown
prospects in the field of wound dressings [45-91]. In the last decades, natural polysaccharides such as collagen, chitin,
chitosan, and cellulose have been considered as high-quality candidates for wound dressings [45-91]. Collagen chitosan,
and alginate are very absorbent and can absorb wound exudate to provide a moist healing environment [45-91].
However, they need to be modified with chemical cross-linkers or non-degradable polymeric materials to increase its
mechanical strength, which may affect its biological properties. In comparison to these, cellulose have promising
application as wound dressings due to their physical and chemical properties [45-91]. Currently, many studies focus
on applying cellulose (in the dressing, and carboxymethylcellulose wound dressings can absorb wound exudate,
however, the methods of carboxymethylation and cross-linking cannot completely improve the capacity of the
absorption [45-91].

On the basis of literature survey, research suggested that cannabidiol (CBD) and cannabis-based therapies may protect
against oxidative stress, potentially reducing inflammation and cell damage in the chronic wound microenvironment
and the surrounding tissues [54-92]. Cannabidiol is the non-psychoactive compound found in the Cannabis sativa (L.)
plant, known for its significant anti-inflammatory properties and its ability to promote wound healing [54-92]. Cannabis
oil is rich in carotenoids, including flavonoids, terpenes, chlorophylls, and phytosterols, and is a source of B-carotene,
lutein, and zeaxanthin [54-93]. These carotenoids have antioxidant properties that scavenge free radicals and protect
against UV light [54-92]. They also enhance skin moisturization, aid in wound healing, and stimulate the synthesis of
collagen and elastin by activating fibroblasts [54-90]. f-carotene can inhibit the activation of pro-inflammatory
cytokines caused by ultraviolet B (UV-B) light, demonstrating anti-inflammatory properties [54-90]. Chlorophyll, a
naturally occurring compound in cannabis oil, stimulates tissue development and has antimicrobial qualities, making it
effective in treating wounds and skin conditions such as acne, eczema, and ulcers [54-92]. Chlorophyll is also
responsible for the green color of hemp seed oil [54-92]. The presence of flavonoids, terpenes, carotenoids,
chlorophylls, and phytosterols in cannabis seed oil contributes to its anti-inflammatory and anti-aging effects [54-90].
The oil has a high absorption rate and does not clog pores, making it valuable for skin-soothing formulations including
sunscreen, creams, and lotions [54-90]. Topical lotions and ointments based on cannabis oil show promise in anti-aging
skincare [54-90]. Early findings suggest that bioactive compounds e.g., asiatic acid, quercetin, curcumin, myricetin,
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calophyllolide, lupeol, catechin, gallic acid, resveratrol, and naringenin may offer significant benefits by enhancing
various aspects of the wound-healing process [54-90-94].

On the basis of literature survey [54-92], cannabis oil stands out in the realm of wound care due to its unique
combination of antimicrobial, anti-inflammatory, and antioxidant properties [54-90]. The traditional antiseptics and
disinfectants, while effective at eliminating pathogens, can sometimes cause tissue irritation and do not address the
oxidative stress caused by ROS [54-92]. In contrast, cannabis oil provides a gentler antimicrobial effect without the
harsh side effects, while also mitigating the oxidative damage caused by ROS through its antioxidant properties [54-
90]. Various antibiotics are crucial for treating bacterial infections in wounds but carry the risk of resistance and allergic
reactions [54-90]. Cannabis oil, with its natural antimicrobial components like CBD and THC, offers an alternative that
reduces these risks while also delivering anti-inflammatory benefits [54-92]. Additionally, anti-inflammatory
medications, such as NSAIDs and corticosteroids, effectively reduce inflammation and pain but can have systemic side
effects with prolonged use [54-92]. Cannabis oil offers a holistic approach to managing inflammation, minimizing
systemic exposure, and promoting overall skin health and regeneration [54-90]. Wound dressings are essential for
maintaining a moist environment and protecting the wound; however, they can benefit from the addition of cannabis
oil, which can enhance their effectiveness by providing added anti-inflammatory and antimicrobial support [54-92].

Cannabis oil, especially its primary bioactive constituents, CBD and THC, demonstrates considerable potential in
facilitating skin wound healing by modifying oxidative stress via the regulation of reactive oxygen species [54-90].
CBD’s therapeutic effects in wound healing are largely attributed to its antioxidant, anti-inflammatory, and
antimicrobial properties [54-90]. Increased ROS levels can hinder wound healing by exacerbating inflammation and
cellular damage; however, CBD’s antioxidant properties mitigate these effects, fostering a more conducive environment
for tissue regeneration [54-90]. Additionally, the antibacterial and analgesic properties of cannabis contribute to
reducing the microbial load and minimizing the complications associated with chronic wounds, thereby enhancing the
overall healing efficacy [54-90]. Integrating cannabis oil into drug delivery systems for wound management represents
a promising strategy for treating both acute and chronic wounds [54-92]. However, further clinical research is needed
to fully understand the mechanisms involved and to optimize the therapeutic applications of cannabis oil in wound care
[54-90-92].

Cannabinoids possess various therapeutic properties, including appetite stimulation, antioxidant, analgesic, angiogenic,
anti-inflammatory, and skin moisturizing effects, all beneficial for wound healing [54-90]. Additionally, cannabinoids
regulate the reactive oxygen species production during wound healing, with tetrahydrocannabinol (THC) and
cannabidiol (CBD) exhibiting antioxidant activity comparable to that of vitamins C and E [54-90]. Cannabinoids
promote chronic wound healing by regulating keratinocyte proliferation and differentiation at the wound edge,
modulating matrix metalloproteinases (MMPs), reducing pro-inflammatory cytokines, shifting macrophage responses
from a pro-inflammatory M1 to an anti-inflammatory M2 profile, and reducing nitric oxide signalling at the wound bed
[54-90]. Activation of CB2R decreases the expression of collagen I and III, MMP-1, and MMP-3, while increasing the
expression of the tissue inhibitor of metalloprotease-1 (TIMP-1), MMP-2, and MMP-9 [54-90]. CB1R and CB2R agonists
also inhibit the release of sulfated glycosaminoglycans [54-90]. In acute wound healing, CB2R modulation accelerates
wound closure and regulates fibrogenesis, potentially minimizing scarring [54-90-92].

Cannabis and its various derivatives are commonly used for both recreational and medicinal purposes [1-54-90-94].
Cannabinoids have been shown to have anti - inflammatory properties [1-54-90]. Inflammation is an important
component of wound healing and the effect of cannabinoids on wound healing has become a recent topic of
investigation. Cannabinoids appear to improve skin wound healing through a variety of mechanisms [1-54-90]. This
is supported through a variety of in vitro and animal studies. Animal studies suggest application of cannabinoids may
improve the healing of postsurgical and chronic wounds [1-54-90]. There are few human studies which evaluate the
effects of cannabinoids on wound healing and many of these are case series and observational studies [54-90].

They do suggest cannabinoids may have some benefit. However, definitive conclusions cannot be drawn from them [54-
90]. While the systemic effects of cannabis have been well studied, there is a dearth of literature addressing the effects
on the wound healing process [54-90]. Cannabis and its components have been shown to have anti - inflammatory
properties. As inflammation is an important component within the process of wound healing, the effect of cannabis and
its constituents on wound healing has become a topic of renewed investigation [54-90].

In vitro studies have offered a variety of targets in which cannabis containing compounds may influence wound healing
[54-90]. Overall, these studies suggest a positive effect on wound healing by cannabinoids [54-90]. One study even
utilized human skin samples and noted hypertrophic scars had lower levels of anandamide when compared to those
with normal scars [54-90]. Perhaps the most compelling of target based on these studies is CB2 and its modulation of
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the acute phase inflammatory response [54-90]. Although the available human studies addressing cannabinoids and
skin wound healing have promising results, the relative paucity of more robust study methods (e.g., randomized control
trials, prospective case - control studies, etc.) limits their applicability [54-90].

However, topical medications have a risk of acute skin reactions such as contact dermatitis or urticaria and this would
also be a concern for topical cannabinoids [54-90]. Interestingly, the endocannabinoid system may attenuate contact
dermatitis and play a protective in these reactions [54-90]. A recent study evaluated the dermatological side effects of
topical cannabinoids, including CBD and hemp seed oil [54-90]. Overall, they found no significant reactions via patch
testing and only saw a mild phototoxicity at 48 h when treated with hemp seed oil [54-90]. The findings suggest that
these products appear to be safe [54-90]. However, given the various formulations that are in the market and the
difficulty in regulating topical cannabinoids, these results are likely not generalizable to all cannabinoid products [54-
90]. Further research is needed to understand the full spectrum of side effects of topical cannabinoids [54-90]. Topical
and local application can be performed by several methods including oils, ointment, paste, local injection after wound
closure, or impregnation into dressings [54-90]. Additionally, some formulations may allow for sustained drug delivery.
For example, Zhao et al. developed a hydrogel which required only one application [54-90]. If further human studies
do show improved wound healing after cannabinoid application, optimizing drug delivery methods will be critical to
improved outcomes [54-90].

Morguette et al.,, (2023) [91] reported that wounds of an acute or chronic etiology affect millions of people worldwide,
with increasing prevalence every year [91]. Microbial infections are one of the main causes that impair the wound
healing process, and Staphylococcus aureus, a commensal member of the skin microbiota, is one of the main causative
agents of wound infections [91]. Crucially, a high proportion of these infections are caused by methicillin-resistant
Staphylococcus aureus, which, in addition to (-lactams, has acquired resistance to almost all the antibacterial agents
used to treat it, limiting therapeutic options [91]. Studies on the antimicrobial and healing activities of extracts, essential
oils, or metabolites obtained from native plants have been reported in many countries that have a diverse flora and
traditions with the use of medicinal plants for the treatment of wound infections [91]. Due to their great chemical
diversity, plants have proven to be promising sources of bioactive molecules for the discovery and development of new
drugs or strategies for the treatment of wounds [91].

Cannabinoids appear to improve cutaneous wound healing through a variety of mechanisms, most notably through the
CB2 receptor [54-90]. Additional, more robust, in vivo and human studies are needed to better define these mechanisms
as well as examine cannabinoid's role in human cutaneous wound healing [54-90]. Finally, while the risks of systemic
cannabinoids are well described, the risks of topical cannabinoids are not well known [54-90]. Although their side
effects do appear to be relatively mild, further studies are needed to understand the adverse effects of topical
cannabinoids [54-90].

Cannabis Sativa L. (Cannabaceae) exerts biological effects through its bioactive compounds. Cannabis Sativa L. essential
oil (CSEO) is known to have antibacterial properties that can accelerate wound healing [54-90]. One of the study by
Sanae El Ghacham et al., (2023) [85] aimed to evaluate the wound healing efficacy of freshly extracted essential oils
from Cannabis Sativa L. hydro-distillated from the leaves of the plant [85]. CSEO was analyzed by gas chromatography-
mass spectrometry [85]. CSEO demonstrated anti-inflammatory activity by reducing neutrophil levels in blood and skin
tissue [85]. CSEO acts by accelerating re-epithelialization and granulation tissue formation [85]. Furthermore, CSEO
restored incision-induced neurobehavioral changes by reducing cortisol levels [85]. Increased cortisol levels are
associated with inhibition of the healing process, anxiolytic effects, and increased vertical loco motor activity in treated
animals [85]. The effect of CSEO in the healing process makes it worthy of recommendation as a therapeutic agent for
the treatment of skin wounds [85].

According to the literature survey [54-91], the evidence on the wound healing and antibacterial properties of medicinal
cannabis (MC) in treating integument wounds and infections, whether used alone or in combination with other agents
has been reported [54-91]. The findings demonstrated that MC possesses significant antibacterial properties and
promotes wound healing, showing promising results in both animal models and human studies [54-91]. Hemp fruit oil
extract, CBD, and GP1a resulted in complete healing in acute wounds in 23 (5-84) days with a 66-86% healing rate in
10 days in animal models. CBD and tetrahydrocannabidiol irradicated Staphylococcus aureus and MRSA in skin
infections of animal models [54-91]. MC oils quantified for THC and CBD content, CBD-rich oil, and gels with THC, CBD,
and terpenes promoted healing of chronic, non-healing wounds in humans with complete wound closure in 54 (21-
150) days [54-91]. In human subjects, the use of cannabinoids led to reduced blistering, shortened healing times, and
alleviated symptoms, thus improving quality of life through topical, oral, and sublingual routes [54-91]. The observed
side effects were minimal, with increased appetite from sublingual oil in humans and increases in white blood cell count
by CBD in animals being the most common [54-91]. However, the absence of controlled clinical trials and the
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inconsistent reporting of outcomes across studies significantly limit our ability to draw definitive conclusions regarding
the specific effects of cannabinoids on different wound healing phases. Therefore, further robust, controlled studies are
necessary to fully understand the therapeutic potential of cannabinoids in treating superficial bacterial skin and skin
structure infections as well as dermal wounds [54-91].

Hemp-based materials are regarded as important components of wound dressings [54-91]. Hemp is considered a
botanical class of “Cannabis sativa”, and it has been used in various applications, including paper, textiles, biodegradable
plastic, and animal feed, as well as for medicinal use [54-91-95]. Cellulose has many outstanding properties, including
a very large surface area-to-volume ratio, good mechanical properties, and a very low coefficient of thermal expansion
[54-91]. In order to employ cellulose derived from hemp with higher efficiency, cellulose-based composite materials
were developed. Hydrogel composite prepared from bio-based materials is therefore considered as a promising route.
Besides their eco-friendly nature, their ease of degradation as well as their non-toxicity are interesting attributes [54-
91]. Besides their eco-friendly nature, their ease of degradation as well as their non-toxicity are interesting attributes
[54-91]. Hydrogel is considered as one of the most effective materials for medical uses. Hydrogel is typically defined as
a three-dimensional polymeric network containing chemically or physically crosslinked hydrophilic polymer chains
[54-91]. It can also retain a large amount of water [54-91]. Due to the presence of hydrophilic groups, it can be
employed to absorb wound exudates and allow oxygen transportation in order to accelerate the wound healing process
[54-91]. Moreover, it can be designed based on a biocompatible concept in order to prevent bacterial infection and
maintain moisture content, as well as support the adhesion to tissue [54-91]. Currently, the use of hydrogel provides
various advantages for medical research, including the encouragement of an appropriate microenvironment for cell
growth and the recruitment of fibroblasts, as well as the proliferation process [54-91]. The hydrogels were evaluated
for their skin wound healing efficacy and parameters such as antimicrobial properties, adhesion, and hemostasis, as
well as anti-inflammatory properties, were investigated [54-91].

In one of the study reported by Promdontree et al.,, (2023) [86] cellulose nanocrystals (CNCs) were successfully
extracted and purified from hemp using an alkaline treatment and bleaching process and subsequently used in
conjunction with polyvinyl alcohol to form a composite hydrogel [86]. Cellulose nanocrystals (1-10% (w/v)) were
integrated into polyvinyl alcohol, and sodium tetraborate (borax) was employed as a crosslinking agent [86]. Due to
the small number of cellulose nanocrystals, no significant peak change was observed in the FT-IR spectra compared to
pristine polyvinyl alcohol [86]. The porosity was created upon the removal of the water molecules, and the material was
thermally stable up to 200° C [86]. With the presence of cellulose nanocrystals, the melting temperature was slightly
shifted to a higher temperature, while the glass transition temperature remained practically unchanged. The swelling
behavior was examined for 180 min in deionized water and PBS solution (pH 7.4) at 37 °C [86]. The degree of swelling
of the composite with cellulose nanocrystals was found to be higher than that of pristine PVA hydrogel [86]. The cell
viability (%) of the prepared hydrogel with different proportions of cellulose nanocrystals was higher than that of
pristine PVA hydrogel [86]. Based on the results, the prepared composite hydrogels from cellulose nanocrystals
extracted from hemp and polyvinyl alcohol were revealed to be an excellent candidate for scaffold material for medical
usage [86]. Furthermore, the cellulose nanocrystals slightly enhanced the thermal stability of the composite hydrogel
[86].

In one of the study reported by Chelminiak-Dudkiewicz et al., (2022) [89] a novel chitosan-based biomaterials
containing cannabis oil to potentially promote wound healing [89]. The primary active substance in cannabis oil is the
non-psychoactive cannabidiol, which has many beneficial properties [89]. In this study, three chitosan based films
containing different concentrations of cannabis oil were prepared [89]. As the amount of oil increased, the obtained
biomaterials became rougher as tested by atomic force microscopy [89]. Such rough surfaces promote protein
adsorption, confirmed by experiments assessing the interaction between human albumin with the obtained materials
[89]. Increased oil concentration also improved the films’ mechanical parameters, swelling capacity, and hydrophilic
properties, which were checked by the wetting angle measurement [89]. On the other hand, higher oil content resulted
in decreased water vapour permeability, which is essential in wound dressing [89]. Furthermore, the prepared films
were subjected to an acute toxicity test using a Microtox. Significantly, the film’s increased cannabis oil content
enhanced the antimicrobial effect against A. fischeri for films in direct contact with bacteria [89]. More importantly, cell
culture studies revealed that the obtained materials are biocompatible and, therefore, they might be potential
candidates for application in wound dressing materials [89].

Cannabidiol (CBD) can come in various formulations (capsules, chewing gums, sprays). However, the most interesting
product seems to be cannabis oil, which contains CBD mixed with a base (carrier) oil such as coconut oil or cannabis
seed oil [54-91]. CBD oil also contains a wide variety of fatty acids, proteins, amino acids, vitamins A, C, and E, §3-
carotene, and minerals, specifically phosphorus, potassium, magnesium, sulfur, and calcium [54-91]. Owing to these,
CBD oil can be used as a remedy for skin lesions. Moreover, unsaturated fatty acids accelerate wound healing processes
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and reduce inflammation. Cannabis oil is also readily available, which is an additional advantage [54-91]. In this study,
reported by Chelminiak-Dudkiewicz et al., (2022) [89], novel chitosan-based biomaterials containing cannabidiol were
obtained, with cannabis oil being used as a source of cannabidiol [89]. A complete characterization of the prepared films,
including surface morphology, chemical structure, thermal stability, mechanical properties, and CBD release, was
carried out [89]. The extent of protein adsorption (human serum albumin) on the surface of the obtained biomaterials
was evaluated. Furthermore, the preliminary acute toxicity of the prepared samples was studied using the Microtox
test. The results suggest that the cannabidiol-containing chitosan-based films (CBD-CS) possess the most prerequisites
for a good dressing for wound healing applications [89]. Moreover, cannabidiol is lipophilic and is easily absorbed into
all types of cutaneous wounds, and of equal importance is the fact that CBD can reduce the production of reactive oxygen
species, which is essential to promote wound healing. Some biopolymers such as chitosan, cellulose, collagen, alginate,
and keratin have been studied as dressing materials, e.g.,, films, foams, and hydrogels [89]. Many natural active
substances reveal antibacterial properties and might have potential use in treating wound infections. Recent studies
have reported using various natural agents for wound healing, such as honey, aloe vera, quercetin, thymol, and curcumin
has been reported [89].

According to the study reported by Chelminiak-Dudkiewicz et al.,, (2022) [89] developing novel biomaterials for wound
dressing applications using natural polymers and active substances with antimicrobial properties is beneficial for
wound treatment. Cannabis oil is rich in many active compounds, and its main component—cannabidiol, provides
antimicrobial, antioxidant, regenerative, and antithrombotic properties of beneficial properties for wound treatment
[89]. According to the study reported by Chelminiak-Dudkiewicz et al., (2022) [89] all chitosan-based film samples with
cannabis oil exhibited good mechanical and hydrophilic properties and a high swelling ratio [89]. Degradability tests
showed that the films lost their maximum weight within eight days. Moreover, increased concentration of cannabis oil
in the samples promoted adsorption of human albumin [89]. The obtained biomaterials showed good antimicrobial
activity against A. fischeri and a good drug release profile [89]. In addition, cell culture studies demonstrated that
designed CBD-CS biomaterials are biocompatible [89]. Therefore, chitosan-based films incorporating cannabis oil might
be an excellent candidate for wound treatment and dressing [89].

Very recently the findings of the study conducted by Niyangoda et al., (2024) [56] demonstrated that medical cannabis
(MC) possesses significant antibacterial properties and promoted wound healing, showing promising results in both
animal models and human studies [56]. Hemp fruit oil extract, CBD, and GP1a resulted in complete healing in acute
wounds in 23 (5-84) days with a 66-86% healing rate in 10 days in animal models. CBD and tetrahydrocannabidiol
irradicated Staphylococcus aureus and MRSA in skin infections of animal models [56]. MC oils quantified for THC and
CBD content, CBD-rich oil, and gels with THC, CBD, and terpenes promoted healing of chronic, non-healing wounds in
humans with complete wound closure in 54 (21-150) days [56]. In human subjects, the use of cannabinoids led to
reduced blistering, shortened healing times, and alleviated symptoms, thus improving quality of life through topical,
oral, and sublingual routes [56]. The observed side effects were minimal, with increased appetite from sublingual oil
in humans and increases in white blood cell count by CBD in animals being the most common [56]. However, the
absence of controlled clinical trials and the inconsistent reporting of outcomes across studies significantly limit our
ability to draw definitive conclusions regarding the specific effects of cannabinoids on different wound healing phases
[56]. Therefore, further robust, controlled studies are necessary to fully understand the therapeutic potential of
cannabinoids in treating superficial bacterial skin and skin structure infections as well as dermal wounds [56]. The
studies examined the effects of various cannabinoid formulations, including combinations with other plant extracts,
crude extracts, and purified and synthetic cannabis-based medications administered topically, intraperitoneally, orally,
or sublingually [56]. Four animal and three human studies reported complete wound closure. Hemp fruit oil extract,
cannabidiol (CBD), and GP1a resulted in complete wound closure in twenty-three (range: 5-84) days with a healing rate
of 66-86% within ten days in animal studies [56]. One human study documented a wound healing rate of 3.3 cm2 over
30 days, while three studies on chronic, non-healing wounds reported an average healing time of 54 (21-150) days for
17 patients by oral oils with A9- tetrahydrocannabinol (THC) and CBD and topical gels with THC, CBD, and terpenes.
CBD and A9-tetrahydrocannabidiol demonstrated significant potential in reducing bacterial loads in murine models
[56]. However, further high-quality research is imperative to fully elucidate the therapeutic potential of cannabinoids
in the treatment of bacterial skin infections and wounds [56]. Evidence suggests that cannabinoids modulate key
molecular pathways of wound healing through CB1R agonism, CB2R agonism/antagonism, or by acting on receptors
such as TRPA1, PPARy, and GPR55[56]. Cannabinoids promote chronic wound healing by regulating keratinocyte
proliferation and differentiation at the wound edge, modulating matrix metalloproteinases (MMPs), reducing pro-
inflammatory cytokines, shifting macrophage responses from a pro-inflammatory M1 to an anti-inflammatory M2
profile, and reducing nitric oxide signalling at the wound bed [56]. Cannabinoids possess various therapeutic
properties, including appetite stimulation, antioxidant, analgesic, angiogenic, anti-inflammatory, and skin moisturizing
effects, all beneficial for wound healing. Additionally, cannabinoids regulate the reactive oxygen species production
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during wound healing, with tetrahydrocannabinol (THC) and cannabidiol (CBD) exhibiting antioxidant activity
comparable to that of vitamins C and E [56].

One of the studies by Niyangoda -et al., (2024) [56] examined the effects of various cannabinoid formulations, including
combinations with other plant extracts, crude extracts, and purified and synthetic cannabis-based medications
administered topically, intraperitoneally, orally, or sublingually [56]. Four animal and three human studies reported
complete wound closure [56]. Hemp fruit oil extract, cannabidiol (CBD), and GP1a resulted in complete wound closure
in twenty-three (range: 5-84) days with a healing rate of 66-86% within ten days in animal studies [56]. One human
study documented a wound healing rate of 3.3 cm? over 30 days, while three studies on chronic, non-healing wounds
reported an average healing time of 54 (21-150) days for 17 patients by oral oils with tetrahydrocannabinol (THC) and
CBD and topical gels with THC, CBD, and terpenes [56]. CBD and tetrahydrocannabidiol demonstrated significant
potential in reducing bacterial loads in murine models [56]. However, further high-quality research is imperative to
fully elucidate the therapeutic potential of cannabinoids in the treatment of bacterial skin infections and wounds [54-
90]. Additionally, it is crucial to delineate the impact of medicinal cannabis on the various phases of wound healing. This
study was registered in PROSPERO (CRD42021255413) [56].

4., Conclusion

Wound healing is a complex biological process involving four sequential and overlapping phases, haemostasis,
inflammation, proliferation, and remodeling, which are mediated by various cellular and molecular events to restore
tissue integrity. On the basis of literature survey, Cannabis oil, recognized for its antioxidant properties, may help to
mitigate oxidative damage by scavenging ROS and upregulating antioxidative mechanisms, potentially enhancing
wound healing. Wound healing involves inflammation, angiogenesis, and the formation of granulation tissue. These
processes are closely linked to upregulations in OS and ROS levels. ROS are crucial in all the stages of wound healing.
Low levels of ROS are essential for combating invading microbes and activating cell survival signaling. Cannabis oil,
especially its primary bioactive constituents, CBD and THC, demonstrates considerable potential in facilitating skin
wound healing by modifying oxidative stress via the regulation of reactive oxygen species.

However, the clinical and financial burden of chronic wounds—including high disability-adjusted life years, reduced
quality of life, and in severe cases, amputation and death—remains vastly underestimated. Medical Cannabis (MC) has
a unique advantage in wound healing through its action on the endocannabinoid system (ECS), the body’s most
extensive neurotransmitter system. Some reviews have summarized molecular mechanisms of wound healing, ex vivo,
animal models, and human wound healing by cannabinoids with varying levels of detail. Others have elaborated on the
effects of CBD in wound healing. Some of the studies reported that Medical Cannabis (MC) has shown promise for
chronic, non-healing wounds resulting from various conditions in humans, the heterogeneity of wound types and
outcomes prevented a pooled analysis. However, the absence of controlled clinical trials and the inconsistent reporting
of outcomes across studies significantly limit ability to draw definitive conclusions regarding the specific effects of
cannabinoids on different wound healing phases.
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