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MEDICINAL PLANTS IN WOUND HEALING: A COMPREHENSIVE
REVIEW OF PHYTOCHEMICALS, MECHANISMS, AND THERAPEUTIC
POTENTIAL

Mukul Rakse, Prashant Pachori, Tejram Basor, Jasvan Meena
ABSTRACT

Wound healing is a complex and coordinated biological process involving hemostasis,
inflammation, proliferation, and tissue remodeling. Delayed or impaired healing remains a significant
challenge, particularly in chronic and infected wounds. Medicinal plants have attracted scientific
interest as potential sources of natural wound-healing agents because of their diverse pharmacological
activities and phytochemical composition. This review summarizes available scientific evidence on
medicinal plants used in wound management, with emphasis on bioactive constituents and mechanisms
of action. Flavonoids, tannins, alkaloids, terpenoids, saponins, and phenolic compounds have been
associated with antioxidant, antimicrobial, anti-inflammatory, and tissue-regenerative activities. These
constituents may support fibroblast proliferation, collagen synthesis, angiogenesis, re-epithelialization,
and wound contraction while reducing oxidative stress and excessive inflammation. Aloe vera,
Azadirachta indica, Curcuma longa, Centella asiatica, and Calendula officinalis have shown promising
wound-healing properties in experimental and some clinical studies. Plant-based formulations and
advanced wound-dressing systems are also being investigated. Further clinical studies, extract
standardization, dose optimization, quality control, and safety evaluation are required for wider clinical
use.
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1 INTRODUCTION

Wound healing is a complex and dynamic biological process through which damaged tissue
restores its structural integrity and protective function. Skin acts as the primary barrier between the
internal environment of the body and external surroundings; therefore, any disruption caused by trauma,
burns, surgery, infection, or other injuries can compromise this protective function. Successful wound
repair requires the coordinated interaction of inflammatory cells, keratinocytes, fibroblasts, endothelial
cells, extracellular matrix components, and numerous signaling molecules. The healing process is
generally described as four overlapping and interconnected phases: hemostasis, inflammation,
proliferation, and tissue remodeling'.

Immediately after tissue injury, hemostasis occurs to control bleeding and to establish a
temporary fibrin-rich matrix at the wound site. This is followed by the inflammatory phase, during
which immune cells migrate into the injured area and help remove microorganisms, damaged tissue,
and cellular debris?. The proliferative phase involves fibroblast activity, formation of granulation tissue,
angiogenesis, collagen deposition, and re-epithelialization.
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Finally, during the remodeling phase, the newly formed
extracellular matrix undergoes reorganization and maturation,
resulting in increased tensile strength of the repaired tissue.
Although these stages are commonly presented separately, they
overlap considerably and are regulated by complex cellular and
molecular interactions®.

Disruption of any stage of the normal healing cascade can
lead to delayed healing, excessive scarring, or chronic wounds.
Factors such as microbial infection, persistent inflammation,
oxidative stress, impaired angiogenesis, and inadequate collagen
formation may interfere with tissue repair. Chronic wounds
represent an important clinical challenge because they may remain
in an inflammatory state and fail to progress normally toward tissue
regeneration and remodeling. Consequently, the development of
effective, affordable, and safe approaches for wound management
remains an important area of biomedical and pharmaceutical
research®.

Medicinal plants have been used traditionally for the
treatment of wounds and other skin disorders for centuries. Their
continued use has attracted scientific interest because plants contain
a wide range of biologically active secondary metabolites that may
act on different stages of the healing process. Important
phytochemical groups associated with wound-healing activity
include flavonoids, phenolic compounds, tannins, alkaloids,
terpenoids, and saponins®. These constituents have been reported to
possess antioxidant, antimicrobial, anti-inflammatory, and tissue-
regenerative properties, which may collectively support wound
repair.

The potential wound-healing activity of medicinal plants
may involve several mechanisms. Plant-derived compounds can
help control contamination,
inflammatory responses,
stimulate fibroblast proliferation, enhance collagen synthesis, and
support angiogenesis and re-epithelialization®. Such multiple
biological activities are particularly relevant to wound repair
because successful healing depends on the timely coordination of

microbial reduce excessive

neutralize reactive oxygen species,

several physiological processes rather than on a single molecular
target.

Several medicinal plants, including Aloe vera, Centella
asiatica, Curcuma longa, Azadirachta indica, and Calendula
officinalis, have been investigated for their potential wound-healing
effects in experimental and clinical research. Studies have evaluated
different plant parts, extracts, isolated phytochemicals, and topical
formulations, with evidence suggesting that certain preparations can
influence wound contraction, collagen deposition, inflammatory
responses, microbial growth, and tissue regeneration’’. However,
the activity of a medicinal plant can vary considerably depending on

species, plant part, extraction method, phytochemical composition,
dosage, formulation, and method of application'?.

In recent years, research has increasingly focused on
combining traditional medicinal knowledge with modern
pharmacological and formulation approaches. Novel delivery
systems, including advanced topical formulations and
nanotechnology-based systems, are being investigated to improve
the stability, bioavailability, targeted delivery, and therapeutic
effectiveness of plant-derived compounds''"'2. Despite promising
experimental findings, differences in extract standardization,
dosage, study models, and clinical evidence remain important
3. Therefore, systematic evaluation of the available
evidence is necessary to better understand the therapeutic potential
and safety of medicinal plants in wound management'#16,

limitations'

The present review aims to summarize the available
scientific literature on medicinal plants used in wound healing, with
particular emphasis on their major phytochemical constituents,
pharmacological properties, mechanisms of action, and evidence
from experimental and clinical studies. The review also discusses
the potential advantages, limitations, and future prospects of plant-
based approaches for the development of effective wound-healing
therapies.

2. MATERIAL AND METHODS
2.1 Literature Search Strategy

A comprehensive literature search was conducted to
identify published scientific information concerning medicinal
plants and their potential role in wound healing. Relevant literature
was searched using electronic databases including PubMed, Scopus,
Web of Science, ScienceDirect, and Google Scholar. Additional
relevant articles were identified by screening the reference lists of
selected publications. Similar database-based approaches have been
used in previous reviews of medicinal plants and wound healing!”.

The search was performed using combinations of the
following keywords and related terms: “medicinal plants,” “wound
healing,” “wound repair,” “plant extracts,” “phytochemicals,”
“herbal medicine,” “skin regeneration,” ‘“antioxidant,” “anti-
inflammatory,” “antimicrobial,” “collagen synthesis,” and “tissue
regeneration.” Boolean operators such as AND and OR were used
to broaden or refine the search.

2.2 Selection of Literature

Articles were initially screened on the basis of their titles
and abstracts. Potentially relevant publications were then assessed
through full-text evaluation. Studies were selected when they
provided information regarding medicinal plants, plant-derived
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compounds, phytochemical constituents, mechanisms of wound
healing, or experimental and clinical evidence related to wound
repair's.

2.3 Inclusion Criteria

The following types of literature were considered:
Peer-reviewed research articles and review articles related to
medicinal plants and wound healing. In vitro, in vivo, and clinical
studies investigating wound-healing activity. Studies describing

phytochemical constituents associated with wound repair.
Publications  discussing  antioxidant, antimicrobial, anti-
inflammatory, collagen-promoting, angiogenic, or tissue-

regenerative effects. Articles available in English with sufficient
scientific information.

2.4 Exclusion Criteria

Articles were excluded when they were unrelated to
wound healing or medicinal plants, lacked sufficient scientific
information, were duplicate publications, or were non-scientific
sources. Publications for which the full text or relevant data could
not be evaluated were also excluded®.

2.5 Data Extraction and Analysis

Relevant information from the selected literature was
systematically extracted and organized according to plant species,
family, plant part used, major phytochemicals, type of extract or
preparation, experimental model, reported wound-healing activity,
proposed mechanism, and available clinical evidence. Particular
attention was given to the relationship between phytochemical
composition and biological activity. The collected evidence was
synthesized narratively to compare the wound-healing potential of
different medicinal plants and their major bioactive constituents®.

2.6 Evidence summary

The findings from the reviewed literature indicate that
medicinal plants possess considerable potential as supportive
therapeutic agents in wound healing. A wide range of medicinal
plants and their bioactive constituents have demonstrated wound-
healing effects through multiple pharmacological activities,
including antioxidant, antimicrobial, anti-inflammatory, and tissue-
regenerative actions. These properties are important because
oxidative stress, microbial infection, and prolonged inflammation
can interfere with the normal progression of wound repair. Several
plants, including Aloe vera, Centella asiatica, Curcuma longa,
Azadirachta indica, and Calendula officinalis, have been frequently
investigated for their wound-healing properties. Experimental
evidence suggests that their extracts or isolated constituents may

enhance wound contraction, fibroblast proliferation, collagen
deposition, angiogenesis, and re-epithelialization. The reported
activities are generally associated with phytochemicals such as
flavonoids, phenolic compounds, tannins, terpenoids, saponins,
alkaloids, and polysaccharides. The reviewed studies also
demonstrate that medicinal plants may influence more than one
phase of the wound-healing process. Their antimicrobial effects may
help control wound contamination, while antioxidant and anti-
inflammatory activities may reduce tissue damage and excessive
inflammatory responses. In addition, certain plant-derived
compounds have been associated with enhanced collagen synthesis,
extracellular matrix formation, and tissue remodeling, thereby
supporting the restoration of damaged tissue.

However, the strength of available evidence varies
considerably among medicinal plants. A substantial proportion of
the available research is based on in vitro and animal models,
whereas comparatively fewer studies have established efficacy and
safety through well-controlled clinical trials. Differences in plant
species, geographical origin, plant parts, extraction methods,
phytochemical composition, dosage, formulation, and experimental
models also make direct comparison between studies difficult.

3. RESULTS AND DISCUSSION

Medicinal plants have been used traditionally for the
management of wounds because of their wide range of biological
activities. In recent years, scientific investigations have focused on
identifying the phytochemicals
responsible for the wound-healing effects of these plants. Available
evidence from in vitro, in vivo, and clinical studies indicates that

and molecular mechanisms

several medicinal plants may influence different stages of wound
repair, including inflammation, cell proliferation, collagen
formation, angiogenesis, re-epithelialization, and tissue remodeling.

The wound-healing activity of medicinal plants is
generally associated with secondary metabolites such as flavonoids,
phenolic compounds, tannins, alkaloids, terpenoids, saponins, and
polysaccharides. These constituents may provide antioxidant and
antimicrobial effects, regulate inflammatory responses, and
stimulate cellular processes involved in tissue regeneration.
Flavonoids and phenolic compounds, for example, have been
investigated for their ability to reduce oxidative stress and
inflammatory  mediators, while certain terpenoids and
polysaccharides have been associated with collagen production,
fibroblast activity, and tissue repair.

Among the medicinal plants investigated for wound
healing, Aloe vera has received considerable attention because of its
polysaccharides and other bioactive constituents. Experimental
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studies suggest that Aloe vera preparations may support fibroblast
proliferation, collagen deposition, angiogenesis, and re-
epithelialization. Centella asiatica has also been widely investigated,
particularly for its triterpenoid constituents and their potential role
in collagen synthesis and tissue regeneration.

Curcuma longa is another important medicinal plant
studied for wound management. Curcuminoids, particularly
curcumin, have demonstrated antioxidant and anti-inflammatory
activities and have been investigated for their effects on tissue
repair. Similarly, Azadirachta indica contains several bioactive
constituents and has traditionally been used in the management of
skin disorders and wounds. Calendula officinalis has also been
evaluated for its anti-inflammatory and tissue-repairing properties.

The mechanisms through which plant-derived compounds
influence wound healing are diverse. At the molecular level,
phytochemicals may modulate signaling pathways associated with
inflammation, oxidative stress, cellular proliferation, angiogenesis,
and extracellular matrix remodeling. NF-kB, MAPK, Nrf2, TGF-j,
and VEGF-related pathways have been discussed in relation to the
biological effects of different plant-derived compounds.

Despite promising findings, considerable variation exists
among studies with respect to plant species, plant parts, extraction
procedures, extract concentrations, formulations, experimental
models, and outcome measures. Therefore, the observed wound-
healing effects cannot always be directly compared between studies.
Standardization of plant materials and extracts, identification of
active constituents, toxicity
evaluation, and well-designed clinical studies are necessary to

appropriate dose determination,

establish the therapeutic value of medicinal plants.
4. FUTURE SCOPE

The increasing interest in medicinal plants for wound
management provides significant opportunities for future research
and therapeutic development. Although several medicinal plants
have demonstrated promising wound-healing properties in
experimental studies, further research is required to establish their
clinical effectiveness and safety. Future investigations should focus
on the identification and characterization of specific bioactive
compounds responsible for wound-healing activity and on
understanding their molecular mechanisms of action.

Standardization of medicinal plant materials and extracts
is another important area for future development. Variations in plant
species, cultivation conditions, geographical origin, harvesting time,
extraction procedures, and phytochemical composition can
influence therapeutic activity. Establishing standardized extraction
methods, quality-control parameters, dosage ranges, and marker

compounds may improve the reproducibility and reliability of plant-
based preparations.

Advanced drug-delivery approaches may further enhance
the therapeutic potential of medicinal plants. The development of
herbal gels, creams, hydrogels, films, nanofibers, nanoparticles, and
other advanced wound-dressing systems could improve the stability,
controlled release, penetration, and localized delivery of plant-
derived bioactive compounds. Such approaches may be particularly
useful for chronic, infected, or difficult-to-heal wounds.

Future studies should also place greater emphasis on well-
designed clinical trials to validate findings obtained from laboratory
and animal studies. Clinical research should evaluate parameters
such as wound-closure rate, healing time, infection control, scar
formation, patient safety, tolerability, and quality of life. Long-term
safety and possible interactions with conventional medicines should
also be investigated.

CONCLUSIONS

Medicinal plants represent a valuable and promising
source of therapeutic agents for wound healing. The literature
reviewed in this article indicates that various medicinal plants
possess multiple pharmacological properties, including antioxidant,
antimicrobial, anti-inflammatory, and tissue-regenerative activities,
which may contribute to the different stages of wound repair.
Bioactive constituents such as flavonoids, phenolic compounds,
tannins, terpenoids, saponins, alkaloids, and polysaccharides have
been associated with important processes
contraction, fibroblast  proliferation, collagen
angiogenesis, and re-epithelialization.

such as wound
synthesis,

Plants such as Aloe vera, Centella asiatica, Curcuma
longa, Azadirachta indica, and Calendula officinalis have shown
encouraging  wound-healing  potential in  experimental
investigations. Their ability to influence several biological pathways
simultaneously makes medicinal plants attractive candidates for the
development of complementary and novel wound-care therapies.

Despite these promising findings, the available evidence
is not sufficient to establish all plant-based preparations as
standardized clinical treatments. Variations in plant materials,
extraction methods, phytochemical composition, dosage,
formulations, and experimental models remain major challenges. In
addition, many reported effects are based on in vitro and animal
studies, while robust clinical evidence is comparatively limited.

Therefore, future research should focus on
standardization of plant extracts, identification of active
constituents, detailed mechanistic investigations, toxicity
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assessment, advanced drug-delivery systems, and well-designed
clinical trials. Overall, medicinal plants have substantial potential in
wound management, and systematic scientific investigation may
contribute to the development of safe, effective, affordable, and
evidence-based plant-derived wound-healing therapies.
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scientific literature provided valuable information for this review.
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