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Abstract

Centella asiatica (CA), commonly known as Gotu Kola or Tiger Grass, has emerged as a
key botanical ingredient in modern cosmetic and wellness formulations, supported by
both traditional medicinal use and a growing body of scientific evidence. Extensive
pharmacological research has identified CA’s primary triterpenoid constituents,
asiaticoside, madecassoside, asiatic acid, and madecassic acid, as central to its biological
activity (Brinkhaus et al., 2000; Gohil et al., 2010). These compounds have been shown
to influence wound healing, collagen synthesis, inflammatory modulation, and
antioxidant defense, making CA particularly relevant for skin-repair, barrier-support, and
soothing applications (Shukla et al., 1999; Somboonwong et al., 2012).

Beyond dermatological use, emerging studies suggest that CA may exert neuroprotective,
anxiolytic, and cognitive-supportive effects, expanding its potential utility within the
wellness and nutraceutical space (Orhan, 2012; Hashim et al., 2011; Puttarak et al.,
2017). Mechanistic insights into fibroblast activation, extracellular matrix remodeling,
and oxidative stress regulation further support its inclusion in both cosmetic and drug-
adjacent formulations.

As consumer demand increasingly favors plant-derived ingredients with demonstrated
efficacy and mechanistic plausibility, Centella asiatica has become a versatile active
across serums, creams, wound-care products, and functional wellness formulations. This
review synthesizes current evidence on CA’s bioactive profile and therapeutic relevance,
highlighting its growing role at the intersection of cosmetic science and wellness
innovation.

1. Introduction

Centella asiatica (L.) Urban is a perennial creeping herb belonging to the Apiaceae
family and is widely distributed across tropical and subtropical regions of Asia and
Africa (Brinkhaus et al., 2000; James & Dubery, 2009). The plant has been used for
centuries in multiple traditional medical systems, including Ayurveda, Traditional
Chinese Medicine, and various African ethnomedicinal practices, where it has been
valued for its effects on wound healing, inflammation, circulation, and cognitive support
(Brinkhaus et al., 2000; Gohil et al., 2010). These long-standing applications reflect the
plant’s broad therapeutic relevance well before its integration into modern cosmetic and
pharmaceutical research.

Renewed scientific interest in Centella asiatica is largely driven by its rich content of
biologically active triterpenoid compounds, including asiaticoside, madecassoside, asiatic
acid, and madecassic acid, which are responsible for many of its documented
pharmacological effects (Gohil et al., 2010; Hashim et al., 2011). Extensive experimental
studies have demonstrated anti-inflammatory, antioxidant, wound-healing, angiogenic,
and neuroprotective properties associated with these constituents, supporting both topical
and systemic applications (Shukla et al., 1999; Somboonwong et al., 2012; Bylka et al.,
2014).



As understanding of these mechanisms has expanded, Centella asiatica has become
increasingly incorporated into dermatological, cosmetic, and wellness formulations. Its
demonstrated effects on fibroblast activity, collagen synthesis, extracellular matrix
remodeling, and oxidative stress regulation have positioned it as a valuable ingredient for
skin-repair, barrier-support, soothing, and anti-aging applications (Shukla et al., 1999;
Brinkhaus et al., 2000). In parallel, growing consumer demand for plant-derived
ingredients with scientific substantiation has accelerated its adoption across
cosmeceutical, wound-care, and nutraceutical products. As a result, Centella asiatica now
occupies a unique position at the intersection of traditional medicine, modern cosmetic
science, and wellness innovation, with continued relevance in both research and
commercial formulation development.

2. Phytochemical Composition and Bioactive Mechanisms

Centella asiatica is a chemically complex botanical rich in triterpenoid saponins,
phenolic compounds, flavonoids, tannins, and volatile constituents that collectively
contribute to its pharmacological profile (James & Dubery, 2009; Bylka et al., 2014).
Among these, pentacyclic triterpenoids represent the primary bioactive class responsible
for the plant’s therapeutic relevance in dermatological, cosmetic, and wellness
applications. The relative abundance of these compounds varies with plant maturity,
geographic origin, and extraction methodology, underscoring the importance of
standardized processing for reproducible cosmetic and pharmaceutical use (Bylka et al.,
2014; Hashim et al., 2011).

2.1 Major Triterpenoids and Their Biological Actions

The principal pharmacologically active constituents of Centella asiatica include
asiaticoside, madecassoside, asiatic acid, and madecassic acid. These compounds have
been extensively investigated for their wound-healing, anti-inflammatory, antioxidant,
and collagen-modulating properties (Brinkhaus et al., 2000; Gohil et al., 2010).

Asiaticoside has been shown to stimulate fibroblast proliferation, enhance collagen type I
synthesis, and accelerate re-epithelialization, making it one of the most studied actives in
burn, incision, and chronic wound models (Shukla et al., 1999; Somboonwong et al.,
2012). Madecassoside exhibits complementary anti-inflammatory activity, contributing to
reduced inflammatory mediator expression and improved tissue remodeling outcomes
(Gohil et al., 2010; Bylka et al., 2014).

The aglycone forms, asiatic acid and madecassic acid, contribute significantly to
antioxidant defense and cellular protection. These molecules are associated with
modulation of oxidative stress pathways and protection against reactive oxygen species,
supporting tissue resilience and barrier recovery in stressed or inflamed skin (Hashim et
al., 2011).

Together, these triterpenoids support a coordinated wound-repair process involving
fibroblast activation, extracellular matrix remodeling, and angiogenic support, forming
the mechanistic foundation for CA’s widespread dermatological use (Brinkhaus et al.,
2000; Somboonwong et al., 2012).



2.2 Expanded Phytochemical Profile

Beyond triterpenoids, Centella asiatica contains flavonoids such as quercetin and
kaempferol, which contribute additional antioxidant and anti-inflammatory activity
through radical scavenging and metal-chelation mechanisms (James & Dubery, 2009;
Bylka et al., 2014). Phytosterols and other lipid-soluble constituents further support
barrier integrity and lipid regulation, reinforcing CA’s role in skin-repair and
moisturizing formulations (Bylka et al., 2014).

Minor constituents, including polyacetylenes, amino acids, and volatile compounds, have
been associated with antimicrobial, soothing, and hydration-supportive effects, enhancing
the plant’s multifunctional therapeutic profile (James & Dubery, 2009). The synergistic
interaction among these phytochemicals broadens CA’s biological relevance across
dermatological, neurological, and vascular applications (Gohil et al., 2010).

2.3 Mechanistic Insights Into Skin Repair and Anti-Inflammatory Activity
The wound-healing and anti-aging effects of Centella asiatica are mediated through
multiple overlapping biological pathways:

2.3.1 Collagen Synthesis and Extracellular Matrix Remodeling

CA triterpenoids have been shown to enhance fibroblast activity and promote collagen
synthesis, contributing to improved dermal structure, tensile strength, and scar quality
(Shukla et al., 1999; Brinkhaus et al., 2000). Regulation of extracellular matrix turnover
supports both wound resolution and anti-aging effects in cosmetic applications (Gohil et
al., 2010).

2.3.2 Angiogenesis and Microcirculation Support

Experimental models demonstrate that CA extracts enhance granulation tissue formation
and vascularization, improving oxygen and nutrient delivery to healing tissue
(Somboonwong et al., 2012). These effects are particularly relevant for compromised or
chronic wounds and contribute to improved tissue regeneration outcomes.

2.3.3 Anti-Inflammatory and Barrier-Recovery Pathways

CA reduces inflammatory signaling and oxidative damage, promoting faster re-
epithelialization and barrier restoration. These properties support its widespread use in
soothing, barrier-repair, and post-procedure skincare formulations (Brinkhaus et al.,
2000; Bylka et al., 2014).

2.3.4 Antioxidant Defense and Oxidative Stress Regulation
CA enhances endogenous antioxidant defenses and mitigates oxidative stress,

contributing to protection against photoaging and inflammation-associated tissue damage
(Hashim et al., 2011).

2.4 Neuroprotective and Cognitive Mechanisms
In addition to its dermatological relevance, Centella asiatica has demonstrated
neuroprotective activity in preclinical models. Triterpenoids and flavonoids have been



associated with improved mitochondrial function, synaptic support, and cognitive
performance, aligning with the plant’s traditional use as a cognitive tonic and its
emerging role in wellness and nootropic research (Orhan, 2012; Puttarak et al., 2017).

2.5 Vascular and Anti-Cellulite Applications

CA has been shown to support microcirculation and vascular integrity by improving
venous tone and capillary resistance. Clinical studies have demonstrated benefits in
conditions related to venous insufficiency, supporting its use in anti-cellulite formulations
and oral venotonic supplements (Cesarone et al., 2001; De Sanctis et al., 2001).

2.6 Extraction Technologies and Standardization

The biological activity of CA extracts is highly dependent on extraction method.
Ethanolic and hydroalcoholic extractions effectively preserve triterpenoid saponins, while
advanced techniques such as ultrasonic-assisted extraction improve yield through
enhanced cell-wall disruption (Hashim et al., 2011; Khursheed et al., 2024). Standardized
extracts, including titrated extract of Centella asiatica (TECA), ensure consistent ratios
of key triterpenoids and are widely used in clinical, cosmetic, and pharmaceutical
formulations (Brinkhaus et al., 2000).

3. Dermatological and Cosmetic Applications

Centella asiatica has become an important ingredient in dermatological and cosmetic
formulations due to its ability to address inflammation, compromised barrier function,
and visible signs of skin aging, three central concerns in modern skincare (Bylka et al.,
2014). The plant’s triterpenoid constituents support epithelial repair, stimulate collagen
synthesis, and promote dermal remodeling, making CA valuable for both clinical
dermatology and consumer cosmetic products (Shukla et al., 1999; Brinkhaus et al.,
2000).

Clinical and experimental findings support the role of Centella asiatica in improving skin
firmness, elasticity, hydration, and overall texture. Human clinical evidence indicates that
CA based skincare formulations support barrier function and reduce irritation in sensitive
skin populations (Su et al., 2025), while pilot clinical studies have demonstrated
improvements in hydration, elasticity, and skin texture following application of CA
extracellular vesicle based formulations (Chang et al., 2025). In addition, key triterpenoid
constituents such as asiaticoside and madecassoside exhibit anti-inflammatory activity
that contributes to reduced redness, irritation, and inflammatory signaling, supporting
CA'’s suitability for sensitive, acne prone, and barrier impaired skin types (Somboonwong
etal., 2012; Bylka et al., 2014).

CA’s calming and reparative properties have also led to its widespread use in post-
procedure skincare, including formulations intended for use after laser treatments,
chemical exfoliation, and other dermatological interventions. Its ability to accelerate
barrier recovery and reduce visible irritation has made it a preferred botanical in barrier-
repair creams, soothing serums, and recovery balms used in both professional and at-
home settings (Brinkhaus et al., 2000; Bylka et al., 2014).



Commercial adoption further underscores CA’s dermatological relevance. The ingredient
1s widely marketed under the term “CICA” and appears across multiple global skincare
product categories, including creams, serums, toners, masks, and intensive repair
treatments. This trend reflects sustained consumer demand for botanicals that combine
soothing effects with demonstrated biological activity and good tolerability.

Within the United States, the growing use of Centella asiatica also aligns with evolving
regulatory expectations under the Modernization of Cosmetics Regulation Act of 2022
(MoCRA), which expanded FDA authority over cosmetic product safety, substantiation,
and post-market oversight. MoCRA emphasizes improved ingredient safety
documentation, adverse event monitoring, and the development of formulations that
minimize irritation and support skin barrier integrity, particularly for products intended
for sensitive or compromised skin. Botanical ingredients such as Centella asiatica, which
demonstrate anti-inflammatory activity, barrier-supportive effects, and favorable
tolerability profiles, are increasingly relevant within this regulatory framework, as they
enable manufacturers to meet heightened safety and quality expectations while
maintaining formulation efficacy (U.S. Food and Drug Administration, 2022).

4. Internal Benefits and Systemic Applications

While Centella asiatica is widely recognized for its topical dermatological benefits, its
systemic therapeutic potential has also been extensively explored. In traditional
Ayurvedic and Chinese medicine, CA has long been used to support cognitive function,
emotional balance, digestive comfort, and vascular health, reflecting its broad
physiological relevance (Brinkhaus et al., 2000; Gohil et al., 2010). In modern contexts,
CA is commonly incorporated into nutraceutical formulations such as capsules, teas, and
standardized extracts aimed at stress modulation, cognitive support, and circulatory
health.

Experimental and translational research suggests that CA exhibits adaptogenic and
neuroprotective properties, in part through modulation of oxidative stress pathways and
neurotransmitter systems associated with cognition and emotional regulation (Orhan,
2012). Preclinical studies indicate that CA extracts may influence cholinergic signaling
and mitochondrial function while reducing stress related oxidative damage in neuronal
tissues, mechanisms that support its traditional use as a cognitive tonic (Puttarak et al.,
2017). Although large scale human trials remain limited, these findings provide a
mechanistic basis for its growing inclusion in wellness and nootropic formulations.

The systemic vascular benefits of Centella asiatica are among its most clinically
substantiated applications. Standardized extracts rich in triterpenoids have been shown to
improve venous tone, enhance microcirculation, reduce capillary permeability, and
strengthen connective tissue integrity (Cesarone et al., 2001). These effects have
positioned CA as a well-recognized phytotherapeutic option for chronic venous
insufficiency, varicose veins, and edema, particularly within European clinical practice.

In addition, CA has demonstrated relevance in systemic wound healing contexts. Oral
administration of CA triterpenoids has been associated with reduced oxidative stress and



improved tissue repair capacity in experimental models, supporting its adjunctive role in
conditions where healing is impaired (Shukla et al., 1999). The combined topical and
internal applicability of CA distinguishes it as a versatile botanical with cross category
relevance spanning dermatology, vascular medicine, and wellness science.

4.1 Clinical Evidence Supporting Systemic and Dermatological Use

Centella asiatica has been evaluated in a range of clinical and translational studies
examining its effects on skin structure, vascular function, and overall skin tolerance. In
dermatological research, human studies have demonstrated that topical formulations
containing Centella asiatica contribute to improvements in skin barrier function,
hydration, elasticity, and overall skin comfort. A prospective clinical study published in
the Journal of Cosmetic Dermatology reported that a skincare product formulated with
Centella asiatica leaf extract, ceramide NP, and panthenol significantly improved skin
tolerance, reduced irritation, and supported barrier recovery in subjects with sensitive
skin following regular use (Su et al., 2025).

In addition, a recent pilot clinical study evaluating a Centella asiatica extracellular
vesicle based formulation demonstrated measurable improvements in facial skin
hydration, elasticity, and texture after 28 days of application, further supporting the
ingredient’s relevance in cosmetic formulations targeting skin quality and visible aging
parameters (Chang et al., 2025).

Clinical evidence supporting CA’s vascular applications is particularly robust. Placebo
controlled human trials conducted in Italy have evaluated standardized Centella asiatica
extracts, including titrated extract of Centella asiatica (TECA), in individuals with
venous hypertension and microcirculatory disorders. These studies demonstrated
significant improvements in venous tone, capillary filtration, edema reduction, and
microcirculatory function following supplementation, with good tolerability and no
significant adverse effects reported (Cesarone et al., 2001; De Sanctis et al., 2001). Such
findings underpin CA’s established role in the management of chronic venous
insufficiency.

With respect to cognitive and neurological outcomes, human clinical data remain limited,
however, reviews integrating preclinical and early translational evidence suggest that CA
extracts may support cognitive performance, stress resilience, and neuroprotection
through antioxidant and mitochondrial-supportive mechanisms (Orhan, 2012; Puttarak et
al., 2017). While further clinical studies are needed to define dosage and efficacy in
human populations, the existing evidence aligns with CA’s traditional use and supports
its continued investigation within wellness and nutraceutical research.

Collectively, these clinical and translational findings validate Centella asiatica as a multi
system botanical with demonstrated relevance to dermatological care, vascular health,
and wellness focused applications. The convergence of topical and systemic evidence
supports its ongoing use in both cosmetic and therapeutic-adjacent formulations.

5. Formulation Challenges and Ingredient Compatibility



Despite its well documented therapeutic potential, incorporating Centella asiatica into
stable and effective cosmetic and pharmaceutical formulations presents several technical
challenges. The primary bioactive constituents, asiaticoside, madecassoside, asiatic acid,
and madecassic acid are chemically sensitive to heat, oxidative stress, and extreme pH
conditions. Improper processing or incompatible formulation environments can lead to
degradation of these triterpenoids, compromising product stability, shelf life, and
biological efficacy (Hashim et al., 2011; James & Dubery, 2009).

To mitigate these limitations, modern formulation strategies increasingly rely on
protective delivery systems. Liposomal encapsulation, nanoemulsions, and polymer-
based carriers are widely used strategies to improve stability and delivery of sensitive
actives, enhance skin penetration, and support controlled release within the epidermis and
dermis (Bylka et al., 2014; Khursheed et al., 2024). Such systems are particularly
valuable for preserving bioactivity during manufacturing and storage while improving
bioavailability at target sites associated with collagen synthesis and wound repair.

pH control represents another critical formulation parameter. The triterpenoid
components of Centella asiatica demonstrate optimal stability within mildly acidic
environments, generally aligning with the physiological skin pH range of approximately
4.5-5.5 (Hashim et al., 2011). Formulations outside this range, particularly those
containing strong alkalis or high concentrations of acidic exfoliants may accelerate
degradation or reduce efficacy. Consequently, careful buffering and excipient selection
are essential when CA is incorporated into multifunctional skincare systems.

Ingredient compatibility also plays a significant role in formulation success. Centella
asiatica 1s frequently combined with soothing and barrier supporting ingredients such as
niacinamide, panthenol, hyaluronic acid, and ceramides, which complement its anti-
inflammatory and reparative effects (Bylka et al., 2014). These combinations are
especially well suited for products targeting sensitive, post-procedure, or compromised
skin. In contrast, caution is warranted when pairing CA with highly acidic exfoliating
agents or aggressive retinoids, as such combinations may increase irritation potential or
negatively impact triterpenoid stability.

Beyond topical applications, formulation research is expanding into nutricosmetic and
ingestible formats. Emerging studies are exploring the synergistic use of Centella asiatica
with other adaptogenic botanicals, such as Withania somnifera (ashwagandha) and Panax
ginseng, to support systemic stress modulation, oxidative balance, and skin health from
within (Orhan, 2012). As CA continues to be integrated into increasingly complex multi-
ingredient systems, advanced formulation science remains essential to ensure stability,
compatibility, and consistent therapeutic performance across cosmetic, pharmaceutical,
and wellness applications.

6. Displacement and Complementation of Conventional Ingredients

The growing adoption of Centella asiatica in modern skincare and wellness formulations
reflects a broader industry shift toward multifunctional, well tolerated botanicals. Rather
than fully replacing conventional ingredients, CA increasingly serves as an alternative or



complementary active in formulations designed for sensitive, compromised, or post-
procedure skin.

Historically, botanicals such as Aloe vera and Calendula officinalis have been widely
used for their soothing and anti-inflammatory properties. While these ingredients remain
valuable, CA offers a broader functional profile. In addition to calming inflammation, CA
triterpenoids stimulate fibroblast activity, enhance collagen synthesis, and support
extracellular matrix remodeling, mechanisms not strongly associated with aloe or
calendula (Shukla et al., 1999; Bylka et al., 2014). As a result, CA is often selected in
formulations intended to support wound healing, scar modulation, and barrier recovery
alongside soothing benefits.

Niacinamide (vitamin B3) continues to be a cornerstone ingredient for barrier
strengthening, tone improvement, and inflammation control. However, in clinical and
cosmetic contexts involving ultra-sensitive or post-procedure skin, CA is frequently
favored or used in combination due to its lower irritation potential and reparative activity
(Brinkhaus et al., 2000; Bylka et al., 2014). In such cases, CA complements niacinamide
by supporting skin recovery without provoking transient flushing or tingling that some
users experience with higher niacinamide concentrations.

Hyaluronic acid remains unmatched as a primary humectant for hydration and skin
plumping. However, CA contributes additional barrier-supportive and anti-inflammatory
effects that extend beyond hydration alone. Its ability to reduce oxidative stress, promote
dermal repair, and support structural integrity positions CA as a multifunctional adjunct
in formulations where barrier repair and inflammation control are prioritized over
moisture replenishment alone (Hashim et al., 2011; Shukla et al., 1999).

The versatility of Centella asiatica across concerns such as acne, aging, sensitivity, and
post-inflammatory recovery has encouraged formulators to favor it when designing
streamlined, efficacy driven skincare systems. This trend reflects a shift toward fewer,
more biologically relevant actives rather than ingredient redundancy.

6.1 Comparative Perspective with Other Botanicals

Compared with other commonly used botanicals, Centella asiatica demonstrates a
uniquely broad therapeutic spectrum. Aloe vera, while effective for hydration and surface
level soothing, lacks the documented collagen stimulating and angiogenic properties
associated with CA triterpenoids (Shukla et al., 1999). Similarly, chamomile and
calendula are valued for their calming effects but do not exhibit the same influence on
fibroblast proliferation, extracellular matrix remodeling, or microcirculatory support
(Bylka et al., 2014).

Licorice root (Glycyrrhiza glabra) is widely used for brightening and inflammation
reduction via tyrosinase inhibition; however, its primary activity is pigment modulation
rather than tissue repair. In contrast, CA provides gentler, reparative support suitable for
long-term use across a wider range of skin types, including sensitive and compromised
skin (Brinkhaus et al., 2000).



Among adaptogenic botanicals used in wellness formulations, such as Withania
somnifera (ashwagandha) and Panax ginseng, CA is distinctive in its compatibility with
both topical and oral applications. While these adaptogens are primarily used
systemically, CA’s demonstrated efficacy in topical dermatology, vascular support, and
cognitive research positions it as a rare cross-category botanical (Orhan, 2012).

As aresult, CA is increasingly selected by formulators as a central active, either replacing
single function botanicals or enhancing existing formulations, to meet growing demand
for gentle, multifunctional, and scientifically supported ingredients in cosmetic and
wellness products.

7. Global Market Trends and Economic Significance

The growing prominence of Centella asiatica reflects broader global trends favoring
plant-derived, multifunctional ingredients across cosmetic, pharmaceutical, and wellness
industries. Demand for CA has increased steadily over the past decade, driven by
consumer preference for ingredients that combine efficacy, tolerability, and alignment
with clean label and science backed formulation principles.

The global rise of Korean skincare (“K-beauty”) played a central role in accelerating
awareness of CA, particularly under the widely adopted “CICA” designation. Korean
brands were among the first to position CA as a core ingredient for barrier repair, post-
inflammatory care, and sensitive skin support. As consumer awareness expanded beyond
Asia, multinational beauty and personal care companies incorporated CA into
dermatologist tested, hypoallergenic, and recovery focused product lines, reinforcing its
credibility and mainstream acceptance.

Beyond cosmetics, CA has gained visibility in pharmaceutical adjacent and nutraceutical
applications, particularly in formulations targeting wound healing, vascular health, and
cognitive wellness. Its multifunctional biological profile has enabled adoption across
multiple product categories, reducing reliance on single function synthetic actives and
supporting the development of streamlined, efficacy driven formulations.

From a supply chain perspective, Centella asiatica is primarily cultivated in regions
including India, Sri Lanka, Madagascar, and parts of Southeast Asia. Increased global
demand has encouraged more structured cultivation practices, including controlled
harvesting, improved post harvest processing, and the adoption of organic and
sustainability certifications. These developments have economic significance for
producing regions, where CA cultivation contributes to agricultural diversification and
income generation for smallholder farming communities.

The visibility of CA as a highlighted ingredient on product packaging and marketing
materials underscores its dual scientific and commercial success. Its trajectory illustrates
how a traditionally used botanical can transition into a globally recognized functional
ingredient when supported by pharmacological research, formulation science, and
evolving consumer expectations. As demand for evidence based natural ingredients



continues to rise, Centella asiatica serves as a representative case study of successful
botanical integration into modern consumer health markets.

8. Sustainability and Ethical Sourcing

As global demand for Centella asiatica continues to rise, ensuring sustainable and ethical
sourcing has become an increasingly important consideration. Historically, CA was often
collected through wild harvesting; however, growing commercial demand has raised
concerns regarding environmental degradation, biodiversity loss, and long term supply
stability. In certain regions of South Asia and Africa, unmanaged harvesting has
contributed to declining wild populations, underscoring the need for regulated and
responsible cultivation practices.

In response, structured agricultural initiatives have emerged to support sustainable CA
production. In India, cultivation programs led by cooperatives and non governmental
organizations have promoted controlled farming and agroecological methods, enabling
small scale farmers to transition from wild collection to cultivated supply. Similar efforts
have been observed in Madagascar and Sri Lanka, where brands increasingly engage in
direct partnerships with local growers to support fair trade practices, improve crop
management, and invest in long-term soil and ecosystem health.

Certification frameworks such as ECOCERT, COSMOS, and USDA Organic are now
commonly pursued by manufacturers seeking to demonstrate compliance with
environmental and ethical standards. In parallel, traceability has become a growing
priority within the cosmetic and wellness industries. Some supply chains now incorporate
digital traceability tools, including batch level documentation and origin tracking, to
provide transparency regarding sourcing practices and ingredient provenance.

Sustainable and ethical sourcing of Centella asiatica not only contributes to
environmental conservation but also supports economic resilience within producing
communities. As botanical ingredients become increasingly central to modern
formulation science, the integration of sustainability principles alongside efficacy and
safety considerations is essential. The case of CA highlights how botanical innovation
can align scientific advancement with ecological responsibility and social accountability.

9. Conclusion

Centella asiatica’s evolution from a traditional medicinal herb to a globally recognized
cosmetic and wellness ingredient reflects the successful integration of ethnobotanical
knowledge with modern scientific research. Its well characterized bioactive compounds,
broad pharmacological activity, and growing body of clinical and translational evidence
have established CA as a multifunctional botanical with relevance across dermatological,
pharmaceutical adjacent, and wellness applications.

The widespread incorporation of CA into formulations addressing acne, skin aging,
barrier dysfunction, post-inflammatory recovery, vascular health, and cognitive wellness
underscores its adaptability within an evolving consumer and regulatory landscape. As
demand continues to shift toward evidence based, well tolerated, and ethically sourced



ingredients, CA exemplifies how traditional botanicals can meet modern expectations for
efficacy, safety, and sustainability.

Ongoing research is expected to further refine delivery systems, optimize formulation
strategies, and explore additional clinical indications for Centella asiatica. These efforts
will likely expand its therapeutic scope while reinforcing its role as a model ingredient
for the future of functional botanicals, one that bridges heritage, science, and global
health innovation.

10. Future Directions and Innovations

The future development of Centella asiatica lies at the convergence of traditional
botanical knowledge and emerging scientific technologies. Advances in molecular
biology, formulation science, and delivery systems are expected to further expand the
clinical and cosmetic potential of CA. Novel topical delivery platforms, including
nanoencapsulated gels, lipid based carriers, and dissolvable microneedle systems, are
under investigation for their ability to enhance penetration, improve bioavailability, and
enable more targeted delivery of triterpenoid saponins within the skin (Bylka et al., 2014;
Khursheed et al., 2024).

Growing interest in psychodermatology, the study of interactions between psychological
stress and skin health, represents another promising area for CA research. Given its
documented neuroprotective and anxiolytic activity, CA is being explored as a supportive
ingredient in formulations addressing stress associated skin conditions such as eczema,
psoriasis, and stress exacerbated inflammatory disorders. Early experimental findings
suggest that CA may influence cutaneous neuroendocrine signaling pathways involved in
stress induced inflammation, although further mechanistic and clinical studies are
required to substantiate these effects (Orhan, 2012; Puttarak et al., 2017).

Microbiome focused skincare represents an additional frontier for CA innovation.
Research is evaluating how CA-derived triterpenoids interact with skin associated
microbes and downstream inflammatory pathways. For example, madecassoside (from
Centella asiatica) showed Propionibacterium (Cutibacterium) acnes related anti-
inflammatory activity and supported skin hydration/barrier associated markers in vitro,
suggesting potential relevance for acne-prone and sensitive skin contexts (Shen et al.,
2019).

Renewed interest is also emerging in wound management applications, including post
surgical recovery and chronic wounds such as diabetic ulcers. CA’s angiogenic, collagen
stimulating, and anti scarring properties position it as a valuable component of next
generation wound-care strategies (Shukla et al., 1999; Somboonwong et al., 2012).
Current exploratory work includes polyherbal and multi active formulations combining
CA with complementary bioactives such as panthenol, peptides, and other plant-derived
compounds to enhance reparative outcomes.

Finally, sustainability driven innovation is shaping the future of CA production.
Advances in green chemistry and extraction technologies are enabling more



environmentally responsible methods that reduce solvent use, improve yield efficiency,
and preserve bioactive integrity. These developments support a holistic approach to CA
utilization, one that integrates efficacy, safety, and environmental stewardship, aligning
botanical innovation with the principles of future-ready cosmeceutical and wellness
design.
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