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This	review	comprehensively	examines	the	application	of	medicinal	plants	in	cosmeceutical	formulations,	focusing	on	their	bioactive	
compounds	and	 therapeutic	mechanisms	 for	 skin	health.	 Cosmeceuticals	bridge	 the	gap	between	 cosmetics	and	pharmaceuticals,	
delivering	physiological	bene�its	through	biologically	active	ingredients.	Medicinal	plants	such	as	Aloe	vera,	Camellia	sinensis,	Curcuma	
longa,	and	Centella	asiatica	contain	diverse	phytochemicals	including	polyphenols,	�lavonoids,	terpenoids,	and	alkaloids	that	exhibit	
antioxidant,	anti-in�lammatory,	antimicrobial,	and	anti-aging	properties.	These	bioactive	compounds	act	through	multiple	molecular	
pathways,	 including	 ROS	 neutralization,	 NF-κB	 inhibition,	 tyrosinase	 suppression,	 and	 collagen	 synthesis	 stimulation.	 Modern	
extraction	techniques	and	advanced	delivery	systems	enhance	bioavailability	and	stability	of	plant-derived	actives.	Clinical	evidence	
supports	the	ef�icacy	of	botanical	cosmeceuticals	in	photoprotection,	wound	healing,	and	skin	aging	prevention.	The	integration	of	
traditional	 botanical	 knowledge	with	 contemporary	 scienti�ic	 validation	 positions	medicinal	 plants	 as	 cornerstone	 ingredients	 in	
evidence-based	skincare,	offering	safe,	sustainable,	and	multifunctional	alternatives	to	synthetic	compounds.
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A B S T R A C T

Introduction
The term cosmeceutical was coined by Dr. Albert Kligman in 
1984 to describe a hybrid category of products that bridge the 
gap between cosmetics and pharmaceuticals. These products 
contain biologically active ingredients that provide therapeutic 
bene�its beyond the traditional cosmetic function of cleansing, 
beautifying, and altering appearance [1]. Unlike conventional 
cosmetics, cosmeceuticals penetrate the skin's deeper layers to 
deliver physiological bene�its such as anti-aging effects, skin 
brightening, photoprotection, and anti-in�lammatory 
properties [2]. The global cosmeceutical market has 
experienced exponential growth over the past two decades, 
driven by increasing consumer awareness of skin health, the 
aging population, and rising demand for natural and sustainable 
beauty products [2]. 

The market was valued at approximately $42.5 billion in 2018 
and is projected to continue expanding as consumers seek 
scienti�ically validated, effective skincare solutions [3]. This 
growth has intensi�ied research into plant-based bioactive 
compounds that can serve as safe and ef�icacious alternatives to 
synthetic ingredients. Medicinal plants have been integral to 
skincare practices across diverse cultures for millennia. Ancient 
civilizations, including Egyptian, Ayurvedic, Traditional Chinese 
Medicine, and Greek systems, documented extensive use of 
botanical ingredients for maintaining skin health and treating 
dermatological conditions [4]. The resurgence of interest in 
phytochemicals stems from their rich composition of bioactive 
compounds including polyphenols, �lavonoids, terpenoids, 
alkaloids, and essential oils that exhibit antioxidant, anti-
in�lammatory, antimicrobial, and anti-aging properties [5].
Plant-derived ingredients offer several advantages over 
synthetic compounds: they are generally biocompatible, exhibit 
minimal adverse effects, provide multifunctional bene�its, and 
align with the growing consumer preference for green and 
sustainable products [6].  Furthermore, the complex 
phytochemical matrix in medicinal plants often demonstrates 
synergistic effects that enhance therapeutic ef�icacy beyond 
isolated compounds [7]. The integration of traditional botanical 
knowledge with modern scienti�ic validation has positioned 
medicinal plants as cornerstone ingredients in contemporary 
c o s m e c e u t i c a l  fo r m u l a t i o n s .  T h i s  re v i e w  a i m s  t o 
comprehensively examine the application of medicinal plants in 
cosmeceutical formulations, focusing on their phytochemical 
constituents, mechanisms of action, and clinical evidence 
supporting their ef�icacy. 
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 that persisted for centuries without scienti�ic validation [12]. 
Modern applications differ fundamentally in their approach: 
they employ standardized extracts with de�ined bioactive 
concentrations, utilize advanced delivery systems such as 
liposomes and nanoparticles for enhanced penetration, and 
require rigorous safety and ef�icacy testing through in vitro and 
clinical studies [13]. For instance, while traditional use of 
licorice involved crude root applications, contemporary 
formulations contain standardized glabridin concentrations 
(0.5-2%) with documented tyrosinase inhibition and clinical 
skin-lightening effects [14]. However, the transition from 
traditional to modern applications presents challenges. Many 
traditional preparations involved whole plant extracts that 
provided synergistic bene�its, whereas modern cosmeceuticals 
often isolate single compounds, potentially reducing ef�icacy 
[15]. Standardization dif�iculties, batch-to-batch variability, and 
limited clinical evidence for many botanicals remain signi�icant 
hurdles. Nevertheless, the integration of traditional wisdom 
with contemporary scienti�ic methodologies continues to 
validate and optimize plant-based cosmeceuticals, ensuring 
both ef�icacy and safety for modern consumers.

Bioactive	Compounds	in	Medicinal	Plants
Types	of	Bioactive	Compounds
Medicinal plants contain diverse phytochemical constituents 
responsible for their therapeutic effects in cosmeceuticals. 
Polyphenols represent the most abundant class, comprising 
phenolic acids, stilbenes, and lignans that exhibit potent 
antioxidant activities [16]. Resveratrol from Vitis	vinifera and 
ellagic acid from pomegranate exemplify polyphenols with 
signi�icant anti-aging properties through their ability to 
neutralize reactive oxygen species (ROS) and modulate gene 
expression. Flavonoids, a subclass of polyphenols, include 
quercetin, kaempferol, and catechins that demonstrate 
multifunctional bene�its including UV protection, anti-
in�lammatory effects, and collagen preservation [17]. Green tea 
catechins, particularly EGCG, inhibit matrix metalloproteinases 
(MMPs) that degrade collagen and elastin, thereby preventing 
photoaging [17]. Terpenoids, including triterpenoids and 
carotenoids, exhibit wound-healing and photoprotective 
properties; asiaticoside from Centella	 asiatica stimulates 
�ibroblast proliferation and collagen synthesis. Alkaloids such 
as berberine possess antimicrobial properties, while saponins 
like glycyrrhizin demonstrate anti-in�lammatory and skin-
lightening effects [18]. Essential oils containing terpenes 
provide antimicrobial and aromatherapeutic bene�its. This 
phytochemical diversity enables medicinal plants to address 
multiple skin concerns simultaneously through synergistic 
mechanisms.. The Major Medicinal Plants and Their Bioactive 
Compounds in Cosmeceuticals given in Table 1.

The speci�ic objectives include: (1) identifying commonly 
utilized medicinal plants in modern cosmeceuticals; (2) 
evaluating their traditional applications versus contemporary 
scienti�ic evidence; (3) analyzing the bioactive compounds 
responsible for their dermatological bene�its; and (4) 
discussing challenges and future perspectives in plant-based 
cosmeceutical development. The synthesizing current 
knowledge, this review seeks to provide a scienti�ic foundation 
for the rational selection and application of medicinal plants in 
evidence-based skincare formulations.

Medicinal	Plants	Used	in	Cosmeceuticals
Commonly	Used	Medicinal	Plants
Numerous medicinal plants have been incorporated into 
cosmeceutical formulations based on their demonstrated 
dermatological bene�its. Aloe	vera (Aloe barbadensis Miller) is 
perhaps the most widely used botanical, containing over 75 
bioactive compounds including polysaccharides, vitamins, 
enzymes, and amino acids that provide moisturizing, wound-
healing, and anti-in�lammatory effects [5]. Camellia	 sinensis 
(green tea) is rich in catechins, particularly epigallocatechin-3-
gallate (EGCG), which exhibits potent antioxidant and 
photoprotective properties, making it valuable in anti-aging 
formulations [6]. Curcuma	longa (turmeric) contains curcumin, 
a polyphenolic compound with powerful anti-in�lammatory, 
antioxidant, and skin-brightening properties [7]. Centella	
asiatica (gotu kola) produces triterpenoid saponins such as 
asiaticoside and madecassoside that stimulate collagen 
synthesis and accelerate wound healing [8]. Glycyrrhiza	glabra 
(licorice) contains glabridin and liquiritin, which inhibit 
tyrosinase activity and provide skin-lightening effects without 
cytotoxicity [9]. Other signi�icant botanicals include Calendula	
of�icinalis for its anti-in�lammatory and wound-healing 
properties, Chamomilla	 recutita (chamomile) for soothing 
sensitive skin, Vitis	 vinifera (grape seed) for antioxidant 
protection, and Rosmarinus	 of�icinalis (rosemary) for 
antimicrobial and preservative effects [10]. The selection of 
these plants in cosmeceutical formulations is based on 
e t h n o p h a r m a c o l o g i c a l  e v i d e n c e ,  p h y t o c h e m i c a l 
characterization, and increasingly, clinical validation studies.

Traditional	vs.	Modern	Applications
Traditional applications of medicinal plants in skincare relied 
on empirical observations and cultural transmission of 
knowledge. Ancient texts such as the Egyptian Ebers	Papyrus 
(circa 1550 BCE) documented use of aloe vera for burns and skin 
ailments, while Ayurvedic texts prescribed turmeric paste for 
skin in�lammation and complexion enhancement [11]. 
Traditional Chinese Medicine employed ginseng for 
rejuvenation and pearl powder for skin brightening, practices

Table	1:	Major	Medicinal	Plants	and	Their	Bioactive	Compounds	in	Cosmeceuticals
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Formulation	and	Delivery	in	Cosmeceuticals
Extraction	Techniques	of	Bioactive	Compounds
Extraction methodology signi�icantly impacts the quality and 
ef�icacy of botanical ingredients. Traditional methods include 
maceration, percolation, and steam distillation, while modern 
techniques employ supercritical �luid extraction (SFE), 
ultrasound-assisted extraction (UAE), and microwave-assisted 
extraction (MAE). SFE using carbon dioxide provides high-
purity extracts without toxic solvent residues, making it ideal for 
cosmeceutical applications. Standardization ensures consistent 
bioactive concentrations across batches through high-
performance liquid chromatography (HPLC) analysis and 
quanti�ication of marker compounds [25]. Extraction 
parameters including solvent polarity, temperature, and time 
must be optimized to maximize yield while preserving 
compound integrity.

Incorporation	into	Topical	Formulations
Bioactive compounds are incorporated into various delivery 
systems including emulsions, gels, serums, and masks. 
Emulsion-based formulations (creams and lotions) 
accommodate both hydrophilic and lipophilic actives but 
require emulsi�iers and preservatives [22]. Advanced delivery 
systems such as liposomes, niosomes, and solid lipid 
nanoparticles enhance penetration through the stratum 
corneum, improving bioavailability.

Stability	and	Bioavailability	Issues
Many phytochemicals exhibit poor stability when exposed to 
light, oxygen, heat, and pH variations. Ascorbic acid oxidizes 
rapidly, necessitating stabilization through derivatives like 
ascorbyl palmitate or encapsulation technologies [21]. Low 
molecular weight and lipophilicity favor skin penetration, but 
many polar plant compounds exhibit limited bioavailability. 
Nanotechnology, chemical modi�ication, and permeation 
enhancers address these challenges, optimizing the therapeutic 
potential of botanical cosmeceuticals.

Conclusion
Medicinal plants represent valuable sources of bioactive 
compounds for cosmeceutical development, offering 
scienti�ically validated alternatives to synthetic ingredients. The 
s y n e r g i s t i c  p hy t o c h e m i c a l  c o m p o s i t i o n  p r o v i d e s 
multifunctional skin bene�its including antioxidant protection, 
anti-in�lammatory effects, and enhanced wound healing. Future 
research should focus on standardization protocols, clinical 
validation, and novel delivery systems to optimize therapeutic 
ef�icacy and consumer safety.

Mechanisms	of	Action	in	Skin	Health
Bioactive compounds exert their effects through multiple 
molecular pathways. Antioxidants neutralize ROS generated by 
UV radiation, pollution, and cellular metabolism, preventing 
oxidative damage to lipids, proteins, and DNA [18]. Polyphenols 
activate the nuclear factor erythroid 2-related factor 2 (Nrf2) 
pathway, upregulating endogenous antioxidant enzymes 
including superoxide dismutase and catalase.  Anti-
in�lammatory mechanisms involve inhibition of nuclear factor-
kappa B (NF-κB) signaling, reducing expression of pro-
in�lammatory cytokines such as interleukin-1β and tumor 
necrosis factor-α [19]. Curcumin suppresses cyclooxygenase-2 
(COX-2) and lipoxygenase enzymes, attenuating in�lammatory 
cascades. Tyrosinase inhibition by compounds like glabridin 
and arbutin reduces melanin synthesis, providing skin-
lightening effects. Wound healing involves stimulation of 
�ibroblast proliferation, enhanced collagen deposition, and 
angiogenesis promotion through growth factor modulation 
[20]. Antimicrobial activities result from disruption of bacterial 
cell membranes, inhibition of bio�ilm formation, and 
interference with microbial enzyme systems.

Therapeutic	Effects	on	Skin	Health
Antioxidant	Properties	and	UV	Protection
Oxidative stress from ultraviolet radiation constitutes a primary 
cause of premature skin aging and carcinogenesis. Plant-
derived antioxidants provide photoprotection by absorbing UV 
radiation and scavenging free radicals [21]. Vitamin C (ascorbic 
acid) and vitamin E (tocopherol) work synergistically to 
regenerate each other and maintain cellular redox balance. 
Clinical studies demonstrate that topical application of green 
tea polyphenols reduces UV-induced erythema by 25-30% and 
prevents DNA damage [22]. Grape seed proanthocyanidins 
exhibit photoprotective effects by inhibiting UV-induced MMP 
expression and preserving collagen integrity. While plant 
antioxidants do not replace broad-spectrum sunscreens, they 
provide complementary protection against oxidative 
photodamage.

Anti-in�lammatory	and	Anti-aging	Effects
Chronic in�lammation accelerates skin aging through a process 
termed in�lammaging [23]. Anti-in�lammatory botanicals 
mitigate this process by suppressing in�lammatory mediators. 
Chamomile extract containing apigenin and bisabolol reduces 
in�lammatory responses in sensitive skin, while aloe vera 
polysaccharides demonstrate soothing effects on irritated skin. 
Anti-aging effects extend beyond in�lammation control to 
include collagen stimulation and elasticity improvement. 
Vitamin C enhances collagen synthesis by serving as a cofactor 
for prolyl and lysyl hydroxylases, enzymes essential for collagen 
stability [24]. Retinoids derived from plant carotenoids increase 
cell turnover, improve skin texture, and reduce �ine lines 
through retinoic acid receptor activation.

Antimicrobial	and	Wound	Healing	Properties
Pla n t - der ived  com p ou n ds  ex hib i t  b roa d-sp ect ru m 
antimicrobial activity against common skin pathogens 
including Staphylococcus	aureus, Propionibacterium	acnes, and 
Candida	albicans. Tea tree oil demonstrates ef�icacy comparable 
to benzoyl peroxide for acne treatment with fewer side effects. 
Wound-healing botanicals accelerate epithelialization and 
reduce scar formation; Centella	asiatica extracts increase tensile 
strength of healing wounds by enhancing collagen maturation 
and cross-linking.
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