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1. INTRODUCTION 

Cosmeceuticals represent a fascinating intersection of 

cosmetics and pharmaceuticals, offering a bridge 

between beauty and science. In today's world of skincare, 

they play a vital role in addressing a wide range of skin 

concerns and maintaining overall skin health. 

 

Cosmeceuticals are specialized skincare products that 

contain bioactive ingredients with demonstrated medical 

or therapeutic benefits. These products go beyond 

traditional cosmetics by incorporating ingredients that 

can enhance skin health, treat specific skin issues, and 

promote a youthful appearance. Unlike regular 

cosmetics, cosmeceuticals contain active ingredients 

such as vitamins, antioxidants, peptides, and botanical 

extracts, which are known for their beneficial effects on 

the skin. The primary goal of cosmeceuticals is to 

improve the health and appearance of the skin by 

addressing several concerns like aging, 

hyperpigmentation, acne, and more. Many 

cosmeceuticals are backed by scientific research and 

clinical studies, demonstrating their efficacy in 

enhancing skin quality. These products often contain 

higher concentrations of active ingredients compared to 

standard skincare items, allowing for more noticeable 

results. 

 

The cosmeceuticals have a multifaceted role in skincare 

as the followings. Many cosmeceuticals focus on 

reducing the signs of aging, such as wrinkles, fine lines, 

and sagging skin. They can stimulate collagen 

production and promote skin renewal, leading to a 

fresher and more youthful complexion. Cosmeceuticals 

address specific skin issues like acne, rosacea, and 

pigmentation irregularities. Some products offer 

protection from environmental stressors, UV rays, and 

pollution, helping to prevent future skin damage. 

 

In this review, we will delve into the intriguing realm of 

cosmeceuticals, with a particular focus on 

nanoformulations using natural ingredients. We will 

explore how cutting-edge technology and the power of 

nature come together to create skincare products that not 

only beautify but also nurture and heal the skin. 

 

The importance of skin in a human body is not only to 

provide a protective barrier but is vulnerable to aging, 

both intrinsically and extrinsically. It also touches on the 

various factors that contribute to the aging process and 

the need for cosmetic and therapeutic interventions to 

mitigate the effects of skin aging.   

 

Skin acts as a physical barrier that shields the body from 

harmful factors, including ultraviolet (UV) radiation and 

pathogens, while also preventing dehydration. There are 

two types of skin aging: intrinsic (or chronological 

aging) and extrinsic aging. Intrinsic aging is influenced 

by genetic factors and primarily affects dermal tissue, 
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even in areas not exposed to sunlight. Extrinsic aging, on 

the other hand, results from excessive exposure to 

environmental factors. 

 

Aging skin undergoes morphological changes at an early 

stage in life, leading to signs like fine lines, wrinkles, 

skin discoloration, and loss of skin elasticity. The aging 

process is influenced by both environmental factors (e.g., 

sun exposure, pollution) and genetic factors. The degree 

of physical aging depends on the interplay between these 

factors. Skin aging affects not only the appearance of the 

skin but also its overall health. The structural and 

functional changes within the skin can have a significant 

impact on its condition. 

 

To counteract the undesirable effects of skin aging, 

numerous cosmetic and therapeutic agents have been 

investigated. These agents can be available as over the 

counter (OTC) products or require a prescription. 

Various types of agents are proposed to offer anti-aging 

benefits. These include small-molecule drugs, vitamins, 

minerals, antioxidants, peptides, polysaccharides, and 

products derived from cell cultures and plants. The 

importance of tailoring formulation strategies to specific 

agents and their site of action. Effective delivery systems 

should be designed to ensure both safety and efficacy in 

mitigating the negative effects of aging on the skin. 

 

A concise overview of the multifaceted nature of skin 

aging, the interplay between intrinsic and extrinsic 

factors, and the importance of developing tailored 

cosmetic and therapeutic interventions is presented here 

to address the effects of aging on skin health and 

appearance as discussed in several review papers [Hong, 

et al, 2020; Vasvani, et al, 2020; Krutmann, et al, 2021; 

Atle Benetti, et al, 2023]. 

 

The basic purpose of this paper is to examine the 

cosmeceutical nanoformulations using natural 

ingredients, to inform readers about the emerging field of 

nanomaterials, with a particular focus on the integration 

of natural ingredients and nanotechnology, and the 

advantages it offers for skincare. The latest 

developments in skincare science are highlighted where 

natural compounds are harnessed and optimized through 

nanoformulations to create effective and sustainable 

cosmeceutical products. 

 

Another purpose is to empower consumers, skincare 

professionals, and industry stakeholders to make 

informed choices about cosmeceutical products by 

providing a deeper understanding of the benefits, 

challenges, and considerations of these innovative 

formulations in the process of bridging the gap between 

the growing demand for natural and organic skincare and 

the advancements in science and technology that make 

these products even more effective. 

 

The review will cover the following key areas as 

mentioned below. 

Basic understanding of what cosmeceuticals are, how 

they differ from conventional cosmetics, and their role in 

skincare by exploring the rising popularity of natural and 

organic ingredients in skincare, emphasizing their 

benefits for skin health and well-being by discussing the 

principles of nanotechnology and its applications in the 

development of skincare products, including 

nanoformulations. An effort has been made to examine 

the synergy of natural ingredients and nanotechnology, 

showcasing how the two combine to create powerful, yet 

gentle, cosmeceuticals. Few examples of real-world 

cosmeceutical products using natural ingredients and 

nanotechnology are included as case studies to highlight 

specific ingredients, formulations, and the results 

achieved. This review addresses the potential challenges 

in the development of these products, such as safety 

concerns, regulatory aspects, and stability issues, 

offering insights into how these challenges can be 

mitigated. Having a look into the emerging trends and 

innovations in natural ingredient nanoformulations, 

offers a glimpse into the future of cosmeceuticals 

precedes the practical advice for consumers on how to 

choose, use, and integrate cosmeceutical products with 

natural ingredients into their skincare routines. 

 

In the present context of going for nanoformulation is a 

ground-breaking approach in the field of cosmeceuticals 

that involves creating skincare products with active 

ingredients in nanoparticulate form. The significance of 

nanoformulation in cosmeceuticals lies in its ability to 

revolutionize the way skincare products work and the 

benefits it offers to both consumers and the cosmetics 

industry.  

 

Nanoformulations significantly improve the delivery of 

active ingredients into the skin. The smaller particle size 

allows for better penetration through the skin's outermost 

layer (the stratum corneum), enabling these ingredients 

to reach deeper skin layers where they can be more 

effective. Nanoformulation can be designed to achieve 

targeted delivery of active ingredients. This means that 

cosmeceuticals can be formulated to address specific 

skin concerns, such as wrinkles, hyperpigmentation, or 

acne, with precision, thereby increasing their efficacy. 

By breaking active ingredients down into nanoparticles, 

nanoformulations increase their bioavailability. This 

means that a higher percentage of the active compound 

can be absorbed by the skin, leading to more noticeable 

results with smaller quantities of product. 

 

Some active ingredients in cosmeceuticals can be 

sensitive to environmental factors like light, air, or 

temperature. Nanoformulations can protect these 

ingredients from degradation, ensuring that they maintain 

their potency throughout the product's shelf life. 

Nanoformulations can reduce skin irritation that might be 

associated with certain active ingredients. By gradually 

releasing the compounds, they minimize the risk of skin 

sensitivity or allergic reactions. Nanoformulated 

cosmeceuticals often have better sensory properties. 
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They can feel smoother and less greasy on the skin, 

which contributes to an improved user experience. 

Nanoformulations can be applied to a wide range of 

cosmetic products, including creams, lotions, serums, 

and even sunscreens, making it a versatile and adaptable 

technology for the cosmeceutical industry. 

 

Nanoformulation represents a cutting-edge innovation in 

the cosmetics and skincare industry, keeping it at the 

forefront of scientific advancements and consumer 

expectations. The precision offered by nanoformulation 

allows for greater customization and personalization of 

skincare products to meet individual needs, which is a 

growing trend in the cosmetics market. 

 

Nanoformulation in cosmeceuticals is significant because 

it enables more efficient and effective delivery of active 

ingredients, improving the overall performance of 

skincare products. It addresses consumer demand for 

products that not only promise results but also deliver 

them more rapidly and consistently, making it a 

transformative technology in the cosmeceutical industry. 

 

Nanoparticulate form of active ingredients once 

incorporated into the products, offer several significant 

advantages in the field of cosmeceuticals and skincare. 

Two key advantages are: improved ingredient delivery 

and enhanced stability. 

 

Nanoformulations revolutionize the way active 

ingredients are delivered to the skin, offering the 

following benefits 

The primary advantage of nanoformulations is their 

ability to improve the penetration of active ingredients 

into the skin. This is due to the significantly smaller 

particle size, which allows them to pass through the 

stratum corneum, the outermost layer of the skin, more 

effectively. As a result, these ingredients can reach 

deeper skin layers where they can exert their therapeutic 

effects. Nanoformulations can be engineered to achieve 

targeted delivery of active compounds. This means that 

the cosmeceutical product can be designed to release its 

ingredients where they are needed most, addressing 

specific skin concerns more effectively. By breaking 

down active ingredients into nanoparticles, 

nanoformulations increase their bioavailability. A higher 

percentage of the active compound can be absorbed by 

the skin, making the product more efficient and capable 

of delivering noticeable results with smaller quantities. 

 

In addition to improving ingredient delivery, 

nanoformulations also offer benefits related to product 

stability and shelf life as highlighted below. 

 

Some active ingredients are sensitive to environmental 

factors such as light, air, and temperature. 

Nanoformulations can encapsulate these ingredients 

within protective nanoparticles, shielding them from 

external influences. This enhances the stability of the 

product and helps maintain the potency of the active 

compounds over time. Nanoformulations can help reduce 

the oxidation and degradation of active ingredients, 

which is particularly crucial for sensitive compounds like 

vitamins and antioxidants. By encapsulating them in 

nanoparticles, the ingredients are less exposed to factors 

that can degrade their effectiveness. The enhanced 

stability provided by nanoformulations contributes to an 

extended shelf life for cosmeceutical products. This is 

essential for both manufacturers and consumers, as it 

ensures that the product remains effective and safe for an 

extended period. 

 

Nanoformulations can lead to greater consistency in 

product quality. By protecting active ingredients from 

degradation, manufacturers can produce products with a 

more predictable and reliable performance, ensuring that 

consumers receive the same level of efficacy from one 

product batch to the next. 

 

The advantages of nanoformulations in cosmeceuticals, 

such as improved ingredient delivery and stability, are 

essential for creating more effective, reliable, and long-

lasting skincare products. These advancements not only 

enhance the user experience but also contribute to the 

overall success and credibility of the cosmeceutical 

industry. 

 

By covering these aspects, the review aims to serve as a 

valuable resource for anyone interested in the 

intersection of natural ingredients, nanotechnology, and 

skincare, be it consumers looking for effective, natural 

solutions, skincare professionals seeking knowledge, or 

industry stakeholders involved in product development 

and marketing. 

 

Skin aging involves gradual changes in pigmentation 

over time. Aging skin can be associated with serious 

health concerns, including skin cancers such as cell 

carcinoma and malignant melanoma. Aging skin tends to 

become drier, more irritated, and less elastic, which 

contributes to the formation of wrinkles. The skin's 

ability to heal wounds diminishes with age, leading to 

slower wound healing processes. Aging skin may 

experience reduced sensory input, affecting the skin's 

ability to sense and respond to stimuli. This skin 

condition, often linked to sun exposure, can develop with 

age. Significant age-related changes occur in both the 

dermal and epidermal layers of the skin, resulting in 

visible alterations in appearance. Significant changes in 

the dermal extracellular matrix (ECM) including changes 

in collagens, elastic fibres, and glycosaminoglycans, are 

associated with shifts in the skin's appearance. Aging 

skin experiences changes in epidermal thickness, lipid 

content, ion content, water content, surface pH, and the 

number of melanocytes and Langerhans cells. These 

changes impact the skin's physical, chemical, and 

immunological barrier properties. Despite the thinning of 

the epidermis, the outermost layer of the skin, known as 

the stratum corneum, becomes thicker and more rigid 

with age. Desmosomes, which play a role in cell 
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adhesion and skin protection, are affected by aging. 

Their reduction can influence the skin's protective 

function and wound healing speed. Without proper 

junctions like desmosomes, the accumulation of 

keratinocytes on the skin may increase with age, 

potentially leading to skin conditions such as 

palmoplantar keratoderma and inflammatory peeling 

skin. 

 

Understanding these physiological changes is crucial for 

the development of effective skincare and treatment 

strategies to address the effects of skin aging, such as 

fine lines, wrinkles, and skin health. 

 

The primary environmental contributor to extrinsic skin 

aging is UV radiation from the sun as long (UVA) and 

short (UVB) wavelength, or photoaging, though 

exposure to toxins from pollution and tobacco smoke 

contributes to it as well. Genetic factors have a greater 

influence on intrinsic individual aging, and with darker 

skin types there is less apparent photoaging than with 

fairer skin types due to the higher melanin content in the 

former. Interestingly, according to the definition of 

environmental factors driving extrinsic skin aging also 

correlate with genetic factors, although the relevance of 

these factors seems to include different wavelengths 

other than UV radiation, as well as different air 

pollutants. On the other hand, the effects of aging have 

been compared to the formation and process of healing 

for wounds and laser procedures observing that wound 

healing and aging have common molecular targets. 

Altered cellular communication and replication, cellular 

senescence, hormonal changes, oxidative stress, and 

genetic mutations are all physiological factors that can 

promote age-related reparative effects in the skin. The 

generation of reactive oxygen species (ROS) 

endogenously or induced by UV exposure has been 

identified as a primary contributor to aging, as has the 

upregulation of matrix metalloproteinases (MMPs), the 

enzymes responsible for degradation of the ECM. 

Mostly, the excessive amount of ROS enhances the 

upregulation of AP-1 (the activator protein) and NF-κB 

(nuclear factor), known as redox-sensitive transcription 

factors and mitogen-activated protein kinases (MAPKs). 

Once the mechanism of AP-1 is activated by low-dose 

UV exposure and further combines with the generation 

of ROS, the transforming growth factor β (TGF-β) 

receptors are suppressed and the synthesis of procollagen 

is blocked. Additionally, the collagen degradation caused 

by MMPs is triggered by the activation of AP-1. 

Although MMPs play an important role in the aging 

mechanism since their expression increases upon UV 

exposure, resulting in degradation of collagen at the level 

of the ECM, the mediator(s) that connect to the key 

MMPs associated with ECM degradation have not been 

thoroughly identified. Some mediators related to this 

association, such as MMP-1 (collagenase), MMP-3 

(Strome lysin), and MMP-9 and MMP-2 (gelatinases), 

were studied in human skin. The results showed that 

MMP-9, MMP-3, and MMP-1 were activated upon UV 

exposure. Another study reported that transglutaminase 2 

(TG2), which is known as one of five TG isozymes in 

the epidermal keratinocytes, plays a key role in the 

increase in MMP-1 expression when induced by UVB 

irradiation. Study focussing on the determination of 

relevant mediators of photoaging showed that the 

degradation of type IV collagen was followed by the 

intensive expression of MMP-2 in human skin. 

Additionally, while the induction of MMP-2 increases 

over the years in skin exposed to sunlight, it corresponds 

to the pathway of AhR (aryl hydrocarbon receptor). The 

same study also showed that the induction of MMP-2 

and MMP-11 (another related photoaging mediator) was 

linked to the indication of the specificity protein 1 (SP1, 

which acts downstream of AhR) and MAPK pathways 

associated with DNA damage, whereas the mediators 

MMP-1 and MMP-3 were not correlated. 

 

In addition to remodelling the dermal ECM, MMPs 

participate in various critical aspects of cell regulation, 

and thus, any treatments aimed at MMP inhibition must 

have a high target specificity to avoid undesirable 

effects. Several MMPs have been implicated in fibrillin 

degradation within the ECM, but the cleavage of intact 

fibrillary collagen is uniquely initiated by MMP-1 

[Bocheva, et al, 2021; Lee, et al, 2021; Kim, et al, 2022]. 

 

2. ANTIAGING THERAPEUTIC AND 

COSMETIC AGENTS  

The extensive interest in identifying and elucidating 

effective treatments for skin aging highlights the wide 

range of therapeutic agents that have been evaluated for 

their anti-aging properties, originating from various 

sources. 

 

There is a significant interest in finding effective 

treatments for skin aging, as reflected by the abundance 

of reports published in recent times. A wide array of 

therapeutic agents with anti-aging potential has been 

investigated. These agents come from various sources, 

including plant and algae extracts, as well as cultured 

neonatal foreskin fibroblast medium. A recent review 

primarily focuses on agents with strong clinical evidence 

or robust in vitro and preclinical data supporting their 

efficacy in addressing skin aging. It aims to discuss the 

underlying mechanisms, when known by considering the 

formulations and delivery methods of these anti-aging 

agents, particularly about the site of action and potential 

effects. Many anti-aging treatments aim to replenish the 

skin by providing agents that support or complement 

intrinsic processes, replace lacking components (e.g., 

vitamins and minerals), or harness nature's own defences 

(e.g., polyphenols and carotenoids). 

 

The specific anti-aging agents that have been chosen for 

detailed studies, include e.g., retinoids, hyaluronan, 

astaxanthin, carnosine, lutein, ubiquinone, resveratrol, 

cosmeceutical peptides, and MMP (matrix 

metalloproteinase) inhibitors. These agents are 

considered representatives of commonly used anti-aging 
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therapeutics due to their compelling evidence in the 

literature, widespread use, or availability as marketed 

products. 

 

The interest in identifying effective anti-aging treatments 

for the skin, highlighting the diverse range of therapeutic 

agents that have been explored. It emphasizes a focus on 

evidence-based treatments and the consideration of 

formulations, mechanisms, and delivery methods to 

address the multifaceted nature of skin aging [Davinelli, 

et al, 2018]. 

 

2.1. Synthetic and Plant-Derived Products 

2.1.1. Synthetic Products 

Two different drugs, Doxycycline and Diclofenac, and 

their applications in the field of medicine, particularly 

related to skin and tissue conditions are summarised 

here.  

 

Doxycycline 
Doxycycline is described as a tetracycline antibiotic. It is 

mentioned that Doxycycline is used as an innate MMP 

(matrix metalloproteinase) inhibitor. It has been reported 

to inhibit the expression of MMP-2 and MMP-1 in vivo. 

The drug is used in the treatment of periodontal disease, 

a condition related to the health of the gums and 

surrounding tissues. Chiarelli et al. that discusses the role 

of Doxycycline in the treatment of hypermobile Ehlers–

Danlos syndrome (hEDS). This syndrome is 

characterized by abnormalities in the extracellular matrix 

(ECM). According to the study's findings, Doxycycline 

is used to treat hEDS, and it helps restore the 

organization of the ECM and reverses the dysfunction of 

dermal fibroblasts. 

 

Diclofenac 
Diclofenac is identified as a non-steroidal anti-

inflammatory drug (NSAID). The drug is believed to 

reduce prostaglandin E2 by inhibiting cyclooxygenase. 

Diclofenac is applied topically and has been found to 

synergistically localize in the epidermis when used with 

hyaluronic acid (HA). It does not show the same 

localization with other glycosaminoglycans, 

pharmaceutical gelling agents, or in a buffer. Diclofenac, 

when formulated in a 2.5% HA topical gel at a 

concentration of 3%, has been shown in randomized 

controlled trials to effectively reduce and clear actinic 

keratosis lesions. Actinic keratosis is a skin condition 

commonly caused by excessive UV exposure, and it 

often appears on the face and hands. 

 

The applications and mechanisms of action of 

Doxycycline and Diclofenac are described in the 

treatment of various skin and tissue-related conditions. 

Doxycycline is discussed in the context of MMP 

inhibition and its role in restoring ECM organization, 

while Diclofenac is highlighted for its topical use in 

treating actinic keratosis lesions when combined with 

hyaluronic acid [Chiarelli, et al, 2021] 

 

2.1.2. Vitamins 

The importance of vitamins with antioxidant capabilities 

in human systems, particularly in the context of anti-

aging and skin health is summarised here.  

 

Antioxidant vitamins play a crucial role in reducing 

reactive oxygen species (ROS) in human cells. This 

reduction leads to the production of low-activity 

molecules, which can be beneficial for overall health. 

Antioxidant vitamins help aging skin cells reduce 

oxidative damage. This reduction in oxidative damage 

contributes to an increase in the generation of key 

components of skin cells, which is important for 

maintaining skin health. Antioxidant effects of specific 

vitamins including vitamins C, D, A, B12, B3, and E, as 

well as lipoic acid and coenzyme Q10 are examined 

here. 

 

Vitamin D, despite being synthesized by UV radiation, 

can protect DNA from UV radiation-induced damage, 

providing protection to the skin. Vitamin C (L-ascorbic 

acid) is essential for collagen synthesis and acts as an 

antioxidant. Clinical studies have shown its effectiveness 

in reducing facial wrinkles and facilitating elastic tissue 

repair in the skin. Vitamin E (d-α-tocopherol) inhibits 

oxidative changes, including AP-1 binding in UV-

irradiated keratinocytes, in a dose-dependent manner. It 

also upregulates antioxidant enzymes, scavenges 

superoxide, and inhibits lipid oxidation. Research often 

involves combinations of vitamin E with vitamin C and 

coenzyme Q10. 

 

The regulation mechanism of matrix metalloproteinases 

(MMPs) is studied during the formulation development 

of natural compounds, such as folic acid and vitamin 

B12. These compounds are expected to work as aryl 

hydrocarbon receptor (AhR) antagonists. 

 

According to a study using AhR antagonists, like folic 

acid and vitamin B12 via transdermal delivery, is 

proposed to impede the formation of wrinkles and DNA 

damage mediated by MAPK pathways associated with 

UV irradiation and skin aging. 

 

The significance of antioxidant vitamins is described 

here in reducing oxidative damage, protecting the skin, 

and addressing skin aging. It specifically mentions the 

roles of vitamins D, C, and E, as well as other 

compounds like lipoic acid and coenzyme Q10 in skin 

health and anti-aging. It also emphasizes the importance 

of formulating natural compounds to regulate matrix 

metalloproteinases and the potential use of AhR 

antagonists to combat skin aging. 

 

2.1.3. Endogenous Compounds 

Ubiquinone or Coenzyme Q10 (CoQ10) has a structure 

like vitamin K and is synthesized throughout the body. It 

is fat-soluble and functions as both a pro- and 

antioxidant. CoQ10's mechanism against skin aging 

involves maintaining skin cell organization by inhibiting 
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the generation of reactive oxygen species (ROS). ROS is 

known to regulate the production of matrix 

metalloproteinases (MMPs) through the activation of the 

MAPK pathway. Formulation studies focus on reducing 

MMP-1 expression after UVA exposure to demonstrate 

the efficacy of topically applying CoQ10. When taken 

orally with a water-soluble formulation for improved 

bioavailability, CoQ10 supplementation has been shown 

to reduce wrinkles and increase skin smoothness.  

 

Retinoids, belonging to the vitamin A family, are 

commonly used against skin aging. They work by 

preventing skin deformation through the regulation of 

MMPs. Retinoic acid, also known as tretinoin or all-

trans-retinoic acid, is a vitamin A metabolite that can 

modulate cellular programming in the skin. It inhibits the 

UV-induced activation of transcription factors NF-κB 

and AP-1. The use of retinoids leads to epidermal 

thickening, stratum corneum (SC) compaction, and the 

synthesis of glycosaminoglycans, which collectively 

reduce the signs of photoaging. However, it may have 

side effects such as a burning sensation and dryness. 

 

Hyaluronic Acid (HA) is a major polyanionic 

glycosaminoglycan found in the extracellular matrix 

(ECM) of the skin. HA has been shown to enhance 

stratum corneum (SC) penetration and the localization of 

certain therapeutic agents to the epidermis. Examples 

include clindamycin, cyclosporine, and select non-

steroidal anti-inflammatory drugs (NSAIDs). 

 

The exact mechanism of how HA facilitates drug 

penetration is not fully understood, but it may involve 

HA receptors within the skin and the retention of drugs 

within the HA-hydrated epidermal layers. 

 

The roles of CoQ10, retinoids, and hyaluronic acid has 

been discussed here in maintaining skin health and 

combating skin aging. These compounds operate through 

various mechanisms, and their application may involve 

topical formulations, oral supplementation, and 

enhancement of drug penetration for therapeutic 

purposes. [Cao, et al, 2020; Kim, et al, 2022]. 

 

2.1.4. Carotenoids 

The use of astaxanthin and lutein, both natural pigments, 

is discussed here in the context of skin health and 

protection against photoaging.  

 

Astaxanthin 
Astaxanthin is a natural pigment that is synthesized by 

various organisms, including yeasts, bacteria, plants, and 

microalgae such as Haematococcus pluvialis. 

Astaxanthin has demonstrated the ability to significantly 

improve clinical signs of photoaged skin, particularly 

related to wrinkles, elasticity, and moisture. It can be 

administered both topically and orally for these benefits. 

Astaxanthin possesses a higher antioxidant capacity than 

β-carotene, which contributes to its ability to counteract 

oxidative stress. In vitro studies have shown that 

astaxanthin can block the activation of nuclear factor 

kappa B (NF-κB) and inhibit the expression of matrix 

metalloproteinases (MMP-3 and MMP-1). This 

inhibition results in reduced inflammation and increased 

collagen content, both of which are beneficial for skin 

health. 

 

Lutein 
Lutein is another xanthophyll carotenoid that is known 

for its ability to filter blue light. Lutein has been 

demonstrated to provide protection against skin damage 

caused by UV radiation, likely due to its role as an 

antioxidant. Both astaxanthin and lutein have shown 

promise in maintaining skin health and protecting the 

skin from the effects of photoaging. Astaxanthin's 

antioxidant properties, as well as its ability to inhibit 

inflammation and MMP expression, make it particularly 

beneficial for addressing skin aging. Lutein's role as an 

antioxidant and its ability to filter blue light contribute to 

its protective effects against UV-induced skin damage 

[Davinelli, et al, 2018].  

 

2.1.5. Polyphenols 

The natural compounds, including resveratrol, 

epigallocatechin gallate (EGCG), apigenin, baicalein, 

and baicalin, and their potential roles in skincare and 

anti-aging are discussed here.  

 

Resveratrol is a natural stilbene compound that can be 

extracted from grapes. Resveratrol is believed to reduce 

signs of aging in the skin by inhibiting apoptotic 

processes and mitochondrial dysfunctions. Resveratrol 

has been shown to modulate inflammatory cytokines like 

IL-6, IL-8, and TNF-α in human keratinocytes. This 

effect is attributed to the production of phosphorylated 

epidermal growth factor receptor (EGFR). 

 

Epigallocatechin Gallate (EGCG) is a tannin derived 

from green tea extract known for its antioxidant 

properties. EGCG has been demonstrated to reduce 

oxidative stress and inhibit nuclear factor kappa B (NF-

κB) in vitro, providing protection against UV radiation. 

While claimed to have anti-aging benefits for the skin, 

there is limited human clinical data. One study evaluated 

the combination of EGCG with sunscreen and found that 

it significantly reduced matrix metalloproteinase-1 

(MMP-1), a protein associated with skin aging. 

 

Apigenin, a flavone found in many plants, is reported to 

have anti-inflammatory and antioxidant effects in vitro. 

In mouse skin inflamed by UVB light, apigenin-

containing ethosomes were shown to reduce COX-2, an 

enzyme involved in prostaglandin synthesis. Apigenin 

has potential as a therapeutic agent for autoimmune 

diseases like psoriasis. 

 

Baicalein and Baicalin are flavones found in Scutellaria 

baicalensis. These compounds are reported to inhibit 

various mechanisms, including cancer, UVA exposure, 

ROS production, and bacterial infections via LI-
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promoted Fenton chemistry. The main mechanism of 

baicalin is associated with its anti-inflammatory function, 

including the inhibition of NF-κB, COX-1, and inducible 

nitric oxide synthase (iNOS). 

 

These natural compounds have demonstrated potential in 

skincare and anti-aging, with various mechanisms of 

action, such as antioxidant properties, anti-inflammatory 

effects, and the modulation of cytokines and enzymes 

related to skin health. Their use in skincare products and 

therapies may offer benefits in addressing skin aging and 

related conditions as reported by many [Park, et al, 2020; 

Pourzand, et al, 2022]. 

 

2.2. Peptides, Cell-Derived Products, and Biologics 

2.2.1. Peptides, Proteins, and Cell Culture-Derived 

Extracts 

The use of carnosine and various peptides and proteins in 

cosmetic and anti-aging treatments are briefly described 

below. 

 

Carnosine is an endogenous dipeptide composed of β-

alanyl-l-histidine and is naturally synthesized in muscle 

and brain cells. Carnosine has been credited with having 

cell-regenerating and lifespan-extending properties, 

particularly in cultured human fibroblasts in preclinical 

studies. Data suggests that carnosine administration can 

suppress the growth-inhibitory cytokine TGF-β, which 

inhibits telomerase. This action may contribute to its 

anti-aging effects. Carnosine administration is associated 

with an increase in circulating insulin-like growth factor-

1 (IGF-1), which is linked to reduced wrinkles and is a 

positive factor for skin health. 

 

Antiaging Peptides and Proteins  
The works of several research groups summarized 

clinical evidence for various peptides and proteins used 

in cosmetic applications for aging skin. These include 

matrikines, matrikine-like peptides, growth factors, 

cytokines, and protein extracts. Many of the products 

mentioned in the context of anti-aging treatments contain 

matrikines or matrikine-like peptides. Matrikines are 

peptide fragments released through the proteolysis of 

extracellular matrix (ECM) components. They can 

trigger the synthesis of collagens, elastin, and 

glycosaminoglycans, which are important for skin health 

and elasticity. 

 

Minor modifications to the peptide structures, such as 

adding palmitoyl to KTTKS or octanoyl to carnosine, 

have improved skin permeation and overall efficacy in 

anti-aging formulations. 

 

Carnosine is considered for its potential cell-regenerating 

and anti-aging properties, while peptides and proteins, 

particularly matrikines and matrikine-like peptides, have 

demonstrated usefulness in cosmetic and anti-aging 

treatments by promoting the synthesis of key skin 

components. Formulation advancements have enhanced 

their effectiveness in skincare products. 

2.2.2. Biologics and DNA Repair 

The botulinum toxin (BTX) and various proteins and 

antibodies with potential applications in skin health and 

aging are discussed here in brief. 

 

BTX is generated in the anaerobic spores of the 

Clostridium bacteria. It is a complex mixture of 

botulinum neurotoxin and several non-toxic proteins. 

BTX has eight distinct antigenic profiles, labelled A to 

G, which are associated with different strains of 

Clostridium botulinum. Certain strains of BTX (A, B, C, 

E, F, and G) can lead to botulism if they meet the human 

nervous system, while the D strain does not affect it. 

BTX is initially synthesized as a single-chain 

polypeptide and undergoes activation, becoming a 

double chain with a disulphide bridge due to the action 

of proteases. 

 

Monoclonal Antibodies (SP1, SP2, SP3) are high-affinity 

monoclonal antibodies targeting mouse MMP-1A, 

MMP-2, and MMP-3, respectively. These antibodies 

were produced through protein engineering, using scFv 

fragments identified in phage-display library screening 

experiments. There is no cross-reactivity between these 

antibodies. They exhibit low nanomolar binding affinity, 

with a dissociation constant (KD) of 6nM. The SP1 

antibody shows excellent potential for disease-targeting 

applications, with low or undetectable expression of the 

MMP-1A antigen in healthy tissue. This has implications 

for advancements in addressing skin aging and 

potentially developing non-toxic MMP inhibitor 

treatments. 

 

T4 Endonuclease V (T4N5) 
DNA Repair Enzyme (T4N5) is derived from 

bacteriophages and is shown to reduce cyclobutane 

pyrimidine dimers (CPDs) and MMP-1 activation caused 

by UV irradiation in keratinocytes. In a randomized 

clinical study, when administered topically after UV 

exposure in pH-sensitive liposomes within a hydrogel 

lotion, T4N5 accelerated the removal of UV-induced 

CPDs compared to a placebo. 

 

The characteristics of botulinum toxin, the development 

of high-affinity monoclonal antibodies for targeting 

specific proteins, and the potential of DNA repair 

enzyme T4N5 are described for mitigating UV-induced 

skin damage, all of which have implications for skin 

health and aging as discussed elsewhere [Samizadeh, and 

De Boulle, 2018]. 

 

3. FORMULATIONS AND DELIVERY 

STRATEGIES 

The importance is there not only in identifying effective 

therapeutic agents for aging-related treatments but also in 

developing robust formulations and suitable delivery 

systems for these agents. In addition to finding effective 

therapeutic agents, it is crucial to develop formulations 

and delivery systems that can effectively deliver these 

agents to the skin for anti-aging treatments. There is a 



Nazeer et al.                                                                          World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com       │      Vol 11, Issue 10, 2025.      │        ISO 9001:2015 Certified Journal        │ 

 

12 

need for detailed reviews that focus on delivery systems 

designed for cosmetic or cutaneous use along with 

providing insights into the latest advancements in this 

field. 

 

Preferred materials commonly used in the development 

of delivery systems, which play a critical role in ensuring 

the effective and safe delivery of anti-aging compounds 

to the skin. In addition to the general discussion about 

formulations and delivery systems, the passage suggests 

that specific classes of anti-aging compounds, such as 

polyphenols and antioxidants, may be a focus of interest. 

These compounds have properties that are beneficial for 

addressing skin aging. There is a need for robust 

formulations and suitable delivery systems for anti-aging 

compounds [Sala, et al, 2018; Garcês, et al, 2018]. 

 

3.1. COMMON FORMULATIONS FOR TOPICAL 

ADMINISTRATION  

The passage discusses the various routes of 

administration for delivering vitamins, minerals, 

phytochemicals, and carotenoids to the skin, with a focus 

on the topical route. It also mentions different delivery 

systems commonly used for topical administration.  

 

Data supports the effectiveness of oral supplementation 

to deliver nutrients and beneficial compounds to the skin. 

This route allows these substances to be absorbed 

systemically and distributed throughout the body. 

Cosmetic products, on the other hand, primarily rely on 

the topical route of administration. This is a logical 

approach because many skin aging-related issues are 

localized within the epidermal or dermal layers, making 

direct application to the skin the most relevant method. 

For topical delivery, various formulation strategies and 

delivery systems are described in the literature. These 

systems are designed to enhance the absorption and 

effectiveness of the active compounds when applied to 

the skin. The passage lists several delivery systems used 

for topical administration. These include emulsions, 

liposomes, niosomes, ethosomes, transfersomes, solid 

lipid nanoparticles (SLNs), nanostructured lipid carriers 

(NLCs), microparticles, nanoparticles, and microneedles. 

Each of these systems has specific properties and 

advantages that can improve the delivery of active 

compounds to the skin. 

 

In summary, while oral supplementation is an effective 

way to deliver nutrients and compounds systemically, the 

topical route is favoured in cosmetics for skin-related 

issues. To enhance the effectiveness of topical 

treatments, various delivery systems are available to 

ensure that active compounds can penetrate the 

epidermal and dermal layers of the skin. These systems 

play a crucial role in improving the efficacy of skincare 

products [Garcês, et al, 2018; Sala, et al, 2018; Tarbox, 

et al, 2018]. 

 

3.1.1. EMULSIONS 

The emulsion systems comprising of microemulsions, 

and nanoemulsions, are described here along with their 

use in topical administration and their thermodynamic 

and kinetic stability. The use of gelling agents and 

polymers offers enhancing the stability and 

bioavailability of these systems.  

 

The emulsion systems consist of two continuous phases, 

oil-in-water (O/W) or water-in-oil (W/O). 

Microemulsions, with droplet sizes ranging from 10 to 

100 nm, are thermodynamically stable mixtures of oil, 

water, and surfactant. Microemulsions can be ternary 

(with surfactant) or quaternary (with a co-surfactant if 

necessary). They are typically in the O/W phase when 

applied topically to aid penetration of lipophilic drugs 

through the stratum corneum. Choice of the proper 

surfactant is essential to maintain stability and prevent 

coalescence. 

 

NANOEMULSIONS 

Nanoemulsions are kinetically stable mixtures with 

droplet sizes typically ranging from 100 to 400 nm. 

There is debate over their thermodynamic stability 

compared to microemulsions. Gravity has minimal 

impact on nanoemulsion particles due to their small size, 

and Brownian motion plays a more significant role in 

stability. 

 

GEL FORMATION 

Gel formation involves the addition of a gelling agent to 

enhance stability and bioavailability. Gelling agents 

facilitate polymerization, cross-linking, or self-assembly 

interactions of polymers into micro- or nanogels. 

Common natural biodegradable polymers used in topical 

administration include hyaluronic acid, dextran, chitosan, 

alginate, and poly-γ-glutamic acid. Synthetic polymers 

with high biocompatibility, such as polylactic acid, 

polyglycolic acid, and polylactic-co-glycolic acid, are 

also commonly employed. 

 

Comparison of various emulsion systems, their stability, 

and the use of gelling agents and polymers are included 

to enhance the stability and bioavailability of these 

systems when applied topically in skincare and cosmetic 

products. It highlights the importance of careful selection 

of surfactants and polymers to achieve the desired 

properties in such formulations [Dahiya, and Dahiya, 

2022; Liu, et al, 2022; Souto, et al, 2022]. 

 

3.1.2. VESICULAR SYSTEMS 

An effort has been made to collect information about 

different types of vesicular delivery systems used in 

skincare and cosmetic products.  

 

LIPOSOMES are vesicles with an aqueous core 

surrounded by one or more lipid bilayers formed from 

phospholipids. They can accommodate both hydrophilic 

molecules in their aqueous core and lipophilic 

compounds within the bilayer. Shortcomings of 

liposomes include instability in biological fluids, burst 

release upon storage, and expensive manufacturing due 
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to low reproducibility. 

 

NIOSOMES are vesicles with an aqueous core 

surrounded by non-ionic surfactants, often Span®, 

Tween®, or Brij®. They can accommodate hydrophilic 

and hydrophobic compounds. Niosomes act as skin 

penetration enhancers, increasing skin permeability. The 

inclusion of cholesterol or derivatives can enhance 

stability, entrapment efficiency, and drug release 

properties. 

 

ETHOSOMES are flexible vesicles formed from 

phospholipids, ethanol, and water. They can solubilize 

poorly soluble actives. Ethanol, a known penetration 

enhancer, works synergistically with the vesicles and 

skin lipids to improve delivery into the skin. 

 

TRANSFERSOMES are highly deformable vesicles 

made of phospholipids, surfactants, and water. They can 

penetrate through the stratum corneum (SC) into the 

skin. The surfactant, known as the edge activator, acts as 

a penetration enhancer by decreasing bilayer rigidity, 

allowing the vesicles to remain intact while traversing 

the SC. 

 

These vesicular delivery systems mentioned above are 

designed to enhance the delivery of active compounds to 

the skin with various advantages and are used in skincare 

and cosmetic products to improve stability, skin 

penetration, and the release of active ingredients [Sala, et 

al, 2018]. 

 

3.1.3. Nanoparticulate Systems 

Solid lipid nanoparticles (SLNs), nanostructured lipid 

carriers (NLCs), and polymeric microparticles and 

nanoparticles are used in skincare and cosmetic products. 

Here's a summary of the key points: 

 

Solid Lipid Nanoparticles (SLNs) 
SLNs combine the advantages of emulsions and 

liposomes with solid particles' characteristics. They have 

a mean particle size of approximately 40 to 1000 nm. 

SLNs facilitate occlusive properties and deeper 

penetration into the skin. However, shelf-stability can be 

an issue due to crystallization of the solid lipid core. 

 

Nanostructured Lipid Carriers (NLCs) 
NLCs overcome the drug loading and shelf-stability 

issues of SLNs. They use a blend of liquid and solid 

lipids that are solid at body temperature. NLCs contain 

less water and offer the potential for more tailored 

release profiles based on factors like particle size, lipid 

composition, and encapsulated drug. 

 

Polymeric Microparticles and Nanoparticles 
These are made from biodegradable polymers and 

enhance material handling properties and stability of the 

encapsulated active ingredient. They tend to accumulate 

in hair follicle canals, potentially improving targeted 

delivery. Microparticles can be prepared using 

techniques such as spray-drying, which is a commonly 

employed manufacturing method. 

 

These delivery systems offer various advantages for 

skincare and cosmetic products, including improved 

material handling, stability of active ingredients, and the 

potential for deeper penetration or targeted delivery. 

Each system has its unique characteristics and benefits, 

making them suitable for different applications in the 

cosmetic and skincare industry [Sala, et al, 2018] 

 

3.1.4. Microneedles 

Microneedles and microneedle patches used in skincare 

and cosmetic applications are described here with 

following key points.  

 

Microneedles 
Microneedles are designed to penetrate the stratum 

corneum of the skin, creating micron-sized pathways 

through the epidermis or upper dermis. They can deliver 

formulated products locally or inject substances directly 

into the bloodstream. Microneedles combine the 

advantages of transdermal and intravenous 

administration and have applications in cosmetics and 

potentially vaccine delivery. Disadvantages include low 

drug loading, non-continuous batch manufacturing 

processes, and concerns about the detachment of needles 

from the device within the skin. 

 

Microneedle Patches 
Microneedle patches consist of a series of arranged 

micron-sized needles in square patches that contain the 

drug. These needles penetrate the stratum corneum 

without stimulating pain receptors. Drug delivery occurs 

through active or passive diffusion after disrupting the 

skin or using a permeation enhancer. Microneedles can 

be coated with the drug, be hollow with a drug reservoir, 

dissolving, or form a hydrogel that releases the drug over 

time. 

 

Microneedles and microneedle patches offer unique 

advantages for drug and product delivery in cosmetic and 

skincare applications. They create pathways through the 

skin, allowing for the controlled release of substances, 

including hydrophilic molecules, without causing 

significant pain or discomfort to the user [Tarbox, et al, 

2018; Aldawood, et al, 2021; Aich, et al, 2022; Wang, et 

al, 2023]. 

  

3.2. Common Formulation Delivery Methods Used 

against Skin Aging 

Topical therapeutics and cosmetic agents are typically 

formulated in various forms for easy application and 

effective delivery. These formulations consist of a base 

that serves as a vehicle for one or more active 

ingredients, which can be dissolved or uniformly 

dispersed within it. Additionally, various excipients, such 

as emulsifiers, viscosity-increasing agents, antimicrobial 

agents, antioxidants, or stabilizing agents, may be added 

to enhance the product's stability, texture, and efficacy. 
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Common forms of these preparations include: 

 

Creams are semi-solid emulsions with a smooth texture, 

combining oil and water phases. They are easily 

spreadable and absorbed by the skin. 

 

Gels are semi-solid or jelly-like formulations that 

provide a cooling and soothing effect. They are often 

used for transparent or translucent products. 

 

Spray formulations are liquid-based and are applied 

using a fine mist. They are convenient for even 

distribution over large areas. 

 

Lotions are liquid emulsions that are lighter than creams 

and are often used for moisturizing the skin. They are 

easy to apply and absorb quickly. 

 

Parenteral preparations are specialized formulations 

intended for injection or infusion into the body, such as 

injectable fillers or other medical aesthetic treatments. 

 

These various forms offer different textures and 

consistencies, allowing consumers to choose products 

that suit their preferences and skin types. The choice of 

formulation can also impact the absorption, 

effectiveness, and user experience of the topical product. 

 

3.2.1. Creams, Gels, and Serums 

Creams are widely studied in the context of skin 

protection and anti-aging. Various studies have evaluated 

the efficacy of cream preparations containing ingredients 

such as vitamin E, retinol, and CoQ10. For instance, a 

study found that retinol was more efficient than vitamin 

E in reducing superficial wrinkles caused by UV 

radiation. Additionally, a formulation was reported 

incorporating CoQ10 into nanoemulsions within a cream. 

This formulation demonstrated antioxidant effects that 

protected DNA, and xanthan gum used as a texturing 

agent enhanced glucose metabolism and cell growth. 

 

In addition to traditional emulsion-based creams, there 

has been a focus on the development of creams with 

nano-based dispersions, such as solid lipid nanoparticles 

(SLNs) and nanostructured lipid carriers (NLCs). These 

nano-based anti-aging creams have gained popularity 

and are available in commercial products from 

companies like Dr. Rimpler GmbH, Lancôme, and 

Yamanouchi. 

 

Gels are another common semi-solid product used for 

skin protection and anti-aging. Researchers have 

explored the development of semi-solid formulations by 

replacing the lipid component of nanoparticle dispersions 

with hydrophilic gelling agents. This approach offers the 

benefits of nanoparticle-based anti-aging formulations 

while maintaining the convenience of a gel product. 

Studies have shown the anti-wrinkle effects of gels with 

various ingredients, including vitamin A palmitate and 

tretinoin. 

Serums, on the other hand, are oil-based or water-based 

formulations that typically contain peptides, oils, retinol, 

hyaluronic acid, and other anti-aging ingredients. These 

products are designed to be easily absorbed by the skin 

and are available in commercial products like 

NanoRepair Q10 serum by Dr. Rimpler GmbH, 

HydraZen serum by L'Oréal, and Hydro Boost water gel 

by Neutrogena. Serums are known for their high 

concentration of active ingredients, making them 

effective for addressing specific skin concerns. 

 

Overall, the development and commercialization of these 

various types of anti-aging products, including creams, 

gels, and serums, reflect the growing interest in advanced 

formulations to combat the signs of aging and improve 

skin health [Garcês, et al, 2018; Kaci, et al, 2018; 

Correa, et al, 2020; Stefanov, and Andonova, 2021; 

Souto, et al, 2022]. 

 

3.2.2. Sprays and Lotions 

Sprays and lotions are among the most common 

cosmetic formulations used for skin protection and anti-

aging products which are manufactured using 

nanoemulsions. For instance, the study by Piccioni et al. 

aimed to evaluate their photoaging therapy with 

liposome-encapsulated sprays loaded with 5-

aminolevulinic acid using an intense pulsed light 

technique. Their study was conducted with healthy 

volunteer patients, aged from 35 to 65, who visited the 

clinic every 3 weeks, with a final control 3 months after 

the end of the treatment. The improvement in photoaging 

and its associated side effects, namely, wrinkle 

reductions, were observed using liposome-encapsulated 

5-aminolevulinic acid. On the other hand, lotions are 

described as an anti-aging product, even though they are 

used in moisturizers or sunscreens. Their formulations 

consist of nanoparticles; however, they have a high-

water content and less viscoelastic behaviour compared 

to the other semi-solid products. A study by Han et al. 

compared the anti-aging effect of the liquid protein 

solutions and the lotion formulated with three peptides 

(acetyl hexapeptide-3, carnosine, and palmitoyl 

tripeptide-5). They highlighted the easy application and 

spreadability of their new lotion formulation with an 

anti-aging reduction and found that wrinkles decreased 

by 30.8%. The most common spray and lotion 

formulations are sunscreen products and, given that they 

protect the skin from the aging effect of UV rays, they 

can be considered as anti-aging products [Souto, et al, 

2020; Han, et al, 2020]. 

 

3.2.3. Parenteral Preparations 

Parenteral preparations for therapeutic and cosmetic 

agents are traditionally considered the most effective 

route of drug administration as they prevent the possible 

loss of efficacy due to first-pass metabolism or the 

proteolytic cleavage of peptides and proteins. However, 

common problems associated with hypodermic needles 

include pain and anxiety. Their administration can be 

divided into four most used routes, including 
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intradermal, intravenous, intramuscular, and 

subcutaneous injections. The needle length mostly 

depends on the administration route, as the deeper 

injection type is related to a longer length and shorter 

gauge. Thus, recent advancements have been gravitating 

towards microneedle injector applications which 

penetrate the epidermis via intradermal injection. The 

formulations on the market are mostly meant for 

cosmetic use and contain hyaluronic acid, but other 

purposes are under investigation (vaccines). BTX is used 

in various fields of medicine, including the treatment of 

hyperhidrosis and cervical dystonia. The recommended 

injection route is usually intramuscular or intradermal. 

Botox
®
, Dysport

®
, Xeomin

®
, and NeuroBloc

®
 are 

commercially available and each one of them have their 

own formulation and dosage. Local injections of BTX 

prevent the release of acetylcholine and co-transmitters 

in peripheral cholinergic nerve endings, which 

consequently leads to reduced symptoms. 

 

BOTOX
®
 Cosmetic for injection, a sterile, vacuum-dried 

purified botulinum toxin type A, is produced from the 

fermentation of the Hall strain of Clostridium botulinum 

type A grown in a medium containing casein 

hydrolysate, glucose, and yeast extract, and is intended 

for intramuscular use [Samizadeh, and De Boulle, 2018; 

Jariwala, et al, 2022] 

 

3.3. Limitations on Current Approaches/Agents 

3.3.1. Permeation Enhancers 

Permeation enhancers are essential components in 

cosmetic and topical formulations to improve the 

delivery of active ingredients into the skin. Some 

common permeation enhancers used in cosmetically 

relevant products include alcohols, glycols, fatty acids, 

phospholipids, Azone, urea and its derivatives, 

cyclodextrins, and dimethyl sulfoxide. Surfactants are 

also employed as permeation enhancers in topical 

delivery systems. Here are some details about these 

enhancers: 

ALCOHOLs, such as ethanol, are commonly used as 

permeation enhancers. They can alter the lipid content of 

the stratum corneum (SC) and increase the solubility of 

the drug within the skin, enhancing therapeutic delivery. 

However, they must be used carefully to avoid skin 

irritation. 

 

GLYCOLs, like propylene glycol and butylene glycol, 

can increase the permeability of the skin barrier. They 

are often used in cosmetic products to help active 

ingredients penetrate the skin effectively. 

 

FATTY ACIDs (oleic acid) can disrupt the lipids of the 

SC. While they can improve drug delivery by enhancing 

skin penetration, they may also deposit in the skin. The 

choice of fatty acid and its concentration in the 

formulation becomes crucial. 

 

PHOSPHOLIPIDs are natural components of cell 

membranes, and sometimes used in formulations to 

improve the delivery of actives. They can interact with 

skin lipids and enhance penetration. 

 

AZONE is a well-known chemical enhancer used in 

topical products to increase the permeation of active 

ingredients through the skin. It can temporarily disrupt 

the skin barrier to facilitate the penetration of actives. 

 

UREA AND DERIVATIVEs can soften and hydrate the 

skin, which may enhance the delivery of active 

ingredients. They are often used in moisturizing and skin 

care products. 

 

CYCLODEXTRINs are cyclic oligosaccharides used to 

encapsulate and solubilize hydrophobic actives, 

improving their bioavailability and penetration into the 

skin. 

 

DIMETHYL SULPHOXIDE (DMSO) is a powerful 

permeation enhancer that can significantly increase the 

penetration of actives into the skin. However, it must be 

used with caution due to its potential side effects and 

strong odour. 

 

SURFACTANTS, especially non-ionic ones with polar 

head groups and long alkyl chains, can disrupt SC lipids 

and enhance skin penetration. However, the choice of 

surfactant should be made carefully to avoid skin 

irritation. 

 

It is noted from the above-mentioned brief descriptions 

that while these permeation enhancers can improve the 

delivery of actives, they should be used with care in 

appropriate concentrations and formulations to minimize 

the risk of skin irritation and ensure the safety and 

efficacy of cosmetic and topical products. The choice of 

enhancer depends on the specific formulation and the 

properties of the active ingredient as reported [Sala, et, 

2018]. 

 

3.3.2. SYSTEMIC DELIVERY 

Permeation enhancers play a critical role in topical and 

cosmetic formulations, as they help improve the delivery 

of active ingredients into the skin. However, it's essential 

to choose them carefully to avoid unintended systemic 

delivery, which is generally not desired for cosmetic and 

topical treatments. Here's a breakdown of considerations 

related to various delivery systems and their potential to 

lead to systemic delivery. TRANSFERSOMES AND 

ETHOSOME, often containing potent edge activators or 

ethanol, are designed to enhance the transdermal delivery 

of actives. However, if not chosen carefully, they can 

lead to the systemic circulation, bypassing epidermal 

sites of action. This could result in unintended systemic 

exposure to the active ingredients, potentially leading to 

undesirable side effects. Careful formulation and control 

are necessary to ensure that these systems target the 

intended skin layers effectively. For example, 

microneedles are found offering effective means of 

delivering actives into the skin. However, if not designed 
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properly, they can also lead to systemic drug delivery. To 

prevent systemic delivery, microneedles can be designed 

to have shorter lengths, ensuring that they primarily 

target the superficial layers of the skin. This design 

consideration helps limit the depth of penetration and 

retains the drug in the intended skin layers. 

 

LIPOSOMEs can encapsulate active ingredients and are 

typically designed to enhance the bioavailability of 

actives in the skin. However, it can be challenging to 

precisely determine the bioavailability of these actives in 

the skin when using liposomal delivery systems. Tape-

stripping is a minimally invasive technique used to 

sample the stratum corneum (SC), which helps evaluate 

the exposure of topically applied drugs in the skin. This 

technique is particularly useful for assessing the 

penetration and bioavailability of actives in the SC. 

 

While formulating topical and cosmetic products, it is 

crucial to carefully select permeation enhancers and 

design delivery systems to ensure that the active 

ingredients primarily target the intended skin layers 

while minimizing the risk of systemic delivery. The 

choice of formulation, ingredients, and delivery 

techniques should be made with the specific therapeutic 

goals and potential side effects in mind. Additionally, 

techniques like tape-stripping can provide valuable 

insights into the bioavailability and penetration of actives 

within the skin. 

 

It's clear from the above-mentioned brief descriptions 

that the challenges and potential opportunities are there 

in the field of anti-aging and cutaneous (skin-related) 

therapeutics, specifically focusing on the use of MMP 

(matrix metalloproteinase) inhibitors and the need for 

improved delivery systems. Some of the reasons may be 

associated as follows. 

 

Matrix metalloproteinases (MMPs) are enzymes that 

play a role in the degradation of extracellular matrix 

components, including collagen, which is important for 

skin structure. While MMP inhibitors hold promise for 

anti-aging treatments by preventing excessive collagen 

breakdown, the precise mechanisms, and functions of 

MMPs in skin aging are not fully understood. Further 

research is needed to clarify their roles and how to target 

them effectively. 

 

The suggestion of a "short term topical treatment" 

implies that a focused, and localized application of MMP 

inhibitors may be more effective and safer than 

prolonged use. This approach could minimize potential 

side effects associated with systemic use. 

 

Highly selective MMP inhibitors are a promising avenue 

for anti-aging treatments, but clinical data are limited. 

Before these compounds can become mainstream 

therapies, extensive clinical trials are necessary to 

establish their safety and efficacy. Some traditional 

compounds, like EGCG, which is found in green tea and 

has antioxidant properties, are considered potential anti-

aging agents. However, the clinical data supporting their 

effectiveness may be lacking or unconvincing. 

Repurposing these compounds in combination with 

advanced delivery systems could enhance their potential 

as anti-aging treatments. 

 

Improved delivery systems can enhance the effectiveness 

of existing anti-aging agents. These systems can enable 

better targeting of specific skin layers or cells, improving 

the delivery of therapeutic compounds. Repurposing 

existing agents and optimizing dosing and safety profiles 

through these delivery systems can extend the life and 

applicability of traditional treatments. 

 

The field of anti-aging and cutaneously active 

therapeutics is an area of ongoing research and 

development. While there are promising compounds and 

ideas, such as MMP inhibitors and traditional remedies 

like EGCG, there are also challenges, including a lack of 

comprehensive clinical data. Advancements in delivery 

systems and further research are necessary to unlock the 

full potential of these treatments for combating skin 

aging. 

 

3.4 Some Real-life Case Studies 

Cosmeceutical products that combine natural ingredients 

with nanotechnology are becoming increasingly popular 

in the beauty and skincare industry. Nano-sized particles 

can enhance the delivery and efficacy of active 

ingredients, making them more effective. Here are a few 

real-world examples: 

 

Many mineral sunscreens now utilize nanotechnology to 

reduce the size of zinc oxide or titanium dioxide 

particles. This makes the sunscreen less visible on the 

skin and more cosmetically elegant. These nanoparticles 

provide broad-spectrum UV protection while 

maintaining a natural, mineral-based formulation. 

Retinol is a powerful anti-aging ingredient, and 

nanotechnology can be used to encapsulate retinol 

molecules, allowing for better penetration into the skin. 

This can reduce potential irritation while maximizing its 

effectiveness. Vitamin C is a popular natural ingredient 

known for its antioxidant properties and ability to 

brighten the skin. Nano-encapsulated vitamin C serums 

can have improved stability and penetration, leading to 

enhanced skin benefits. Collagen is a natural protein 

important for skin's elasticity and firmness. Some 

collagen masks use nanotechnology to create 

nanoparticles that can penetrate the skin more 

effectively, providing a boost in hydration and skin 

plumping. Hyaluronic acid is a natural ingredient that 

attracts and retains moisture in the skin. Nano-sized 

hyaluronic acid particles can penetrate deeper into the 

skin, providing superior hydration and reducing the 

appearance of fine lines and wrinkles. Cannabidiol 

(CBD) is a natural compound derived from the hemp 

plant known for its potential anti-inflammatory and 

soothing properties. Some skincare products now use 
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nanotechnology to create smaller CBD particles for 

enhanced skin penetration and better efficacy. Gold 

nanoparticles are used in some face masks. Gold is 

believed to have antioxidant properties and can be used 

for its anti-aging potential. Nano-sized gold particles can 

improve the delivery of these benefits. CoQ10 is a 

natural antioxidant found in the body that decreases as 

we age. Some skincare products contain nano CoQ10 

particles for better absorption and antioxidant protection. 

 

When considering cosmeceutical products that use 

nanotechnology and natural ingredients, it's essential to 

read the ingredient list, understand the purpose of the 

nano-sized particles, and choose products from reputable 

brands. Additionally, perform a patch test if you have 

sensitive skin to ensure you don't have any adverse 

reactions to the nanotechnology-enhanced products. 

 

A quick overview of the specific natural ingredients used 

in the case studies of cosmeceutical products with 

nanotechnology is indicative of the outcome of such an 

effort in this direction. 

 

The sunscreens comprising of nano-sized particles of 

zinc oxide or titanium dioxide, provide broad-spectrum 

UV protection without the use of chemical UV filters. 

For example, retinol itself is a synthetic derivative of 

vitamin A, and is commonly used in cosmeceutical 

products for its anti-aging benefits. In this case, 

nanotechnology is employed to encapsulate retinol, 

making it more effective in its delivery while minimizing 

potential skin irritation. Vitamin C is similarly a well-

known natural ingredient with antioxidant properties. 

Nano-encapsulation improves stability and penetration of 

vitamin C in these serums, ensuring it to remain potent 

and effective on the skin. Collagen itself is a natural 

protein found in the body. The masks using 

nanotechnology to create collagen NPs for better 

penetration and delivery to the skin. Hyaluronic acid is 

another natural substance in the body, known for its 

moisturizing properties. Nano-sized hyaluronic acid 

particles are used in serums to penetrate the skin more 

effectively, providing superior hydration. CBD, derived 

from hemp, is another example of natural compound. 

Nanotechnology is employed to create smaller CBD 

particles, enhancing its absorption through the skin, and 

providing potential anti-inflammatory and soothing 

effects. Gold NPs are incorporated into face masks. 

Gold, while not a skincare staple, is used in some 

products for its potential antioxidant properties and anti-

aging effects. The NPs are used for better delivery of 

these benefits. CoQ10 is a naturally occurring 

antioxidant found in the body. Cosmeceutical creams use 

nanotechnology to improve the absorption of CoQ10, 

which can help protect the skin from oxidative damage. 

 

In all these case studies, natural ingredients, often 

associated with skin health and beauty, are combined 

with nanotechnology to improve their effectiveness and 

skin penetration. This combination aims to provide the 

benefits of these natural ingredients in a more efficient 

and targeted manner, potentially enhancing the overall 

performance of cosmeceutical products. It's important to 

note that the effectiveness and safety of these products 

can vary, so it's essential to choose products from 

reputable brands and consider individual skin 

sensitivities and needs. 

 

4. Extending Helps to Consumers 

Choosing and using cosmeceutical products with natural 

ingredients can be a great way to enhance your skincare 

routine. However, it's important to make informed 

choices to ensure that one is getting safe and effective 

products. Here are some tips for the consumers. 

 

Cosmeceuticals are a category of skincare products that 

blend cosmetic and pharmaceutical properties. Be aware 

of the terms used, such as "natural," "organic," and 

"hypoallergenic." These terms can be misleading, so 

always read the ingredient list. 

 

It is always helpful to check the ingredient list to 

understand what's in the product. Look for products that 

list natural ingredients prominently and avoid those with 

a long list of synthetic or potentially harmful chemicals. 

 

Familiarizing with common natural ingredients used in 

the formulation is always better to maximize their 

benefits. For instance, ingredients like aloe vera, green 

tea extract, or hyaluronic acid can be highly effective in 

cosmeceutical products. 

 

Before applying any new cosmeceutical product to your 

face, perform a patch test on a small area of your skin to 

check for allergic reactions or irritations. 

 

Consider your skin type and specific skin concerns. 

Different natural ingredients may be better suited for 

various skin types, such as oily, dry, sensitive, or 

combination skin. Be cautious if you have allergies to 

specific natural ingredients like nuts, soy, or certain plant 

extracts. Read labels carefully to ensure the product is 

safe for you. Look for products that have certifications 

from reputable organizations like USDA Organic, 

Ecocert, or the National Products Association, as these 

indicate a commitment to using natural ingredients. 

 

In case one has some specific skin issues or conditions, 

it's a good idea to consult a dermatologist before 

incorporating new products into your routine. They can 

provide guidance based on your skin's unique needs. 

More isn't always better. Using too many products at 

once can lead to skin sensitivities and reactions. Start 

with a minimal routine and gradually introduce new 

products. Even if you're using cosmeceuticals with 

natural ingredients, remember that many natural 

ingredients do not provide sufficient sun protection. 

Always use a broad-spectrum sunscreen when going 

outside. Properly store your products. Exposure to 

sunlight, air, and extreme temperatures can degrade 
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natural ingredients. Keep them in a cool, dark place and 

tightly seal containers. Always follow the product's 

instructions for use. Overusing or misusing 

cosmeceuticals can lead to adverse effects. Results from 

cosmeceutical products may take time. Give your 

skincare routine at least a few weeks to show visible 

improvements. Keep an eye on how your skin responds 

to the products. If you notice any adverse reactions or 

worsening of your skin condition, discontinue use and 

consult a healthcare professional. Stay updated on the 

latest research and developments in cosmeceuticals with 

natural ingredients. Formulations and recommendations 

may change over time. 

 

Remember that what works best for one person may not 

work for another. It's essential to tailor your skincare 

routine to your specific needs and preferences. Always 

prioritize your skin's health and well-being when 

choosing and using cosmeceutical products with natural 

ingredients. 

 

In addition to whatever has been said it is always better 

Reading labels, understanding ingredient lists, and 

considering individual skin types and needs are crucial 

aspects of choosing and using skincare products, 

especially those with natural ingredients. Here's why 

these practices are so important: 

 

Reading the label and understanding the ingredient list 

helps you ensure that the product doesn't contain 

substances to which you might be allergic or sensitive. 

For individuals with allergies or skin conditions, this is 

particularly important in preventing adverse reactions. 

Brands are legally required to list all the ingredients in 

their products. This transparency allows consumers to 

make informed choices and avoid products with 

potentially harmful or irritating substances. Knowing the 

ingredients in a product enables you to select those that 

are known to address your specific skin concerns. 

Different natural ingredients have different properties, 

and choosing the right ones can lead to more effective 

results. Every individual's skin is unique. Understanding 

your skin type and its specific needs helps you tailor 

your skincare routine to achieve the best results. Natural 

ingredients can be selected to suit your skin type, 

whether it's oily, dry, sensitive, or combination. Some 

skincare products, even those labelled as natural, may 

still contain harsh chemicals. By reading the label and 

ingredient list, you can avoid products that include 

synthetic fragrances, parabens, sulphates, or other 

undesirable components. Knowing your skin type and 

what it needs allows you to choose products that 

complement your existing skincare routine. This ensures 

that you're providing your skin with the appropriate care 

daily. Using products that match your skin type can help 

prevent or alleviate common skin issues such as acne, 

dryness, redness, and premature aging. Tailoring your 

skincare routine to your specific needs can save you 

money. You won't waste resources on products that don't 

address your skin's issues. By being aware of what's in 

your products, you can avoid overloading your skin with 

too many active ingredients, which can lead to 

sensitivities and adverse reactions. Properly selected 

products and an understanding of your skin's unique 

requirements contribute to long-term skin health and 

maintaining a youthful appearance. 

 

Thus, reading labels, understanding ingredient lists, and 

considering the individual skin type and needs are 

fundamental practices that empower you to make 

informed choices in skincare. This knowledge not only 

ensures the safety and efficacy of your skincare products 

but also contributes to the long-term health and well-

being of your skin. 

 

5. DISCUSSION AND CONCLUSION 

The consumer interest in natural and organic skincare 

products has been on the rise in the recent years. This 

growing trend is driven by several factors, including a 

heightened awareness of health and environmental 

concerns. The consumers are increasingly seeking 

natural and organic skincare options more than synthetic 

ones. 

 

Consumers are becoming more health-conscious, not 

only about what they put inside their bodies but also 

what they apply on their skin. Many are seeking skincare 

products with ingredients they recognize and consider 

safe for their skin. People are becoming more informed 

about the potential risks associated with synthetic 

chemicals commonly found in skincare products. 

Concerns about skin sensitivity, allergies, and long-term 

health effects have prompted a shift toward natural and 

organic alternatives. There is a growing understanding of 

the impact of beauty and personal care products on the 

environment. Consumers are concerned about the 

ecological footprint of conventional skincare products 

and thus prefer eco-friendly options that use sustainable 

sourcing and production methods. The information age 

has empowered consumers with easy access to product 

information. They want to know what goes into their 

skincare products and are more likely to trust brands that 

disclose their ingredient lists. 

 

Some individuals have sensitive skin that reacts 

negatively to the harsh chemicals and artificial 

fragrances often found in conventional skincare products. 

Natural and organic options are perceived as gentler and 

less likely to cause irritation. Many natural and organic 

skincare products are formulated with high-quality 

botanical extracts and plant-based ingredients known for 

their beneficial properties. Consumers believe that these 

products can be as effective as their synthetic 

counterparts. 

 

A significant number of consumers are concerned about 

animal testing and cruelty in the beauty industry. They 

prefer brands that are cruelty-free and align with their 

ethical values. Consumers are increasingly looking for 

products tailored to their specific skin type and concerns. 



Nazeer et al.                                                                          World Journal of Pharmaceutical and Medical Research 

www.wjpmr.com       │      Vol 11, Issue 10, 2025.      │        ISO 9001:2015 Certified Journal        │ 

 

19 

Natural and organic brands often offer customizable 

options to cater to individual needs. 

 

Recommendations from peers and influencers on social 

media platforms play a significant role in promoting 

natural and organic skincare brands and products. 

 

Regulatory bodies in various countries are imposing 

stricter rules on the use of certain chemicals in skincare 

products. This has prompted both consumers and 

manufacturers to explore cleaner, safer alternatives. 

 

With the growing demand for natural and organic 

skincare products it is not only a trend but a shift in 

consumer behaviour that is likely to persist. This trend 

has led to increased innovation in the natural and organic 

skincare industry, with companies continually 

developing new and effective products to meet the 

evolving needs of consumers seeking cleaner, greener 

beauty solutions. 

 

The global cosmeceuticals market is expected to witness 

a robust CAGR of 8.6%, valued at $49.48 billion in 

2022, which is thus anticipated to reach $95.75 billion by 

2030, confirms Strategic Market Research. Asia Pacific 

dominates the cosmeceutical market with a revenue share 

of 40%, growing at a CAGR of 7.45%, poised to reach 

$38.3 billion by 2030 [WP-01]. 

 

Developing cosmeceutical nanoformulations using 

natural ingredients can be a promising approach for 

enhancing the effectiveness of cosmetic products while 

maintaining a focus on natural and sustainable 

ingredients. However, there are several challenges 

associated with this process, including stability issues 

and regulatory constraints. Some of the salient points are 

mentioned below. 

 

Nanoformulations, particularly those using natural 

ingredients, can be prone to aggregation, which can lead 

to a loss of their intended properties and efficacy. 

Natural ingredients, such as plant extracts, can be 

sensitive to oxidation, which can affect both the stability 

and the beneficial properties of the cosmeceutical 

product. Some natural ingredients may require specific 

pH levels for stability, which can be challenging to 

maintain in a formulation. 

 

Cosmeceuticals, like cosmetics, must meet the safety 

standards. The challenge lies in proving the efficacy of 

natural ingredients, which can be more complex than 

synthetic ingredients. Regulatory bodies may require 

robust scientific evidence to support claims made about 

the benefits of natural ingredients in cosmeceuticals, 

which can be costly and time-consuming. Accurate 

ingredient labelling is essential. If natural ingredients are 

not well-defined or standardized, it can be challenging to 

meet labelling requirements. 

 

Natural ingredients can vary in quality and composition 

due to factors like climate, soil conditions, and 

harvesting methods. This variability can make it difficult 

to ensure consistent product quality. Achieving the 

desired particle size for the nanoformulation is crucial. 

Smaller particles may enhance skin penetration, but they 

can also lead to stability challenges. Natural ingredients, 

although generally considered safer, can still cause skin 

irritation or allergies. Testing for biocompatibility is 

essential. 

 

Developing and producing nanoformulations using 

natural ingredients can be more expensive than 

conventional cosmetics. This can impact the final 

product's affordability and market competitiveness. 

 

Sourcing natural ingredients can raise environmental 

concerns, such as deforestation or over-harvesting. 

Sustainable sourcing and ethical practices are 

increasingly important in the cosmetics industry. 

 

To address these challenges 

Conduct thorough stability testing to identify and 

mitigate issues related to aggregation, oxidation, and pH 

sensitivity. 

 

Invest in research and development to scientifically 

demonstrate the efficacy of natural ingredients, which 

can help with regulatory compliance by working on the 

following lines. 

• Collaborate with regulatory experts to navigate 

complex labelling and safety requirements. 

• Establish strong supply chain management to ensure 

consistent ingredient quality. 

• Use techniques like encapsulation or controlled 

release to enhance stability and effectiveness. 

• Implement rigorous quality control and testing to 

ensure biocompatibility and reduce the risk of skin 

irritation. 

• Consider sustainable and ethical sourcing practices 

to reduce the environmental impact of ingredient 

procurement. 

 

It's important to stay up to date with evolving regulations 

and consumer preferences, as the field of cosmeceuticals 

is dynamic and continually influenced by advances in 

science and changing consumer demands. 

 

The use of nanoparticles in various fields, including 

medicine, cosmetics, and materials science, has raised 

concerns about their potential safety risks. These 

concerns primarily revolve around the potential for 

nanoparticles to interact with biological systems in ways 

that may have adverse effects. Here are some safety 

concerns related to the use of nanoparticles and potential 

ways to mitigate them: 

A. Toxicity 

Nanoparticles can be more toxic than their bulk 

counterparts due to their small size and increased surface 

area, which can lead to enhanced reactivity. Conduct 

comprehensive toxicity assessments, including in vitro 
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and in vivo studies, to evaluate their safety. Implement 

structure-activity relationship studies to understand the 

impact of nanoparticle characteristics on toxicity. 

 

A. Biological Accumulation 

Nanoparticles can accumulate in tissues and organs, 

potentially causing long-term health effects. Choose 

nanoparticles that are biocompatible and biodegradable, 

as these are less likely to accumulate. Use surface 

modifications to enhance nanoparticle clearance from the 

body. 

 

B. Inflammation and Immunological Responses 

Nanoparticles can trigger inflammatory responses and 

immune reactions. Select nanoparticles with inert surface 

coatings to reduce immune system recognition. Carefully 

assess the immunological impact in pre-clinical studies. 

 

C. Blood-Brain Barrier Penetration 

Some nanoparticles can cross the blood-brain barrier, 

potentially leading to neurological effects. Engineer 

nanoparticles to have limited penetration, use surface 

modifications to reduce brain uptake, and conduct 

neurotoxicity studies when relevant. 

 

D. Environmental Impact 

The release of nanoparticles into the environment, 

whether through waste or product use, can harm 

ecosystems. Use life cycle assessments to evaluate and 

reduce the environmental impact of nanoparticle-

containing products. Develop responsible disposal 

practices and consider recyclable or biodegradable 

nanoparticles. 

 

E. Allergic Reactions 

Certain nanoparticles may trigger allergic reactions in 

some individuals. Conduct skin sensitivity tests and 

patch tests to identify potential allergenic responses. 

Avoid nanoparticles known to be allergenic. 

 

F. Occupational Exposure 

Workers involved in the production and handling of 

nanoparticles may face exposure risks. Implement 

rigorous workplace safety protocols, including the use of 

personal protective equipment, adequate ventilation, and 

worker training. 

 

G. Regulatory Oversight 

Regulations governing nanoparticles can be limited or 

inconsistent. 

 

Advocate for and comply with regulatory requirements 

related to the use of nanoparticles. Engage with 

regulatory agencies to develop clear guidelines and 

standards for nanoparticle safety. 

 

H. Long-Term Effects 

Some nanoparticle effects may only become apparent 

after long-term exposure. Conduct extended safety 

assessments, including chronic toxicity studies, to 

evaluate potential long-term effects. 

I. Consumer Education 

Lack of consumer awareness about nanoparticle use and 

safety can be improved by educating the consumers 

about the presence of nanoparticles in products, their 

safety assessments, and proper usage. 

 

To address these safety concerns effectively, a 

multidisciplinary approach involving collaboration 

between scientists, regulators, and industry professionals 

is crucial. Continuous research into the safety of 

nanoparticles and the development of standardized 

testing protocols will contribute to safer and more 

responsible use of nanoparticles in various applications. 

 

Emerging trends and innovations in natural ingredient 

nanoformulations within the cosmetics and skincare 

industry are driven by a growing consumer demand for 

sustainable, effective, and clean beauty products. Here 

are some key insights into these trends and innovations: 

• Sustainability is a significant trend. Companies are 

increasingly focusing on sourcing natural 

ingredients responsibly, reducing the environmental 

impact, and ensuring ethical practices throughout the 

supply chain. 

• Innovations in nanotechnology have enabled the 

development of plant-based nanomaterials for use in 

cosmetics. These materials often include 

nanoparticles derived from botanical extracts, 

offering enhanced delivery of natural actives into the 

skin. 

• The development of biodegradable and eco-friendly 

nanoparticles is gaining momentum. These 

nanoparticles break down more easily in the 

environment, reducing the ecological footprint of 

cosmetic products. 

• Emerging formulations consider the skin 

microbiome. Natural ingredients are being 

incorporated into products that promote a balanced 

and healthy skin microbiome, enhancing skin health. 

• Encapsulation techniques are being used to protect 

natural ingredients from degradation and enhance 

their stability. This ensures the prolonged release of 

beneficial actives. 

• The trend towards personalized skincare is driving 

the development of nanoformulations tailored to 

individual skin types and concerns, utilizing natural 

ingredients that align with specific needs. 

• Consumers are increasingly seeking transparency in 

product labelling. Nanoformulations that incorporate 

recognizable and minimally processed natural 

ingredients are gaining popularity. 

• Innovations in nanotechnology are giving rise to 

adaptive and smart nanoparticles that respond to 

changes in environmental conditions or the skin, 

offering improved product performance. 

• Nanoformulations with natural sunscreen ingredients 

like zinc oxide and titanium dioxide are becoming 

more sophisticated, providing effective protection 
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against UV radiation without the use of harmful 

chemical UV filters. 

• Natural ingredients like retinol alternatives, 

peptides, and antioxidants are being incorporated 

into nanoformulations to offer anti-aging and skin 

rejuvenation benefits. 

• Advances in nanotechnology are enabling the 

development of more efficient transdermal delivery 

systems that enhance the penetration of natural 

actives into the skin, resulting in improved efficacy. 

• There is a growing emphasis on scientific validation 

and clinical studies to prove the efficacy of natural 

ingredient nanoformulations, addressing regulatory 

requirements and consumer demand for evidence-

based products. 

• Artificial intelligence is being used to analyse vast 

datasets and predict the most effective natural 

ingredients and nanoformulations for specific skin 

concerns, speeding up product development. 

• The sustainability trend extends to packaging. 

Brands are exploring zero-waste packaging options 

to reduce environmental impact. 

• With the increasing legalization of cannabis in 

various regions, nanoformulations containing 

cannabis-derived compounds (e.g., CBD) are 

gaining attention for their potential anti-

inflammatory and soothing properties. 

 

These emerging trends and innovations in natural 

ingredient nanoformulations reflect a broader shift 

towards more sustainable, effective, and personalized 

beauty products. As science and technology continue to 

advance, natural ingredient nanoformulations are likely 

to play a significant role in the future of the cosmetics 

and skincare industry. 

 

Ongoing research in the field of cosmeceuticals is driven 

by the desire to develop safer, more effective, and 

innovative products that bridge the gap between 

cosmetics and pharmaceuticals. Here are some key areas 

of research and potential areas for further development in 

the cosmeceutical industry: 

 

Research continues into advanced delivery systems, such 

as nanoparticles, liposomes, and micelles, to enhance the 

penetration and bioavailability of active ingredients in 

cosmeceutical products. These systems can improve the 

effectiveness of formulations. 

 

The development of personalized cosmeceutical 

products, tailored to an individual's specific skin type and 

concerns, is an area of significant interest. This involves 

using data-driven approaches and AI to formulate 

products that address unique needs. 

 

Research into the skin microbiome and its role in skin 

health is leading to the development of cosmeceuticals 

that support a balanced microbiome. Probiotics, 

prebiotics, and postbiotics are areas of exploration. 

Understanding how genes affect skin aging has led to the 

development of epigenetic cosmeceuticals that target 

specific gene expressions related to skin health and 

aging. 

 

There is ongoing research into the use of plant-derived 

actives, such as botanical extracts and essential oils, to 

address various skin concerns. Identifying and 

harnessing the full potential of these natural ingredients 

is a focal point. 

 

As pollution levels rise in urban areas, cosmeceuticals 

designed to protect the skin from pollution-induced 

damage are being developed. These products often 

include antioxidants and barrier-strengthening 

ingredients. Research focuses on discovering and using 

natural, sustainably sourced ingredients with proven 

cosmeceutical benefits. This aligns with the growing 

demand for clean and eco-friendly products. 

 

Rigorous clinical testing to validate the efficacy and 

safety of cosmeceutical products is a continued area of 

focus. Gathering scientific evidence to support product 

claims is essential for consumer trust. 

 

Research is ongoing in the field of nutricosmetics, which 

involves the use of oral supplements to improve skin 

health. Ingredients like collagen, antioxidants, and 

vitamins are studied for their impact on skin aging and 

overall wellness. 

 

Ongoing research aims to develop better sunscreens with 

advanced UV filters and innovative ways to repair sun-

damaged skin, including DNA repair enzymes and 

antioxidant-rich formulations. Cosmeceuticals that target 

stress-related skin concerns, such as anti-aging products 

designed to counteract the effects of stress on the skin, 

are under exploration. Research is dedicated to 

understanding and complying with evolving regulatory 

requirements in different regions to ensure 

cosmeceuticals meet safety and labelling standards. The 

development of clinical devices and technologies that 

work in conjunction with cosmeceuticals, such as at-

home skincare devices or apps that track skin health, is 

an area of innovation. AI and machine learning are 

applied to analyse vast datasets of skin-related 

information, helping in product development, ingredient 

selection, and personalized recommendations. Research 

in eco-friendly and sustainable packaging solutions is 

ongoing to minimize the environmental impact of 

cosmeceutical products. 

 

Ongoing research and development in these areas aim to 

create cosmeceutical products that are not only effective 

but also safe, sustainable, and tailored to individual 

needs. As consumer expectations and scientific 

knowledge continue to evolve, the cosmeceutical 

industry is likely to see continuous innovation and 

growth. 

 

This chapter on cosmeceuticals nanoformulations 
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highlights the following key takeaways in conclusion. 

 

Cosmeceuticals are a class of cosmetic products that 

bridge the gap between cosmetics and pharmaceuticals. 

They contain active ingredients designed to provide 

therapeutic benefits to the skin. 

 

Nanoformulations involve the use of nanoparticles and 

nanotechnology to improve the delivery, stability, and 

efficacy of active ingredients in cosmetic and 

cosmeceutical products. 

 

Nanoparticles in cosmeceutical formulations can 

penetrate the skin more effectively, delivering active 

ingredients to targeted areas, and potentially enhancing 

their efficacy. 

 

Nanoformulations help protect sensitive active 

ingredients from degradation and increase their stability, 

extending the shelf life of cosmeceutical products. 

 

The use of natural ingredients in nanoformulations is a 

growing trend in the cosmeceutical industry, aligning 

with consumer demand for clean and sustainable beauty 

products. 

 

Developing cosmeceutical nanoformulations with natural 

ingredients presents challenges such as stability issues, 

regulatory constraints, sourcing and variability of natural 

ingredients, and potential environmental concerns. 

 

To address these challenges, cosmeceutical 

manufacturers can employ strategies like rigorous 

stability testing, biocompatibility assessments, 

sustainable sourcing, and ethical practices, as well as 

advanced delivery systems. 

 

The use of nanoparticles in cosmeceuticals raises safety 

concerns related to toxicity, biological accumulation, 

inflammation, and potential environmental impact. These 

concerns must be addressed through rigorous testing and 

ethical practices. 

 

Meeting regulatory requirements is essential in the 

development of cosmeceutical nanoformulations. 

Manufacturers need to substantiate product claims and 

adhere to labelling standards. 

 

Emerging trends in cosmeceutical nanoformulations 

include sustainable sourcing, personalized products, 

microbiome-friendly formulations, natural sunscreens, 

and advancements in delivery systems, among others. 

 

There is a growing emphasis on scientific validation and 

clinical evidence to support the efficacy of cosmeceutical 

nanoformulations, ensuring that products are not only 

safe but also effective. 

 

Research in cosmeceutical nanoformulations is ongoing, 

with a focus on advanced delivery systems, personalized 

skincare, natural ingredients, epigenetics, and addressing 

the effects of pollution and stress on the skin. 

 

Overall, the chapter underscores the dynamic and 

evolving nature of the cosmeceutical industry, driven by 

advancements in nanotechnology, changing consumer 

preferences, and a growing emphasis on safety and 

sustainability. 

 

The cosmeceutical sector is poised for continued growth 

and innovation in the coming years. Several factors are 

expected to drive this expansion: Ongoing advancements 

in nanotechnology will lead to more sophisticated and 

efficient delivery systems for cosmeceuticals. These 

innovations will enhance the penetration and stability of 

active ingredients, resulting in more effective products. 

 

The consumer preference for natural and clean beauty 

products is expected to persist. This will drive further 

research into the use of natural ingredients and 

sustainable sourcing, aligning with the industry's 

commitment to eco-friendly practices. The trend toward 

personalized skincare will continue to evolve. 

Cosmeceutical companies will increasingly harness AI 

and data-driven insights to create tailored products that 

address individual skin concerns. 

 

The integration of factors like nutrition, stress 

management, and lifestyle into skincare routines will 

become more prevalent. Cosmeceutical formulations 

may evolve to address these holistic aspects of skin 

health. As the aging population grows, the demand for 

anti-aging and preventative cosmeceuticals will remain 

strong. Research into epigenetics and genetics will play a 

pivotal role in this area. 

 

Innovations in strengthening and protecting the skin 

barrier will be a significant focus. These advancements 

can benefit individuals with sensitive or compromised 

skin. With increasing concerns about environmental 

factors, cosmeceuticals will continue to evolve to 

provide protection against pollution, UV radiation, and 

other environmental stressors. The regulatory landscape 

will evolve to accommodate the growth of the 

cosmeceutical sector. Stricter standards and clearer 

guidelines are expected to emerge, providing both 

consumers and manufacturers with confidence in product 

safety and efficacy. 

 

Cosmeceuticals are a global market, and emerging 

economies with a rising middle class will contribute to 

the sector's growth. Local and international companies 

will expand their reach. 

 

Companies will continue to invest in sustainable 

practices, from ingredient sourcing to eco-friendly 

packaging. This aligns with consumer expectations and 

the broader push for corporate responsibility. 

 

As consumers become more informed, they will seek 
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transparency in product labelling and ingredient 

sourcing. This will drive companies to provide detailed 

information about the composition and benefits of their 

cosmeceutical products. 

 

In conclusion, the cosmeceutical sector is entering a 

dynamic phase of growth and transformation. It will be 

shaped by ongoing technological advancements, shifting 

consumer preferences, and the increasing awareness of 

skin health and overall well-being. The sector's future is 

bright, with opportunities for innovative and responsible 

companies to meet the evolving demands of consumers 

while contributing to the sustainability and safety of the 

industry. 
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