Megha Hansan et al /J. Pharm. Sci. & Res. Vol. 16(7), 2024, 47-52

ISSN:0975-1459

Journal of Pharmaceutical
Sciences and Research

www.jpst.pharmainfo.in

Breakthroughs in Facial Serum Innovation and Skin
Absorption Techniques

Megha Hansan*, Raneesha P!, Shahana Mubarakath P!, Devika Dilip', Muhammed Nishal K2, Serene E
Mathew?

*Assistant Professoer, Department of Pharmaceutics, Indira Gandhi Institute of Pharmaceutical Sciences,
Perumbavoor-683549 Ernakulam district, Kerala, India.

*For correspondence:e-mail:

meghahansanll@gmail.com

Abstract:

Recent advancements in face serum formulations and skin penetration technologies have revolutionized skincare, offering
enhanced efficacy and targeted solutions for various skin concerns. This paper explores the latest developments in face serum
formulations and the mechanisms of skin penetration, highlighting key innovations and their implications for skincare
professionals and consumers. From novel active ingredients to innovative delivery systems, advancements in face serum
technology are paving the way for more effective treatments and improved skin health. By understanding these advancements
and their potential benefits, skincare professionals can optimize treatment protocols and tailor skincare regimens to meet
individual needs, ultimately leading to healthier, more radiant skin.
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INTRODUCTION
In the realm of skincare, the quest for youthful, radiant skin
has fueled a continuous pursuit of innovation. Among the
most recent frontiers of advancement lies the domain of
facial serums and their ability to penetrate the skin
effectively [1]. The journey towards achieving flawless
skin has long been intertwined with the development of
facial serums. These potent concoctions are designed to
deliver concentrated doses of active ingredients deep into
the skin, targeting specific concerns such as aging,
hyperpigmentation, and dehydration [2]. Traditionally,
serums have been formulated with molecules of varying
sizes, with smaller molecules believed to penetrate the skin
more effectively. However, recent advancements have
expanded the arsenal of ingredients and delivery systems,
paving the way for more efficient and targeted skincare
solutions. One of the key areas of innovation lies in the
formulation of serums themselves. Researchers and
skincare experts have been exploring novel ingredients and
technologies to enhance the efficacy of these formulations
[3]. From peptides and growth factors to botanical extracts
and antioxidants, the repertoire of active ingredients
continues to grow, each offering unique benefits for the
skin. Furthermore, advancements in encapsulation
technology have enabled the targeted delivery of these
ingredients, ensuring their optimal penetration into the
skin's deeper layers [4,5]. Beyond formulation, significant
strides have been made in techniques to enhance skin
penetration and absorption. Historically, the skin's natural
barrier has posed a challenge for topical skincare products,
limiting their ability to penetrate beyond the surface layers.
However, recent innovations have sought to overcome this
barrier  through  various  approaches, including
microneedling, ultrasound, and microencapsulation.
Microneedling, for instance, involves the use of tiny
needles to create microchannels in the skin, allowing for
deeper penetration of serums and stimulating collagen
production. Similarly, ultrasound technology utilizes
sound waves to enhance the delivery of active ingredients,
while microencapsulation involves encapsulating active
ingredients within tiny spheres to facilitate their release and

absorption over time [6,7,8]. These advancements in skin
penetration techniques have not only revolutionized the
efficacy of facial serums but have also opened new avenues
for personalized skincare solutions. By harnessing the
power of advanced technologies, skincare professionals
can tailor treatments to individual skin types and concerns,
maximizing results while minimizing adverse effects [9].

Understanding Common Penetration Barriers
Associated with the Skin: A Comprehensive
Exploration

The skin serves as the body's first line of defense against
external threats, including pathogens, UV radiation, and
environmental pollutants. However, its protective function
also presents challenges for the delivery of skincare
ingredients, as certain barriers within the skin limit the
penetration of topically applied substances. In this
comprehensive exploration, we will delve into the primary
penetration barriers associated with the skin, including the
stratum corneum, tight junctions, interfollicular epidermis,
hair follicles, and glands [10].

The Stratum Corneum - A Formidable Barrier

The stratum corneum, the outermost layer of the epidermis,
is composed of densely packed layers of dead skin cells
(corneocytes) embedded in a lipid matrix. This structure
acts as a formidable barrier that regulates the entry of
substances into the deeper layers of the skin. The dense
arrangement of corneocytes and the hydrophobic nature of
the lipid matrix restrict the movement of molecules,
particularly those with larger molecular sizes or water-
soluble properties. Overcoming the stratum corneum
barrier is essential for effective penetration of skincare
ingredients and is a primary focus of skincare research and
development [11].

Tight Junctions - Gatekeepers of the Epidermis

Tight junctions are specialized structures found between
adjacent epidermal cells that play a crucial role in
maintaining the integrity of the skin barrier. These
junctions form a tight seal that restricts the passage of
molecules between cells, effectively limiting the
penetration of substances into the deeper layers of the skin.
While tight junctions primarily function to prevent the

47



Megha Hansan et al /J. Pharm. Sci. & Res. Vol. 16(7), 2024, 47-52

entry of pathogens and toxins, they also pose a barrier to
the delivery of skincare ingredients. Strategies to bypass
tight junctions include the use of penetration enhancers and
targeted delivery systems that can disrupt or bypass these
junctions to facilitate ingredient absorption [12].
Interfollicular Epidermis - A Pathway for Penetration
The interfollicular epidermis refers to the skin surface
between hair follicles and is an area where penetration
barriers are relatively lower compared to regions covered
by the stratum corneum. While the interfollicular epidermis
still presents challenges for penetration due to the presence
of tight junctions and other barrier structures, it offers a
pathway for the delivery of skincare ingredients.
Researchers are exploring various strategies to enhance
penetration through the interfollicular epidermis, including
the use of microemulsions, lipid nanoparticles, and other
advanced delivery systems [13].

Hair Follicles and Glands - Potential Routes for
Penetration

Hair follicles and glands, including sebaceous glands and
sweat glands, present additional routes for the penetration
of skincare ingredients. Hair follicles, in particular, can
serve as reservoirs for active ingredients, allowing for
sustained release and prolonged efficacy. Similarly, glands
can facilitate the delivery of substances to the skin surface,
where they can exert their effects locally. Understanding
the role of hair follicles and glands in skincare penetration
is essential for developing targeted delivery systems that
leverage these pathways to enhance ingredient absorption
and efficacy [14,15].

FACTORS AFFECTING PENTRATION OF FACE

SERUM

The penetration of face serum into the skin is influenced by

a variety of factors, each of which plays a significant role

in determining the efficacy of the product. Some of the key

factors affecting the penetration of face serum include:

1. Molecular Size of Active Ingredients: The size of the
molecules in the face serum formulation affects their
ability to penetrate the skin. Smaller molecules can
penetrate more deeply into the skin layers, while larger
molecules may remain on the surface or penetrate to a
lesser extent [16].

2. Lipophilicity/Hydrophilicity of Ingredients: The

lipid or water solubility of active ingredients in the face

serum determines their ability to penetrate the stratum
corneum, the outermost layer of the skin. Lipophilic

(fat-soluble) ingredients can more easily pass through

the lipid barrier of the skin, while hydrophilic (water-

soluble) ingredients may face greater challenges in

penetrating the skin [17].

Formulation Design: The formulation of the face

serum, including the choice of ingredients,

concentrations, and delivery systems, can significantly
impact penetration. Formulations that incorporate
penetration enhancers, such as surfactants or liposomes
can improve the delivery of active ingredients into the

skin [18].

4. pH of the Serum: The pH of the face serum
formulation can affect the skin's barrier function and
influence the penetration of active ingredients.
Formulations with pH levels that are closer to the skin's
natural pH may enhance penetration and efficacy [19].

5. Skin Barrier Integrity: The condition of the skin
barrier, including factors such as hydration levels, lipid
content, and presence of inflammation or damage can
impact the penetration of face serum. A compromised
skin barrier may allow for increased penetration of
active ingredients, while a healthy barrier may be more
resistant to penetration [20].

6. Application Technique: The way in which the face
serum is applied to the skin can affect its penetration.
Proper cleansing and exfoliation prior to application
can remove barriers to penetration, while techniques
such as massage or use of derma rollers may enhance
absorption [21].

7. Skin Type and Ethnicity: Differences in skin type,

such as dry, oily, or sensitive skin, as well as variations

in skin thickness and pigmentation among different
ethnicities, can influence the penetration of face serum.

Formulations may need to be tailored to account for

these differences in order to optimize penetration and

efficacy [22].

Environmental Factors: Environmental factors such

as temperature, humidity and exposure to UV radiation

can also impact the penetration of face serum into the
skin. Environmental stressors can affect the skin barrier
function and alter the absorption kinetics of active

ingredients [22].

MECHANISM OF ACTION OF FACE SERUM
The mechanism of action of face serum in the skin involves
a series of intricate processes aimed at delivering active
ingredients to target sites within the skin and exerting
specific effects. While the exact mechanism can vary
depending on the specific formulation and ingredients of
the serum, the following are some common mechanisms of
action:

1. Hydration and Moisturization: Many face serums
contain humectant ingredients such as hyaluronic acid,
glycerine or sodium PCA, which attract water
molecules and help to hydrate the skin. These
ingredients work by drawing moisture from the
environment or deeper layers of the skin, improving
skin hydration and reducing dryness and flakiness.

2. Nourishment and Nutrient Delivery: Face serums
often contain vitamins, antioxidants, peptides, and
other nourishing ingredients that provide essential
nutrients to the skin. These ingredients can support skin
health, repair damaged cells and promote collagen
production, leading to smoother, more youthful-
looking skin [23].

3. Anti-Aging Effects: Some face serums target signs of
aging such as fine lines, wrinkles, and loss of elasticity.
Ingredients like retinoids, vitamin C, peptides, and
growth factors can stimulate collagen synthesis,
increase cell turnover, and improve skin texture and
tone, resulting in a more youthful appearance.

4. Brightening and Even-Toning: Certain face serums
contain ingredients such as vitamin C, niacinamide,
licorice extract, or alpha hydroxy acids (AHAs) that
help to brighten the skin and reduce the appearance of
hyperpigmentation, dark spots, and uneven skin tone.
These ingredients work by inhibiting melanin
production, promoting cell turnover, and enhancing
skin radiance [24].
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5. Anti-Inflammatory  and Soothing  Effects:
Ingredients like chamomile extract, green tea extract,
Aloe Vera and niacin amide have anti-inflammatory
properties that can help to calm redness, irritation and
sensitivity in the skin. These ingredients can soothe
inflammation, reduce redness, and improve overall skin
comfort.

6. Protection Against Environmental Damage:
Antioxidant ingredients such as vitamin E, vitamin C,
resveratrol and coenzyme Q10 help to neutralize free
radicals and protect the skin from oxidative stress
caused by environmental factors like UV radiation,
pollution and toxins. These antioxidants can help to
prevent premature aging and maintain skin health [25].

7. Targeted Treatment of Specific Skin Concerns: Face
serums may be formulated to address specific skin
concerns such as acne, rosacea, dryness or sensitivity.
Ingredients like salicylic acid, niacinamide, azelaic acid
and ceramides can target these concerns by regulating
oil production, reducing inflammation, strengthening
the skin barrier and providing hydration [26].

STAGES OF PENTRATION OF FACE SERUM IN
THE SKIN LAYERS
The penetration of face serum into the layers of the skin
involves several stages, each of which plays a crucial role
in delivering active ingredients to their target sites. While
the exact process can vary depending on factors such as the
formulation of the serum and the specific ingredients it
contains, the following are the general stages of penetration
into the skin layers [19]:
1. Stratum Corneum:
The outermost layer of the skin, the stratum
corneum, is the first barrier that the face serum
encounters.
The penetration process begins with the active
ingredients in the serum interacting with the lipids
and proteins of the stratum corneum.
Small, lipophilic molecules may penetrate the
stratum corneum directly through passive diffusion,
while larger or hydrophilic molecules may
encounter greater resistance [11].
2. Epidermis:
Once past the stratum corneum, the active
ingredients in the face serum penetrate into the
epidermis, the upper layer of the skin.
Within the epidermis, the active ingredients may
interact ~ with  keratinocytes, = melanocytes,
Langerhans cells, and other cellular components.
Some active ingredients may exert their effects
directly within the epidermal layers, such as
promoting cell turnover, reducing inflammation, or
regulating melanin production [27].
3. Dermis:
Deeper penetration of the face serum takes place
into the dermis, the middle layer of the skin.
In the dermis, the active ingredients can target
fibroblasts, which are responsible for producing
collagen, elastin, and other structural proteins.
Active ingredients may stimulate collagen
synthesis, improve skin elasticity, and enhance
overall skin health within the dermal layers [28].

4. Hypodermis:
In some cases, particularly with certain delivery
systems or penetration enhancers, the face serum
may penetrate into the hypodermis, the deepest
layer of the skin.
Within the hypodermis, the active ingredients may
interact with adipocytes (fat cells) and blood
vessels.
Active ingredients may promote fat metabolism,
improve blood circulation, and provide additional
support to the skin structure.

5. Target Sites:
Throughout the penetration process, the active
ingredients in the face serum reach their target sites
within the skin.
These target sites may include specific cellular
receptors, enzyme systems, or structural
components that are involved in various skin
functions and processes.
The effectiveness of the face serum in achieving its
desired effects depends on its ability to reach and
interact with these target sites within the skin layers
[27,29].

VARIOUS PRODUCTS AVAILBLE IN MARKET

Here are examples of various face serums available in the

market, along with their brandnames, active ingredients,

and their common uses:

1. Brand: Skinceuticals Hyaluronic Acid Intensifier
Active Ingredients: Hyaluronic acid, Proxylane™,
licorice root extract, purple rice extract
Use: This serum deeply hydrates the skin, plumping
and smoothing fine lines and wrinkles, improving skin
texture, and promoting a more youthful appearance
[30].

2. Brand: The Ordinary Buffet
Active Ingredients: Peptides, hyaluronic acid, amino
acids
Use: This serum targets multiple signs of aging,
including wrinkles, fine lines, and loss of firmness,
while also hydrating and nourishing the skin for a
smoother, more radiant complexion [31].

3. Brand: Drunk Elephant B-Hydra Intensive Hydration
Serum
Active Ingredients: Pro-vitamin BS5 (panthenol),
pineapple ceramide, sodium hyaluronate crosspolymer
Use: This serum provides lightweight hydration to the
skin, improving skin texture, tone, and elasticity, and
enhancing the effectiveness of other skincare products
used in conjunction [32].

4. Brand: Paula's Choice 10% Niacinamide Booster

Active Ingredients: Niacinamide (vitamin B3)
Use: This serum helps to visibly minimize enlarged
pores, improve uneven skin tone, reduce the appearance
of fine lines and wrinkles, and enhance the skin's
natural barrier function [33].

5. Brand: La Mer The Concentrate
Active Ingredients: Miracle Broth™, lime tea
concentrate, kelp extract, colloidal oatmeal
Use: This serum helps to soothe and restore skin that
has been sensitized or compromised by environmental
stressors, promoting healing and regeneration for a
healthier-looking complexion [34].
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Brand: Sunday Riley Luna Sleeping Night Oil

Active Ingredients: Retinol, blue tansy extract, chia
seed oil

Use: This serum helps to reduce the appearance of fine
lines and wrinkles, improve skin texture and tone, and
clarify and refine pores, while also providing gentle
exfoliation and hydration [35].

Brand: Estée Lauder Advanced Night Repair Eye
Supercharged Complex

Active Ingredients: Hyaluronic acid, algae extract,
caffeine, peptides

Use: This serum targets multiple signs of aging around
the eyes, including puffiness, dark circles, fine lines,
and wrinkles, while also hydrating and brightening the
delicate eye area [36].

Brand: Kiehl's Powerful-Strength Line-Reducing
Concentrate

Active Ingredients: Vitamin C (ascorbic acid),
hyaluronic acid, glycerin

Use: This serum helps to visibly reduce the appearance
of fine lines and wrinkles, improve skin texture and
radiance, and protect the skin from environmental
damage [37].

Brand: Tata Harper Rejuvenating Serum

Active Ingredients: Hyaluronic acid, beta glucans,
white willow bark extract, date seed extract

Use: This serum helps to firm and plump the skin,
reduce the appearance of wrinkles, improve skin
elasticity and texture, and promote a more radiant
complexion [38].

Brand: Ole Henriksen Truth Serum

Active Ingredients: Vitamin C (ascorbic acid),
collagen, orange and green tea extracts

Use: This serum brightens and firms the skin, reduces
the appearance of fine lines and wrinkles, and provides
antioxidant protection against environmental stressors
[39].

Brand: Lancéme
Activating Serum
Active Ingredients: Bifidus prebiotic, hyaluronic acid,
vitamin C, ceramides

Use: This serum helps to improve skin radiance, reduce
the appearance of fine lines and wrinkles, and restore
skin elasticity and firmness for a more youthful-looking
complexion [40].

Brand: Fresh Black Tea Age-Delay Firming Serum
Active Ingredients: Black tea ferment, blackberry leaf
extract, lychee seed extract, polysaccharides

Use: This serum helps to visibly firm and smooth the
skin, reduce the appearance of fine lines and wrinkles,
and improve skin elasticity and hydration [41].

Brand: Tatcha Violet-C Brightening Serum

Active Ingredients: Vitamin C (ascorbic acid),
Japanese angelica root extract, rice germ oil, squalane
Use: This serum brightens and evens skin tone, reduces
the appearance of dark spots and hyperpigmentation,
and provides antioxidant protection for a more
luminous complexion [42].

Brand: Murad Retinol Youth Renewal Serum

Active Ingredients: Retinol Tri-Active Technology,
hyaluronic acid, swertia flower extract

Advanced Génifique Youth

Use: This serum helps to minimize the appearance of
fine lines and wrinkles, improve skin texture and tone,
and enhance skin firmness and elasticity [43].

15. Brand: Caudalie Vinoperfect Radiance Serum

Active Ingredients: Viniferine (grapevine sap extract),
hyaluronic acid, glycolic acid

Use: This serum targets dark spots, evens skin tone, and
boosts radiance, revealing a brighter, more luminous
complexion [44].

FACE SERUMS OFFER A WIDE RANGE OF
PHYSIOLOGICAL AND THERAPEUTIC
APPLICATIONS

1. Hydration and Moisturization:

Physiological: Face serums with hyaluronic acid,
glycerin, and other humectants attract moisture to the
skin, improving hydration levels and preventing water
loss.

Therapeutic: Hydrating serums can alleviate dryness,
flakiness, and tightness, providing relief to dehydrated
and parched skin [45].

Anti-Aging:

Physiological: Serums containing retinoids, peptides,
and antioxidants stimulate collagen production, reduce
oxidative stress, and improve skin elasticity.
Therapeutic: Anti-aging serums help to minimize the
appearance of wrinkles, fine lines, and age spots,
promoting smoother, firmer, and more youthful-
looking skin [21,46].

Brightening and Even-Toning:

Physiological: Face serums with vitamin C,
niacinamide, and alpha hydroxy acids (AHAs) inhibit
melanin production, promote cell turnover, and
improve skin radiance.

Therapeutic: Brightening serums fade dark spots,
hyperpigmentation, and sun damage, resulting in a
more even and luminous complexion [47].

Acne Control:

Physiological: Serums containing salicylic acid, tea
tree oil, and niacinamide regulate sebum production,
unclog pores, and reduce inflammation.

Therapeutic: Acne-fighting serums target breakouts,
blemishes, and blackheads, promoting clearer,
smoother, and healthier skin [48].

Soothing and Calming:

Physiological: Face serums with chamomile extract,
aloe vera, and centella asiatica have anti-inflammatory
and soothing properties.

Therapeutic: Calming serums alleviate redness,
irritation, and sensitivity, providing comfort to stressed
and reactive skin.

Firming and Lifting:

Physiological: Serums containing collagen, elastin, and
peptides enhance skin firmness, elasticity, and
resilience.

Therapeutic: Firming serums tighten sagging skin,
reduce the appearance of jowls, and lift facial contours
for a more sculpted appearance [49].

Repair and Regeneration:

Physiological: Face serums with growth factors,
ceramides, and niacinamide support skin repair, barrier
function, and cellular turnover.
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Therapeutic: Repairing serums accelerate wound
healing, repair damaged skin barrier, and improve
overall skin health and resilience [50].

8. Protection Against Environmental Damage:
Physiological: Serums with antioxidants such as
vitamin E, resveratrol, and green tea extract neutralize
free radicals and protect against UV-induced damage.
Therapeutic: Antioxidant serums shield the skin from
environmental stressors, including pollution, UV
radiation, and oxidative stress, preventing premature
aging and damage.

9. Clarifying and Balancing:

Physiological: Face serums containing niacinamide,
zinc, and witch hazel regulate sebum production,
balance skin pH, and reduce shine.

Therapeutic: Clarifying serums purify pores, control
excess oil, and minimize breakouts, promoting a
clearer, more balanced complexion [1,51].

10. Pre- and Post-Treatment Support:

Physiological: Face serums can be used to prepare the
skin before cosmetic procedures (e.g.,
microdermabrasion, chemical peels) and to support
post-treatment recovery.

Therapeutic: Pre- and post-treatment serums optimize
skin condition, minimize downtime, and enhance
treatment outcomes by providing hydration,
nourishment, and protection [52].

CONCLUSIONS

Recent advancements in face serum formulations and skin
penetration technologies represent a significant leap
forward in skincare innovation. These advancements offer
promising opportunities to address a wide range of skin
concerns, from aging and hyperpigmentation to acne and
dehydration. By harnessing the power of novel active
ingredients, innovative delivery systems, and advanced
penetration techniques, skincare professionals can achieve
more targeted and efficacious treatments, delivering
tangible results for their clients. As the field of skincare
continues to evolve, staying informed about these
advancements and integrating them into practice will be
essential for providing optimal skincare solutions and
enhancing client satisfaction and confidence in their skin
health journey.
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