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Invasomes, Transdermal drug
delivery, Cosmetic formulations, Skin
penetration, Liposomes,
Phospholipids, Ethanol

Correspondence to Author:
Nituporna Bora

PG Scholar,

NETES Institute of Pharmaceutical
Science, Santipur, Mirza, Guwahati -
781125, Assam, India.

easier into the skin than standard liposomes, with the help of
phospholipids, ethanol, and terpenes while remaining within the skin
boundaries and decreasing systemic absorption. This paper discusses the
advantages of invasomes over the conventional delivery systems,
including enhanced bioavailability and targeted delivery of therapeutic
agents. Other aspects discussed include advancements in nanotechnology
and process automation to reduce the production cost and enhance the
scalability without any compromise on quality. Review of applications of
invasomes in dermo-cosmetic products focuses on their role in treating
skin dysfunctions. In summary, it is underscored in this paper that
invasomes can revolutionize skincare formulations and hence help
overcome multiple dermatological issues.

E-mail: bnituporna@gmail.com

INTRODUCTION: Their ability to penetrate epidermal layers improves

Overview of Invasome: Better penetration across
the transdermal barrier is exhibited by invasomes,
which are new vesicular structures compared to
conventional liposomes. The improved penetration
capability of these wvesicles results from their
composition, including phospholipids, ethanol, and
terpenes. The ability of these nanovesicles to
enhance the skin's penetration of drugs while
limiting systemic absorption constraining the
medication's effects only to the layers of the skin
4. This is one of its key advantages.
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the effectiveness of invasomes, which work by
disrupting lipid and intracellular protein contacts
and fluidizing SC lipid bilayer structure °.

Importance of Invasomes in Cosmetic:

FIG. 1: IMPORTANCE OF INVASOME IN
COSMETICS
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Difference between Different Somes:

TABLE 1: DIFFERENCE BETWEEN DIFFERENT SOMES

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Characteristics Invasome Liposome Niosome Phytosome Transferosomes Flexosome
Composition Phospholopids ~ Phospholipid Non-ionic Phospholipids Phospholipids Phospholipids
with penetration usually and with plant with edge with flexible
enhancers (e.g., lecithin and cholesterol  derived active activators membrane
ethanol, cholesterol ingredients enhancer
terpene)
Active Targets deeper Mainly for ~ Primarily for  Delivers plant Delivers drugs Target deeper
ingredient skin layer s for ~ hydrophilic  hydrophilic derived across skin using  skin layer with
delivery enhanced and drugs compoundsto  elastic properties enhanced
penetration lipophilic target organs flexibility
drugs
Key feature Enhanced skin Bi layer Non-ionic Improves Flexible and Highly flexible
penetration vesicles for surfactant-  bioavailability  elastic vesicle for  vesicle efficient
using both based of plant based deeper skin drug delivery
ethanol/surfacta  hydrophilic ~ vesicles for active penetration across skin
nts and hydrophillic ingredients
lipophilic drugs
compounds
Penetration Increased Limited skin Skin Improves skin Elastic Flexible vesicle
mechanism permeability penetration penetration  penetration of deformation that can deform
through skin due to via plant-based through the skin and penetrate
due to hydrophillic  surfactant- actives barrier for the skin more
penetration outer layer induced through lipid transdermal effectively
enhancers disruption of  interections delivery
skin barrier
Stability High stability Moderate Relatively High stability Very stable Highly stable
for sensitive stability, stable but for plant effective for with aprolong
cosmetic prone to can be extract transdermal release profile
ingredients leakage over  affected by delivery
time environment
al factors
Application Cosmetic, Cosmetics, Cosmetic Cosmetics, Transdermal drug  Anti-aging and
transdermal pharmaceuti  pharmaceuti  nutraceuticals, delivery (pain transdermal
drug delivery cals and cals phytotherapeut ~ management and
vaccines ic products hormone)
Example Anti-aging Liposomal Niosomal Phytosome- Transferosome Anti agimg
cream, sunscreens,  moisturizers based anti- based pain relief serums
moisturizing anticancer wound aging and anti- patches
lotion treatnents healing inflamatory
products
Market Widely used in Commonly Gaining Increasing use Used in clinical Emerging
availability advanced used in popularity in in dermato;ogy and technology
cosmetics and pharmaceuti cosmetic nutraceuticals pharmaceuticals used in high-
dermatology cals and formulation  and cosmetics and cosmetics
cosmetics
Reference 49, 50, 51,52 53, 54, 55 56, 57, 58 59, 60, 61, 62 63, 64, 65 66, 67, 68

Skin Structure and Penetration Barriers: There
are multiple layers in the anatomy of skin, and each
one serves a particular purpose.

The key ones that influence the delivery of active

role these layers, in particular stratum corneum,
play as barriers in active ingredient delivery.

Layers of the Skin: There are basically three
layers of the skin:

ingredients are mostly confined to the epidermis,

which consists of stratum corneum as the outermost
layer of the skin. This section is going to discuss
the anatomy of skin, specifically focusing on the

International Journal of Pharmaceutical Sciences and Research

Epidermis:
Stratum Corneum (SC): Epidermis It is an oily
matrix mainly made of skin cells that have died
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called corneocytes and serves as the outermost
cover of the epidermis. It forms the most major
barrier protecting the skin against toxins, harmful
infections, and dehydration °.

Other Epidermal Layers: These are located
underneath the stratum corneum, including stratum
lucidum, stratum granulosum, stratum spinosum,
and stratum basale. They enable the conservation of
integrity in the structure of skin, thus making the
process easier for skin restoration ® .

Dermis: The dermis, immediately under the
epidermis, is where collagen, elastin, blood vessel
components, and nerve endings that contribute to
the strength and suppleness of the skin can be
found °.

Hypodermis: The hypodermis, or subcutaneous
tissue, is the deepest layer, mainly composed of
connective tissue and fat, which cushions and
insulates the body.

Sy Epidermis

3 Dermis

—— Hypodermis

FIG. 2: LAYERS OF SKIN

The Stratum Corneum and its Barrier Function:
Since it is the most critical layer acting as the first
line of defence against the permeation of active
substances, perhaps the stratum corneum is the
most important layer. This is composed of layers of
dead skin cells known as corneocytes embedded
within the lipid matrix, forming a semi-permeable
barrier. The integrity of this structure is critical for
maintaining skin homeostasis; it is the first and
foremost line of security in which the body protects
(ist%elf against environmental damage and water loss

The Keratin and Lipid Matrix: Keratin is a
fibrous protein that gives skin its strength and
shape, so it is abundant in the corneocytes. The
lipid matrix, which is made up of ceramides,

International Journal of Pharmaceutical Sciences and Research
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cholesterol, and free fatty acids, surrounds the
corneocytes in a hydrophobic barrier. This lipid-
rich matrix, which is crucial for the skin's
protective barrier, prevents the majority of water-
soluble compounds from passing through the skin ”.

Barrier Function: Trans epidermal water loss, or
TEWL, is excessive water loss that is prevented by
the stratum corneum, which also serves as a barrier
against toxins, diseases, and environmental
pollutants. At the same time, this same barrier
significantly hinders the delivery of active
compounds in pharmaceuticals and cosmetics. This
is particularly true for large molecules such as
proteins and peptides, which have a difficult time
penetrating the stratum corneum ®.

Stratum Corneum as a Barrier in Active
Ingredient Delivery: Even though the stratum
corneum plays an important role in the body by
forming an effective barrier against substances
penetrating the outer skin layer, it inhibits the entry
of active chemicals.

Physical Barrier: A physical barrier in the shape
of size and structure of corneocytes and lipid layers
prohibits large or polar compounds, such as
vitamins, peptides, and antioxidants, to cross the
stratum corneum °.

Molecules with high molecular weight or those that
are water-soluble often struggle to diffuse through
the lipid matrix, which is more permeable to
lipophilic compounds ©.

Chemical Barrier: The barrier function is further
supported by the stratum corneum'’s enzymes and
acidic pH . Certain active substances, including
vitamin C or ascorbic acid, may become less
effective or disintegrate before reaching their target
location due to changes in their stability and
activity caused by this environment.

Challenges in Cosmetic Ingredient Penetration:
The hydrophobicity of components, molecular size,
and stability of active compounds are some of the
aspects that make it difficult for cosmetic
formulations to achieve effective deep skin
penetration. To guarantee that active chemicals can
reach skin levels where they can provide the
desired effects, these aspects must be carefully
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taken into consideration during the product
development process.

Hydrophobicity: It is tough for many of the active
agents such as vitamins and antioxidants to
penetrate into the lipid rich skin barrier. In order to
improve their penetration emulsions and liposomal
delivery techniques are used *°.

Molecular Size: Large molecules typically cannot
enter the skin completely due to the size restriction.
Less than 500 Daltons is the ideal size for
penetration 3. Enhanced delivery nanoparticles are
larger than normal molecules, like nanoparticles .

The Stability of the Active Ingredient: Most
active compounds, among which is vitamin C,
become unstable and degradable in the presence of
air or light. Liposomes and microencapsulation
techniques that stabilize the ingredients and give an
efficient delivery protect them from degradation *2.

Comprising the stratum corneum, it is actually the
outermost barrier, keeping out the exterior
substances. Alcohols and fatty acids are examples
of penetration enhancers that can dissolve the outer
layer and permit the substances to enter more
deeply within the skin °.

Formulation Challenges: Due to the pH and
barrier properties of the skin, it is challenging to
maintain the chemical equilibrium. Some modern
drug delivery systems include liposomes, patches,
and microneedles, which increase the efficacy and
penetration of active ingredients **.

Invasomes: Mechanism of Action:

Lipid-Based Structure of Invasomes: Invasomes
are novel lipid-based vesicular systems that are
designed to improve active ingredient delivery into
the skin. They have a lipid bilayer structure
specially designed to resemble that of the natural
barrier skin, thereby allowing better interaction and
deeper penetration of pharmaceutical or cosmetic
ingredients.

Composition of Invasomes:

Lipid Bilayer: The majority of invasomes consist
of phospholipids, which self-assemble to form a
bilayer structure that is analogous to the lipid
barrier of the skin. This stable barrier can
encapsulate both hydrophilic and hydrophobic
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molecules and is composed of water loving heads,
which attract water, and water hating tails, which
repel water. These lipids' structure facilitates the
regulated release of active ingredients and
improves skin penetration °.

Skin Mimicry: The lipid structure of invasomes is
so designed to mimic the ceramides, lipids, and
fatty acids that form the stratum corneum of the
skin. When the invasomes can more easily mimic
these natural structures and bond with the skin
barrier, encapsulated medication molecules can
penetrate the lipid-rich layers of the skin more
easily. This design makes invasomes more skin-
friendly by improving the stability of the
compounds they enclose and their capacity to
distribute active molecules .

Encapsulation and Penetration: There are several
excipients such as surfactants or penetration
enhancement factors, which can be incorporated
into the lipid bilayers of invasomes. These
excipients act to temporarily break down the barrier
of the skin so that the API can penetrate into the
dermal layers. These systems are generally thinner
than traditional liposomes and create **.

Penetration Mechanisms:

Skin Lipid Fusion: The lipid bilayers within
invasomes are structurally equivalent to those
found in the natural layers of skin lipids,
specifically the stratum corneum, that is composed
of fatty (oily) acids, cholesterol, and ceramides.
Interaction between the vesicle membrane and the
lipid bilayer of the skin allows unification by
phospholipids within the invasome that are
involved in a type of interaction with the skin's
lipids. This type of fusion mechanism improves
penetration through direct inclusion within layers
of the skin of active substance molecules. Because
of their structural similarity to the natural barrier of
the skin, invasomes can be more easily
incorporated and penetrate through the skin's
(13I6efence mechanisms against exogenous substances

Permeation Enhancement through the Stratum
Corneum: The stratum corneum is the outermost
skin layer, and this layer is essentially the primary
barrier to molecular entry. Invasomes can cross this
barrier because it causes a temporary disruption of
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the integrity of the stratum corneum. Owing to their
small size and flexibility, invasomes can penetrate
deeper into the skin. Because of their lipid
composition, invasomes are able to travel through
the lipid-rich layers of the stratum corneum. In
addition, invasomes can carry surfactants or other
penetration enhancers that help make the skin's
protective barrier even more disrupted and active
substances to penetrate to deeper levels of the
dermal layer *’.

The Ability to Carry both Hydrophilic and
Lipophilic Active Ingredients: One of its unique
advantages is that an invasome can carry out
hydrophilic (water loving) as well as lipophilic (fat
loving) substances. Hydrophilic substances may be
transported inside the coe of aqueous or on the
surface of the vesicle; however, the hydrophobic
molecules will be encapsulated inside the lipid
bilayer's hydrophobic core. Because of their
bimodal function, invasomes can deliver a higher
diversity of active substances, which makes them
fit for a variety of medicinal and cosmetic
applications. This aspect is critical for developing
treatments that treat a range of skin conditions
since the two types of substances have to be
delivered together to achieve maximum effect 2.

Formulation Strategies for Invasome-Based
Cosmetics: To optimize the skin permeability
through better absorption of active materials,
improved lipid-based vesicular systems, called
invasomes, are produced. Invasome technology
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allows for encapsulation with both lipophilic as
well as hydrophilic material for improved delivery
with the help of various processes in its production.
Significant to invasome production with the help of
cosmetic formulation is thin-film hydration,
reverse-phase evaporation, mechanical dispersion,
and sonication. Regarding its stability, control of
size, and efficiency of vesicle encapsulation, a
number of techni%ues present relative benefits and
disadvantages *° %%,

Thin Film Hydration: It is among the most
commonly employed techniques in order to prepare
invasomes thin-film hydration. First of all, lipids
and surfactants are dissolved into a solvent that is
organic like ethanol or chloroform in order to
initiate the process. Once the pressure reduces, the
solvent evaporates and leaves behind a thin layer of
lipid. After hydrating the mixture by introducing
the aqueous phase containing the active
component, vesicles develop.

Advantages: This method provides excellent
encapsulation efficiency for both hydrophilic and
lipophilic molecules and is relatively easy and cost-
effective. It is very useful for preparing stable
vesicles with controlled sizes %%,

Problems: Hydration parameters such as
temperature and volume of the aqueous phase
affect vesicle quality and require careful
management to avoid aggregation formation 2’

Dissolution of Lipids

Addition of Agueous
Phase (water, buffer,

active ingredient)

Evaporation of
Solvent [via Rotary
Evaporator)

or other methods)

Purification (dialysis,
centrifugation, size
exclusion
chromatography)

FIG. 3: THIN FILM HYDRATION METHOD
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Reverse-Phase  Evaporation: The  primary
application of reverse-phase evaporation is the
formulation of vesicles that consist of hydrophobic
substances. By mixing lipids with an organic
solvent and aqueous solution of the active
principle, this technique vyields a reverse-phase
emulsion. The mixture is emulsified, and the
pressure in the apparatus is reduced to remove the
organic solvent, thus forming vesicles.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Advantages: It has tight control over the size and
stability of the wvesicle and is useful for the
encapsulation of lipophilic compounds **%°.

Problems: This process may be more cumbersome
than thin-film hydration to avoid instability and
require careful emulsification and solvent removal

Dissolution of Lipids
in Organic Solvent

Evaporation of
Organic Solvent

Size Reduction (via
sonication or
extrusion)

Addition of Aqueous
Phase (containing
= active ingredients)

Formation of Lipid
Bilayers

Purification (dialysis,
centrifugation)

Formation of
Reverse Phase
[water-in-oil
emulsion)

Rehydration and
Liposome Formation

Final Invasome
Preparation

FIG. 4: REVERSE-PHASE EVAPORATION METHOD

Mechanical Dispersion Method: For forming
vesicles, a combination of lipids with water-based
phases using a strong shear force is involved in
mechanical dispersion. This process may apply to
fast-speed homogenizers or rotor-stator devices that
involve the breaking down of lipid phases into
small-sized particles by applying mechanical
energy. Advantages the process is scalable and
effective for mass production. It allows one to

prepare vesicles with a relatively uniform size
distribution 2> %°,

Problems: Mechanical dispersion can cause
overheating, which may degradation sensitive
active compounds. Besides, it could not always
produce the high encapsulation efficiency that other
methods do ?°.

Dissolution of Lipids in
Organic Solvent

Homogenization (via
high-pressure
homogenizer)

Purification [dialysis,
centrifugation)

Addition of Penetration
Enhancers and Agueous
Phase [containing
active ingredients)

Final Invasaome
Preparation

Emulsification [using
high shear or
sonication)

Size Reduction (via
extrusion or further
sonication)

FIG. 5: MECHANICAL DISPERSION METHOD
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Sonication: It works on lipid aggregates to break
them into smaller vesicles through cavitation
bubbles created using high-frequency sound waves
in a lipid mixture. Once the cavitation bubbles have
formed, they collapse, applying shear stresses. The
technique has proven effective especially in
forming smaller and uniform-sized vesicles.

Advantages: Sonication is very fast and efficient
in forming small vesicles that enhance penetration

E-ISSN: 0975-8232; P-ISSN: 2320-5148

through the skin. It also provides excellent control
over the size of the vesicles 2" %.

Problems: The ultrasonic-generated heat can break
down the sensitive components. To avoid unwanted
aggregation and degradation of the active
ingredient, the process requires critical control of
the sonication power and time 2> %%,

Dissolution of Lipids

in Organic Solvent

Sonication
(Uktrasonic Energy g
Application)

Addition of Agueous
Phase (containing gt
active ingredients)

Formation of
Invasomes

Formation of Lipid
Mixture [pre-

sonication)

Size Reduction (via
emrd additional sonication
or extrusion)

Purification (dialysis,

centrifugation)

Final Invasome
Preparation

FIG. 6: SONICATION METHOD

Clinical Trials and Case Studies on Invasomes:
Skin Penetration Research Study: Godin and
Touitou (2003) undertook one of the landmark
studies reported in the Journal of Controlled
Release. Their research was part of the pioneering
works on the invasion technology. Invasomes were
shown to significantly increase skin penetration of
drugs compared with that of conventional
liposomal formulation preparations 2°. Some results
involved:

o A 3-4 fold increased penetration across the skin
o Effective delivery across the skin
o Intercourse with lipid layers of skin improved

e Study on Improvement of Skin Condition
Abdulbagi et al. (2016) conducted an extensive
study in the International Journal of
Nanomedicine about the cosmetic uses of
invasomes *°.

o o\lmproved delivery of active ingredients

International Journal of Pharmaceutical Sciences and Research

o o\Improved skin hydration
o 0\Reduced resistance to the skin barrier

o 0\Significant improvement in skin texture and
appearance

e Study on Consumer Satisfaction and Efficacy
Elsayed et al. (2007) conducted a clinical study
on invasome-based cosmetic formulations *:

o 86% of participants showed improvement in
skin appearance

o oO\tSubstantially decreased fine lines and

wrinkles
o o\tSignificantly increased hydration
o o\tOverall skin elasticity improved

Case Examples that use Invasome Technology:
Invasome technology is the use of enhanced
delivery ~ systems  that increase  active
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ingredient/drug penetration in the skin or other
biobarriers. It often relies on liposomal, nano, or
other encapsulation strategies for enhancing

E-ISSN: 0975-8232; P-ISSN: 2320-5148

bioavailability and effect of products. Here are case
examples of products that implement invasome
technology.

TABLE 2: CASE EXAMPLES THAT USE INVASOME TECHNOLOGY

Product Name Purpose Active Ingredients  Invasomal Formulation Features Reference
Eucerin Hyaluron-  Anti-aging, skin Hyaluronic acid, Invasomal formulation for deeper Eucerin product
Filler + Elasticity elasticity Elasticity complex skin penetration of active information

Night Cream improvement ingredients
Nivea Q10 Plus Wrinkle Coenzyme Q10, Invasomal technology to enhance Nivea product
Anti-Wrinkle Night  reduction, skin Creatine delivery of active information

Cream rejuvenation

Olay Regenerist Anti-aging, skin Peptides, Invasomes enhance penetration of  Olay product details

Micro-Sculpting firming Niacinamide peptides and niacinamide for
Cream effective anti-aging

L'Oréal Revitalift Skin Glycolic acid, Invasomal technology for enhanced L'Oréal product

Bright Reveal brightening, Vitamin C penetration of glycolic acid and information
Brightening Peel exfoliation vitamin C

Pads
La Roche-Posay Sunscreen, high UV Filters Invasomal technology improves La Roche-Posay

Anthelios SX SPF UV protection (Mexoryl SX)
50+
Vichy Liftactiv Anti-aging, Rhamnose, Vichy
Supreme Night wrinkle volcanic water
Cream reduction
L’Oréal Paris Anti-aging, skin Retinol, Glycolic

Revitalift Laser X3 resurfacing acid

Clarins Extra- Skin firming, Plant extracts (e.g.,

Firming Night regeneration Centella Asiatica,
Cream Hibiscus)
BiodermaAtoderm  Skin hydration, Glycerin,
Ultra-Nourishing barrier repair Ceramides

Anti-Irritation
Cream
Eucerin Even
Brighter Pigment
Reducing Day
Cream

Skin
brightening,
even skin tone

Vitamin C

Glycyrrhetinic acid,

absorption of UV filters product leaflet
Invasomal delivery system for
effective active ingredient
penetration
Invasomal liposomes enhance
penetration of retinol and glycolic
acid
Invasomal formulation for better
absorption of plant-based extracts

Vichy product
brochure

L’Oréal Paris
product details

Clarins product
leaflet

Invasomal technology improves
delivery of moisturizing agents

Bioderma product
information

Invasomal formulation enhances
penetration of brightening agents

Eucerin product
details

Future Trends and Challenges in Invasome-
Based Delivery Systems:

Emerging Technologies: The Next Generation of
Invasome-Based Delivery Systems:
Multi-Functional ~ Invasomes:  The  future
generations of the invasome systems will hence be
developed as multi-functional delivery systems that
combine in one formulation several active
ingredients into one. That is to say, the multi-
functional invasomes may deliver concurrently
several actives such as anti-aging agents and
antioxidants and peptides, aimed at different skin
concerns.

Advantages: This approach benefits the treatments
better because a single product can offer a whole
range of benefits to a wider array of consumers and

International Journal of Pharmaceutical Sciences and Research

thereby reduces the number of products that have to
be made separately.

Examples of Future Products: The invasomes
may carry antioxidants like Vitamin C, anti-aging
peptides and hyaluronic acid for hydration in one
formula. These would likely attract the consumer
searching for a comprehensive skincare solution .

Stimuli-Responsive Invasomes: Stimuli-
responsive systems form a rapidly emerging
frontier within nanotechnology. These are systems
that will respond to specific environmental or
physiological conditions like pH, temperature, or
UV radiation. In relation to invasomes, such
stimuli-responsive delivery will allow for active
agents to be released only when there is a need,
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such as the skin experiencing a temperature change
or even responding to UV exposure by releasing
additional protective and repair agents .

Advantages: Such systems would offer even
higher control over the release of active ingredients
in terms of when and how. The skincare approach
would be highly individualized, thus more effective
with fewer side effects.

Examples of Future Products: A sunscreen with a
stimuli-responsive invasome may become more
active in higher UV conditions, providing enhanced
protection when exposed to sun, or a moisturizer
may release anti-aging agents only when the skin is
dry or stressed **,

Hybrid Invasomes (Combination Systems):
Hybrid formulations are a combination of different
delivery systems. For example, liposomes to
protect ingredients from degradation along with
SLNs or NLCs. Hybrid invasomes might provide
more favorable release profiles, stability, and
penetration than single component systems .

Advantages: Hybrid systems may be capable of
combining the best of both worlds to provide
deeper skin penetration similar to liposomal
systems while prolonging the controlled release to
the benefit of SLNs or NLCs. This will lead to
increased efficacy over time, enhanced stability of
sensitive ingredients, and increased consumer
satisfaction by the prolonged action.

Examples of Future Products: an Anti-aging
Serum with Hybrid Invasome System which
incorporates peptides and antioxidants, can exhibit
long-term antipersistent wrinkle effectiveness while
maintaining the protection from oxidative stress *.

Challenges in Commercialization of Invasome
Technology: While the potential of invasome-
based delivery systems in cosmetics is immense,
several challenges hinder their widespread adoption
in the industry:

Manufacturing Costs and Scalability:

Problem: Invasome technology involves advanced
production processes including special equipment
to formulate nanoparticles and encapsulate
liposomes and to synthesize the hybrid system.
They are very expensive for bulk production *’.

International Journal of Pharmaceutical Sciences and Research
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Impact on Commercialization:
Commercialization Impact In this aspect, small
companies or new manufacturers are hindered by
well-established businesses, which can well afford
these systems. High costs of manufacturing also
mean expensive products and out of reach for an
average consumer .

Possible  Solutions:  The development of
nanotechnology and automation processes might be
reducing the production cost of formulations based
on the invasome in the future. Production
techniques will also be optimized and less
expensive for raw materials; hence, large-scale
systems would be possible without compromising
quality.

Regulatory Obstacles:

Challenge: Cosmetics are regulated differently in
various geographies, and any new delivery system,
for example, invasomes typically falls into a grey
area about approval. All agencies including FDA,
U.S.; EMA, EU and several more are very stringent
in ensuring that the products possess absolute

safety, efficacy and have ingredients' transparencies
39, 40

Commercialization Impact: Even if the active
ingredients themselves are approved for cosmetic
use, delivery systems, such as nanoformulations,
may require additional safety testing and regulatory
review. Lack of regulatory approvals could delay
new product launches.

Potential Solutions: The cosmetics industry may
need to establish clearer guidelines specifically
addressing the safety and efficacy of nano- and
invasome-based systems. Regulatory agencies are
gradually adapting to the increasing use of
advanced technologies, and as more data on the
safety and benefits of these systems becomes
available, regulations may become more
streamlined.

Consumer Acceptance and Education:
Challenge: People just do not know anything about
terms like "invasomes" and "nanotechnology,” and
possibly shun products containing delivery systems
that are so modernly advanced, if it can't be sure in
respect of safety or the working.
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Influence on Commercialization: Consumer
scepticism would delay the acceptance of new
technologies.

There's a requirement for proper public
communication of the benefits and advantages of
invasome technology to deliver more potent
effective skincare solutions.

Potential Solutions: Brand education and
transparency will become key to consumer trust.
Such clinical studies, before-and-after results, and
details about the technology should work to
demystify the systems of invasome and increase
consumer confidence * 4%,

Stability and Shelf Life:

Challenge:  Another persistent issue  with
invasome-based systems is the instability of these
extremely active delivery mechanisms over time.
Some of these systems may deteriorate or lose their
efficacy if not formulated or stored appropriately .

Impact on Commercialization: Since consumers
expect that products will continue to work for
longer periods of time, any decline in the delivery
system may lead to lower product performance,
which can cause dissatisfaction and potentially
harm the brand.

Potential ~ Solutions:  Further  research  on
stabilizing chemicals and better packing along with
efficient encapsulation methods will help maintain
the stability of the invasome systems. All these
problems can be solved by the use of better
formulation technologies and advancements in
storage conditions .

Environmental Impact:

Challenge: Like most of the high technologies,
environmental footprint to create and dispose of
nano and invasome systems has now emerged as a
concern. The amount of nanoparticles that can
accumulate in the environment or human body is
still an issue under debate “.

Impact on Commercialization: Environmental
considerations may provoke resistance from either
regulations or consumers. The industry of beauty
has become quite green-sensitized and any fears
with the environmental impact of invasome
formulations could delay the latter's market entry.
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Potential Solutions: Eco-friendly alternatives,
biodegradable delivery systems, and sustainability
in sourcing raw materials will prove highly crucial
in solving the issues related to the environment. A
further advantage of invasome technologies is their
suitability with the global aims on sustainability, if
they are done according to green chemistry
concepts *'.

CONCLUSION: An invasome is just another
name for a new vehicle that might enhance
penetration and maximize the delivery of drugs or
active agents in cosmetic products. Their ability to
effectively permeate the barrier of the skin and to
penetrate into the layers for proper action is
guaranteed by a specific structure integrating
liposomal technology with elastic membranes. This
will, hence, lead to significantly enhanced skin care
results, making invasomes inherently highly
effective in transferring anti-aging chemicals,
moisturizers, antioxidants, and more therapeutic
agents. Invasomes can enjoy a bright future in
cosmetics. As technology and the scope of research
continue developing, the role of these functions of
invasomes will be more significant, while
developing more efficient targeted skincare
products. With the potential of achieving improved
delivery of ingredients and overall skin health, the
invasomes are pretty close to revolutionizing the
formulation and use of cosmetic products, with
consumers receiving the advantage of more high-
performance and effective products for multiple
concerns that most concern them within skincare.
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