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Abstract: Cosmetics composed of synthetic and/or semi-synthetic polymers, associated or not
with natural polymers, exhibit a dashing design, with thermal and chemo-sensitive properties.
Cosmetic polymers are also used for the preparation of nanoparticles for the delivery of, e.g., fragrances,
with the purpose to modify their release profile and also reducing the risk of evaporation. Besides,
other cosmetically active nutrients, dermal permeation enhancers, have also been loaded into
nanoparticles to improve their bioactivities on the skin. The use of natural polymers in cosmetic
formulations is of particular relevance because of their biocompatible, safe, and eco-friendly character.
These formulations are highly attractive and marketable to consumers, and are suitable for a plethora
of applications, including make-up, skin, and hair care, and as modifiers and stabilizers. In this review,
natural synthetic, semi-synthetic, and synthetic polymers are discussed considering their properties
for cosmetic applications. Their uses in conventional and novel formulations are also presented.
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1. Introduction

In the 21st century, cosmetic and personal care industries have been increasing rapidly. The global
cosmetics market is projected to register a compound annual growth rate of 4.3% during the forecast
period (2016–2022) and is anticipated to reach $429.8 billion by 2022 [1].

The European Commission (2015) has defined cosmetics as any substance or preparation intended
to be placed in contact with the various external parts of the human body (epidermis, lips, external
genital organs, hair system, and nails), teeth, and the mucous membranes of the oral cavity [2].
Indeed, polymers are found in hair products, such as shampoo, conditioner, tip repair, hair dye,
moisturizing masks, and fixing gels; in skincare products, such as liquid soaps, moisturizing lotions,
sunscreen, and corporate oils; as well as products used in nail care, make-up, and fragrance [3]. Each of
these products has distinct functions and applicability, in addition to different characteristics in the
composition, manufacturing process, and physical and chemical parameters that demand a great
diversity of polymers.

Polymers are an important class of raw materials of cosmetic formulations, being essential in the
production of high-performance products. They are classified as synthetic, semi-synthetic, or natural
(Figure 1) macromolecules composed of many repeating units (monomers) usually arranged in the
form of a chain. In cosmetics formulations, its structural diversity is used to promote a variety of
functions as rheology modifiers, thickeners, foam stabilizers and destabilizers, emulsifiers, fixatives,
conditioning, and film formers [3–5].

In this review, we discuss the properties and uses of natural, semi-synthetic, and synthetic
polymers in cosmetic formulations.
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Figure 1. Main types of polymers natural, semi-synthetic, and synthetic polymers applied in cosmetics.

2. Methodology and Data Analysis

An overview of the publications about polymers applied in cosmetics was carried out from a
search for publications in the Web of Science database by Clarivate Analytics. This search was limited
to the last 20 years (from 2000 to 2019), and considering only original works. Initially, we searched
for the word “cosmetics” in the title of the papers to ensure that only cosmetics-driven works were
considered. The term “cosmetics” was found in 4485 papers. The results were then refined by directly
searching for different polymers, i.e., each polymer name was searched in these 4485 articles, not only
in the title but in any search field. The “*” was used as a wildcard to find inflections and distinct ways
of referring to the same polymer.

The results are presented in Figure 2, resulting in three distinct groups of polymers classified as:
Natural polymers (plant or animal origins), semi-synthetic polymers (chemically modified natural
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polymers—from plant or animal origins), and synthetic polymers (fermentation or chemical routes).
All the polymers (natural, semi-synthetic, and synthetic) were found in 219 papers.
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3. Polymers Applied in Cosmetic Formulations

Polymers have been routinely used in much personal care and cosmetic products. They represent
one class of materials with a range of properties as diverse as the class of polymers that have been
utilized. This section approaches the class of polymers that have been used in a range of applications.
Table 1 shows some types of synthetic, semi-synthetic, and natural polymers and their properties in
cosmetics formulations.

3.1. Synthetic Polymers

Synthetic polymers are attractive as an excipient for cosmetics formulation as they can be tailored
for specific applications. They are often cheaper than natural polymers, can be produced on a large
scale with uniformity, and have a long shelf time. The synthetic polymers most commonly found
in cosmetics are acrylic acid-based polymers, polyacrylamides, silicon, and alkylene oxide-based
homopolymers and copolymers [6].

Table 1. Functional properties of polymers applied to cosmetics.

Polymer Properties Ref.

Synthetic

PEG/PPG Surface activity, humectant, [7]
Dimethicone emollience, enhanced comfort, and protection

Poloxamer
Thermoreversible hydrogels,

increase the viscosity in body temperature,
surfactant non-ionic

[8]

Poly (lactic acid),
Poly (ε-caprolactone)

Exfoliants microbeads, biodegradable–alternative to
non-biodegradable polymers (e.g., polyethylene) [9]

Polyurethanes Film formation, elastic properties, shape memory effects,
surface feel, gloss, and water resistance [10]

Polyquaternarium Conditioning, antistatic and film-forming [11]
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Table 1. Cont.

Polymer Properties Ref.

Semi-Synthetic

Nitrocellulose,
Acrylate-copolymers

Film formation, extended product wear, enhanced skin
protection, improved product aesthetics [12]

Hydroxypropyl methylcellulose,
Hydroxyethyl cellulose,

Polyacrylic-acid,
Polyamides

Rheological control, ease of application and enhanced
product shelf life [7]

Natural

Starch Emulsifying ability, film formation, high viscosity [13]

Chitosan
Moisturizing elastic film, active lip care ingredient,
hydration, long-term color adhesion, antimicrobial

properties, and fragrance adhesion
[14]

Cellulose
Rheological control, film formation,

leaves the hair soft and smooth, well-hydrated, and is
anti-static

[15]

Sericin Improves elasticity, large capacity
to absorb water, and moisturizes [16,17]

Collagen
Antioxidant properties, antihypertensive activity,

lipid-lowering activity, as well as reparative properties in
damaged skin

[18]

Hyaluronic acid Skin conditioning agents, moisturizing, skin protective, and
anti-aging properties [19]

Ulvan
Carrageenan

Gelling properties, but it is affected by boric acid, divalent
cations, and pH [20–22]

Over the last years, silicon materials have been used in the cosmetics industry. Silicon and
its composites (e.g., biomethane and cyclomethycaine) are used in cosmetics, such as deodorants,
shampoos, antiperspirants, and lotions as suspending agents and processes, such as emulsification
and associative thickening [4].

Polyethylene glycols (PEGs), and their anionic or non-ionic derivatives, are widely used in
cosmetics as emollients (which help with softening and lubricating of the skin), as emulsifiers (which
help water-based and oil-based ingredients to mix properly), and as penetration enhancers that help
the delivery of other ingredients deeper into the skin. They are used in bath products, shaving
products, skin care products, make-up, skin cleansing products, shampoo, hair conditioners, and
deodorant [23]. Poomanee et al. (2020) developed nanoemulsion loadings with Mangifera indica L.
kernel extract to enhance the stability and skin permeation of the extract to be a promising anti-acne
product [24]. The mixture was composed of safflower oil as the oil phase, PEG-7 glyceryl cocoate, the
surfactant mixture of Ceteareth-20, PEG-40 hydrogenated castor oil, and sorbitan oleate along with
butylated hydroxytoluene. A nanoemulsion with very small droplet sizes and a narrow distribution,
was obtained, depicting the physicochemical and antibacterial stability, as well as the skin permeability,
of M. indica kernel extract.

Aliphatic polyesters, such as poly (lactic acid) (PLA), poly (ε caprolactone) (PCL), and
poly(3-hydroxybutyrate-co-3 hydroxy valerate), have excellent properties of biodegradability,
biocompatibility, and mass producibility. These materials have melted processability and excellent
mechanical properties, properties that are not found in natural polymers (such as in cellulose, chitin,
and gelatin). Due to their properties, aliphatic polyesters are receiving attention for the production of
microbeads for sustainable cosmetics [9].

3.2. Semi-Synthetic Polymers

Cellulose ethers and cellulose esters are two main groups of cellulose derivatives with different
physicochemical and mechanical properties. Cellulose derivatives have properties, such as viscosity in
solution, surface activity, thermoplastic film characteristics, and stability against biodegradation, heat,
hydrolysis, and oxidation. The cellulose ethers (e.g., methylcellulose, ethyl cellulose, hydroxyethyl



Cosmetics 2020, 7, 75 5 of 16

cellulose, hydroxypropyl methylcellulose, carboxymethyl cellulose, and sodium carboxymethyl
cellulose) are water-soluble, unlike cellulose esters (cellulose acetate, cellulose acetate phthalate,
cellulose acetate butyrate, cellulose acetate trimelitate, hydroxypropyl methylcellulose phthalate), which
are generally water-insoluble polymers but with good film-forming characteristics [25]. These polymers
are mostly used as gelling agents, bioadhesive, thickening, and stabilizing agents applied in cosmetics
like creams, shampoos, lotions, and gels. They are less sensitive against microbial contamination than
natural gelling agents, such as starches, acacia, sodium alginate, agar, pectin, and gelatin [7].

Aung et al. (2019) developed dissolving microneedles using polymer synthetic, semi-synthetic,
and natural polymers, or a mix of polymers to promote transepidermal delivery of alpha-arbutin for
skin lightening [26]. The polymers used to prepare the patch were Gantrez™ S-97, hydroxypropyl
methylcellulose, polyvinylpyrrolidone K-90, and chitosan. They observed that 8% w/w HPMC:40%
w/w PVP K-90 (1:1) is the mix of the most suitable polymer to fabricate alpha-arbutin-loaded
dissolving microneedles due to the better mechanical strength and penetration of alpha-arbutin than
the gel formulation.

3.3. Natural Polymers

Natural polymers have been mostly used for cosmetic applications, as depicted in Figure 2.
They are biocompatible, safe, eco-friendly, highly marketable to consumers, and are suitable for a
plethora of applications, including make-up, skin and hair care, and as modifiers and stabilizers [27,28].
Among the most commonly used natural polymers, polysaccharides, starch, xanthan gum, guar gum,
carrageenan, alginate, pectin, gelatine, agar, collagen, and hyaluronic acid are of special relevance.

Starches are naturally occurring polysaccharides, which can be used in different forms, namely as
soluble starch and as a granule starch. The soluble starch is heated upon extraction, and it becomes
humidity resistant upon drying, resulting in smooth hair and skin. The granule starch has its hydrogen
bonds modified, so that it is unbreakable, which results in soft, moisturized, and reduced greasiness of
the hair and skin [13]. The various sources of starch like non-ionic polymers, including potato, corn,
pinion [29], and cassava root, all give slightly different properties to the cosmetic formulations, as a
result of their different amylose contents. The combination of starch with other natural polymers like
chitosan to antioxidative release, and other activities compounded to the skin have been used [30].

Chitosan is often used on its own in cosmetic applications as well, for instance, for hair and
skin care, as well as in lotions and nail lacquers. It is a highly potent moisturizing agent, and is
also used to moisturize the skin and lips. Moreover, it can be used to provide sunscreens with
water-resistant properties. Chitosan is also widely known for its antimicrobial properties [31–33], and
is therefore used in various deodorants, especially since the solution remains sprayable [14]. Chitosan
improves fragrance adhesion, and is also used as a stabilizer in various formulations [34–37], enabling
skin adherence [38]. Additionally, chitosan can be used to treat acne [39]. The moisturizing ability
of chitosan comes from its high molecular weight and positive electrical charge, aesthetics appeal,
and comfort of textile-based transdermal therapy [40,41]. Chitosan has also been used as a vehicle for
therapeutic products with different activities, for instance, chitosan gels containing herbal extracts
showed a dental plaque reduction of 70% and a reduction of bacterial counting of 85%. Chitosan
microparticles containing sodium fluoride were produced by spray-drying to work in the oral cavity
as a fluoride reservoir for fluoride-controlled delivery systems. Dental varnishes containing chitosan
nanoparticles as a fluoride-controlled delivery system carrier were developed with antimicrobial
activity against S. mutants and the ability to inhibit demineralization was confirmed [42–45].

Cellulose is another naturally occurring polymer; however, it is insoluble in water and can therefore
not be used in cosmetic applications in its natural form; it requires chemical modifications, such as
substitution reactions. Upon chemical modification, cellulose fibrils create non-irritant skin products
with good spreadability and adherence to the skin, being ideal to use as a face mask [46]. Moreover,
ionic cellulose polymers are used as a thickener to increase the viscosity and stability of specific
cosmetical formulations. One cationic hydroxyethyl cellulose polymer, named polyquaternium-10, is
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widely used in hair conditioning products, as it is anti-static and moisturizing, and leaves the hair
smooth and shiny [15].

Cellulose can be combined with other natural polymers for cosmetic applications, such as
carrageenan, and used as a thickener [22]. Carrageenan can act as a binder on its own, increasing
the adhesion and viscosity of formulations [47]. Modified celluloses have been used for numerous
applications by the cosmetic industries, mainly as rheology modifiers and colloidal stabilizers.
Modified celluloses are large molecules, so their adsorption process is much slower than small
molecules as surface-active agents. In proper conditions, the modified starch and cellulose together with
galactomannan, alginates, hyaluronan, and ulvan may provide superior stability against aggregation
due to an interfacial display, steric repulsion, and entropic contributions for oil/water and water/oil
emulsions arising from thick stabilizing layers [48].

Silk fibroin and silk sericin are classified as Mulberry silk (collected from Bombyx mori) and
non-Mulberry silk (collected from sources other than Bombyx mori). Whilst Mulberry silk has superior
biocompatibility and biodegradable properties when compared to synthetic protologues, it promotes
less inflammation than other biopolymers [49]. Silk fibroin can be used in creams and shampoos,
as it increases elasticity and moisturizes. It has also been used in products to prevent brittleness
of nails. Silk fibroin microparticles have high crystallinity, and low sphericity indexes. The high
crystallinity index offers higher physicochemical stability, therefore facilitating processing for cosmetical
purposes. Structurally, the silk fibroin is characterized by repetitive hydrophobic and hydrophilic
peptide sequences and consists of heavy- and light-chain polypeptides, linked by a disulphide
bond at the C-terminus. The fabrication of silk fibroin microparticles is carried out using aqueous
silk fibroin solution under mild temperatures, for further use to encapsulate temperature-sensitive
bioactives [50,51].

The 3-D structure of fibroin protein arranged as a beta-pleated sheet structure induces gelation,
and can be considered as a stability-hampering factor as freighting of the finished product. However,
silk protein has unlimited scope for cosmetic release at a controlled rate from micro and nanoparticulate
structures. The applicability of sericin is a result of the high content of amino acids with hydrophilic
side groups in its structure, which enhances its ability to absorb water and provide hydration to the hair
and skin [16,17]. Alginate microspheres containing silk sericin were prepared using electros-praying
and showed controlled drug delivery with high encapsulation efficiency. Silk fibroin protein-blended
calcium alginate beads resulted in prolonged cosmetic release without an initial burst, when compared
to calcium alginate beads without silk fibroin [52,53].

Collagen is a prevalent component of the extracellular matrix (ECM), and it has been used in
anti-aging and anti-wrinkling products. It is used in the development of cosmetic formulations as a
moisturizer and natural humectant to the skin [18]. Collagen can be mainly extracted from bovine and
porcine by-products; however, other sources, such as marine collagen (marine sponges, jellyfish, squid,
and fishes), are arising as a relevant alternative to their mammalian counterparts [54,55].

Alves et al. (2017) isolated collagen from salmon and codfish skins to evaluate its moisture uptake
capability and its irritant potential, with aim to use this marine collagen in cosmetic preparations [54].
The results showed the high purity of the obtained type I collagen but with some structural and
chemical differences between salmon and codfish skins. Collagen demonstrated a good capacity to
retain water, thus being suitable for dermal applications as a moisturizer. A topical exposure of collagen
in a human reconstructed dermis, and analysis of molecular markers for irritation and inflammation
does not show irritant potential. Ulvan is a water-soluble sulphated hetero polysaccharide with gelling
properties in the presence of divalent cations (Ca2+, Cu2+, and Zn2+), in a pH range of 7.5 to 8.0,
and tolerates temperatures up to 180 ◦C. The rheological, film formation, and bifunctional properties
of ulvan make them desirable as raw material for cosmetics. The physicochemical properties and
molecular characteristics show the existence of typical properties and behavior of self-aggregation
molecules that are not commonly found in other natural polymers [56,57]. The ulvan stabilizing
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and emulsifying capacity was investigated by Morelli et al. (2019), who obtained a stable colloidal
formulation with potential food and cosmetic application [58].

4. Overview of Polymers Applied to Cosmetics

Although polymers are strongly responsible for several characteristics and benefits for cosmetics,
their performance is directly related to the presence of other components in the formulation, such as
the type of solvent, surfactant, and electrolytes, as well as the pH, order of addition of raw materials
during product manufacture, and processing conditions, such as the temperature and agitation rate [6].
It is crucial to evaluate the compatibility of the polymer to be used with each of the raw materials that
make up the product to avoid the occurrence of phenomena related to formulation instability, such as
turbidity and phase separation.

In shampoo formulations, polymers are responsible for promoting a variety of attributes that
are associated with the multifunctionality required by the consumer, since in addition to removing
excess oil from the hair, it is expected that the shampoo will promote a moderate sensation of softness,
shine, resistance to damage, and reduction of split ends. Small dosages of cationic polymers, such as
polyquaternium-10 and polyquaternium-44, can contribute to the benefits mentioned for the shampoo,
since they act in the formation of a film on the hair, in addition to promoting rheological changes and
changes in the appearance of the foam [59]. It is worth mentioning that cationic surfactants, which
can also deposit forming films on the hair, cannot be used in shampoo formulations because they are
incompatible with the anionic surfactants that are present in most shampoos and are responsible for
carrying out the removal of excess oil associated with a feeling of cleanliness.

The interaction between anionic and cationic surfactants results in the neutralization of the charges
of the molecules producing a water-insoluble compound. Non-ionic polymers, such as guar gum
and xanthan gum, will act mainly in the construction of viscosity, not being directly associated with
other functions.

In conditioning and moisturizing products, such as conditioners and masks used in hair treatment,
where more intense hydration of the hair is necessary, the polymers act by enhancing the sensation
of softness promoted by the cationic surfactant, besides helping the improvement in the combability
performance, and shine by a film-forming mechanism similar to that described for shampoos.

Cationic and non-ionic polymers can be used in this type of formulation to promote thickening.
Another product widely used in hair care is the tip repair oil with a thermal protection function. It is a
product suitable for hair that undergoes thermal processes, such as hot flat irons, blows dryers, and
curling irons, which can cause damage to the hair due to the combination of a high temperature and
friction. Hair is basically made up of proteins that, when subjected to high temperatures (~200 ◦C),
undergo a change in conformation, and degradation in a measurable amount, in addition to the
formation of micropores resulting from the disintegration of the cells of the cuticle that result in wire
breakage. Zhou et al. (2011) carried out a study to evaluate the performance of some polymers in
capillary thermal protection. They concluded that pre-treatment of hair with selected high molecular
weight polymers containing film-modifying groups or hydrophobic units, such as VP/acrylates/lauryl
methacrylate copolymer, polyethylene carbonate (PEC), and polyquaternium-55, clearly provide
thermal protection to the hair, evicting damage [60].

Polymer-based fixing gels are a type of product that acts to preserve the shape of the hairstyle by
forming a film on the strands that do not detach when brushing or combing the hair, nor does it confer
a sticky feeling. They are products that have an easy application, promote volume, and shine without
leaving the feeling of excessive hardness to the thread [61]. These products must be compatible with
the moisture of the hair at the moment of application, and, once it is dry, it must be resistant to external
moisture so that the formed film remains flexible and does not break, releasing fragments. The most
commonly used polymers in the formulation of these products are the copolymers of vinylpyrrolidone
and vinyl acetate (PVP/VA), anionic polymers (derived from carboxylic acid), such as copolymers of
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vinyl acetate and crotonic acid, copolymers of methyl vinyl ether and maleic semesters and polyacrylic
resins, amphoteric polymers, and dimethylhydantoin-formaldehyde [62].

In hair dyes, polymers are used as emulsifiers [6]. There are also studies reporting the use
of polymers to increase the specificity of the pigment to the hair, reducing the unwanted effect of
simultaneous skin coloring [63] and polymers associated with pigments, which act in the formation of
a colored film on the threads during the hair washing process [64,65].

The polymers used in skincare formulations can have a multitude of functions to meet the vast
demand for applications in this segment. As a rheological modifier, the polymers act in a way that
favors obtaining a product with adequate viscosity, easy to apply, easy to remove from the packaging,
and sensorially pleasant to the touch. Cationic polymers can act in the formation of films on the skin,
which promote the sensation of prolonged hydration since they help to reduce water evaporation
from the skin. In dermo-cosmetics, the hydroxypropyl methylcellulose (HPMC), Carbopol ® 934P,
sodium alginate has been used as a vehicle for active molecules in a gel-type administration system [66].
In sunscreen, polymers can act as thickeners and also as emulsifiers, since sunscreens are fat-soluble
compounds [67]. Due to the ability to re-emulsify after breaking the emulsion, hydrophobically
modified versions of carbomers promote the prolonged effect of the action on sunscreens that use the
claim of “resistant to the action of sweat” [13].

In make-up products, polymers are one of the main factors responsible for the “water-resistant”,
“waterproof”, and “long-lasting” effects. These polymers promote the formation of a hydrophobic
film on the application area that varies in the degree of hydrophobicity. Water-resistant products are
usually intended for use on the skin, such as foundations and blush, where the fixation cannot be
exaggerated to allow perspiration. The waterproof products are those that have the most significant
fixation on the application surface, as is the case with mascara and eyeliner. Long-lasting products
have an intermediate performance, as is the case with lipsticks, where the presence of polymers allows
the product to remain for a higher number of hours affixed to the skin, even in the presence of water.

Another cosmetic product in which polymers are the primary raw material is nail polish, which
consists of a combination of polymers diluted in volatile solvents. In nail polish, a polymer obtained
from the cellulose tri-nitration reaction, is responsible for forming the primary film that promotes
strong adhesion to the nail. Tosylamide formaldehyde or toluene-sulphonamide-formaldehyde resins
form the secondary film, which gives shine, resistance, and durability to enamels, which are replaced
by polyester resins in hypoallergenic nail polish, which provides less resistance compared to previous
resins [68].

Fragrances are the invaluable raw materials for the cosmetics industry since the fragrance is the
first evaluation criterion used by consumers when choosing a product. The chemistry involved in the
production of a fragrance is complex and elaborate, requiring from this raw material a combination of
attributes that must meet consumer expectations and be compatible with the formulation in which it
will be applied. Many of these fragrances are essential oils [69–72], which are commonly “encapsulated”
in, e.g., polymeric delivery systems when a manufacturer wants to use the long-acting claim. This is a
desirable attribute for all types of cosmetics containing fragrances, since it brings benefits and as an
add value to the product.

Microencapsulation and nanoencapsulation techniques can be used to incorporate fragrances
into polymers and thus increase the period of action through a controlled delivery of the active
molecules. The fragrance release mechanism can occur in several ways, such as through the breaking
of microcapsules by friction, increased temperature, or skin moisture. For this application, different
types of polymers are used, which must be compatible with the chemical structure of the fragrance
and also with the desired release mechanism [73].

5. New Trends in Cosmetics

Chemicals used in cosmetics can interact with another chemical compound present in the
dermocosmetic formulations, as well as with body enzymes, resulting in beneficial or detrimental
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effects. Thus, pre-formulation must be carried in order to ensure the compatibility of the selected
ingredients to figure in the formulation.

In silico methods, such as molecular modelling and quantitative structure–activity relationship
(QSAR) studies, have been performed as a way to anticipate information on physicochemical,
toxicological, and biological profiles of the compounds and their interactions [74].

Many different groups of polymers are used in cosmetics to achieve a wide diversity of attributes.
The polymeric ingredients are developed not only for technical functions but also for specifics targets
where appearance and sensation are both equally important.

Cosmetic flow powders or compacted powders have been used for many decades. Currently, they
are used to provide adhesiveness, slipperiness, absorbance, and sleekness, and the efflorescence effect
they provide a skin looks healthier, more vital, and youthful. Nowadays, the solid cosmetics dosage
forms that matter for keeping the appearance and good conditions of the body are aerated powders in
a micro- or nano-sized structures, or as active carriers dispersed in emulsions, gels, and liquid to form
a suspension.

Like an adjuvant ingredient, polymeric powders have become standard for the formulation [75],
especially in a compacted specialty where they provide a non-sticky touch, cohesion, and a soft
after-feel. Like skincare and sun care, powder adjuvant ingredients can improve the emollient effect
and enhance the sensory feeling [76].

Cosmetic powders, such as Mg3 Si4 O10 (OH)2 powder, are not only used on the feet or baby’ skin,
but they are also ordinarily added to topical cosmetic formulations to adjust the skin feel during and
after product application. Nowadays, a broad diversity of polymeric cosmetic powders are accessible,
which differ from each other in features, such as shape, size, compressibility, water, or oil absorption.
Recognition of how these properties affect tactile performance would provide a powerful design tool
for developers of cosmetic formulations. There is currently considerable interest to develop ways to
improve the measurement of tactile perception of powders based on synthetic polymers. However,
essential aspects related to the harmful environmental impact has limited the advancement in the use
of these polymers [77].

The polymethylsilsesquioxanes (PSA) and polymethylmethacrylate cross-polymer (PMMA) are
synthetic polymers. The PSA has a backbone composed of repeating units of siloxane. In contrast, the
PPMA has repeating units of methyl methacrylate (one monomer), and methyl methacrylate/glycol
dimethacrylate (cross-linking two monomers methyl methacrylate and ethylene dimethacrylate).
The PSA is a spherical microparticle resin from four to six microns, which allows it to be easily
distributed in powder, suspension, and emulsion formulas. These polymers function as an invisible
film on the surface of skin, creating a smooth and silky feel. It still allows change of gas and other
important nutrients to pass through but blocks water from evaporating. Additionally, the film formed
by PSA has an excellent water-repelling effect. This property has been useful for the formulation of
sun protection products. The use of PSA in anti-aging products is due to its ability to temporarily
keep the skin moisturized and fill in fine lines, giving the skin a plumper appearance, and decreasing
inflammatory phenomena [78–80].

PSA is frequently used in anti-aging skincare products. The PMMA is a biocompatible tiny
polymer appearing as an ingredient in a number of cosmetics (eye makeup, other makeup, as well
as hair, nail care), aestheticians (soft tissue filler under the skin to reduce, permanently, wrinkles or
treat atrophic acne scars, orthodontic appliances, and fabrication of dental prosthetics), and methyl
methacrylate cross-polymer may also function as a viscosity-increasing agent, nonaqueous [81–83].

Polyamide (Nylon 6 or Nylon 12 powder), which is chemically neutral, is a dimer-acid, prepared
by heating vegetable-derived fatty acids over clay, and is a viscous, lipophilic, and non-crystalline oil.
Simple amide bond formation with selected diamines and mono-alcohol or mono-amine terminators
yields a diverse range of polyamide products and combines a soft touch with excellent absorption
properties and facilitates the application and spreadability. The PA layer is prepared by interfacial
polymerization reaction between a polyfunctional amine as m-phenylenediamine, and a polyfunctional
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acyl chloride molecule trimesyol-chloride. These polymers can form shear-thinning oil-based gels.
The modulus of the Nylon 12 gel from deformable gel up to a clear hard stick form is proportional
to the concentration of polyamide used, and the gelation mechanism is postulated to arise from a
supramolecular hydrogen-bonded network [84].

Given the growing demand for high-quality textiles for skincare, much research is focused on the
creation of antimicrobial finishing for fabrics to protect customers from pathogenic or odor-generating
microorganisms. The coating can be performed by an in situ process in which the nanoparticles are
formed and subsequently thrown and twisted onto the surface of Nylon 12 at a very high speed by
deposition of metal-oxide or organic nanoparticles of tannic acid and chitosan on the Nylon 12 textiles
in killing bacteria, avoiding biofilm formation [81,85–87].

Cutaneous and subcutaneous layers of the skin are the main focus for research in cosmetic
compound delivery for protecting the body or keeping it in a healthy condition. Many compounds
and drugs have been evaluated for dermal or transdermal effects. However, the stratum corneum, the
outermost layer of the skin, is a significant physical barrier to keep the homeostasis, so it is both to
transport water out of the body and to allow microorganisms in or chemical permeation. Additionally,
to the physical barriers, clearance of capillaries, cutaneous metabolisms, and skin illness can reduce
both permeation and bioavailability. Besides that, the human epidermis is a dynamic tissue, and the
dead cells remain on the skin surface for approximately two weeks, leading to malnourishment of the
outer epidermis layers. The keratinization or natural renewal of the epidermis is an ongoing process
lasting from 28 to 30 days. Keratinization determines the color of the skin, smoothness of its surface,
water retention, and the general appearance of the complexion.

Polyethylene and polypropylene synthetic polymer microparticles with a size from 5 µm to
1 mm [86] have been used many times in abrasive cosmetics to achieve mechanical peeling of dead
cells and stimulate renewal of the epidermis. Due to their small size, polyethylene and polypropylene
microparticles cannot always be captured during the water purification process [88]. In such a
manner, they are released into the environment where they are not degraded, such as polystyrenes,
polychlorinated biphenyls, or polycyclic aromatic hydrocarbons. Therefore, Cosmetics Europe—the
European trade association for the cosmetics and personal care industry—banned from 2020 the use of
synthetic solid plastic particles (microbeads) that are nonbiodegradable in the aquatic environment
in wash-off products [75]. An innovative atomization process for bio-based biodegradable synthetic
polymer has been noticed. Environmentally friendly microparticles shall replace environmentally
harmful microplastics in shampoos and other cosmetics. The projects examine the complete process
chain from conception of the process to final biodegradability testing after initiation into the water cycle.

Besides that, natural and biodegradable replacements of synthetic polymers have been sought.
Polysaccharides’ microcarriers and nanocarriers represent approaches to overcome the physical and
metabolic barrier to improve the cosmetic effect. Alginates and other biopolymers obtained from sea
algae are established among the most versatile biopolymers for cosmetic applications. They are a linear
anionic polysaccharide belonging to the group of the copolymers composed of α-L-guluronic acid and
β-D-mannuronic acid linked by a glycosidic bond. Alginate salts have been widely used in cosmetic
products, as they are generally non-toxic and environmentally friendly [89–91].

The use of polymeric nanoparticles is reported to be of exceptional benefit in many dermatological
and ocular applications [92–95], and have been in the core of attention with their outstanding
applications in the cosmetology area [3,96–99]. Cosmetical nanoparticles are colloidal active
ingredient-loaded particles made from biocompatible compounds, and improve the properties of the
active ingredient compared to its bulk material. An active ingredient for cosmetic action based on
nanoparticles leads to a special function associated with treating, preventing, keeping the appearance,
protecting, or keeping the body in a healthy condition. However, the main objectives for the study of
nanotechnologies in the active ingredient/cosmetic delivery area also include the specific targeting, and
decreasing toxicity while maintaining beneficial effects, more safety, and biocompatibility [100–103].
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Nanoparticles prepared from lipids are particularly attractive due to their improved
biocompatibility related to the lipid content [104–107]. Evidence suggests that lipid nanoparticles
influence the utility of cosmetics since they are safe [3,108,109]. Moreover, these nanoparticles may
improve the stability of skin-based cosmetics [103].

Modified release nanoparticles may promote skin penetration and depot formation with sustained
active ingredient delivery, and their surface functionalization may offer the opportunity for specific
targeting into cutaneous and subcutaneous sections. The release of pharmaceutical drugs and other
cosmetic ingredients into the skin using polymeric nanoparticles has changed the perspective of the
treatment of some cutaneous disorders [110].

6. Summary and Conclusions

Natural, semi-synthetic, synthetic, and other modified derivative polymers exhibit different
physicochemical and biopharmaceutical properties that can be exploited for use in skin, dental, hair,
and nail care. Moreover, they have optimal properties to support active compounds for the cosmetic
industry. These valuable characteristics are consistently related, and therefore an accurate polymer
characterization is needed to determine which characteristics are more relevant for a specific application.
The multi-functional behavior of polymers implies that each one must be characterized not only in
terms of its physical-chemical properties but also in terms of biopharmaceutical activity, functional
properties, and biological and environmental safety.
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