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ABSTRACT

Since ancient Egypt cosmetics have been a part of our life. Cosmetic products appeal to a large variety of areas
ranging from perfume, hair dyes and care products, toothpastes, dermal care products, face-eye make-up materials.
Cosmetic products contain biological active components. These active compounds generally are sensitive to param-
eters such as light, pH, temperature and air oxidation and they are not stable. This also causes unwanted possibilities
such as degradation of cosmetic products. Layered double hydroxides (LDHs), which are two-dimensional (2D)
nanostructures, due to their extraordinary physicochemical properties may be a good alternative for to overcome
these drawbacks. LDHs have found wide application areas such as removal of heavy metals, radio nucleotides, or-
ganic pollutants, oil pollution, hydrogen production and they are used in super capacitors, cells, solar cells, catalysis
and in biomaterials for environmental, energy and catalysis. Moreover, nanostructured LDHs have been used as
successful carriers for cosmetic products due to their wide surface areas, expandable interlayers that can host active
molecules, biocompatibility, high water retention capacity, high swelling ability and cost-effectiveness. This study pro-
vides good practices of LDHs in cosmetics for UV protection, skin care and antimicrobial properties.
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Cift Katmanh Hidroksitlerin Kozmetikte Uygulamalari
0z

Yerylzinde kozmetik kullanimi Misirlilar zamanindan glinimuize kadar uzanmaktadir. Kozmetik drinleri parfim, sa¢
boya ve bakim urlnleri, dis macunlari, cilt bakim Grlnleri, yiz-g6z makyaj malzemeleri vs. seklinde genis bir alana
hitap eder. Kozmetik Urlnleri bunyesinde biyolojik aktif bilesenler bulundurur. Bu aktif bilesenler genellikle 1sik, pH,
sicaklik ve havanin oksidasyonu gibi parametrelere karsi duyarl olup stabil degildir. Bu durum kozmetik Grtnlerinin
bozulmasi gibi istenmeyen olasiliklar beraberinde getirir. Olaganustu fizyokimyasal 6zellikleri sayesinde nanoyaplili
iki boyutlu (2D) katmanl cift hidroksitler (LDH’ler) bu olumsuzluklara bir ¢6zim alternatifidir. LDH’lerin dzellikle agir
metal ¢ikarma, radyonuklid yakalama, organik kirletici aritma, petrol kirliliginin giderilmesi, hidrojen Uretimi, stuper
kapasitorler, piller, gtines pilleri, kataliz ve biyomateryal dahil gcevre, enerji, kataliz ve biyomateryaller ile ilgili cok ¢esitli
alanlarda uygulamalari mevcuttur. Ayrica nanoyapili LDH’ler; sahip olduklari genis ylzey alani, aktif molekdlleri ba-
rindiracak genisleyebilir ara katmani, biyouyumluluk 6zelligi, yiksek su tutma kapasitesi, sisme 6zellikleri ve disik
maliyetleri nedeniyle kozmetik tasiyicilar olarak kullanilir. Bu ¢alismada LDH’lerin kozmetik amagli (UV korumasi, cilt
bakimi ve antimikrobiyal ézellikler gibi) uygulamalarindan érneklemeler yapilacaktir.
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INTRODUCTION

The word “cosmetics” is derived from the Greek words
KOSM TIKOS means skilled in ordering, arranging and
decorating. The Turkish wording “kozmetik” came from
the French word for KOSMTIKOS “cosmetique”
(Ozgelik and Bebekli, 2015).Turkey Pharmaceuticals
and Medical Devices Agency has defined the cosmetic
product in accordance with the 4th article of the Cos-
metics Regulation in its guide published on cosmetic
products. According to this definition, “any substance
prepared to be applied on the external parts of the hu-
man body; epiderma, nails, hair, lips and external gen-
italia or teeth and oral mucosa, whose sole or main
purpose is to clean these parts, to endow nice odor, to
change their outer appearance, to protect them, to
keep them in a good condition or to correct body odor,
or mixtures” is defined as a cosmetic product (URL-1,
2021). Cosmetic care products are products that are
used directly or indirectly on human skin, mucosa, hair
and nails for a long time. Therefore, it is very important
that they are safe for human health. In addition to light
metals such as aluminum, heavy metals such as lead,
mercury, cadmium, arsenic and nickel are found in var-
ious cosmetic products (color cosmetics, face and
body care products, hair cosmetics, herbal cosmetics,
etc.). Moreover, these products contain chemicals
such as copper, iron, chromium and cobalt the amount
of which should not exceed a certain limit. These
chemicals found in cosmetics can cause direct skin ir-
ritation or they may be absorbed by the skin and thus
go into blood circulation and finally accumulate in var-
ious parts of the body to cause toxic effect. Many stud-
ies reported that metal exposure causes various topi-
cal -mainly allergic contact dermatitis- and systemic ef-
fects (Borowska and Brzéska, 2015). In addition to
these, generally there are also biologically active sub-
stances in cosmetic products. These bioactive sub-
stances are sensitive to certain parameters such as
temperature, light, pH, oxidation. In cosmetics, main-
taining the stability of these bioactive substances, in-
creasing their effectiveness and slow release are im-
portant parameters to be controlled (Ammala, 2013).
Today the physical, chemical and biological problems
in cosmetics are tried to be resolved via the develop-
ments achieved in hano-technology. Systems such as
solid lipid nanoparticles, microneedles, patches, tita-
nium dioxide and zinc oxide nanopatrticles are used in
cosmetics to target and control the release of active
substances on the skin (Silva et al., 2019). Inorganic
nanoparticles in recent years; namely, layered double
hydroxides (LDH), also called anionic clays, have at-
tracted the attention of researchers as carriers in cos-
metic applications. LDHs are generally given with the
structural formula [M"@xM"x (OH)2]*[A"n]-mH20.
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Here, M""(Mg", Zn", Ni", Co", Fe'l, Cu") is a divalent and
MIE(AIM, CrY) Fell, M) Ga'll, In'!) are trivalent metal
cations. The M'/M"' molar ratio is generally in the range
between 0.20 and 0.33. In Figure 1 is given the sche-
matic presentation of LDHs (Mishra et al., 2018).
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Figure 1. Schematic presentation of the chemical
structure of LDHs
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LDHs have unigue properties such as facile synthesis
methods, high water retention capacity, biocompatibil-
ity, low toxicity, favorable ion-exchange capacity, in-
creasing stability of the functional groups, capability of
vectorising the active species and controlled release
(Silva et al., 2019; Kesavan Pillai et al., 2020). Moreo-
ver, the low cost and ability to allow a wide variety of
chemical modifications to be made create a lot of ap-
plication areas for LDHs (Silva et al., 2019). LDHSs are
preferred in various fields (i.e., pharmaceuticals,
nutraceuticals and cosmetics) for to increase the water
solubility and bioavailability of bioactive substances as
well as for to prevent their degradation and improve
their pharmacokinetic properties and formulation sta-
bility (Conterosito et al., 2015). The favorable proper-
ties of LDH (i.e., high adsorption capacity, good anion
exchange property and stabilization potential) are very
valuable in cosmetics. Due to their high adsorption ca-
pacity, LDHs can be used to eliminate skin leaks, en-
capsulate skin-sensitive coloring and UV-screening
agents. Thanks to their anion exchange properties,
LDHs can be used in anti-wrinkle and skin regenera-
tion formulations for to distribute active ingredients in
a stable manner. LDHs can be used to render stability
to unstable molecules (i.e., retinoic acid, ascorbic acid
and tocopherol, etc.) used in cosmetics. Moreover, the
rheological properties of various formulations and
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emulsions can be further improved by this method
(Patel et al., 2010). The ultraviolet (UV) rays of the sun
are known to have negative effects on human skin.
They are various skin problems ranging from mild
burns in their simplest form to skin cancer and other
sun-related diseases. Sun creams (UV filters) have
been used for years to protect the skin against this UV
exposure. These UV filters, which are applied topically
on the skin, protect the skin from the harmful conse-
quences of UV radiation by absorption or reflection.
Some of the organic molecules used in sun cream for-
mulations are sensitive to light. Therefore, direct con-
tact with the skin causes irritation and allergic reactions

(Perioli et al., 2006). Adding the organic molecules in
the suncreams to the 2D inorganic materials —the
LDHs- both these organic molecules would be pro-
tected and their direct contact with the skin would be
avoided. The anions in the interlayers in LDHSs that are
held together by electrostatic interaction provide
chemical protection and stability to organic molecules.
Some research examples related to UV protection of
LDH (Table 1) (Silva et al., 2019), skin care, antimicro-
bial activity and other cosmetic applications are given
in Table 2, respectively (Kesavan Pillai et al., 2020).

Tablel. Some research examples on UV protection applications of LDH

LDH Active Agent Method Ref.
3,4-dihydroxycinnamic acid (Cinnamic acid)
ZnAl 4- hydroxy-3,5-d|me;kc1?dx3g1r)mamlc acid (Sinapic Coprecipitation (Khan et al., 2011)
3-amino-5-trifluoromethylbenzoic acid (FBA)
ZnAl 2,4-dihidroxybenzophenone-5-sulfonate Coprecipitation (Li etal., 2014)
ZnTi 3,4-dihydroxycinnamic acid (Cinnamic acid) lon Exchange (Lietal., 2017)
MgAl Zinc
erléilz Titanium salts Coprecipitation (Wang et al., 2017)
4-hydroxy-3-methoxybenzoic acid (Methyl paraben)
2-hydroxy-4-methoxybenzophenone-5-sulfonic acid
(Sulisobenzone)
4-hydroxy-3-metoxycinnamic acid (Ferulic acid) .
ZnAl 4,4'-diaminostilben-2,2'-disulphonic acid (Flavonic Ag/lon Exchange (He et al., 2004)
acid) and/or Coprecipita-
p-aminobenzoic acid (Vitamin Bio) tion
(2E)-3-(1H-imidazol-4-yl)prop-2-enoic acid
(Urocanic acid)
3,4-dihydroxycinnamic acid (Cinnamic acid)
ZnAl 3,4-dimethoxycinnamic acid (Dimethylcaffeic acid) c A (Sun et al., 2008)
) -~ Lo . . oprecipitation
p-hidroksisinnamik acid (p-coumaric acid)
ZnTi p-aminobenzoic acid (Vitamin B1o) lon Exchange (Li etal., 2016)
ZnAl 3,4-d|hydroxycmnam|_c aud_(Cmpamlc acid) Coprecipitation (Sun et al., 2007)
p-methoxycinnamic acid
l\z/lgﬁll p-aminobenzoic acid (Vitamin Bio) lon Exchange (Perioli et al., 2006)
- . . Anion exchange
MgAl  2-phenyl-1 H-benzimidazol-5-sulphonic acid (Euso- and/or Coprecipita- (Perioli et al., 2006)
ZnAl lex 232) tion
ZnAl 5-benzoyl-4-hyd_roxy-2-_methoxy-benzenesulfomc lon Exchange (Perioli et al., 2008)
acid (Sulisobenzone)
Dodecylsulphate (Lauryl sulfate) A .
ZnAl Dodecylbenzenesulphonate Coprecipitation (Cursino et al., 2013)
ZnAl Disodium 2,2'-dihydroxy-4,4'-dimethoxy-5,5'-disul- lon Exchgr_]ge. and (Mohsin et al., 2014)
fobenzophenone (Benzophenone 9) Coprecipitation
MaAl (2S)-2-[(4-{[(2-amino-4-hydroxypteridin-6-yl)me-
Zr?AI thyllamino}phenyl)formamido]pentanedioic acid Coprecipitation (Pagano et al., 2019)

(Folic acid)

LDH: layered double hydroxides; UV: Ultraviolet; ZnAl: zinc-aluminum; ZnTi: zinc-titanium; MgAl: Magnesium-aluminum

419



Kutlu et al.

[ V-N Y] FEBED

Applications of Double Layered Hydroxides in Cosmetics

13(Supplementary Issue 1): 417-422 (2022)

Table 2. Some research on skin care, antimicrobial activity and other cosmetic applications of LDH

LDH Active Agent Application Area Method Ref.
Vitamin A, Retinoic acid —-RA
(2E,4E,6E,8E)-3,7-Dimethyl-9-
(2,6,6-trimethylcyclohex-1-en-1-
yl)nona-2,4,6,8-tetraen-1-yl hexa-
decanoate),
Zn-LDH [(fg)cgrgl%ic;grc:i:;aeﬂc|]cs(£15§)r]y Skin care Coprecipitation (Choy et al., 2007)
droxyfuran-2(5H)-one),
Vitamin E ((2R)-2,5,7,8-Tetramethyl-
2-[(4R,8R)-4,8,12-trimethyltridecyl]-
3,4-dihydrochromen-6-ol)
Zinc salt
Ascorbic acid, Vitamin C ((5R)-
CaAl [(1S)-1,2-Dihydroxyethyl]-3,4-dihy- Skin care Coprecipitation (Gao et al., 2014)
droxyfuran-2(5H)-one)
MgFe Ascorl?ic acid, Vitamin C (_5R)-[(1S)- _ )
ZnFe 1,2-Dihydroxyethyl]-3,4-dihydroxy- Skin care lyon degisimi (Gasser, 2009)
furan-2(5H)-one)
ZnAl 4-hexyl resorcinol Skin care Coprecipitation (Mosangi et al., 2016)
ZnAl Cafeic acid (Sgc-iddl)hxdrocmnamlc Antiwrinkle Coprecipitation (Bastianini et al., 2018)
Murexide (Ammonium 2,6-dioxo-5 -
NiAl [r(wiilﬁoig;:g;) ;ﬂqig]egzshgﬁ:g%mg'g' Nailpolish pigment Coprecipitation (Kovalenko et al., 2017)
olate)
Kogic acid (5-Hydroxy-2-(hy- Melamine synthe-
ZnTi droxymethyl)-4-pyrone, 2-hy- sis inhibitor Bacte- | (Wang et al., 2019)
droxymethyl-5-hydroxy-y-pyrone riostatic agents on exchange
Yl Yy ydroxy-y-py ) g
MgAl  Alpha lipoic acid (ALA, (R)-5-(1,2-Di- Antiaging
ZnAl thiolan-3-vl O NN Free radical lon exchange (Pagano et al., 2019)
yl)pentanoic acid) .
cleansing agent
Vitamin A, Retinoic acid —RA
MgAl (2E,4E,6E,8E)-3,7-Dimethyl-9-
ZnAl (2,6,6-trimethylcyclohex-1-en-1- Acne treatment lon exchange (Perioli et al., 2015)
yl)nona-2,4,6,8-tetraen-1-yl hexa-
decanoate)
Biogenic silver structures [fungus fil- Anti-microbial ac-
MgAl trate of Fusariumoxysporum strain o Coprecipitation (Marcato et al., 2013)
(551) tivity
MgAl Encapsulated citrate ions Antl-Fu?tg);/aI activ- lon Exchange (Perera et al., 2015)
Anti-microbial ac-
ZnAl Silver nanopatrticles tivity-In Deodor- Coprecipitation (Ballarin et al., 2015)
ants
ZnAl DL-mandelic aci(_j (Hy_droxy(phe- Anti-mif:r_obial ac- lon Exchange (Tang et al., 2018)
nyl)acetic acid) tivity

LDH: layered double hydroxides; UV: ultraviolet; ZnAl: zinc-aluminum; ZnTi: zinc-titanium; MgAl: magnesium-aluminum; NiAl: Nickel-aluminum;

ZnFe: zinc-iron; MgFe: Magnesium-iron
CONCLUSION

This study reviews the research on the use of LDH in
cosmetics in recent years. Recently, researchers fo-
cused on LDHSs as carrier systems for cosmetic ingre-
dients. Due to their many fascinating properties, LDHs
can be used for safe storage, stability and controlled
topical distribution of cosmetic products. It is possible
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to change the rheological properties of these products
just by adjusting the weight percentage of LDH in the
cosmetic formulation. Moreover, variety can be in-
creased by suitably modifying cationic or anionic sur-
factants in the interlayers in LDHs. Cosmetic care
products can be endowed with antibacterial, antifungal
and antimicrobial properties via modifying LDHs. New
LDHSs can be synthesized to create variety to meet the
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sectoral needs and for to be exploited in desired appli-
cations. However, difficulties remain regarding the in
vivo evaluation of these materials.
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