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INfroducao

Nanotecnologia - ciéncia capaz de integrar engenharia com
biologia, quimica e fisica.
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A industria de produtos cosmeéticos incorporou esta tecnologia
com sucesso hd aproximadamente duas décadas.
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Tintura de Cabelo

e Tinturas comuns - abertura
das cuticulas do cabelo —
cabelos mais danificados

 Tinturas com tecnologia
nano - permeac¢ado da tintura
sem abrir as cuticulas —
cabelos menos degradados




" Nonomaterich © The Washington Post

cosmetics:

Small Ingredients,

't How safe are your =
personal care products?

5

the tiny problem
with nanotech sunscreens

Big Risks

t INSIDE

NANO TECHNOLOGY



http://subscribe.washpost.com/contactus.nsf/frmsubscribezip?openform&code=wc

Os antigos Egipcios usavam
nanotecnologia

Nanotechnology, 2006

Centre de recherche et de restauration des
musées de France discovered that the lead-based
chemistry invented by the ancient Egyptians over
4,000 years ago could be used to synthesize
nanoparticles.

Dr. Philippe Walter and his tfeam used an ancient
Egyptian hair-dyeing recipe, dating to the
Graeco-Roman period, to dye black hair. The hair
was later shown to contain lead-sulphide
nanocrystals of 5 nanometers



http://wordpress.com/tag/nanotechnology/

1 cm3 de ar urbano contém de 10000 — 50000
nanoparticulas

Central
America
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(a) TEM showing typical engine exhaust particles (carbon aggregates)
(b) Particle concentration decreases exponentially with downwind distance from
the freeway (diameter 6 — 220 nm)
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Aspectos toxicoldgicos

Journal of Investigative Dermatology (2007) 127, 1701-1712;
Penetration of Metallic Nanoparticles in Human Full-Thickness Skin
Baroli et al.

<10 nm

PALIN7 20.0uV Xi1.00K 30.9rm

C) Hematoxylin-stained human skin exposed to TMAOH-Mmaghemite nanoparticles.
D) EDS-SEM micrograph showing nanoparticle deposits (white spots) within the stratum corneum, stratum
corneume-viable epidermis junction, and a little below the junction.



Intensity

Aspectos toxicoldgicos

60 min Flex 90 min Flex "Fullerene-based amino
: acid nanoparticle
interactions with human
epidermal keratinocytes"

Control

Jillian G. Rouse *®, Jianzhong Yang ¢, Andrew R. Barron ©, Nancy A. Monteiro-Riviere ™*

Tomcoksey m Vitre 200 {206} 15153131



PRELIMIMNARY OPINION ON

SAFETY OF NANOMATERIALS IN COSMETIC PRODUCTS

cientific Committees

e

4 o o eme s Approved by the SCCP for public consultation
yng a1 newlp  entied health 1i 12" plenary of 19 June 2007

The actual situation for dermal exposure is as follows:

1)

Thare is evidence of some skin pensatration into viable tissues (mainly into the stratum
spinasum in the epidermal layer, but eventually alsc into the dermis) for very small
particles {(less than 10 nm), such as functionalisad fullerenes and guantum dots.

When using accepted skin penetration protocols (intact skin), there is no conclusive
evidence for skin penstration into viable tissue for particles of about 20 nm and larger
primary particle size as used in sunscreens with physical UV-filters.

Tha above statements apply to healthy skin [human, porcine). There is an absance of
appropriate information for skin with impaired barrier function, e.g. atopic skin or
sunburned skin, & few data are available on psoriatic skin.

Thare iz evidence that some machanical effects (2.g. flaxing) on skin may have an
effect on nanoparticla penetration.

Thare is no information on the transadnexal penetration for particles under 20 nm.

Manoparticles of 20 nm and above penstrate deesply into hair follicles, but no
penatration into viable tissus has yet been observed.



Table 2. Examples of nanocosmetic products in the market
After sun products

WITAMIN MANQCAPSULES

Anti aging

FULLEREMES Firming dfnti-Oxidant Serum

FULLEREMES figing Skin Resuscitating Serum

MICROMNIZED GLUCONOLACTATE Anti Aging Finishing Powder

MICRONIZED INGREDIENTS Witarmin & and C Serum

MICROMIZED LIPOSOMES Serum

MICROMIZED ZIMC QOXIDE, MICRONIZED TITANIUM DI0XIDE
RANIEMNCAPSULATED INGREDIENTS RETINGL NANCCAPSULES WITAMIN
RANISOMES OF SODIUM LACTATE, MANOSOMES OF CALENDULS, NANOSOMES OF WITCH HAZEL, NANGSOMES
OF GINSEMG, MANOSOMES OF UREA, MAMOSOMES OF VITAMIN A AND E, NANOSOMES OF PRO-VITAMIN BS,
HANISOMES OF ALPHA-BISABOLOL AND GERMAL II

RANSSOMES OF WITAMIM &

Anti-itch  rash cream
MIZCRONIZED ZIMC OXIDE MANSENCAPSULATED INGRECIENTS

Arcund-eye cream
FULLEREMNES

L¥PHAZOME NANOSPHERES
MIZROEIME Eve Gel
MICROMIZED LIPOSOMES

Blush

MIZCRONIZED [MGREDIENTS

MIZROMIZED POWDER BRUSHES MICRONIZED TITANIUM DICXIDE (COATED o not WITH DIMETHIZOGNE)
MIZROMIZED ZINC O¥I0E

Body firming lotion
MaND DELIVERY SYSTEM Raducticn Anti-Cellulite
HNANOSOMES OF CEMNTELLA ASLATICH

Body wash fcleanser
HNANDSOMES OF VITAMIN A

Bronzer/ highlighter

MIZROMIZED [TALTAN TALC POWDER

MICROMIZED ROSE QUARTZ POWDER, MICRONIZED TOPAZ POWDER
MIZROMIZED ZINC O¥IDE

MNaNG-VITAMING

Camouflage makeup
MICROMIZED GLIMCORGLACTATE

Conoealed

MICROMIZED POWDER

MIZCROMIZED TITANIUM DISXIDE, MICAONIZED ZINC OXIDE
HNANOSPHERES OF HYALURONIC A&CID AND PULVIC ACID

Conditioner
MICEOMIZED TITAKIUM DISXIDE

Diaper cream
MICROMIZED ZIMC OXIDE




Nanotecnologia em Cosméeticos

Inovacao

Produto

Beneficio da
ncmoiec:nologia

Nanoemulsoes

Nanocdpsulas e
Vesiculas

Nanopigmentos

Condicionadores
capilares

Skin care

Filtros solares

Textura Unica,
transparéncia

Protecao &
Transporte do
ingrediente ativo

Filiro UV,
transparéncia



Nanotecnologia em Cosméeticos

Cuidado!

A avaliacao de um mgredlenie cosmético deve ser
efetuada com respeito as suas propriedades fisicas, quimicas
e fisico-quimicas.

Isto significa que, iIndependente do processo
vtilizado para fabricar e da dimensao das
pCII'i'ICU|CIS de um determinado ingrediente utilizado em

produtos cosmeéticos, os I'eCIUISIi'OS de segurancda
devem ser cumpridos antes que esse ingrediente possa ser
utilizado em cosméticos.



Nanotecnologia em Cosméeticos

Para termos grandes solugoes, sem grandes problemas

Recomendacgao:

Estudos de permeacao utilizando modelos in vitro / in vivo, que
garantam a seguranca de uso dos nanocosméticos.

Estudos de Nanotoxicidade que assegurem a inocuidade destes
materiais aos trabalhadores das indusirias de cosmeéticos, aos
consumidores, e ao meio ambiente.



Absorcdo Percutaneao

Processo bioldgico
complexo

!

Tecido dinamico

: 1

Parameiros de absorgcao

LN
- X




Quando aplicamos um cosmético estamos colocando em
contato com a pele ativos no seio de uma formulagao, como
um creme, um po, uma logado ...

A absorcao percutanea depende de como esse conjunto de
moléculas interage com o stratum corneum e a pele.



Pele

Uma das principais fungoes da
pele é a fungcao barreira.

Stratuin cornaum

= Stratum lucidurm

Stratum corneum

Stratum spinosum

——— Stratum basale

— Basement membrane

o

Evita a perda de aguaq,

eletrélitos e outros constituintes e
“impede”(no seu limite) a N0,
penetracdo de moléculas do o PR PRID
meio ambiente. W

— Darmis



Caminhos da penetracdo atravées do
Stratum Corneum

Apéndices
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Exfoliating
corneocytes

Cornified
Cornified envelope
Comngocyte  Corneodesmosome envelope
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FIGURE 1 - (A) Light microscope micrograph of human epidermis. (B) Transmission electron
micrographofcontrol.untreatedepidermis. The corneosomes are characterized by an extracellular
clectron dense plug (black arrow).




Nanoparticulas - sistemas de liberacdo
atraentes

A matriz solida da
flexibilidade ao formulador
para modificar o perfil de
liberacao do ativo,

O tempo de liberagao pode
ser rapido ou extremamente
lento de acordo com a
formulagao,

Pode se obter uma protecao
eficiente do ativo contra
degradacgoes.




Polimeros nanoparticulas

Sintéticos Naturais

 Poli(acido latico) * Albumina

e Poli (acido latico- e Gelatina
coglicdlico) e Coldgeno

e Poli (e-caprolactona)  Quitosana
* Lipideos e ceras



Nanotecnologia & Absorcao

STUDY

Tan et al., 1996

Lademann, 1999

Pflicker et al., 2001

Alvarez-Roman et al.,
2004

Howard, P, 2005
(SoT Meeting, 2005)

EU Nanoderm project
(Tilmann Butz)

MATERIAL

Microfine TiO;

Microfine TiO;

TiO; 10 and 100 nm

Polystyrene NPs, 20 and 200
nm

Fluorescent polymeric NPs

Fluorescent particles

RESULTS

» No penetration into epidermis / dermis in
VIVo, man

Mo penetration into epidermis / dermis,
accumulation in the follicle onfice, but no
penetration ibto living skin (pig)

Mo penetration into epidermis / dermis in
VIVo, man

Mo evidence for penetration into living skin
(preliminary data, ECETOC, 11/2005)



Fig. 4. Penetration of nik red from cream and Precirol-based nano-particles into pig skin afier 8 h. (A) Cream. (B) SLN. {C) NLC, oleic acid.
(D) NLC, Miglyol, The vertical section depicts the stratum corneumn (@), the epidermis (b), and the dermis (¢). Pictures are obtained by
superposing normal light and uorescence images of the same arca; scale (black bar) is 100 pm.

Schafer-Korting, Journal of Controlled
Release 110 (2005) 151- 163



Nanotecnologia & Absorcdo

- biocompatibilidade

- fornece meios lipofilicos e hidrofilicos

- direcionamento com marcadores especificos

» 85% das publicagoes - difusao facilitada

e 10% seletividade em pele humana
* 5% efeitos negligenciaveis




Nanotecnologia & Absorcdo

Vdrias revisoes estdo presentes na literatura e na grande maioria
mostram que produtos cosméticos contendo nanotecnologia
ndo levam a uma penetragdo em células vivas.

Uma revisao completa sobre lipossomas em produtos
cosméticos elaborada por D.Imbert (1995) conclui que estes
nao penetram intactos na pele.

Joke Bowstra (University of Leiden) publicou mais de 30 artigos
sobre a permeacao de lipossomas e formulagoes similares
usando “C como marcador e conclui que os lipideos
formadores das vesiculas penetram nas camadas superficiais
do SC, mas estdo ausentes nas células vivas.



Effect of vesicles on the permeation of drugs

through the skin

Reference Year Drug Type of Results
vesicle
Guénin and Zatz | 1995 Retinyl NSV augmentation of the retention
palmitate of hydrophobic substances in
stfratum corneum
Paul et al. 1998 Gap junction Transfersomes | protein transported across the
protfeins intact murine skin and
processed immunologically
Maghraby et al. | 1998 Oestradiol Transfersomes | augmentation of the fluxin 8
fold
Simoes et al. 1998 Cu, In- Transfersomes | reduced local inflammation
superoxide
dismutase
Cevc et al. 1998 Insulin Transfersomes | fransported into the body
between the intact skin with a
bio-efficiency of at least 50%
of sub-cutaneous
Hofland et al. 1994 Estradiol NSV penetfration enhancing effect
van Hal et al. 1996 Lidocaine NSV the flux was not influenced by
the encapsulation
Vora et al. 1998 Levonorgestrel Niosomes penefration enhancing effect




Nanoemulsoes

Advances in Colloid and Interface Science 108—-109 (2004) 145-140
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Fig. 1. (a) Visual appearance and (b) a CryoTEM picture of a h after treatment with different products.

nanoemulsion.



Nanotecnologia & Aderéncia

Observation de nanocapsules intactes sous les premieres couches cellulaires du stratum cornéum (MEB).




Caminhos da penetracdo atraves do
Stratum Corneum

A penetracdo através
dos apéndices dd
uma contribuigcao
pequena no fluxo
total através da pele.

O fransporte é
significante no
periodo inicial da
absorcao
percutanea.
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Hair Follicles - A Long-Term Reservoir
for Drug Delivery
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Fig. 4. Kinetics of the storage of nanoparticles in the hair follicles
(a) and in the stratum corneum (b).



40 nm
Particles

750 nm
Particles

1,500 nm
Particles
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3 “ "
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Vogt et al. Journal of Investigative Dermatology (2006) 126, 1316—-1322.



Absorcao

Cosmeético

Meio Lipofilico

ﬁ?" Meio Hidrofilico

A8

U/ /

-

A absorcdo responde as leis fisico-quimicas da natureza



Passos sequenciails envolvidos Na
absorcao percutdnea

T Veiculo
1. Particao S
2. Difusao
3. Particao
4. Difusao Epiderme

5. Rede capilar

Leito capilar



Coeficiente de Particdo octanol/agua

Substancias com um Log
Koct/agua @PQIX0 de 0, terao
uma penetracao limitada
pela pele.

Valores abaixo de 1 sugerem
que a substancia ndo é
suficientemente lipofilica
para cruzar a camada
cornea.

Valores entre 1 e 4 favorecem

a absorgado.

log(permeation coefficient) cmfhour

Dermal permeation coefficient dependent on
octanolfwater part. and mol.weight

log(octanol/water part.coefficient)

Mw 50

Mw 100

Mw 200

Mw 400

Mw 800



Coeficiente de Particdo octanol/aguo

Acima de 4, o fluxo pode ser limitado pela taxa de transferéncia
entre a camada cornea e a epiderme, com grande acumulo
na camada coérnea.

Para substancias com Log Koct/dgua maior que 4, a taxa de
difusdo entre as vdrias camadas da pele se torna realmente
limitante, dificultando uma absor¢do dérmica (EC, 2003).

Para uma substancia permear
precisa estar no seu estado

molecular




Coeficiente de Particdo octanol/agua e
Peso molecular

Penetration Vs. Octanol Solutility Molecular VolumeVs. Flux
10000 100
1000 10 S
ol Fi 1 s
Flux 100 ux

10— i 0.1 B )
0.1 / 0.01 \

0.01 0.001 | |
1 10 100 1000 50 100 150 200 250 300 350 400

Sol. (octanol, g/L) Molecular Volume, A3

Mantendo a solubilidade constante, quimicos com baixo
peso molecular (PM 100), penetram de 100x a 1000x mais
rapido que moléculas com peso molecular elevado
(PM 400 ou +).



DifusQo

 Difusao Passiva

— Moléculas se movem do compartimento mais
concentrado para o menos concentrado.




] Saturacdo

. - Atividade termodinamica = 1

H.O - solvent

é"“@ @ Pouca variacdo entre veiculos.
@ @
@ @ Lliberacdo maxima.
@ <
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EDETOX Website

. Exposur Stud
Chemic . . . Membra Area Cell p. y 7%
al Vehicle | Species Site ne (cm2) Type e Time Length | Absorbe
(h) (h) d
Loreal
o?\ ’r?— a Abd Dermato
Caffeine . Human oMeN | medto | 1.86 Static 16 16 1.22
cellulite /Breast
0.344mm
cream
Petrolat Dermato Flow-
Caffeine eIrolaty 1 Human Abdomen | med to 0.64 36 36 61.8
m through
0.35mm
Petrolatu Dermato Flow-
Caffeine Human Abdomen | med fo 0.64 36 36 40.6
m through
0.35mm
Ethylene Dermato Flow-
Caoffeine Glycol Human Abdomen | medto 0.64 36 36 32.2
through
Gel 0.35mm
Dermato Flow-
Caffeine Water Gel | Human Abdomen | med fo 0.64 36 36 4.7
through
0.35mm
Dermato Flow-
Caffeine Water Gel | Human Abdomen | med fo 0.64 36 36 5.1
through
0.35mm



http://edetox.ncl.ac.uk/Chemicals.aspx?id=97
http://edetox.ncl.ac.uk/Chemicals.aspx?id=97
http://edetox.ncl.ac.uk/Chemicals.aspx?id=97
http://edetox.ncl.ac.uk/Chemicals.aspx?id=97
http://edetox.ncl.ac.uk/Chemicals.aspx?id=97
http://edetox.ncl.ac.uk/Chemicals.aspx?id=97

Influéncia dos Veiculos na Permeacado
i B )
Determina a cinética e o
nivel de absorgcado; influencia
a resposta bioldgica.

Maximizar a eficacia.

-



Coeficiente de Parficao

Os quimicos que
apresentam maior
coeficiente de particao, tem

maior afinidade pela fase

organica e, portanto,
tendem a ultrapassar com
maior facilidade as

biomembranas hidrofobicas.



PERCUTANEOUS ABSORPTION OF
NANOPARTICULATE SYSTEMS

J.Jansen, H. . Maibach

An accumulation of the drugs released from liposomes and nanoparticles in the
epidermis was observed. A higher diffusion was obtained in function of time for the
encapsulated formulations compared to traditional formulations.

e nanoparticles of PLA.
e pro-liposomes of soya.

* Caffeine

* Melatonin

*Benzoic acid

* P-aminobenzoic acid
*Hidroquinona



Melatonin absorption info human stratum
corneum: an adhesive tape stripping study in

Vitro
lLogP =1,2 MW =232.3

Solution Liposomes Nanospheres
Epidermis 1.36% 27.83% 8.58%
Dermis 0.26% 7.88% 0.39%

Diffusion 4.01% 1.80% 6.61%
Rest 0.11% 0.15% 3.93%

Skin Wash 94.26% 62.34% 80.49%

Conclusion

This study has shown the influences of encapsulation for
delivering melatonin. The results showed an accumulation of
melatonin from liposomes and nanospheres in the epidermis and
dermis.



Benzoic acid absorption info human skin:
Study in vifro

LogP 1,96 MW. 122.1

Liposomes Solution

donor (38,19%)

donor (46,31%) receptor (47,58¢

receptor (58,54%

rest (0,54%)

0,
SC (2,73%) rest (1,39%)

SC (4,72%)

Permeation from liposomes Permeation from solution
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Cafeine absorpfion into human skin:
study in vifro

MW 194,19 Log P -0,091

Liposomes Solution

eceptor (15,24%)
SC (6,22%)
donor (47,76%) ost (0.49%)
eceptor (50,05% @
rest (0,25% donor (78,05%)
SC (1,94%)




HUMAN SKIN DRUG DELIVERY USING BIODEGRADABLE
PLGA — NANOPARTICLES

]
o

—8— FFAHG

—C- FFA NP HG (286 nm)
=+« FFA NP HG (468 nm)

|| —v— FFA HG + DF-MF (270 nm)

=

10 - e -

Permeated amount per area unit {pg:'cmz]

Time (h)

Figure 17: Heat separated human epidermis permeation profiles of flufenamic acid using
infinite dose regime of non buffered hydrogels containing: dissolved drug (FFA HG), loaded
nanoparticles of different size (FFA NP HG), and dissclved drug with drug-free
nanoparticles (FFA HG + DF-NP).

Flufenamic acid — Log P 4,88 - MW 281.24
Doutorado J. Contreras, 2007



Particulas nanometricas

Didxido de Titanio (TiO2) e éxido de zinco (ZnO)

Maior uso- maquiagem e filiros solares como agentes protetores
conira a radiagcao UVA e UV B.

Atenuam a luz UV por absorcao e dispersao.

Normalmente tem a superficie fratada para amenizar sua
atividade fotocatalitica.



TIO, (em Cyclopentasiloxane)

10nm TIO, transparente em qualquer tipo de pele



Particulas nanométricas

o A dispersao da luz visivel é influenciada pelo tamanho de
particula e pela diferenga entre o indice de refragcdo entre o
pigmento e o meio no qual esta dispersado.

« O maximo de dispersdo ocorre quando o tamanho é igual a
metade do comprimento de onda e quando as particulas
estao uniformemente dispersadas (Mie theory).

| Wavelength :

[ [
Particle size



Primary Particles Aggregates Agglomerates
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Efeito do Tamanho de Particulo

Pigment ZnO ZnO TiO, TiO,
PPS (nm) 25-35 15-25 35 15
PS in disp. (nm) 228 130 154 125
Active (%) 14.97 13.80 10.29 10.29
SPF** 14 254 28.4 50

Scattering for 100 nm and 200 nm ZnO particles
1.0

100 nm
particle

Scattering
o
()}

0.0 =
200 250 300 350 400 450 500

Wavelength (nm)




In vitro percutaneous absorption of TIO2 and
/nO in pig skin (4 mg/cm?2, 24 hrs)

SKIN TAPE RECEPT. ABSORBED
SKIN RECOV.
TEST MATERIAL WASH STRIPS FLUID DOSE
(%) o (%)
(%) (%) (%) (%)
TiO,, 30-60 x 10 nm, silica / 98 2 to
methicone-coated O/MW 97.7 to 100.2 0.1t00.2 01t00.3 0.0 0.0 HjD 4
emulsion (10%) :
TiO,, 30-60 x 10 nm, 86.1to
methicone-coated OMW 85410929 00to0.3 01to05 0.0 0.0 9'3 0
emulsion (10%) :
Zn0, 80 nm, O/'W emulsion 986 to . - 102.3 to
(10.3%) MNP 102.3 1.4t01.5 0.8to1.4 0.0 106.8

Gamer et al., Toxicol. In Vitro, BASF, 2005;




Particulas nanométricas

Imagens da morfologia e da distribuicdo de Ti (cor) numa seccdo de pele
obtidas com Microssonda Nuclear.
O Ti estd confinado ao stratum corneum - sc.



