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RESUMO

Com a larga distribuicdo e o crescimento de mercado da industria de cosméticos, esta
deve sempre seguir processos de produgdao e controle de qualidade altamente
qualificados. Ensaios analiticos de controle de qualidade sao realizados utilizando-se
técnicas de cromatografia, podendo ou nao ser acopladas a analises por espectrometria
de massas. Entretanto, esses procedimentos requerem fase de preparo de amostra,
englobando desde processos de extracao até mesmo reacdes de derivatizagdo. Num
cenario industrial, isso se reflete em grande demanda de tempo e, portanto, custos
adicionais. Tendo em vista esse escopo, apresentamos uma nova plataforma “6mica” —
a Cosmetdmica, que propde o uso de metodologias simplificadas e de grande eficacia
em termos de preparo de amostra e facilidade na aquisi¢do de dados. Amostras de
diferentes tipos de cosméticos sdo analisadas através da técnica de espectrometria de
massas por imagem (MALDI-MSI), qualitativa e quantitativamente, através da integracéao
de dados tanto analiticos quanto estatisticos. E possivel controle total de toda a cadeia
produtiva, desde a matéria-prima até o produto acabado, sendo esse ultimo o objeto de

estudo do presente trabalho.
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ABSTRACT

With the large distribution and the increasingly promising market of cosmetic industry,
highly-qualified productive and quality control processes are mandatory for companies to
follow. Analytical procedures for QC are commonly carried out using instrumental
approaches such as chromatography — coupled or not with mass spectrometry. However,
these procedures require sample preparation steps, which may comprise extraction and
even sample derivatization. In an industrial scenario it may reflect in great demand of
time, with elevated costs as the main consequence. Within this scope, we present a new
“omic” platform — Cosmetomics, which proposes the use of simple and effective methods
in terms of sample preparation and readiness of data acquisition. Samples from different
types of daily use cosmetics are analyzed by mass spectrometry imaging (MALDI-MSI),
both qualitative and quantitatively, through the integration of analytical and statistical
data. It is possible, therefore, full control of the whole productive chain, from the raw

material up to the finished product, which was the elected sample class of our study.
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INTRODUCAO GERAL

Biomarcadores

Os biomarcadores podem ser utilizados clinicamente para compreensao de
mecanismos moleculares, diagndstico, monitoramento da evolu¢ao de uma doenga e
também da resposta terapéutica e/ou toxicolégica. Os biomarcadores moleculares
apresentam-se em diferentes formas, e como consequéncia diversas estratégias tém
sido adotadas para suas descobertas. (Rifai e cols, 2006).

A busca de biomarcadores é de grande interesse académico, clinico e
industrial. Porém, apesar do grande investimento na area, a velocidade de criagdo de
patentes e diagnosticos envolvendo biomarcadores ainda € lenta. As razbes deste
fendbmeno sdo o longo e dificil caminho a partir da descoberta ao teste clinico. H& seis
componentes de processos essenciais para obter um novo biomarcador: descoberta,
qualificacado, verificacdo, otimizacdo, validagdo clinica e comercializagdo. Sao trés os
maiores desafios na busca e descoberta de biomarcadores: i) complexidade dos
biofluidos; i) a baixa abundancia relativa de muitos biomarcadores especificos de
doencas; iii) variabilidade das manifestacées das doengas nos seres humanos. No Brasil
existe escassez de dados em pesquisa com biomarcadores utilizando metabdlitos
celulares de baixo peso molecular empregando estratégias metabolémicas. Portanto, o
uso da metabolédmica como ferramenta para a identificacdo de biomarcadores clinicos
torna-se indispensavel. Assim, aliar a metabolémica com a descoberta, qualificagcao,
verificacdo, e validagdo de biomarcadores torna-se uma tarefa de suma importancia
cientifica e tecnoldgica. Por sua vez, os lipideos, esfingolipidios e ceramidas podem ser

bons biomarcadores, tanto para o entendimento de mecanismos moleculares, como na
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viabilidade para ser utilizado como futuro foco terapéutico em fisiopatologias. (Kaddurah

e cols, 2008).

Metabolomica

A metabolémica hoje € uma importante plataforma bioquimica para o estudo de
mecanismos e identificacdo de biocomponentes existentes nos organismos em diversas
condicdes fisiopatologicas. Revela potenciais biomarcadores e ampliar a compreenséo
da etiopatogenia dessas doencas, estudando os modelos celulares e in vivo de
desordens que envolvem alteragbes no metabolismo energético e estresse oxidativo,
incluindo a dislipidemia, aterosclerose, e sindrome metabdlica. Para tanto, utilizaremos a
abordagem da metabolémica como ferramenta basica para solucionar tais desafios, o
que aumenta a eficiéncia de detec¢cdo dos componentes moleculares que poderao ser
usados para a compreensao molecular de condigées como obesidade, do diabetes e da
sindrome metabdlica. (Kaddurah e cols,2008)

A metabolbémica corresponde a analise das moléculas do metaboloma. O
metaboloma € o conjunto dos produtos finais resultante da diversidade das atividades
enzimaticas integrando as respostas aos estimulos exteriores (mecanicos ou quimicos)
num tecido ou conjunto de células especificas, ou seja, o conjunto das moléculas de
baixo peso molecular geradas pelo metabolismo primario e intermediario. (Kaddurah e
cols, 2008).

Uma vez conhecida a composi¢cdo dos metabdlitos através de diferentes técnicas,
pode-se prever, por exemplo, a ativacdo de determinados genes (nos casos de
regulagdo conhecida), entender os mecanismos moleculares, avaliar o risco imediato

para determinadas doencas de forma a poder intervir quando ainda em estagio
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subclinico, ou identificar novos biomarcadores de doencgas e assim obter um diagnostico
(Sabatine e cols, 2008).

As estratégias metabolémicas para identificacdo de biomarcadores podem ser
sub-divididas em 1) Metabolic profiling: Identificacdo e quantificagcdo de um numero pré-
definido de metabdlitos, que sao geralmente relacionados a uma via metabdlica
especifica; 2) Metabolic fingerprint: analises rapidas cuja funcdo € fornecer a
classificacdo da amostra. Também utilizada como importante ferramenta de screening
para diferenciar estados biol6gicos (caso/ controle, doenca/saude); 3) Metabolic footprint
analise dos metabdlitos secretados/excretados por um organismo; 4) Metabolite target
analysis andlise quantitativa e qualitativa de um ou de varios metabdlitos relacionados a
uma reacao metabolica especifica; 5) Metabonomics andlise quantitativa de metabdlitos
em resposta a uma lesdo/perturbacdo (doenca ou tratamento terapéutico) ou a
modificacdo genética. Devido as varias estratégias dispostas em analise metabolémica &
possivel acessar um numero enorme de estados fisiopatoldgicos e as vias bioquimicas
para melhor entendé-los, além de auxiliar novas descobertas na area de medicina

translacional (Kaddurah e cols, 2008).

Técnicas utilizadas em metabolomica

As estratégias metaboldmicas sdo realizadas utilizando-se técnicas como a
cromatografia com alto poder de separacdo e/ou técnicas de boa resolugcdo como a
ressonancia magnética nuclear e a espectrometria de massas para analise final. Ap6s
as analises nos equipamentos especificos, existe a necessidade de etapa de tratamento

de dados feita com programas quimiométricos especificos.
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A complexidade da composi¢cdo quimica de amostras biolégicas pode gerar problemas
na cromatografia e espectrometria de massas (MS). Isso decorre devido a complexidade
da amostra. Contudo, a andlise de metabdlitos totais de um sistema biol6gico comecga a
ser considerada e executada através do uso de cromatografia e espectrometria de
massas. A evolugdo das técnicas de cromatografia e espectrometria para andlise do
metaboloma sédo desafios que auxiliardo futuramente no diagndstico clinico no contexto
mundial. A cromatografia € um método que, embora nao identifique os componentes
separados (necessitando para isso de outras técnicas analiticas acopladas), auxilia na
eliminacdo de interferentes e tem como sua maior vantagem a conservagao estrutural
dos compostos separado. As técnicas cromatograficas se aplicam muito bem para, por
exemplo, a classe dos lipideos, acidos organicos e metabdlitos intermediarios, além de
outras substancias que compdem o metaboloma. (Kaddurah e cols, 2008).

Os desafios da detecgédo e quantificacdo de substancias em matrizes complexas
(como os fluidos biolégicos) serdo gradativamente minimizados pela ferramenta
espectrometria de massas, que € capaz de analisar simultaneamente grupos de analitos
(elementos de interesse numa andlise) em poucos minutos e em poucos microlitros de
amostra, a qual vem rapidamente avancando em sensibilidade, rapidez e versatilidade.
Todo esse aprimoramento possibilita a aplicacdo da espectrometria de massas, com
grande confiabilidade e sensibilidade, em diversos campos cientificos e tecnoldgicos da
atualidade, como estudos de compostos nas areas da quimica analitica e ambiental, da
bioquimica, da biologia e da medicina. (Kaddurah e cols, 2008).

A importancia da espectrometria de massas (MS) na elucidagao estrutural, bem
como no fingerprinting e footprinting ¢é inquestionavel em metabolémica.

Indubitavelmente, os avancos significativos das técnicas de ionizacdo Electrospray
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(ESI), Atmosferic Pression Chemical lonization (APCI), Matrix-Assisted Laser Desorption
lonization (MALDI), recentemente o Desorption Electrospray lonization (DESI) e o
aumento da sensibilidade dos novos equipamentos estdo contribuindo muito para a
aplicacdo da MS em metabolédmica. As andlises de biomoléculas encontradas em
amostras complexas foram facilitadas com desenvolvimento da técnica nos ultimos
anos. Na ionizagcao por electrospray, as substancias da solu¢do analitica sao protonadas
ou desprotonadas, formando cations ou anions. Esta solugédo é entdo nebulizada através
de um tubo capilar onde se aplica uma alta voltagem. Devido a agdo deste potencial
aplicado no capilar e dos gases de solvatacao e nebulizagdo, o solvente presente nas
goticulas € evaporado restando assim a molécula protonada ou desprotonada na fase
gasosa. Entre as caracteristicas da ionizagdo por electrospray, pode-se citar a baixa
energia dos ions formados e a possibilidade da formagéao de ions multicarregados.Todas
estas caracteristicas fazem com que as técnicas de cromatografia e espectrometria de
massas sejam um importante apoio para as estratégias metabolémicas e aumentam seu
poder de acesso a biomoléculas para compreensdo dos diferentes estados bioldgicos

(Sabatine e cols, 2005).

MALDI-MSI (Mass Spectrometry Imaging)

Ao longo da dultima década, a metabolémica tornou-se um complemento
indispensavel as analises de quase todos os aspectos das ciéncias da vida. Estes
incluem a elucidacdo de processos celulares na saude e doenca e a descoberta e
avaliacao de compostos farmacéuticos. A espectrometria de massas (MS) tornou-se
uma ferramenta analitica essencial para a investigacdo destes processos moleculares.

Novos avangos em MS oferecem agora a oportunidade para estudos na investigacao de
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interacdes moleculares no tecido intacto. Ao contrario dos estudos realizados por
décadas, estudos realizados hoje podem aproveitar a especificidade molecular oferecida
pela MS. Em particular, Matrix-Assisted Laser Desorption/lonization (MALDI) Mass
Spectrometry Imaging (MSI) permite a andlise espacial da distribuicdo de metabdlitos

diretamente em amostras bioldgicas (Figura 1).

Amostra (ex.: comprimido)

Preparo de Amostra  Aplicacdo de Matriz

Andlise por MALDI-MSI

Incidéncia por Laser Formacao de ions

Resultados

Espectro de Massas Imagem quimica

Figura 1: Fluxograma geral de um experimento de MALDI Imaging em tecido.

A MSI pode ser usada para localizar moléculas especificas, como drogas,
lipidios, peptideos e proteinas diretamente a partir de secgbes de tecido fresco
congelado, comprimidos e até mesmo células Unicas com imagem de boa resolucao
relativa. A MSI tem resultado em excelentes novas oportunidades em uma ampla
variedade de aplicagdes, incluindo a determinacdo espacial da expressao de
metabdlitos diferenciais em tecidos doentes contra sadios, caracterizacdo de tecidos
com tumores e nao tumores adjacentes, e o0 mapeamento da localizagdo de drogas e

distribuicdo metabdlica em tecidos alvos ou no contexto do corpo todo de animais.
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Um dos aspectos mais atraentes da MSI é a capacidade de simultaneamente
visualizar o arranjo espacial de centenas de analitos diretamente do tecido, sem

qualquer conhecimento prévio ou a necessidade de reagentes especificos.

Aspectos praticos de um experimento de MALDI-MSI

Andlises diretas de tecidos com MALDI-MSI permitem detectar compostos
enddgenos e exdgenos presentes em tecidos com especificidade molecular enquanto
mantém suas orientagdes espaciais. Esta combinagdo Unica, acoplando excelente
sensibilidade e tempo de andlise rapida, apresenta vantagens para uma ampla
variedade de aplicacdes nos diversos campos biolégicos. O preparo de amostra e
fluxograma de trabalho s&o relativamente simples e ndo necessitam de homogeneizagao
ou etapas deextragdo/reconstituicdo. Basicamente, uma amostra congelada € seccionada,
colocada na placa de MALDI, revestida com matriz, e analisada por MALDI-MS.
Resumidamente, MALDI é uma técnica de ionizacdo que envolve irradiagdo da amostra
com um laser, tipicamente UV (N2 a 337 nm ou Nd:Y3AI5012 a 355 nm), para formar
ions-analitos em fase gasosa. Uma matriz é necesséaria para absorver a energia do
laser, auxiliando na desorcao de moléculas intactas de analitos, e na sua ionizagao
(freqUentemente via reagdes de transferéncia de proétons). Além disso, a aplicacdo de
matriz em tecidos também serve para extrair analitos (proteinas) fora do tecido. A matriz
€ um composto organico pequeno usualmente com um extenso sistema cromoéforo
(sistema de conjugacéao de ligagdes pi), o qual € preparado em solucdo e aplicado na
superficie do tecido. Normalmente, utiliza-se o acido sinapinico (SA) para analises de
amostras com pequenos peptideos, acido a-ciano-4-hidroxicinamico (CHCA) para

analises de pequenas moléculas, dentre muitos outros (acido 2,5-diidroxibenzdico, p-
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nitroanilina e 9-aminoacridina). No entanto, ha varios outros compostos que podem ser
utilizados como matrizes; a escolha de uma matriz ideal para a classe de interesse a ser
analisada é crucial para aumentar a sensibilidade e seletividade da analise.

Ha diferentes métodos de aplicacdo de matriz (Figura 2), e alguns sao inclusive
comercializados. O método empregado esta diretamente relacionado com o
experimento a ser realizado e no caso de experimentos de imageamento quimico, com a
qualidade da imagem adquirida. Os experimentos de perfil metabolémico necessitam a
aplicacdo da matriz de modo uniforme, na regido de interesse delimitada, portanto, o
método mais indicado é o de atomizagdo da solugcdo por meio de um sistema de
compressdo. Experimentos de imagem com alta resolu¢cdo necessitam um sistema de
aplicacdo de matriz capaz de aplica-la por todo o tecido, com uma camada uniforme e
em grande quantidade, pois é esta a etapa crucial para a obtencao de alta qualidade de
imagem.

O método mais simples para deposicdo de matriz € a utilizagdo de uma pipeta
manual, esta €& alternativa mais barata, porém possui baixa reprodutibilidade e
resolucdo, pois as gotas da matriz ficam muito grandes e irregulares. As imagens de alta
resolugdo, no entanto, necessitam de aplicadores de matriz que fornegam a maior
cobertura de matriz e mais homogénea possivel. Um dos sistemas utilizados para este
caso lanca um spray fino da solucdo da matriz sobre toda a superficie do tecido. Ha um
sistema comercial, o ImagePrep (Bruker Daltonics, Alemanha) e um sistema com o
mesmo principio, mas que pode ser montado no préprio laboratério pelos cientistas, o
Spraycoating. Este € um sistema de borrifamento de solvente igual aos utilizados em
revelacdo de placas de TLC (Thin Layer Chromatography). Por ultimo, existe também

um sistema de aplicacdo de matriz para analises de imagens de alta resolucao
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baseados no principio de sublimacdo. E um experimento que pode ser faciimente
montado no préprio laboratério, sendo robusto e simples, e é mais utilizado na analise

de lipideos (Mass Spectrometry Research Center - Nashville, TN).

Figura 2: Sistemas utilizados na aplicagéo de matriz em tecidos. a) Manual, b) Portrait, c)
Shimadzu ChIP, d) ImagePrep, e) Spraycoating e f) Sublimacao.

Aplicacoes recentes em MALDI-MSI

MALDI-MSI tem evoluido exponencialmente e novas tecnologias vém sendo
desenvolvidas e aplicadas a fim de aprimorar cada vez mais a técnica. Como exemplo
pode-se citar o acoplamento de MALDI-MSI e analisadores de massas de ultra-alta
resolugéo, como o Orbitrap e o FT-ICR (Fourier Transform lon Cyclotron Resonance);
este Ultimo pode gerar espectros de massas com resolucdo de aproximadamente
1.000.000 (Comisarow & Marshall, 1974). Outro avancgo foi a utilizacdo de MALDI-MSI

com ion mobility MS (Imaging IMMS). Imaging IMMS foi apresentada com grande
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sucesso em um modo totalmente automatizado para a separagao estrutural e por m/z
de analitos diretamente do tecido de cérebro de rato.

Até o momento as técnicas de MALDI-MSI foram descritas utilizando-se tecidos
frescos. Porém, trabalhos recentes mostram a possibilidade de realizar MSI em outras e
diversificadas matrizes complexas diferentes.

Dessa forma, torna-se cada vez mais claro a comunidade cientifica que MALDI-MSI
€ uma técnica que, apesar de ser bastante nova, esta se desenvolvendo rapidamente
e vem apresentando varios avang¢os tecnoldgicos, fornecendo cada vez mais

ferramentas U(teis e importantes para o entendimento de sistemas bioldgicos.
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Metabolomica e Cosméticos: o inicio da Cosmetomica

O mercado de higiene pessoal, perfumaria e cosméticos €
extremamente dinamico, pois a cada dia novos principios ativos sdo descobertos e
tendéncias de estilo de vida fazem surgir e desaparecer linhas inteiras de
produtos, sempre movimentando bilhdes de ddlares anualmente. A chegada de
novos concorrentes ao mercado e a constante inovagao no setor exige, cada vez
mais, investimentos, tecnologia e agilidade no ciclo de desenvolvimento de um
novo produto e um processo produtivo alinhado para atender a demanda do
mercado e satisfazer o cliente (Alencar et. al., 2008). A Agéncia Nacional de
Vigilancia Sanitaria (ANVISA), 6rgéo regulatério do setor no Brasil, define os
cosméticos como “Preparacbes constituidas por substancias naturais ou
sintéticas, de uso externo nas diversas partes do corpo humano, pele, sistema
capilar, unhas, labios, 6rgdos genitais externos, dentes e membranas mucosas da
cavidade oral, com o objetivo exclusivo ou principal de limpa-los, perfuma-los,
alterar sua aparéncia e ou corrigir odores corporais e ou protegé-los ou manté-los
em bom estado” (RDC 211/2005 - ANVISA). A agéncia divide os tipos de
cosméticos em duas categorias: produtos de grau 1 e produtos de grau 2. Os
produtos de grau 1 s&o caracterizados por terem propriedades béasicas ou
elementares, as quais ndo necessitam ser inicialmente comprovadas e nao
requerem informacdes detalhadas em relacdo ao seu modo de uso e suas
restricdes de uso (ANVISA). Alguns exemplos: sabonetes, xampus, cremes de
beleza, locao de beleza, éleos, maquiagem, batons, lapis e delineadores labiais,

produtos para maquiagem dos olhos (sem protecéao solar) e perfumes.
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Ja os produtos caracterizados como grau 2 possuem indicacoes
especificas, cujas caracteristicas requeiram sua seguranca e/ ou eficacia a serem
provadas, bem como informagdes e cuidados, modo e restricoes de uso
(ANVISA). Exemplos de produto de grau 2 sdo: desodorante intimo, desodorante
antiperspirante axilar, esfoliante para "peeling" quimico, protetores labiais com
protetor solar, alguns produtos para area dos olhos, filtros UV, clareadores,
produtos para ondular cabelo, sendo que todos os produtos infantis e maquiagem
com protecao solar (FPS) sédo de grau 2.

Apesar de haver definicbes regulatérias, ndo existe ainda nenhum tipo de
controle ou estudos sobre a toxicidade em humanos dos componentes (ex.:
corantes) presentes nas formulagdes. O risco de contaminagdo em longo prazo
deve ser levado em conta, bem como a identificacdo e caracterizacao de
substancias que possam apresentar carater cumulativo no organismo.

As novas técnicas disponiveis, como o MALDI-MSI, permitem ndo apenas a
identificacdo e caracterizacao de possiveis contaminantes, como também tem o
poder de criar imagens mostrando a localizacao exata das mesmas, como por
exemplo, pontos de oxidagdo em um batom. A exemplo de outras estratégias
“‘Omicas” ja bastante conhecidas e desenvolvidas, langaremos mé&o de um
segmento ainda completamente inovador: a Cosmetdmica, isto €, busca de
marcadores relevantes em biociénicas através da analise direta dos produtos
cosméticos acabados (comerciais). O enorme potencial da técnica visa renovar
completamente o conceito de andlises e controle de qualidade dentro da industria

cosmética, trazendo beneficios como a agilidade e a alta confiabilidade,
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associados a uma tecnologia de ponta, que garante um perfil de qualidade de
altissimo nivel.

REFERENCIAS BIBLIOGRAFICAS

R.R. Catharino, H.T. Godoy, J.A. Lima-Pallone, Quim. Nova, 29 (2006) 972.

J. A, Q. Huang, G. Wang, W. Zha, B. Yan, H. Ren, S. Gu, Y. Zhang, Q. Zhang, F.
Shao, L. Sheng, J. Sun, Analytical Biochemistry, 379 (2008) 20.

A. Fardet, R. Llorach, J.F. Martin, C. Besson, B. Lyan, E. Pujos-Guillot, A. Scalbert,
J. Proteome Res., 7 (2008) 2388.

Haddad, R.; Sparrapan, R.; Eberlin, M. N. Rapid Communications in Mass
Spectrometry (2006), 20, 2901-2905.

Haddad, R.; Sparrapan, R.; Kotiaho, T.; Eberlin, M. N. Analytical Chemistry (2008),
80, 898-903.

Haddad, R.; Catharino, R. R.; Marques, L. A.; Eberlin, M. N. Rapid
Communications in Mass Spectrometry (2008), 22, 3662-3666.

Saraiva, S. A.; Abdeinur, P. V.; Catharino, R. R.; Nunes, G.; Eberlin, M. N. Rapid
Communications in Mass Spectrometry (2009), 23, 357-362.

Haddad, R.; Milagre, H. M. S.; Catharino, R. R.; Eberlin, M. N. Analytical Chemistry
(2008), 80, 2744-2750.

M.S. Sabatine, E. Liu, D.A. Morrow, E. Heller, R. McCarroll, R. Wiegand, G.F.
Berriz, F.P. Roth, R.E. Gerszten, Circulation, 112 (2005) 3868.

N. Rifai, M.A. Gillette, S.A. Carr, Nature Biotechnology, 24 (2006) 971.

R. Kaddurah-Daouk, B.S. Kristal, R.M. Weinshilboum, Annu. Rev. Pharmacol.
Toxicol., 48 (2008) 653.

Comisarow, M.B.; Marshall, A.G. Chemical Physics Letters (1974), 25, 208-209

Alencar, S. ; Melo D. - Novos Produtos Cosméticos: Planejamento da Qualidade
na Fase de Concepcgéao e Desenvolvimento, Enegep, (2008)

BRASIL. Agéncia Nacional de Vigilancia Sanitaria — Resolu¢cdo-RDC 211, de 14 de

julho de 2005. Estabelece a Definicao e a Classificacdo de Produtos de Higiene
Pessoal, Cosméticos e Perfumes.

28



OBJETIVOS

Objetivo Geral

Implementagdo de estratégias e plataformas analiticas inovadoras,
utilizando como ferramenta analitica a Espectrometria de Massas por Imagem na
investigagdo de impurezas e substancias toxicas em cosméticos de uso geral
feminino. Conforme o andamento do projeto, o potencial de expansao das andlises
para outros produtos farmacéuticos também sera avaliado pela mesma técnica.
Além disso, uma nova forma de preparo de amostras simplificada sera estudada e

desenvolvida.

Objetivos Especificos

- Identificar substancias e/ou produtos de degradacao téxicos em amostras
comerciais de cosméticos, como esmaltes, batons e delineadores de uso
comercial no Brasil.

- Acompanhar os biomarcadores através de metabolic fingerprint e target
analysis em relacdo a presenca de contaminantes e substancias de relevancia
toxicolégica.

- Através do metabolic fingerprint, realizar a bioprospeccao de
contaminantes provenientes de rotas de sintese em comprimidos de

medicamentos acabados.
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- Desenvolver no Laboratério Innovare de Biomarcadores uma nova
metodologia analitica de preparo de amostras que possa auxiliar os futuros

estudos metaboldémicos e cosmetdémicos.

30



CAPITULO |

Analise de Cosmeéticos Usando MALDI-MSI
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Cosmetic Analysis Using MALDI-MSI

Diogo Noin de Oliveira, Sabrina de Bona Sartor, Ménica Siqueira Ferreira,
Rodrigo Ramos Catharino

Abstract: A new “omic” platform — Cosmetomics — that proves to be
extremely simple and effective in terms of sample preparation and
readiness for data acquisition/interpretation is presented. This novel
approach employing Matrix-Assisted Laser Desorption/lonization Mass
Spectrometry Imaging (MALDI-MSI) for cosmetic analysis has
demonstrated to readily identify and quantify compounds of interest. It
also allows full control among all the production phases, as well as the
final product, by the integration of both analytical and statistical data.
This work has focused on daily use products, namely nail polishes,

lipsticks and eyeliners of multiple brands sold in the worldwide market.

Keywords: Cosmetics, Cosmetomics, Analysis, Mass Spectrometry.

1. Introduction

The cosmetic industry is one of the most financially promising branches on
the pharmaceutical business, as it shows an increasingly effective potential in

sales worldwide [1-3]. With such an important position, the quality and safety of its
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products must be observed and good manufacturing protocols must be followed at

all times [4].

Traditionally, the study and evaluation of chemical compounds in cosmetics
is given by the association between a chromatographic technique — such as HPLC
or GC — coupled with ESI-Tandem Mass Spectrometry [5]. It is understood that
cosmetic products are complex mixtures and thus a previous treatment (e.g.:
extraction and derivatization) should be employed before the analysis itself.
However, some of these sample preparation steps may generate a great deal of
potentially toxic residues, which is not something compatible with the new trends in
eco-friendly policies. Moreover, as for the large-scale analysis scenario that
industry fits into, these conventional procedures are somewhat difficult to

automate; therefore they become extremely time-consuming [6].

Mass Spectrometry Imaging is a relatively simple and multifunctional
technique that has been developed in order to identify the spatial distribution (2-
dimensional and sometimes 3-dimensional) of compounds in any physical sample,
e.g. a tissue section [7] or a drug tablet [8]. This powerful and versatile technique
may be adapted with several different types of ionization, such as SIMS
(Secondary lon Mass Spectrometry) [9]; [10], DESI (Desorption Electrospray
lonization) [11] and the most common and well-developed variation, MALDI [12]. In
every case, despite being a simple task, sample preparation must always be the
critical and best-established part of the analysis, for it determines the success or

failure of the experiment. On a tissue sample, for instance, every detail, from
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thickness to type of preservation and matrix application, must be taken into

account, as the results may vary when a different method is employed [13].

The concept of MALDI-MSI is to transform the sample, e.g.: a tissue section,
into a two-dimensional picture, providing the compound dispersion information on
each particular area. The operating principle is very straightforward: a laser beam
is shot throughout the sample extension and every shot produces a mass spectrum
of that particular spot, which in terms of result may be understood as a “pixel” that

will form the final chemical image [12].

When it comes to cosmetics, no previous work had been found in the
literature, as at first glance it may not seem to have a great interest in this
technique for this kind of analysis. Most daily-use cosmetics, make-up for instance,
are very basic and relatively cheap preparations, and that is the reason why they
are so highly disseminated over the world [1]. It is not a rare thing to find some
premium brands being imitated by lower-budget companies that promote

falsification and use prohibited or health-hazardous compounds [14].

Although much has been investigated on heavy-metals and even lipid
profiles in lipsticks [15-17], no previous work has explored the capability of finding
biomarkers that differentiate, for example, new and expired/oxidized products. As
for nail polishes and eyeliners, no research either has been made in the fields of

pigments and lipid profiling, respectively.

We now describe a fast and robust technique to evaluate and quantify

compounds of interest in common cosmetic matrixes, such as nail polishes,
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lipsticks and eyeliners using Matrix-Assisted Laser Desorpiton/lonization Mass
Spectrometry Imaging (MALDI-MSI). With virtually no complex sample preparation,
this new field, “Cosmetomics”, has been developed as a very interesting and
straightforward alternative for both industrial and academic analysis using the
principles of MALDI-MSI on product analysis purposes. For lipsticks and eyeliners,
it was possible to differentiate: new, in use and expired products based on their
lipid profile. For the nail polishes it was possible to quantify the dye, Sudan Ill (m/z

351, [M-H]), which is a potential class 3 carcinogen [18].

2. Results and Discussion

2.1 Chemometric Analysis

Principal Component Analysis (PCA) was performed based on characteristic
signals observed on each specific sample group. Lipsticks often present a
formulation that is rich on very complex lipidic matrixes (up to ~90%), such as
Ricinum comunnis seed oil (castor oil), beeswax, Candelilla wax, Carnauba wax,
lanolin, etc. These matrixes are comprised of a wide range of lipid classes,
generally triacylglycerols (TAG), sphingolipids (SP), free fatty acids and esters,
among many others. This great variability in the composition is what gives
characteristic smoothness, thickness, creaminess and even the thixotropic effect of
the product. When analyzing and comparing different groups of lipsticks (new, in
use and expired) we observe that the lipid composition differs especially in terms of

the oxidation of TAGs and the presence or absence of higher-complexity lipids,
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such as ceramides. In Fig. 3 it is possible to observe the differentiation by PCA

between the new, in use and expired lipsticks of multiple brands.

Figure 3. PCA score plots showing the different clusters of samples. The three
classes (new, in use and expired) are stated.
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This difference is given by the presence of cleaved species on the expired

as diacylglicerols (DAG) that usually lie on the m/z range of 500 to 600. The “in-

use” samples presented several types of TAGs, whereas the new samples

presented sphingolipids (ceramides) as the main difference among the others, as it

may be seen on Fig. 4.
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Figure 4. Correlation loadings plot for the principal components on lipstick samples:
m/z range of 520-560 (DAGs) for the expired product, m/z range of 890-1000
(higher TAGs) for the “in-use” products and m/z range of 1100-1210 (ceramides)
for the new products. The marked ions were the ones chosen as biomarkers of

each degradation phase.
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The same principles applied to the eyeliners. The only remarkable difference

observed is the presence of oxidized TAGs on the expired product, and because of

the insertion of oxygen species in the molecules (epoxy, keto and hydroxyacids),

the range of m/z increases (~900 and higher). The ions on the mass range from
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700 to 800 demonstrate the presence of TAGs both in the new and in the “in use”
samples. Fig. 5 demonstrates the score plots and Fig. 6 the correlation loadings
for the different types of samples analyzed. Table | shows the assignment of the

characteristic ions detected on each sample group in the positive mode as [M+Na]

species.

Figure 5. Score plots of the eyeliner sample groups. The groups are represented
as “exp” for expired samples, “new” for new samples and “in-use” for used

samples.
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Figure 6. Correlation loadings for the principal components of the eyeliner samples:
it is noticed a very close correlation for both the new and “in-use” groups, as they
presented ions on the m/z range of 700-800 (lower TAGs). It is possible to observe
several ions on the m/z 900 and higher. The marked ions were the ones chosen as
biomarkers of each degradation phase.
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The difference between the used and expired samples of eyeliners and

lipsticks as to their compositions may be due to the fact that lipsticks are usually in

touch with saliva and other compounds around the mouth area; hence, other
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chemical transformations are more bound to occur than oxidation alone, as it is in

the case of eyeliners.

Table 1 reports the probable assignment for some of the characteristic ions
of each sample class. This is based on the MS/MS spectra obtained and its
comparison to lipid databases and characteristic fragmentations predicted on the
Mass Frontier software. No structural proposal was placed, since these m/z ratios
cannot be assigned to a single structure, as some of them show position isomers

within the same lipid class.

Table 1. Assignment for characteristic ions [M+Na]* of each sample class. The ?
refers to the proposal of carbon number and double bonds number on each
molecule.

[M+Na]* CID Fragments

. a
SAMPLE LIPID CLASS CN:DB m/z m/z
LIPSTICK - NEW Ceramides 38:1 1190 1146, 1045, 1001
Ceramides 36:1 1205 1161, 1060, 907
Triacylglycerols 58:6 958 914, 844, 660
LIPSTICK - USED
Triacylglycerols 60:0 998 700, 419, 363
Diacylglycerols 28:6 524 480, 299, 270
LIPSTICK - EXPIRED _
Diacylglycerols 30:6 552 508, 299, 407
EYELINER- NEW Triacylglycerols 44:1 772 728, 627
EYELINER - USED  Triacylglycerols 41:2 729 685, 611, 567
EYELINER - EXPIRED Triacylglycerols 59:0 984 966, 940, 839
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2.2 Quantification by Imaging

The described technique for quantification by image is based on a recent
approach utilizing Imaged [19]. This software was already commonly used as a tool
for western blot quantification [20]. The results obtained in this experiment have
demonstrated that this approach proves to be a useful, rapid and facile tool for

semi-quantitative analysis.

Sudan Il was chosen because of its potential carcinogenic risk and because
it is also a common dye for cosmetics [21]; in this case, it was stated as an
ingredient on all the labels as Cl 21600 (color index) and/or Solvent Red 23
(commercial name). The health risks associated with a possible carcinogen in a
nail polish formulation is the accidental ingestion by nail biting or even when

cooking or baking.

The obtained results are rather interesting and coherent, as the quantity of
Sudan Il (m/z 351, [M-H]') on each sample is directly influenced by the color of the
nail polish. As seen on Table 2, the analyzed products were from different colors,
but all of them listed “Cl 21600” on their labels. Sample CCR, which has presented
the highest relative concentration, is light blue. It is known that Sudam lll is a red-
to-brown dye under normal conditions, but when submitted to acidic conditions,
turns to blue. This particular dye also helps to give a thick and glossy aspect, which
was expected from CCR. The other two highest content samples (RCR and ICR)

are red-to-brown in color.
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Table 2. Nail polish samples and their color assignment. The third column refers to

the observed aspect of the product.

Sample Color Aspect
AHC Dark Blue Creamy
. Creamy-
CCR Light Blue Glossy
HTT Brown Plain
ICM Red Metallic
ICR Orange-Golden Creamy
IPC Orange Plain
RCR Red Creamy
RMT Pink Metallic
SLB Golden Plain

Fig. 7 presents the comparison of the different samples (numbered from 1 to

9) in the data table in a graph of intensity in grayscale.
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Figure 7. MSI of the samples analyzed on Imaged software for the semi-
quantification. The intensity on the grayscale indicates more (darker) or less
(lighter) concentration of the desired analyte. This figure also illustrates that all
samples have been assigned the same area for further quantitative comparison.
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Relative Quantification

Fig. 8 presents the obtained values of the semi-quantification and their
comparison on a graphic of bars. The numbers have no unit scale and represent

the relationship between the grayscale intensity and the analyzed area.

Figure 8. Semi-quantification results. The graph presents a comparison between all
the nine samples as to the content of Sudan Il (m/z 351 — [M-H]). It is noticeable
that sample CCR has the greatest relative quantity when compared to all the
others. The values stated on the top refer to the mean found with the calculations
of the triplicates. The values are expressed in arbitrary units.
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As seen on Fig. 9, the MS/MS spectrum of the ion on m/z 351 identified as

Sudan IlI.
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Relative Abundance

Figure 9. MS/MS spectrum of ion on m/z 351 — [M-H] identified as Sudan llI.
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3. Experimental Section

3.1 Sample preparation

All cosmetics samples were available and purchased from regular market
stores. Nine different samples of nail polishes from six different manufacturers
were purchased, all of them indicating Sudan 1l on the composition (label); for the
eyeliners, three different samples (new, used and expired), all from different
manufacturers, were purchased; for the lipsticks, five different samples (2 new, 2
used and 1 expired), all from different manufacturers, were purchased. For lipstick
application, a soft rod covered in nitrylic polymer was coated with the samples and
then “stamped” into MALDI-appropriate stainless steel plates (GMS-Thermo,
California, USA). The eyeliners and nail polishes were directly applied onto the
plate surface. A 10 mg/mL solution of alpha-cyano-4-hydroxycinnamic acid (CHCA)
matrix ~ (Sigma  Aldrich, Pennsylvania, USA) was prepared (50%
anetonitrile:methanol) and the samples were coated using a commercially available

airbrush.

3.2 MALDI Mass Spectrometry Imaging

A MALDI-LTQ-XL with Imaging feature (Thermo Fisher, California, USA)
was used to acquire mass spectrometric data. Typical operation conditions were 4
uJ Nitrogen laser power, 100 um raster step size, sample size of 1000x1000 pm

(100 pixels), 3 shots per step and 30-50 eV of collision-induced dissociation (CID)
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for MS/MS. Full scan analysis were performed in a m/z range of 50 to 2000. All
samples were acquired in the positive ion mode for eyeliners and lipsticks and
negative ion mode for the nail polish. The compound classes were proposed both
by MS/MS spectra and software calculations with Mass Frontier (v. 6.0, Thermo

Scientific, California, USA).

3.3 Quantification by MSI

Imaging data were analyzed in ftriplicates using ImageQuest software
(Thermo Scientific, California, USA). The quantification was performed using
Imaged (National Institutes of Health, USA — Open Source) on grayscale images.
The area was standardized in number of pixels for all the replicates and the
Imaged software assigned a value for the selection based on the intensity of each

pixel.

3.4 Statistical analysis of data

Principal component analysis (PCA) was performed using Statistica v. 7
(Statsoft Inc., Oklahoma, USA). The mass spectra were expressed as the
intensities of individual [M+Na]+ ions (i.e. variables). lons with relative intensities of
less than ~10% were excluded. The data was preprocessed using auto scale and

the PCA method was run.
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4. Conclusions

The development of a new “omic” strategy to employ on the analysis of
cosmetics has been successful to the extent of this work. The scope of this new
analytical platform is based on manufactured products, contemplating from raw
material to the final product. Stability studies, degradation byproducts analysis and
efficiency of processes are also very feasible to be measured and understood by
the cosmetomics platform. Viewing the processes and integrating them as a whole
— from chemical composition to quantification and statistical analysis

simultaneously — is, beyond question, the strongest feature related to cosmetomics

This novel approach on product analysis will surely help to improve the
speed to a level that the cosmetic industry desires. The possibility of establishing a
quick and assertive procedure that can be implemented on a cosmetic industry to
perform “right-on-time” analysis (up to 60 seconds per sample) is very much
appealing, as some usual analytical procedures are very time-consuming and
demand highly-qualified personnel regarding sample preparation, for instance.
Requiring little or no sample preparation, not to mention the usage of very small
quantities of solvents and toxic products for analysis, is what reveals a real

contrast to these other strategies.

Finally, when it comes to effectiveness and reliability, this new “omic”
platform enables the industry to launch products with higher quality and safety for
the public. For this reason, several other works will definitely come following this

trend and new applications will start being developed.
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CAPITULO I

Analise Direta de Batons por STELDI-MSI
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Direct Analysis of Lipsticks by Sorptive
Tape-like Extraction Laser Desoprtion
lonization Mass Spectrometry Imaging

Diogo de Oliveira, Mbnica Siqueira, Sabrina Sartor and Rodrigo
Catharino

Abstract: A novel and rapid technique for lipid evaluation in lipsticks is
presented. This approach uses STE-LDI-MSI for fast fingerprinting of
complex lipids, such as triacylglycerols, phosphoglycerols and simpler
structures as free fatty acids. With no sample preparation, it has
demonstrated to readily identify compounds of interest by integrating
both full scan and MS/MS data. This work has focused on lipsticks of
several brands globally marketed.

Keywords: Colour Cosmetics, Chemical Analysis, Formulation/Stability
and Mass Spectrometry Imaging.

Objective: Create and establish a simple and rapid method for lipid
evaluation in daily-use female products, namely lipsticks.

1. Introduction

Lipids are a major component of daily-use makeup cosmetics, and the large
number of different vegetable or animal sources of this material is what
distinguishes a formulation from another [1, 2]. The sought properties related to
this class of compounds are often related to skin softness, elasticity and moisture
[8]. To reach these highly desired characteristics, several lipid subclasses are

utilized in a formulation, such as phosphoglycerols (PGs), ceramides and,
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principally, triacylglycerols (TAGs). The latter are the major components of skin
sebum in the stratum corneum [4]. Moreover, free unsaturated fatty acids are
known for their augmented performance in skin penetration [5], a feature that may

improve both hydration and potentially drug delivery in formulations [6].

Techniques for compound assessment in complex formulations have always
been based on chromatographic techniques, often coupled with mass spectrometry
[7]. In cosmetics, liquid chromatography (LC) and gas chromatography (GC) are
usually associated with Electospray lonizaton (ESI) Tandem Mass Spectrometry
[8]. The use of these techniques is directly related to high compound complexity in
cosmetic formulations. Depending on the class of molecules desired for analysis,
several steps of sample preparation must be observed [9-13]. Sometimes, these
particular procedures may lead either to long-lasting processes or to the
employment of costly equipment just to do so [10, 13]. Furthermore, extractions
both in solid-phase and liquid-phase generate large amounts of solvent residues, a

practice increasingly out of line with new trends in chemistry [14].

Matrix-Assisted Laser Desorption/lonization Mass Spectrometry (MALDI-
MS) has been widely used in the past few years for lipid evaluation in complex
matrices, both in animal and vegetable [15-17]. However, commercial analyses
refer mainly to the raw material (crude/refined/bleached oil) rather than focusing on
the finished product or even in productive phases [18]. Deriving from this approach,
Mass Spectrometry Imaging (MSI) is a feasible tool for direct analysis of lipids in
cosmetics, as its readiness of data acquisition proves to be highly desirable from

an analytical point of view.
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Following this trend, extraction techniques with sorptive characteristics have
also been developed to study of many chemical compounds in complex matrices.
Sorptive Tape Extraction (STE), for instance, has been employed on the study of
skin sebum composition using in vivo samples [19]. This particular approach has
described sample collection directly from the skin surface by contact of a flexible
polydimethylsiloxane (PDMS)-coated tape. Based on this procedure, this work has
coupled a sorptive tape-like substrate — a silica gel plate for thin-layer

chromatography (TLC) — to direct analysis in a MALDI-MSI instrument.

Herein is described an easy and rapid technique to evaluate lipids and find
compounds of interest that differentiate the samples in lipsticks using Sorptive
Tape-like Extraction coupled with Laser Desorpiton/lonization Mass Spectrometry
Imaging (STE-LDI-MSI). No sample preparation and no matrix are required in this

novel cosmetic assessment tool that uses the same idea of MALDI-MSI.

2. Experimental Section
2.1 Sample preparation

Three commercially available lipsticks of different brands were purchased
from beauty shops in the Campinas area (Sao Paulo, Brazil). All samples were
applied in a nitrylic polymer-covered rod and then directly stamped onto a silica gel

(60 A) plate for TLC (Merck, Darmstadt). The lipstick samples were stamped in
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such a way that an intersecting area between the three of them was formed, as

seen in figure 10. No further actions were taken neither any matrix was applied.

2.2 Mass Spectrometry Imaging

A MALDI-LTQ-XL instrument with Tissue Imaging feature (Thermo Fisher,
California, USA) was used on mass spectrometric data acquisition. Operating
conditions were established at 20 puJ Nitrogen laser power, 50 um raster step size,
sample size of 700x700 um, 3 laser shots per step and 30-50 eV of collision-
induced dissociation (CID) for MS/MS experiments, when required. Survey scan
was performed in m/z range of 50 to 500 in negative mode and 500 to 1500 in
positive mode. Lipid structures were proposed both supported by MS/MS
fragmentation and software calculations with Mass Frontier (v. 6.0, Thermo

Scientific, California, USA).

3. Results and Discussion

Figure 10 shows the spatial distribution of lipsticks stamped on the TLC
plate. The samples (L1, L2 and L3) are indicated, as well as the intersection where
all three of them are mixed. The main idea motivating this approach is both to
assess composition and find specific lipid markers when one or more samples are

mixed.
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Figure 10. Lipstick samples stamped onto the TLC plate. The blue rectangle
delimits the intersecting area where the analysis was performed.

Sample3

Sample 2

Samplel
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In the negative ion mode it is possible to assign a specific lipid marker for
every lipstick; in other words, it is possible to differentiate the three samples, even
when they are mixed together. Survey scan for each sample has presented [M-H]
ions that were later confirmed by MS/MS experiments — isolation of the ion
following fragmentation for structure elucidation. The species found at m/z 283,
367 and 427 are assigned as the free fatty acids stearic acid and lignoceric acid
and the lipophosophoglycerol LPG (12:0/0:0), for samples L1, L2 and L3,
respectively. This result is supported by the information shown in table 3, showing
characteristic lipids and their CID products for both ion modes. This data leads to a
plausible conclusion, since each sample, when analyzed individually, presents a
unique lipid marker that is not present in any of the others. When combined, these
markers appear both in the survey scan and in the isolation by MS/MS, presenting

the same fragmentation pattern.

Table 3. Assignments and collision-induced dissociation products of lipstick lipid
markers. The data is presented both in the positive and negative ion modes.

Sample mJ/z Elemental composition CN:DB CIiD
MNegative mode

LI 283 CiaHa02 18:0 265, 255
L2 367 CasHaa O 240 349, 339
L3 427 CiaHxOP 12:0/0:0 2M
Fositive mode

LI 8oy CsrHae Oy 547 879
L2 955 CerHy0a0g 54:3 937, 657
L3 1055 CaHygs044P 606 775, 495

*Carbon number double bond.
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The positive ion mode presents acylphosphoglycerols (PGs) and a great
number of triacylglycerols (TAGs), which are the major constituents of vegetable oil
and animal fat, two of the main sources of lipids in cosmetic production [3].
Depending on the type of formulation, several combinations of these sources are
possible, which essentially varies the TAG profile in the lipstick composition. Table
3 shows the possible assignments for these markers. All ions are stated as
[M+Na]* species, as they are the most abundant form naturally found. The TAGs
were found at m/z 897 (L1), derived from linolenic and linoleic acid (LnLnL) and
955 (L2), derived from ricinoleic acid (RoRoRo). This was an expected profile,
since L2 was the only sample that presented Ricinus communis seed oil (castor
oil), the natural source of ricinoleic acid and its derivatives. The signal at m/z 1055
(L3) on the other hand was found to be a PG (54:6) with three acyl groups (linoleic
acid). Figure 11 shows the MS/MS spectrum of the compound and the CID

products generated.
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Figure 11. MS/MS spectrum of the compound at m/z 1055 [M+Na]" and the structures assigned both to the precursor ion
and its CID products (m/z 775 and 495). Note that there is a mass decrease of 280 a.m.u corresponding to the loss of a

linoleic acid moiety.
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Figure 3 (a and b) present a combo of the chemical image of the
superimposed lipstick samples, in the negative and positive ion modes
respectively. An interesting view on the scope of the technique may be
established when comparing with figure 10. Simply by analyzing the physical
image of the TLC plate, there are no visible boundaries delimiting the samples
in the intersecting area. On the other hand, figure 12 show the spatial
distribution of the monitored ions. The species at m/z 283, 367 and 427 ([M-H])
and 897, 955 and 1055 ([M+Na]") are individually visualized and, even further,
for their specificity as markers, allow the sample limits to be determined in the
intersection between lipsticks. These results infer great potential on this
approach as a novel methodology, for example, in assessing unknown samples

for either forensic or toxicological analysis among others.
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Figure 12. Chemical images of the intersecting area (a) in the positive ion mode
and (b) in the negative ion mode. Note that, for each specific lipstick, the
corresponding lipid marker distribution is what gives a more detailed contour of
the sample limits. Green image: sample L1; red image: sample L2; blue image:
sample L3.
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4. Conclusion

This rapid and simple approach on lipid evaluation for cosmetics may be
applied for virtually any product that contains this class of compounds in its
composition. It also may be implemented in a routine for industrial purposes for
quick product assessment, especially on targeted analyzes. Furthermore,
toxicological and forensic analysis can take advantage of this principle to obtain

accurate and reliable results in a rather quick and straightforward way.

Another important aspect brought by this procedure is the absence of
matrix in the whole analytical chain, which ensures greater signal cleanliness
the mass spectrum, simplifies the process and lowers the toxic potential for the

analyst.
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CONCLUSOES GERAIS
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A metodologia proposta por este trabalho, denominada Cosmetémica,
apresenta-se como uma alternativa extremamente viavel para implementacao
em analises de cosméticos, seja ela em rotinas de alta performance industrial
ou mesmo para pesquisas em meio académico. O escopo, inicialmente
considerado como tendo o controle de qualidade como foco inicial, expandiu-se
para englobar andlises de processo produtivo, estudos de estabilidade e
processos de engenharia reversa, o que coloca a Cosmetbmica como uma
plataforma analitica extremamente versatil e com alto poder de assertividade
nos resultados oferecidos. O conjunto de dados obtidos através dessa
plataforma permite ndo apenas a inferéncia de resultados qualitativos,
caracterizando classes de moléculas de interesse e seus derivados, como
também permite resultados de quantificacdo relativa intereamostral de
compontentes-alvo ou também a quantificacdo absoluta dos mesmos, quando
do uso de padrdes e da observancia de parametros de validagédo analitica.

Dentro desse escopo, considera-se que o trabalho desenvolvido até o
momento da apresentacao dessa dissertacdo cumpriu seus objetivos primarios
de criacado de uma nova plataforma analitica voltada para cosméticos e de uma
nova metodologia simplificada para a ionizacdo de compostos por dessorcao a

laser sem a necessidade de matriz.
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PERSPECTIVAS FUTURAS
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O desenvolvimento da Cosmetdmica teve boa repercussdo tanto em
meios académicos, quanto entre empresas da area de cosméticos. Nosso
Laboratério foi procurado por uma grande empresa do setor para que houvesse
a colaboracdo no desenvolvimento de analises de processo e controle de
qualidade de alguns de seus produtos, num projeto-piloto para a realizagao de
validacdo de metodologia. Para este projeto estara envolvido também um aluno
de Mestrado e uma aluna de Iniciagdo Cientifica.

Uma patente esta em vias de depdsito junto a Agéncia de Inovagéao da
Unicamp (INOVA, processo 767) para assegurar que todo o processo analitico
do escopo da Cosmetbmica seja amparado pelas leis de protecao a
inteligéncia.

Além disso, também ja estdo em vias de producédo pelo menos mais 2
(dois) trabalhos ligados diretamente a Cosmetomica dentro do escopo de
estudos de estabilidade. Nesse projeto estdo também envolvidas uma aluna de
Doutorado e duas alunas de Iniciacdo Cientifica. Como até o momento da
apresentacao desta dissertacdo nao haviam resultados significativos, os

mesmos nao foram incluidos.
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