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"Em relagéo a todos os atos de iniciativa e criagdo, existe uma verdade elementar:
no momento em que nOS compromissamos, a providéncia também se pde em
movimento. Todo um fluir de acontecimentos surge a nosso favor. Como resultado
da deciséo, surgem todas as formas imprevistas de coincidéncias, encontros e
ajuda, que nenhum homem jamais poderia ter sonhado encontrar. Qualquer coisa
que vocé possa fazer ou sonhar, vocé pode comecgar. A coragem contém em Si

mesma o poder, 0 génio e a magia.”

Goethe
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APRESENTACAO

De acordo com as normas vigentes no Estatuto do Programa de Pds-
graduacédo em Ciéncias Farmacéuticas da Universidade Federal do Rio Grande do
Sul, a presente tese foi redigida na forma de capitulos, para melhor organizagéo e
discusséo dos resultados obtidos em cada etapa. Assim, este trabalho encontra-se

dividido da seguinte forma:

1. Introducéo, contendo a caracterizagao e justificativa do estudo proposto;
2. Objetivos, geral e especificos;
3. Manuscritos | a V, artigos aceitos e submetidos a periddicos cientificos:

a. Manuscrito I: Amphetamine-type medicines: a review of pharmacokinetics,

pharmacodynamics and toxicological aspects

b. Manuscrito Il Drug usage, age and sex of persons killed in traffic accidents

in State of Santa Catarina, Brazil

c. Manuscrito lll: Simultaneous analysis of amphetamine-type-stimulants in
plasma by solid-phase microextraction and gas chromatography-mass

spectrometry

d. Manuscrito IV: Development and validation of a method for simultaneous
determination of fenproporex, diethylpropione and methylphenidate in
oral fluid by liquid-chromatography/ tandem mass

e. Manuscrito V: Trends in counterfeits amphetamine-type stimulants after its

prohibition in Brazil

4. Discussdo geral, visando um entendimento global dos resultados

apresentados nas diferentes etapas do trabalho;
5. Conclusoes;

6. Referéncias
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RESUMO

A utilizacdo de substancias estimulantes tipo-anfetaminicos (ATS) por motoristas
com objetivo de aumentar o tempo de vigilia € um conhecido problema nacional com
consequéncias sociais e legais. A dietilpropiona (DIE) e o femproporex (FEN)
figuram entre os estimulantes do sistema nervoso central (SNC) mais utilizados por
condutores no transito brasileiro. O metilfenidato (MPH) & um farmaco que apresenta
propriedades similares a cocaina e a anfetamina (AMP). Sua utilizagdo como droga
de rua e recreacional tem aumentado nos ultimos anos e seu uso tem ganhado
espago com a restricdo da comercializagdo de DIE e FEN pela Agéncia Nacional de
Vigildncia Sanitédria (ANVISA) em 2011. O estudo do transito implica
necessariamente o conhecimento do perfil dos condutores e da prevaléncia do uso
de substancias. Para a monitorizacdo do consumo de substancias no transito, é
necessario o emprego de métodos analiticos validados para as matrizes bioldgicas
de interesse. Sabe-se ainda que muitos condutores compram medicamentos ATS
ilegalmente, em postos de combustivel e pela internet. Conhecer o perfil quimico e
detectar falsificagfes desses medicamentos é parte essencial no desenvolvimento e
aplicacdo de politicas publicas preventivas do uso de substancias no transito.
Objetivos: avaliar dados do transito da regido sul do Brasil, enfatizando o uso de
substancias, a idade e o sexo dos envolvidos em acidentes; desenvolver e validar
meétodos cromatograficos acoplados a detector de massas para quantificacdo
simultanea de FEN, DIE e MPH em fluido oral e em plasma; avaliar o perfil de
falsificac6es de medicamentos a base de ATS. Resultados: os dados de acidentes
de transito com vitimas fatais no Estado de Santa Catarina no periodo de junho de
2008 a novembro de 2010, revelaram que 11,9 % dos casos apresentaram
resultados toxicoldgicos positivos, sendo canabindides (42 %) e cocaina (29,4 %) as
substancias mais prevalentes, seguidas de antidepressivos (10,3 %), anfetaminicos
(9,5 %), benzodiazepinicos (7,1 %) e barbitdricos (1,6 %). A maioria das vitimas (44
%) era jovem — entre 16 e 30 anos — e do sexo masculino. O desenvolvimento e
validacdo de método de extracdo e quantificagdo simultdnea de AMP, FEN e DIE em
plasma utilizando a técnica de imersdo direta em micro-extragdo em fase sélida
(SPME-DI) seguida de andlise por cromatografia gasosa acoplada a espectrometro
de massas (GC-MS) compreendeu etapas de desproteinizagdo da matriz e

derivatizacdo dos ATS. O método foi linear de 5,0 a 100 ng/ml. Os limites de
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deteccdo foram 1,0; 1,5; 2,0 ng/ml para AMP, DIE e FEN respectivamente. A
exatiddo variou de 85,58 a 108,33 % e a preciséo, calculada pelo desvio padréao
relativo, ndo excedeu 15 %. A recuperacao esteve entre 46,35 — 84,46 %. Também
foi desenvolvida e validada metodologia para analise simultdnea de FEN, DIE e
MPH em fluido oral por cromatografia liquida acoplada a detector de massas em
tandem (LC-MS/MS). As curvas de calibragéo utilizando o padréo interno propranolol
apresentaram linearidade entre 2,5 e 90 ng/ml. O limite inferior de quantificagéo e o
limite de detecgéo foram de 2,5 ng/ml e 0,5 ng/ml respectivamente, para todos os
ATS. Precisdo e exatiddo intra e inter-dias mantiveram-se dentro dos limites
preconizados pelas guias regulatérias. Nao foram observados efeito de matriz nem
carry-over. Por fim, foram desenvolvidos e aplicados métodos para a andlise de
apreensdes de ATS os quais revelaram a existéncia de ativo farmacéutico diverso
(sibutramina) daquele especificado no rétulo do medicamento (FEN), em
concentragbes que variaram de 1/3 até 2 vezes a dose diaria preconizada. Pela
andlise estatistica dos espectros de infravermelho foi possivel diferenciar amostras
auténticas e amostras falsas e ainda agrupar falsificagdes com perfis semelhantes.
Conclusdes: os objetivos de estudo propostos nesta tese foram satisfatoriamente
cumpridos e os resultados alcangados estdo dispostos na forma de cinco artigos.
Estes manuscritos contemplam temas relacionados ao uso de substéncias no
trnsito, ao desenvolvimento e validacdo de metodologias analiticas e & analise de
falsificacfes de medicamentos a base de ATS, demonstrando assim, a amplitude e

multidisciplinariedade envolvidas no estudo dos compostos anfetaminicos.

Palavras-chaves: estimulantes tipo-anfetaminicos; validagéo; falsificacdo de

medicamentos.
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ABSTRACT

The use of amphetamine-type stimulants compounds (ATS) for drivers aiming to stay
awake is a known national problem, with social and legal implications. Diethylpropion
(DIE) and fenproporex (FEN) are among the central nervous system stimulant most
used by drivers in Brazil. Methylphenidate (MPH) is a drug that has properties similar
to cocaine and amphetamine (AMP). Its use as a recreational and street drug has
increased in recent years and its use has achieved space by the restriction of the
marketing of DIE and FEN by the National Agency for Sanitary Surveillance
(ANVISA) in 2011. The traffic analysis necessarily implies knowledge of the profile of
drivers and the prevalence of substance use. To monitor the consumption of
substances in transit, validated analytical methods in different biological matrices
should be employed and toxicological data interpreted according pharmacokinetics of
each substance. It is also known that many motorists buy ATS illegally in gas stations
and the Internet. Knowing the chemical profile and detect forgeries of these
medications is an essential part in the development and implementation of public
policies to prevent the use of ATS in traffic. Objectives: to evaluate the traffic data
from southern Brazil, emphasizing the use of substances, age and sex of those
involved in traffic accidents; develop and validate chromatographic methods coupled
to mass spectrometry for quantification of FEN, DIE and MPH in oral fluid and in
plasma; evaluate the profile of counterfeit medications based on ATS. Results: data
analysis of traffic accidents with fatalities from June 2008 to November 2010 in the
State of Santa Catarina revealed that 11.9 % of cases had positive toxicology results.
Cannabinoids (42 %) and cocaine (29.4 %) had the highest prevalence, followed by
antidepressants (10.3 %), amphetamines (9.5 %), benzodiazepines (7.1 %) and
barbiturates (1.6 %). Most victims (44 %) were aged between 16 and 30 years old
and male. A validated method for the simultaneous analysis of AMP, DIE and FEN in
plasma samples employing direct immersion-solid phase microextraction (DI-SPME) followed
by gas chromatographic/mass spectrometric analyses (GC-MS) was developed.
Deproteinization and derivatization of ATS were employed. The method was linear
from 5.0 ngmi™ at 100 ngml™. The detection limits were 1.0, 1.5, 2.0 ngml™ for AMP,
DIE and FEN respectively. The accuracy ranged from 85.58 to 108.33 % and
precision, calculated by the relative standard deviation did not exceed 15 %. The

recovery was between 46.35 to 84.46 %. Also was developed and validated a new
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method for simultaneous determination of FEN, DIE and MPH in oral fluid by liquid-
chromatography coupled to atmospheric pressure ionization tandem mass
spectrometry (LC-MS/MS). The calibration curves, using an internal standard,
demonstrated good linearity throughout the concentration range from 2.5-90 ngml™
in oral fluid. The lower limit of quantification and the limit of detection were 2.5 and
1.0 ngml™ respectively for all ATS. Intra- and inter-assay precision and accuracy
values were within regulatory limits. Matrix effect and carry-over were not detected.
Finally, methods have been developed and applied to analysis of seizures of ATS
and the results showed the existence of active pharmaceutical (sibutramine) other
than that specified on the label of the drug (FEN). The concentrations founded
ranging from 1/3 to 2 times the recommended daily dose. Through the statistical
analysis of the infrared spectra was possible to distinguish between authentic
samples and counterfeit samples and also cluster the counterfeit ATS by their similar
profiles. Conclusions: the proposed objectives of this thesis were satisfactorily
completed and the results are arranged in the form of five manuscripts. These
articles address issues related to substance use in traffic, development and
validation of analytical methodologies and analysis of counterfeit medications based
on ATS, highlighting the extent and multidisciplinary in the study of amphetamine

compounds.

Keywords: amphetamine-type stimulants; validation, drug counterfeiting.
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1 INTRODUCAO




Introducdo

Os ATS séo potentes estimulantes do SNC, apresentando marcada influéncia
sobre as atividades psiquicas e psicomotoras e alto potencial de abuso, o que
propicia o desenvolvimento de farmacodependéncia (Rang et al., 2007). A utilizagéo
dessas substancias por motoristas e as consequéncias dela decorrentes tém sido
objeto de constante preocupacdo das autoridades nacionais e internacionais. No
Brasil, os ATS mais utilizados com propésitos ndo terapéuticos por condutores séo
0os chamados “rebites” (denominacéo popular entre motoristas para designacéo de
substancias estimulantes) os quais pertencem a classe dos moderadores do apetite,
possuindo em sua composi¢ao principalmente femproporex (FEN) e dietilpropiona
(DIE) (também denominado de anfepramona) (Nappo et al., 2002; Leyton et al.,
2002; Leyton et al., 2012).

O metilfenidato (MPH) é o farmaco mais frequentemente prescrito para o
tratamento do Transtorno de Déficit de Atencdo e Hiperatividade (TDAH). Sua
utilizagédo na terapéutica tem aumentado proporcionalmente ao seu consumo como
droga de rua e recreacional, gerando graves preocupac¢des devido ao seu potencial
para o desenvolvimento de farmacodependéncia e a suas propriedades estimulantes
semelhantes a anfetamina (AMP) e a cocaina (Bolands et al. 2003; Federici et al.
2005; Balcioglu et al., 2009). Em recente estudo publicado por Zancanaro e
colaboradores, foi encontrada uma prevaléncia de 9,8% de resultados positivos para
uso de MPH por motorista em rodovias federais no Brasil em andlises confirmatorias
de fluido oral por cromatografia liquida acoplada a detector de massas em tandem
(LC-MS/MS) (Zancanaro et al., 2012). Com a recente proibicdo da venda de FEN e
DIE pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA) (Brasil, 2011), estima-
se que o uso de MPH cresga como alternativa & maior dificuldade de acesso aos

farmacos tradicionalmente utilizados como “rebites”.

No transito brasileiro, estudos apontam uma grande prevaléncia do consumo
de cocaina e ATS, principalmente por motoristas profissionais, para aumentar o
estado de alerta fisico e mental durante as longas jornadas de trabalho (Leyton et
al., 2002; Souza et al., 2005; Nascimento et al., 2007; Pechansky et al., 2010; Leyton
et al.,, 2012; Zancanaro et al., 2012). O conhecimento do perfil dos condutores e do
uso de substancias no transito deve considerar as particularidades de cada Estado,

pois sendo o Brasil um pais continental, fronteirico a dez dos treze paises que




Introducdo

compdem a America do Sul, cada Estado sofre as influéncias de suas fronteiras.
Levando em consideracdo esses aspectos territoriais e culturais, faz-se necessario o
conhecimento pontual do perfil dos condutores de cada Estado e as tendéncias de
uso de substancias psicoativas (SPA) no trafego local para buscar a efetiva
prevencdo. Tendo como enfoque o sul do pais, poucos estudos foram encontrados
acerca do perfil do uso de substancias no transito desses Estados (Pechansky et al.,
2010; De Boni et al, 2011) demonstrando que ainda h&4 um vasto campo de estudo a
ser explorado. Com base nesses apontamentos, observou-se a necessidade de
levantamento das estatisticas do transito e dos dados toxicoldgicos dos condutores
do Sul do Brasil, buscando viabilizar o desenvolvimento de politicas publicas
preventivas, orientadas quanto ao perfii do publico-alvo e quanto aos danos

provocados pelas substancias encontradas nos resultados toxicoldgicos.

Para a satisfatéria determinagéo, quantificac@o e interpretagdo de resultados
toxicolégicos faz-se necessario o emprego de métodos analiticos bem
caracterizados e totalmente validados (Shah et al., 2000) para as matrizes biolégicas
de interesse. Cada técnica analitica tem suas prOprias caracteristicas as quais
podem variar de acordo com o analito e com o objetivo final do estudo, entretanto,
critérios especificos de validagédo sédo definidos em guias nacionais e internacionais.
Em um contexto amplo, validacdo pode ser definida como a confirmacao através da
andlise e demonstracdo de evidéncias objetivas de que os requisitos para um uso
especifico foram atingidos (ICH, 2005; FDA, 2001), garantindo a qualidade das
medi¢cdes analiticas, sua comparabilidade, rastreabilidade e credibilidade. Em
toxicologia, a escolha do método analitico dependera do problema a ser resolvido
(Maurer, 2005) e os resultados assim obtidos, em sua grande maioria, possuirdo
implicagbes legais e sociais. Portanto, considera-se imperiosa a utilizacdo de
metodologia validada para que os dados oriundos das andlises possam sustentar o

carater de inequivocos e incontestaveis.

Em 2011, a ANVISA, ap6s concluir um relatério sobre Avaliacao de Eficacia e
Seguranga dos Medicamentos Inibidores do Apetite, concluiu pela retirada do
mercado brasileiro e proibicdo da venda dos inibidores do apetite DIE, FEN e
mazindol (RDC 52/11) devido a auséncia de evidéncias sobre seguranca e eficicia e

ao elevado risco de efeitos adversos apresentados por esses anorexigenos (Brasil,
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2011). Simultaneamente a proibicdo, ocorreu o aumento do namero de apreensdes
de medicamentos a base de ATS suspeitos de falsificagdo. Essas falsificacdes
representam um novo desafio as analises forenses no que concerne ao
desenvolvimento de método que facilite a verificagdo da autenticidade ou
inautenticidade de um medicamento apreendido e a aplicacdo de ferramenta(s)
estatistica(s) de andlise melhor que se aplica(m) ao tratamento dos dados

experimentais gerados.

Diante do exposto, verifica-se que os ATS possuem um vasto potencial para o
desenvolvimento cientifico. Assim, esta tese estudou a relacdo entre uso de
substancias e acidentes de transito; desenvolveu e validou método para deteccdo e
quantificacdo de ATS em fluido oral e plasma e avaliou o perfil de falsificaces de

medicamentos a base de ATS.

Tendo como ponto de partida tal tema, a abordagem de tratamento e os
guestionamentos, encontram-se dispostos na sequéncia dos trabalhos

desenvolvidos.




2 OBJETIVOS




Objetivos

2.1 Objetivo geral

Avaliar a relagdo entre uso de substancias e acidentes de transito.
Desenvolver e validar metodologia analitica para a determinacéo simultanea do
teor de FEN, DIE e MPH por LC-MS/MS ou GC-MS, em fluido oral e plasma.

Estudar o perfil quimico de falsificacdes de medicamentos a base de ATS.

2.2 Objetivos especificos

1. Avaliar a relagdo entre uso de substancias e acidentes de transito tendo
como matriz de estudo o Estado de Santa Catarina e os dados

estatisticos do Instituto Geral de Pericias de Santa Catarina (IGP-SC);

2. Determinar o pré-tratamento ideal para as amostras de plasma visando
analise de FEN, DIE e AMP por GC-MS;

3. Determinar o pré-tratamento ideal para as amostras de fluido oral
visando analise de FEN, DIE e MPH por LC-MS/MS;

4. Otimizar e padronizar protocolo analitico para a extracdo e pré-
concentragdo de FEN, DIE e AMP por SPME;

5. Desenvolver e validar metodologia analitica para a determinagéo
simultanea do teor de FEN, DIE e MPH por LC-MS/MS em fluido oral;

6. Desenvolver e validar metodologia analitica para a determinacéo

simultanea do teor de FEN, DIE e AMP por GC-MS em plasma,;

7. Avaliar o perfil fisico e quimico de apreensfes de falsificagcbes de
medicamentos contendo ATS realizadas pelo Departamento de Policia

Federal no estado do Rio Grande do Sul.
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3.1 Aspectos Gerais dos ATS

O abuso de SPA é hoje um problema global, atingindo tanto paises
desenvolvidos como em desenvolvimento. De acordo com a United Nations
(2011) na dultima década houve um aumento significativo ndo apenas na
producdo e suprimento de drogas ilicitas, refletido pela grande quantidade de
apreensdes realizadas pelas autoridades policiais, mas também na demanda
da populagdo por estas substancias. Ao mesmo tempo, no referido periodo
verificou-se um crescimento no abuso e ma utilizacdo de drogas utilizadas
tradicionalmente para fins medicinais, como anfetaminicos, opidides,
benzodiazepinicos, barbitdricos, analgésicos, dentre outros (United Nations,
1995; United Nations, 2001; United Nations, 2011).

Em relatério divulgado pelo United Nations Office on Drugs and Crime
(UNODC), no ano de 2009 entre 149 e 272 milhdes de pessoas entre 15 e 64
anos fizeram uso de substancias ilicitas pelo menos uma vez naquele ano,
sendo Cannabis a droga mais comumente utilizada, seguida de ATS (UNODC,
2011). O consumo per capita de anorexigenos anfetaminicos é cerca de trés
vezes maior no continente americano do que em qualquer outra regido do
globo (United Nations, 2008), e a utiliza¢do destes farmacos nas Américas tem
crescido a cada ano. O Brasil est4 entre os maiores consumidores mundiais de
ATS e levantamentos domiciliares realizados entre 2001 e 2005, revelam um
consumo ascendente desses estimulantes do SNC no pais (Carlini et al., 2002,
2006).

A DIE, o FEN (Figura 1) e o mazindol figuram entre os trés anorexigenos
estimulantes do SNC mais utilizados no mundo (United Nations, 2008) e a
realidade brasileira segue essa tendéncia mundial quanto ao consumo de ATS
(Leyton et al., 2002; Leyton et al., 2012). Os dados divulgados pelo Centro de
Informacdes Toxicolégicas do Rio Grande do Sul (CIT-RS) refletem bem a
situacdo local em relagdo a utilizagdo de anorexigenos: do total de 113 casos
de exposicdo humana toxica a estes medicamentos atendidos no ano de 2011,
29 referiam-se a ingestdo de DIE e 13 a FEN (CIT/RS, 2011).
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Figura 1: a) Estrutura quimica da DIE; b) Estrutura quimica do FEN.

Recentemente, com o0 objetivo promover um conjunto de ac¢des para
eliminar, diminuir ou prevenir riscos a saude, a ANVISA concluiu pela retirada
do mercado brasileiro e proibicdo da venda dos inibidores do apetite DIE, FEN,
mazindol conforme RDC 52/11 (Brasil, 2011). Tal decisdo foi baseada em
relatorio divulgado pela agéncia, o qual consistiu em uma compilacéo de dados
da literatura e concluiu pela auséncia de evidéncias sobre seguranca e eficacia
e pelo elevado risco de efeitos adversos apresentados por esses anorexigenos
(Brasil, 2011). A sibutramina também foi alvo de investigacdo, mas apesar de
“apresentar relagdo beneficio/risco desfavoravel para sua utilizacdo clinica
como adjuvante no tratamento da obesidade” ndo foi retirada do mercado,

porém, maiores restricdes foram impostas & sua comercializagao.

O MPH (Figura 2) é um composto com propriedades estimulantes
utiizado na terapéutica para o tratamento do TDAH e da narcolepsia
(Goodman & Gilman, 2006). O abuso de MPH tem sido relatado nos Estados
Unidos e na Suica desde 2004, e é definido como a utilizacdo sem prescri¢ao,
ou em dose maior do que a prescrita, ou ainda quando sua administracédo
ocorre por via ndo-oral (Bruggisser et al., 2011). O uso intranasal ou injetavel
de MPH produz efeitos téxicos como: hipertensdo, taquicardia, agitacéo,
hiperatividade, irritabilidade, insbnia, convulsdes e coma. Parandia e outros
comportamentos psicéticos também foram relatados (Farquhar et al., 2002).
Devido a seus efeitos estimulantes e a sua crescente utilizagdo como droga de
rua e recreacional investiga-se o seu potencial para o desenvolvimento de
farmacodependéncia (Balcioglu et al., 2009). O MPH age através do aumento

da liberagdo e do bloqueio da recaptacédo de dopamina e norepinefrina, sendo
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que o aumento dos niveis de dopamina é dose-dependente e produz respostas
motoras elevadas ap6s administragdo de doses repetidas (Bolands et al,. 2003;
Federici et al,. 2005).

Figura 2: Estrutura quimica do MPH.

De modo geral, os ATS podem aumentar a pressdo sanguinea, 0s
batimentos cardiacos e a temperatura corporal; bem como diminuir o sono e o
apetite. O uso repetido de psicoestimulantes pode acarretar sentimentos de
hostilidade e parandia (NIDA, 2011). Devido a influéncia sobre as atividades
psiquicas e psicomotoras possuem alto potencial de abuso, propiciando o
desenvolvimento de farmacodependéncia e ocorréncia elevada de efeitos
colaterais, cumulativas com o uso continuo (Gatley et al., 1999; Schenk and
Izenwasser 2002; Bolafios et al., 2003; Brandon et al., 2003; Rothman and
Baumann 2003; Guerriero et al., 2006).

3.2 Utilizagao de ATS no transito

A utilizagcdo de SPA por motoristas e suas consequéncias no transito tém
sido objeto de constante preocupagdo de autoridades nacionais e
internacionais. O Cdédigo de Transito Brasileiro (CTB) Lei 9.503/97 (Brasil,
1997), recentemente alterado pela Lei n°® 12.760/12 (Brasil, 2012), tipifica como
crime na Secdao Il (Dos crimes em Espécie), artigo 306 a conduta de “Conduzir
veiculo automotor com capacidade psicomotora alterada em razdo da
influéncia de alcool ou de outra substdncia psicoativa que determine
dependéncia” e prevé com a pena “detengdo, de seis meses a trés anos, multa
e suspenséo ou proibicdo de se obter a permissédo ou a habilitagdo para dirigir

veiculo automotor”. O artigo 165 do CTB ainda estabelece que “dirigir sob
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influéncia de élcool ou de qualquer substancia psicoativa que determine
dependéncia é infracdo de natureza gravissima”. Apesar disso, estudos
nacionais tém evidenciado grande prevaléncia no consumo de SPA no transito,
notadamente de cocaina e compostos anfetaminicos, utilizados principalmente
por motoristas profissionais para aumentar o estado de alerta fisico e mental
durante as jornadas de trabalho (Leyton et al., 2002; Souza et al., 2005; Leyton
et al., 2012; Zancanaro et al., 2012).

A evolugdo do numero de mortes por acidentes de transito no Brasil
chama a atencéo: em 1971, a taxa de mortes por acidentes de transito era de
11,1 a cada 100 mil habitantes, sendo que em 2010 passou para 22,5. O
estado de Santa Catarina destaca-se dentre os demais, pois nos anos de 2005
a 2007 possuia a maior taxa media de mortes a cada 100 mil/ hab. do pais
(33,1), seguido do Mato Grosso do Sul (30,4) e Parana (29,8). Além disso, a
maior parte dos municipios com as maiores taxas de morte no transito do pais
eram de Santa Catarina. (CNM, 2012). Apesar da expressiva contribuicdo
desse estado para os dados de mortes por acidentes de transito, na revisédo
bibliogréfica realizada nesta tese, ndo foram encontrados estudos que

correlacionem o uso de substancias e acidentes em Santa Catarina.

De modo geral, apesar do grande numero de vitimas fatais no transito
nacional, poucos estudos foram encontrados acerca do tema. Dentre esses,
Silva e colaboradores (2003) analisaram 728 amostras de urina de motoristas
de caminh&@o das regifes Nordeste, Sudeste e Sul do pais e evidenciaram a
presenca de anfetamina ou cocaina em 5,4% das amostras (Silva et al., 2003).
Em 2004, Yonamine analisou amostras de urina (n=558) e saliva (n=559)
coletadas aleatoriamente de motoristas de caminhdes nas rodovias de S&o
Paulo, tendo encontrado positividade para anfetamina ou benzoilecgonina
(metabdlito da cocaina) em 2,5 % das amostras de urina e para anfetamina ou
cocaina em 1,2 % das amostras de saliva (Yonamine et al., 2004). Em 2005,
Souza e colaboradores entrevistaram 260 motoristas de caminh&o do Estado
do Mato Grosso do Sul e identificaram uma prevaléncia de 11,1 % no consumo
de estimulantes anorexigenos (DIE e FEN), sendo de 77,1 % a taxa de

utilizacdo destes medicamentos seis ou mais vezes na semana (Souza et al.,
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2005). Em estudo posterior, realizado por Nascimento e colaboradores (2007),
com 91 caminhoneiros do Estado de Minas Gerais, 66 % deles informaram
utilizar anfetaminicos durante os percursos de viagem, sendo tais substancias
adquiridas de forma ilicita em postos de combustiveis e até mesmo nas
empresas transportadoras. Dos caminhoneiros usuarios de anfetaminicos, 27
% relataram o envolvimento em acidentes de transito decorrentes do uso

destes farmacos (Nascimento et al., 2007).

Estudos realizados em Porto Alegre, Rio Grande do Sul, investigando a
prevaléncia de fatores relacionados com alcool ou drogas de abuso e acidentes
de transito em 609 vitimas atendidas em duas emergéncias da capital,
demonstraram que entre os motoristas, 7,8 % apresentaram resultados
positivos para a presenca de A&lcool no sangue e 13,3 % apresentaram
resultados positivos para o consumo de Cannabis (De Boni, et al., 2011). Outro
estudo do mesmo grupo de pesquisadores avaliou o uso de substancia entre
motociclistas envolvidos em acidentes de transito admitidos em salas de
emergéncia em Porto Alegre. Os resultados toxicologicos revelaram
prevaléncia de: 5,3 % para o uso de Cannabis; 9,2 % para uso de cocaina, 3,2
% para uso de benzodiazepinicos e 7% para o uso de &lcool (Breitenbach et
al., 2011)

Em 2012, Zancanaro e colaboradores investigaram a presenca de 32
SPA em 2235 amostras de fluido oral de condutores em rodovias federais em
24 estados brasileiros. Dessas, 236 (~10 %) apresentaram resultados
toxicologicos positivos, sendo cocaina (47,5 %) e compostos anfetaminicos
(25,4 %) as substéncias mais prevalentes. No mesmo ano, Leyton e
colaboradores publicaram estudo relativo ao uso, por motoristas de caminhé&o,
de cocaina, anfetaminicos e canabindides nas estradas do estado de S&o
Paulo. Amostras de urina com resultados toxicolégicos positivos foram
encontrados em 42 (9,3 %) dos 452 motoristas que concordaram em participar
do estudo apontaram. Dentre o0s compostos investigados houve uma
prevaléncia de 26 (5,8 %) para anfetaminicos, 10 (2,2 %) para cocaina e 5 (1,1

%) para canabindides.
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Apesar de atualmente ndo ser comercializada no Brasil nenhuma
especialidade farmacéutica contendo o farmaco anfetamina (Brasil, 2002),
alguns derivados anfetaminicos, tais como o FEN, a selegilina, o clobenzorex,
o mefenorex dentre outros, sdo metabolizados a anfetamina durante a sua
biotransformac¢do no organismo (AGSA, 2006). Assim, os resultados positivos
para anfetamina obtidos nos estudos com amostras de urina acima citados
podem refletir a utilizagdo de outras substancias. De fato, no estudo realizado
por Silva e colaboradores (2003), 52,7% das amostras de urina positivas para
anfetamina evidenciaram também a presenca de FEN, indicando que aquela

era originéria da biotransformagé&o desta droga (Silva et al., 2003).

Apesar de a pesquisa envolvendo o uso de &lcool e outras drogas no
transito brasileiro ter se desenvolvido consideravelmente nos Uultimos anos,
evidencia-se, ainda, a escassez de dados relativos as regiées do sul.
Considerando o alto impacto soOcio-econdmico dos acidentes de transito,
destaca-se a necessidade do conhecimento do perfil de uso de substancias no
transito desses Estados. Para viabilizagdo desses estudos é necessério
desenvolver e validar métodos, garantindo a qualidade das medi¢des
analiticas, sua comparabilidade, rastreabilidade e credibilidade. Cabe ressaltar
que em toxicologia analitica, quando se trata de analises no ambito forenses,
os resultados normalmente possuem implicagéo legal e buscam estabelecer
relacdo de causa e efeito; apontar para a licitude ou ilicitude da substancia e/ou
da situacdo; auxiliar na inteligéncia policial; investigar o perfil quimico e as
tendéncias do uso e do tréfico, dentre outros. Por questbes de principio geral,

cientifico, ético e legal, tais resultados devem ser inequivocos e incontestaveis.

3.3 Matrizes bioldgicas para estudo de ATS

Tradicionalmente, a urina tem sido o exemplo mais comum de matriz
biologica selecionada na triagem do uso recente de drogas de abuso, pois é
uma das matrizes com menor numero de interferentes endégenos, uma vez

que € constituida principalmente por 4gua. Além disso, quando comparada ao
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sangue, a urina frequentemente apresenta concentragbes mais altas de

xenobidticos e/ou seus produtos de biotransformacao (Moreau, 2008).

A utilizacdo das matrizes convencionais, sangue e urina, foi
complementada pela incorporacdo do fluido oral o qual reflete o perfil de
concentragdo e tempo da droga no sangue (Kankaanpaa et al., 2004). O fluido
oral, que consiste de saliva e outros fluidos e substancias presentes na
cavidade oral, é considerado como a principal matriz alternativa ao sangue
para a deteccdo do uso recente de medicamentos e drogas de abuso
(Concheiro et al., 2007). A utilizagéo do fluido oral para a monitorizagédo do
consumo de drogas no transito apresenta uma série de vantagens sobre as
matrizes tradicionais, e vem sendo empregada em diversos paises do mundo
(Samyn et al., 2002; Bernhoft et al., 2005; Toennes et al., 2005; Wylie et al.,
2005; Drummer et al., 2007). Dentre as vantagens dessa matriz destaca-se a
coleta facil e ndo invasiva, podendo ser realizada no préprio local da
abordagem, sob vigilancia e sem constrangimentos, além do fato de fornecer
informagé&o sobre o consumo recente (algumas horas) de SPA. Ainda, no fluido
oral encontram-se basicamente as SPA na forma inalterada, tendo sua analise
facilitada (Drummer 2006; Concheiro et al, 2007). As desvantagens
apresentadas pelo fluido oral, como o elevado contetdo glicoprotéico (mucina),
reduzido volume de amostra e baixa concentracdo de farmacos, podem ser
suplantadas pela utilizacdo de métodos adequados de extragcdo e preé-
concentracdo dos analitos, como a SPME, unidos a técnicas sensiveis de
deteccéo, tais GC-MS e LC-MS/MS (Yonamine, 2004).

Amostras de sangue e seus derivados (soro ou plasma) séo de especial
importancia nas andlises toxicoldgicas, pois por intermédio dos niveis
sanguineos de determinados xenobibticos quase sempre é possivel realizar
correlagdes com os efeitos dessa substéncia sobre o organismo (Moreau,
2008). A droga no sangue costuma equilibrar-se rapidamente nas células
sanguineas e nas proteinas plasmaticas. Portanto, qualquer fluido (sangue
total, plasma ou soro) pode ser utilizado para refletir o perfil sistémico temporal

do analito (Tozer e Rowland, 2009).
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3.4 FalsificagOes de ATS

Com as medidas restritivas aplicadas pela ANVISA relativas a
comercializagdo dos medicamentos anorexigenos (Brasil, 2011), ocorreu o
aumento do numero de apreensdes de medicamentos a base de ATS suspeitos
de falsificagdo. Por definigdo, medicamentos falsificados s&o produtos
farmacéuticos que “foram rotulados de forma errbnea - deliberada e
fraudulentamente — no que diz respeito a identidade e/ou & origem" (WHO,
1999). A producdo de medicamentos falsificados é um problema criminal e
sanitario, acarretando sérios riscos a saude publica no mundo todo. Na
tentativa de combater este fendmeno, a Organizagcdo Mundial da Saude (OMS)
criou em 2006 uma coalizdo global denominada IMPACT (International Medical
Products Anti-Counterfeiting Taskforce). O grupo tem trabalhado na formagéo
de colaboragéo internacional para buscar solugdes globais para este desafio
bem com na conscientizagdo sobre os perigos da contrafacgcdo de produtos
farmacéuticos (WHO, 2008).

As analises envolvendo a verificagdo e a comprovacgao da falsificacdo de
um medicamento representam um desafio aos analistas forenses: tanto os
produtos de origem natural quanto os sintéticos constituem-se, normalmente,
de misturas complexas que raramente contém a droga isolada. Além disso,
salienta-se as condi¢es de producgéo peculiares dos laboratdrios clandestinos,
isentos de controle de qualidade na produgéo, sua composi¢cao quimica exibe
grande variabilidade (Ensing et al., 1992; Dams et al., 2001; UNODC, 2005;
Andersson et al., 2007; Lociciro et al., 2007; Lociciro et al., 2008; Weyermann
et al., 2008; Marquis et al., 2008; Dujourdy et al., 2008).

Conforme Ortiz (2013), de modo geral, a analise da falsificacdo de um
medicamento fundamenta-se em uma comparagao entre o produto original ou
dados da literatura e o produto questionado. A detecc¢éo da falsificagao inclui,

de uma maneira geral:
(1) exames macroscoépicos das embalagens e bulas;

(2) avaliacdo externa da forma farmacéutica, referentes aos aspectos

visuais e aspectos tecnoldgicos, gerando um perfil dos aspectos fisicos, e;
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(3) analises quimicas para caracterizacdo da formulagdo visando
identificar ou quantificar farmacos e adjuvantes tecnoldgicos. Estes exames

sdo executados cronologicamente.

Considerando a classe dos ATS classificados como anorexigenos, a
exemplo do FEN e da DIE, nenhum estudo envolvendo analises de
falsificacoes desses medicamentos foi encontrado na literatura. Assim, as
falsificagbes de medicamentos ATS representam um novo desafio as analises
forenses no que concerne ao desenvolvimento de método que facilite a
verificagdo da autenticidade ou inautenticidade de um medicamento apreendido
e a aplicacdo de ferramenta(s) estatistica(s) de analise que melhor se aplica(m)

ao tratamento dos dados experimentais gerados.

Considerando os dados citados, esta tese estudou a relagdo entre uso
de substancias e acidentes de transito; desenvolveu e validou método para
deteccéo e quantificacdo de ATS em fluido oral e plasma e avaliou o perfil de

falsificacOes de medicamentos a base de ATS.
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of pharmacokinetics, pharmacodynamics and toxicological

aspects




Capitulo |

Manuscrito |

A seguir encontra-se artigo intitulado “Amphetamine-type medicines: a
review of pharmacokinetics, pharmacodynamics and toxicological aspects”
Este artigo traz uma revisdo atual dos principais aspectos farmacocinéticos,

farmacodinamicos e toxicologicos de MPH, FEN e DIE.

Este artigo foi aceito para publicagdo na revista Current Clinical

Pharmacology. A versdo completa pode ser acessada no sitio do periédico.
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Current Clinical Pharmacelogy, 2013, §, 000-000 1

Amphetamine-Type Medicines: A Review of Pharmacokinetics, Pharma-
codynamics, and Toxicological Aspects

K.C. Mariotti®, L.G. Rossato®, P.E. Froehlich® and R.P. Limberger™*

“Programa de Poés-Graduagdo em Ciéncias Farmacéuticas, Faculdade de Farmdcia, Universidade Federal do Rio
Grande do Sul, Brazil; bREQL‘IMTE, Laboratério de Toxicologia, Departamenio de Ciéncias Biologicas, Faculdade de
Farmdcia, Universidade do Porto, Portugal

Abstract: Amphetamine-like drugs are sympathomimetic agents with marked central and peripheral stimulant properties.
Despite the street illegal drugs such as amphetamime and ecstasy, some amphetamine-like compounds are also legally
marketed under medical prescription in the treatment of attention deficit-hyperactivity disorder (methylphenidate) and
obesity/overweight (fenproporex and diethylpropione). However, sumilar with what happens with their illicit analogues,
therapeutic amphetamine-like drugs also share important toxicological risks. Although methylphenidate is considered the
first choice 1 the treatment of attention deficit-hyperactivity disorder, 1ts high popularity among teenagers and children 1s
raising concern in the medical community. Regarding weight-loss purposes, the use of amphetamine-like compounds are
very controversial, though Thus, the present review will address pharmacokinetic, pharmacodynamic, and toxicological
aspects of amphetamine-like compounds used with therapeutic aims.

Keywords: Amphetamine, amphepramone, diethylpropione, fenproporex, methylphenidate, stimulants.
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5 MANUSCRITO Il — Drug usage, age and sex of persons killed

in traffic accidents in State of Santa Catarina, Brazil




Capitulo 11

Manuscrito Il

A seguir encontra-se artigo intitulado “Drug usage, age and sex of
persons killed in traffic accidents in State of Santa Catarina, Brazil”, submetido
ao periédico Accident Analysis & Prevention. Esta € a versdo corrigida enviada

a revista apos sugestdes de seus revisores.

Este estudo foi desenvolvido junto ao IGP-SC e avaliou o perfil dos
condutores envolvidos em acidentes de transito que resultaram em vitimas
fatais nagquele estado, tendo como variaveis de estudo: uso de drogas; idade e
sexo. Destaca-se neste estudo a prevaléncia de amostras toxicologicas
positivas em 11,9% dos casos, sendo canabindides (42 %) e cocaina (29,4 %)
as substancias mais prevalente, seguida de antidepressivos (10,3 %),
anfetaminicos (9,5 %), benzodiazepinicos (7,1 %) e barbitdricos (1,6 %). A
maioria das vitimas (44 %) eram jovens entre 16 e 30 anos e do sexo

masculino.
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DRUG USAGE, AGE AND SEX OF PERSONS KILLED IN TRAFFIC
ACCIDENTS IN THE STATE OF SANTA CATARINA, BRAZIL
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Pedro Eduardo Froehlich®; Renata Pereira Limberger®
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Abstract

According to statistics provided by the Department of Forensic Toxicology and
the Forensic General Institute of the State of Santa Catarina, Brazil, a total of
1,682 victims were killed in traffic accidents over the approximately two years
from June 2008 to November 2010. Forensic autopsies were completed for a
total of 941 cases (56%), and urine was sent for toxicological analysis. Positive
toxicology results for 112 samples (11.9%) revealed that the majority of subjects
were males (n=92; 82.1%) between 16 to 30 years of age (44%). In addition,
positive tests for one or more drugs showed that cannabinoids had the highest

prevalence (n=53; 42%), followed by cocaine and its metabolites (n=37; 29.4%),
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antidepressants (n=13; 10.3%), amphetamines (n=12; 9.5%), benzodiazepines
(n=9; 7.1%) and barbiturates (n=2; 1.6%). In the 14 cases with (13%) poly-drug
results, the most frequent combination was cocaine and cannabinoids (n=8).
Even without taking alcohol use into account, the prevalence of drug use in
cases of traffic accidents is alarming. Our register-based study shows a large
and increasing prevalence of drug use in fatal traffic accidents in the state of
Santa Catarina (SC). These data are consistent with other Brazilian studies and
show that driving under the influence of drugs (DUID) is a major public health

problem.

Keywords: DUID; Driving; Drugs; Fatal traffic accidents.

1. Introduction

Driving under the influence of drugs (DUID) is a significant global problem and
is still among the leading causes of car accidents and casualties (Walsh et al.,
2005; Ronen et al., 2010; Zhuo et al., 2010). According to the Global Status
Report on Road Safety: Time for Action (WHO, 2009), reported road traffic
fatalities in Brazil in 2006 numbered 35,155 (82% males, 18% females). In
Santa Catarina (SC), one of the smallest Brazilian states, the number of traffic
fatalities is very high, with a prevalence of 31/100,000 inhabitants (CNM, 2009).

Many studies on the prevalence of DUID have been completed in European
countries, Australia and the United States (Drummer et al., 2004; Holmgren et
al., 2005; Holmgren et al., 2008; Elliott et al., 2009; Steentoft and Linnet, 2009;
Jones et al., 2009; Musshoff and Madea, 2010; Jones et al., 2011). One study
investigated the incidence of alcohol and drug use by 3,398 fatally injured
drivers in Australia between 1990-1999. The prevalence of alcohol, drugs
(other than alcohol) and psychotropic drugs was 29.1%, 26.7% and 23.5%,
respectively. It was observed that the presence of Cannabis and opioids
increased throughout the decade, while alcohol use decreased (Drummer et al.,
2003).
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In mid-2009 in Victoria, Australia, drug tests on the blood from 1,714 injured
drivers taken to the hospital revealed that alcohol (0.01 g/100 mL) was present
in 29% of the samples and drugs were present in 35% of the samples
(Drummer et al., 2011). In South Australia, blood samples from 2,500 injured
drivers were analyzed for alcohol, cannabinoids, benzodiazepines and
stimulants. Drivers who tested positive for alcohol only, benzodiazepines only
and the combinations of alcohol and THC or alcohol and benzodiazepines were
significantly more likely to be culpable for the crash when compared with the
drug-free group (Longo et al., 2001). In five Nordic European countries between
the years 2001 and 2002, blood samples from drivers that died within 24 h of
their accident demonstrated that 60% of the drivers in single vehicle crashes
had drugs in their system, compared to only 30% of drivers killed in collisions
with other vehicles (Morland et al., 2011).

It is known that impaired brain function after exposure to psychoactive drugs is
linked to a variety of traffic accidents (Zhuo et al., 2010). There is a strong
relationship between drug use and increased crash culpability; furthermore, key
factors of the DUID offender in crash causation include age, ethnicity,
education, employment status, income and marital status (Nochajksi and
Stasiewicz, 2006; Berghaus et al., 2007; Watling and Freeman, 2011). These
factors have a significant influence on the occurrence of traffic accidents and

are of fundamental importance for road safety.

Unfortunately, data reports regarding the prevalence of DUID in Brazil are
lacking. There are only a small number of epidemiological studies that have
focused on toxicological analysis (Leyton et al., 2011), despite a high number of
deaths due to traffic accidents in the country. These missing analyses represent
an obstacle in the elucidation of local risk factors associated with fatal traffic
accidents. Thus, this study was developed to consolidate data reports and aid in
the implementation and development of public prevention policies to increase

road safety.

2. Materials and methods
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In this study, we estimated risk factors (Berghaus et al., 2007) using the
Department Forensic Toxicology (DFT) database. The urine samples of fatal
traffic accident victims were processed at DFT. The individual substances
assessed included cocaine and its metabolites, cannabinoids, antidepressants,
barbiturates, benzodiazepines, amphetamines and opioids. This study focused
on the statistical descriptive analysis of data extracted from the DFT using the
means, medians, and standard deviations. We compiled data regarding the
drug use prevalence, age and gender of fatal traffic accident victims throughout
the state of SC.

3. Results

SC has a total population of 6,248,436 and is one of the smallest Brazilian
states. Despite this fact, the rate of traffic fatalities is one of the largest in Brazil
and is estimated at 31/100,000 inhabitants (CNM 2009). These data provided
the motivation for this research. In each Brazilian state, a central forensic
laboratory performed a full toxicological investigation on all driver fatalities
irrespective of type or cause. In SC, 1,682 people were killed in road traffic
crashes (including cases of trampling) between June 2008 and November 2010
(Figure 1). After considering the circumstances of the accident and the victim's
condition, 941 urine samples were analyzed. This total case number was used

in all statistical analyses.
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Figure 1. The number of victims in fatal traffic accidents between June 2008
and November 2010.

The age distribution of the traffic victims is shown in Figure 2. The age group
that showed the highest mortality rate in traffic accidents was 16 to 30 years of
age. This group was responsible for 44% of the total deaths.

18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

Figure 2. The number of traffic accidents based on age group.
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Among the 941 cases, the toxicological tests yielded positive results in 112
samples (11.9%). Toxicological analyses were performed for cocaine and its
metabolites, cannabinoids, antidepressants, barbiturates, benzodiazepines,
amphetamines and opioids. The most frequently detected substance was
cannabinoids (n=53; 42%), followed by cocaine and its metabolites (n=37;
29.4%), antidepressants (n=13; 10.3%), amphetamines (n=12; 9.5%),
benzodiazepines (n=9; 7.1%) and barbiturates (n=2; 1.6%) (Figure 3). Opioids

were not detected in any of the samples analyzed.

Poly-drug use was present in 14 cases (13%). Of these 14 cases, the
simultaneous presence of cocaine and cannabinoids was observed in 8 cases,
of cocaine and antidepressants in 2 cases, of cannabinoids and amphetamines
in 2 cases, of benzodiazepines and antidepressants in 1 case and of

amphetamines, barbiturates and antidepressants in 1 case.

37

20 2 13 _— u

Figure 3. The prevalence of drug use among traffic accident victims.

We evaluated the relationship between gender and the two most frequently
detected drugs. The number of males that died in traffic accidents and tested
positive for cocaine or cannabinoids was 50 and 33, respectively. The number
of women that tested positive for cocaine and cannabinoids was 4 and 3,

respectively (Figure 4).
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Figure 4. Sex ratios among traffic accident victims who tested positive for
cannabinoids and cocaine.

The percentages of positive toxicological results based on sex and drug type
are summarized in Figure 5.

AMP, 9.5%
BARE; 1.6%
BZO; 7.1%

M
(82.1%)

CNE; 42%

Negative
(88.1%)

COC; 294%

TCA; 10.3%

M: male; W: women; U: unknown; AMP: amphetamines; BARB barbiturates; BZO: benzodiazepines; COC: cocaine; TCA: antidepressants;
CNB: cannabinoids.

Figure 5: The results of an analysis of the DFT database.

4. Discussion

The research on alcohol and/or psychotropic drug use related to traffic
accidents in Brazil is still lacking when compared with the international

contributions to the subject. Indeed, Brazil is currently working to form an
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appropriate framework of epidemiological information that can guide public

policy (Paula et al., 2010).

The data collection conducted for this study can aid in the development of
national data to support legal sanctions, deterring future DUID behavior. In
addition, these data can be used in rehabilitation programs aimed at educating
DUID offenders about the risks of DUID and/or treating underlying cases of

substance abuse (Nochajksi and Stasiewicz, 2006).

The incidence of fatal traffic accidents between June 2008 to November 2010 in
the State of SC were evaluated. A total of 1,682 cases of traffic deaths were
recorded in the DFT database, but only the 941 cases with samples collected
for toxicological analysis were used in our statistical analysis. Important data
inclusion criteria were complete police reports and the good condition of the
specimens collected. In many cases, toxicological tests were not possible
because of low sample volume or the lack of a sample due to the extent of the
trauma. Only cases with sufficient urine sample analysis were evaluated in this
study. Of the 914 samples, 11.9% of the toxicological tests were positive. This
finding is in agreement with other studies that reported a prevalence of drugs
other than alcohol in fatally injured drivers of between 6 and 37% (Siegel, et al.,
2000). Drug use in Brazil has followed international trends (Ojaniemi et al.,
2009; Musshoff and Madea 2010; Senna et al., 2010; Drummer et al., 2011). By
far the most common drug found in fatally injured drivers was cannabinoids
(42%), followed by cocaine (29.4%) and other psychoactive medicinal drugs
with a warning label. These findings were particularly pronounced in the
younger age group. These observations suggest that collision prevention efforts

should be targeted to these age and drug groups.

DUID is an important road safety problem, and the characteristics of drivers
impaired by alcohol or drugs are relevant for targeted interventions (Vaez and
Laflamme 2005). There are various ways in which drugs may impair driving
skills, including decreasing alertness, degradation of motor skills, reducing
visual acuity and degradation of judgment and decision-making (Augsburger
and Rivier 1997; Morland et al., 2011).
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According to the Brazilian Traffic Code, driving under the influence of alcohol or
other addictive psychoactive substances is a grave offense (Brasil, 1997). Since
a “zero tolerance” policy was adopted in 2008, it has been forbidden to drive
with any level of alcohol present in the blood in Brazil (Brazil, 2008). The newest
Brazilian law in the 165th article of the Road Traffic guidelines states that
driving under the influence of alcohol (at any concentration per liter of blood) or
psychoactive substances that may cause dependence is a very serious offense,
subject to fines, suspension of the driver’s license for twelve months, seizure of
the car until an authorized driver is presented and retention of the driver's
license. Despite the legal means to monitor drivers suspected of being under
the influence of psychoactive substances, only the estimated amount of alcohol
can be assessed through the use of a breathalyzer. There are no regulated
methods for immediate analysis of drugs other than alcohol in Brazil. Therefore,
a driver that did not drink but used other drugs will be released for transit due to

lack of proof.

A great national problem is the lack of investment in public toxicological analysis
laboratories. Usually there is only one Department of Forensic Analysis for each
Brazilian State, which is insufficient to handle the huge demand of traffic
accidents and other fatalities. This leads to an overload for laboratories that

have a small amount of equipment and available professionals.

It is also necessary to develop methods that address the reality of the country’s
problem. Public agencies often use immunoassays for drug screening analysis.
These immunoassays were developed for analysis of amphetamine or
methamphetamine; however, one of the most consumed stimulants in local
traffic is diethylpropione, which is not metabolized to amphetamine and,
therefore, would not be detected in urine screening tests. This leads to
underestimated data as to the consumption of amphetamines. In addition,
methamphetamine is not a significantly used drug in Brazil. The immunoassays
for cocaine were developed focusing specifically on benzoylecgonine, the main
cocaine metabolite found in the urine. This is problematic because in Brazilian
contexts, there are many users that smoke cocaine, and cocaine
immunoassays do not detect the percentage of the drug degraded by pyrolysis

in the heating of cocaine base during crack smoking that results in the formation
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of an anhydroecgonine methyl ester, which is metabolized to anhydroecgonine.
These issues hinder the establishment of a risk factor profile that is associated
with traffic accidents in Brazil. Numerous factors should be considered and

overcome to develop routine drug testing procedures in Brazil.

These difficulties encountered in drug research deserve special attention from
public authorities. Indeed, there is an urgent need to develop and encourage

epidemiological studies based on toxicological analyses in Brazil.

5. Conclusions

Currently, the clinical and social effects of alcohol and other drug use in traffic
accidents are considered some of the most important problems of public
safety. The feasibility of testing for the use of psychoactive substances is
important for the control and prevention of drug use, and it is an area that

requires urgent national attention.

Specific measures should be developed for each Brazilian State. Therefore,
the assessment of traffic accidents is essential for the development and
implementation of prevention policies by national authorities based on localized

risk factors.

The results of our study indicate that a significant proportion of traffic accident
victims use medicine or illegal drugs that could impair driving ability. We found a
high prevalence of illegal drug use in fatal traffic accidents. Furthermore, our
data suggest that the younger male population deserves special attention in

prevention policies.
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6 MANUSCRITO Ill — Simultaneous analysis of
amphetamine-type stimulants in plasma by solid-phase
microextraction and gas chromatography-mass
spectrometry




Manuscrito Il

A seguir encontra-se disposto o artigo intitulado Simultaneous analysis
of amphetamine-type stimulants in plasma by solid-phase microextraction and gas
chromatography-mass spectrometry submetido a Journal of Chromatography B. O
artigo trata do desenvolvimento de um meéetodo de extragdo e quantificagdo
simultanea de AMP, FEN e DIE em plasma utilizando SPME seguida de andlise
por GC-MS. Esse trabalho representa o seguimento e a ampliacdo de uma
linha de estudo do Laboratério de Toxicologia, que iniciou-se com a analise
desses ATS em fluido oral. Considerando a maior complexidade do plasma,
otimizagdes e reconsidera¢cdes das condigbes experimentais foram essenciais
para a transposicdo do método do fluido oral para o plasma. Além do
desenvolvimento cientifico per se, a validacdo deste método visa sua aplicagdo

nas analises toxicoldgicas clinicas e forenses.
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Brazil is considered one of the world’s highest users of amphetamine-type-
stimulants (ATS), mainly diethylpropion (DIE), fenproporex (FEN). Most of the
ATS use is linked to diverted prescription stimulants and this misuse is widely is
associated with the consumption by drivers. A validated method for the
simultaneous analysis of amphetamine (AMP), DIE and FEN in plasma samples
employing direct immersion-solid phase microextraction (DI-SPME) followed by
gas chromatographic/mass spectrometric analyses (GC-MS) was developed. For
plasma deproteinization trichloroacetic acid 10 % was used. In situ derivatization
with propylchloroformato was employed. The linear range of the method varied
from 5.0 ng mL™" to 100 ng mL™". The detection limits were 1.0, 1.5, 2.0 ng mL""
for AMP, DIE and FEN respectively. Accuracy of quality control samples
remained within 85.58-108.33 % of the target concentrations. Precision has not
exceeded 15 % of the relative standard deviation and recoveries ranged from
46.35 to 84.46 %. This method is suitable to be used in screening and

confirmation in plasma forensic toxicology analyses of these basic drugs.

Keyword: amphetamine, diethylpropione, fenprorporex, amphetamine-type-

stimulants, validation.

1. Introduction

Brazil has been reported for 2009 high levels of consumption of
amphetamine-type-stimulants (ATS), being considered one of the world’s highest
users of ATS, mainly the anorectic drugs diethylpropion (DIE), fenproporex (FEN)
[1,2]. Most of the ATS use is linked to diverted prescription stimulants and this
misuse is widely associated with the consumption by drivers to increase the time

of alertness and due to other stimulants proprieties [3].

To monitor the use of ATS by drivers it is necessary to develop and valid
analytical methods. The scientific literature provides several studies on
amphetamines and designer drugs but it has been focused mainly on

amphetamine (AMP), methamphetamine, methylenedioxymethamphetamine and
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methylenedioxyamphetamine [4-13]. Despite of the large use of anorectic
amphetamine compounds, there are few analytical methods developed to detect
these drugs [14, 15].

Recently, our research group [14] developed a gas chromatography-mass
spectrometry (GC-MS) method for analysis of ATS in oral fluid using direct
immersion solid-phase microextraction (DI-SPME). In the present study the
method previously developed was adapted and validated to simultaneous
analysis of FEN, DIE and AMP applied to human plasma, which has been
undoubtedly considered to be one of the most suitable specimens for the
evaluation of driving impairment due to drug consumption [16]. This method
allows the dosages of these ATS in situations when is not possible to collect oral
fluid, for example: extensive trauma, coma or fatal victims. Whereas plasma is
more complex and complicated than oral fluid, optimization and reconsideration
of experimental conditions were essential for replace the analytical technical to

plasma matrix.

2. Materials and methods
2.1 Materials

AMP and AMP-D5 (internal standard, 1S) were purchased from Cerilliant (Round
Rock, TX, USA) as 1 mg mL™* methanol solutions. FEN and DIE were gently
donated by Aché (Guarulhos, SP, Brazil) and Novartis (Resende, RJ, Brazil).

2.2 Blank plasma

Drug-free EDTA-plasma samples were obtained from healthy male adults. The

specimens were pooled and frozen.

2.3 Standard solutions and work samples
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Individual stock solutions of the compounds were prepared in methanol, at a
concentration of 50 pg mL"' and stored at -20 °C. Working solutions were

prepared by appropriate dilution with methanol.

2.4 Selection of optimum condition for SPME

In order to find out the optimal SPME conditions were used a Central Composite
Design (CCD) employing two factor of variation: adsorption time and amount of

propylchloroformate (PRCF).

2.5 Extraction and derivatization procedure

A plasma sample (2 mL) was spiked with ATS. Protein precipitation was
performed with 1 mL of TCA 10 %. Sample was vortexed for 10 s and centrifuged
for 10 min at 3000xg. The supernatant was removed and buffered with a solid
system of Na,CO3 / NaHCO3 (9:1) in the quantity of 10 % (w/v). This procedure
increase sample pH to around 10.2. An aliquot of 1.5 mL was transferred to a 2
mL vial containing a magnetic stirring bar. A 10 pL of PRCL and 7 pL of a 10 pg
mL™ IS solution were added and vortex vigorously by 1 min. Then the ATS were
extracted by direct immersion of a SPME fiber (PDMS 100 pum) in sample solution

under magnetic stirring (1200 rpm) for 35 min, at room temperature (20 £ 2 °C).

2.6 GC-MS analysis

The analytical conditions, regarding the GC-MS were performed according to our
previous experience [14]. The analysis were carried out on a 7890A gas
chromatograph coupled to 5975C inert mass selective detector (Agilent
Technologies, Palo Alto, CA, USA) whit a 30 mx0.25 mmx0.25 pym 5 %
phenylmethylpolysiloxane column (HP-5MS, Agilent J&W Scientific, Folsom, CA,
USA). lons used for identification were (underlined ions were used for
quantification in the SIM mode): m/z 100, 105, 72 (DIE); m/z 130, 162, 91 (AMP
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propylcarbamate, AMP PROPYL); m/z 134, 167, 92 (AMP-D5 propylcarbamate,
AMP-D5 PROPYL); m/z 183, 97, 91 (FEN propylcarbamate, FEN PROPYL).

2.7 Method validation

Method validation was performed according to the FDA bioanalytical guideline
following the accepted criteria for bioanalytical method validation [17]. For this
purpose, the performance characteristics evaluated were selectivity, linearity,
limits of detection (LOD) and quantification (LOQ), recovery, precision and

accuracy (intra and inter-day).

The selectivity was evaluated by analysis of samples obtained from six different
volunteers with and without addition of analytes. Linearity was calculated by four
standard curves, run at different days and prepared in human drug-free plasma
by spiking blank plasma samples with reference compounds mixture to final
concentrations of 5, 6.25, 12.5, 25, 50, 100 ng mL™ of AMP, FEN, and DIE. The
analytical curves were obtained by plotting the peak area ratio between each
drug and AMP-D5 (IS) and analysis of variation (ANOVA) was performed on
natural logarithm (In)—transformed [14]. The intra and inter-day accuracy and
precision were evaluated by analyzing of plasma spiked at quality controls
concentrations (10, 40 and 80 ng mL™) on the same day (five replicates) and over
four consecutive days. Precision was expressed as relative standard deviation
(RSD) and accuracy was manifested as percent of theoretical concentration. For
the quantification, selected ion monitoring (SIM) mode was used and the selected
ions were m/z= 134.1 for AMP-D5, m/z= 130.1 for AMP, m/z= 97.1 for FEN, and
m/z= 100.1 for DIE. The limit of detection (LOD) was defined as the lowest
concentration of the drug resulting in a signal-to-noise ratio of 3:1. The lowest
quantification limit (LLOQ) was defined in a signal-to-noise ratio of 10:1 with
suitable precision (not exceed 20 % of the RSD) and accuracy (not deviate by
more than 20 %). The extraction recovery from protein precipitation was
estimated as a percentage by comparison between ratio peak area achieved
when plasma or water were spiked with the three target drugs at quality controls

concentration (10; 40 and 80 ng mL™) Analyses were performed in triplicates.

43



3. Results and discussion
3.1 Protein precipitation and buffer systems

For protein precipitation, two solvent precipitation, zinc sulphate 10 %
(w/v) in 0.5 M NaOH and trichloroacetic acid (TCA) 10 % and different proportions
(0.2; 0.25; 0.5; 0.75 and 1.0 mL) for 1 mL of plasma were tested. Among these
TCA 10 % in the ratio of 0.5:1 (v/v) was chosen because it provided a better
precipitation of proteins, low dilution of the sample and a recovery almost two
times higher than those achieved with zinc sulphate 10 % (w/v) in 0.5 M NaOH
(Figure 1). The procedure of deproteinization with TCA in plasma provide a
improve the matrix, and to concentrated free drugs, reduce viscosity and prolong

the service live of the fiber [18].

After selecting the solvent precipitation, four solid buffer systems in
different molar ratio to obtain a pH values above 10.0 were tested:
NazPO4/Na,HPO, (2:1); KoCO3/NaHCO3;  (2:1); Ko:POJ/KHPO,  (1:1);
Na,CO3/NaHCO3; (9:1). Among these Na,CO3/NaHCO; (9:1) system was chosen
because it increases sample pH to around 10 in a low quantity of 10 % (w/v). The
pH of sample is crucial for the SPME and it is explained theoretically by the
coupled extraction equilibrium and acid-base equilibrium [19]. For ATS, the value
of pH higher than 10 is essentials, because the high acid dissociation constants
of amphetamines. Since the SPME fiber coatings are neutral, the pH should be
adjusted such that the analyte of interest is also neutral. Recoveries of basic

analytes are enhanced by basic pH [20].

In order to increase matrix ionic strength and increase the absorbed
amount of ATS, the effect of sodium chloride in the quantity of 10 % (w/v) was
determined. In principle, the matrix should be supersaturated by this salt and the
salting-out effect is expected. However, the addition of salt reduced the recovery
in approximately 50 % of area of the ATS analyzed. In the combined base and
salt conditions, the extraction was worst than that obtained with pH alone. The
reason is at basic condition, the saturated salt hinders the shift of the ionized form
of ATS towards the neutral form, which has a higher affinity for the fiber [21].

Moreover the effect of pH is more clearly than the effect of salt in plasma matrix,
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this result may be related with the salt interference on decrease of pH that is

critical for basic compounds [19, 22].
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Figure 1: Peak area comparison of FEN, DIE and AMP after plasma precipitation
with TCA 10 % or zinc sulfate 10 % in 0.5 M NaOH.

3.2 SPME conditions: adsorption time and amount of PRCF

For SPME of ATS in biological materials by GC-MS, derivatization
procedure is necessary to obtain good accuracy and sensitivity, because a free
base can be easily adsorbed to an injection port, column and surface of every
gas route [23]. In polar compounds such ATS the conversion of polar amino
groups into less polar analogues increase their portioning to the fiber coating,
thus enhancing the amount of drug extracted [24]. Also the amount of PRCF must
be carefully observed to minimize the damage to the fiber and maximize the

reaction [23].

Therefore the amount of agent of derivatization added to the reaction
medium and the extraction time are prerequisites for method optimization. The
evaluating of these variables was performed by analysis of peak area of ATS in
thirteen different analytical runs provided by a CCD. Experimental designs are
tools that offer a fast and reliable optimization of an analytical method. In this
study CCD provide the most favorable conditions of derivatization and extraction

procedures (Figure 2).
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It is possible observe that DIE, AMP and FEN show a similar behavior in
face of the changes made in the variables under study. Therefore the statistical
and experimental condition most favorable for analysis was 10 uL of PRCL and

35 min for extraction.
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Figure 2: Central composite design of variables adsorption time and amount of

PRCEF: a) DIE; b) FEN; c) AMP.

3.3 Validation Parameters

The evaluation of selectivity demonstrated that there were no coeluting
compounds in the same retention time of the target compounds. Also No carry
over with the desorption time of 15 min at 260 °C was observed when the fiber

was re-tested after sampling-desorption of 100 ng mL™" sample.

The method was validated over 4 days using six different concentrations along

the analytical curve of each drug. The linear range of the method varied from 5.0
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ng mL™" to 100 ng mL™" calculated by studying the regression significance and
the linearity deviation of the matrix-matched analytical curves by ANOVA,
considering a p < 0.05 as significant. The statistical analysis was performed with
mathematical transformations by applying natural logarithm for both
concentrations (x) and peak area ratios (y). The observed method accuracy was
within 85.58-108.33 % of the target concentrations. The relative standard
deviation (RSD) of intra and inter-day validation data did not exceed 15 %. These
data are shown in Table 1.

Table 1: Accuracy (%) and precision (RSD) of the proposed method.

ATS Low QC Middle QC High QC
Intra-day (n =5) Inter-day (4 days; n=8) Intra-day (n =5) Inter-day (4 days; n=8) Intra-day (n =5) Inter-day (4 days; n=8)
Accuracy (%)  RSD (%) Accuracy (%) RSD (%) Accuracy (%) RSD (%) Accuracy (%) RSD (%) Accuracy (%)  RSD (%) Accuracy (%)

AMP 86.26 9.75 90.19 7.13 101.41 14.96 94.72 14.22 85.68 727

DIE 93.19 14.33 86.76 6.50 106.34 14.99 104.51 7.03 94.16 10.05

FEN 89.21 13.07 99.45 12.88 108.33 4.77 105.33 7.90 85.58 7.53

The LOD in plasma ranged depending on the ATS, as showed in Table 2. The
lowest validation point for these ATS (5.0 ng mL™") was found to be the lower limit
of quantification (LLOQ) with a (S/N) ratio of 10:1 (Table 2).

Table 2: Limits of detection (LOD), Pearson correlation coefficients (r), lower
(LLOQ) and upper (ULOQ) limits of quantification for calibration results (n = 6).

ATS r LOD (ngmL™) LLOQ (ngmL™) ULOQ (hgmL™)
AMP 0.9855 1.0 5.0 100
DIE 0.9948 1.5 5.0 100
FEN 0.9959 2.0 5.0 100

The recovery varied from 46.35 to 84.46 % (Table 3). DIE had better recovery
than AMP and FEN. It seems to be due to DIE is not derivatized in the reaction
medium and therefore DIE could access the fiber more quickly and/or with

greater fiber affinity than the others compounds.
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Table 3: Recovery (n=3) of ATS from aqueous medium.

ATS Low QC Middle QC High QC

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)
AMP 54.58 3.09 62.21 14.17 68.01 14.32
DIE 69.51 13.98 83.47 7.18 84.46 8.13
FEN 46.35 12.77 67.00 13.34 69.42 14.88

The determination and quantification of FEN, DIE and AMP is required
considering: (1) the few available methods in the scientific literature; (2) the large
use of these drugs by drivers in Brazil; (3) the recent prohibition of use and
commercialization of FEN and DIE by Brazilian Sanitary Surveillance Agency
(ANVISA) [25] and (4) the fact that in Brazil the annual number of blood samples
analyzed for drugs other than alcohol has been very limited over the years, being
necessary to provide tools to enable the plasma analysis. Also can be highlighted
that knowledge about the concentrations of a psychoactive substance in blood or
plasma is necessary to permit drawing conclusions about the likely effects on the
individual, the risk of any drug—drug interactions and whether the concentrations
in blood are unusually high or low compared with many controlled dosing studies
[26].

Considering that driving under influence of drug is a global significant problem
and is still among the leading causes of car accidents and casualties [27-28]
efforts should be made to developed analytical methods that are enable to

monitoring the use of ATS by traffic drivers.

4. Conclusion

This study developed a validated method for simultaneous determination of AMP,
FEN and DIE in plasma sample using SPME combined with CG-MS. This method
has been optimized for maximum extraction of analytes using this simple and

solvent free extraction SPME technique, involving only the addition of small
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amounts of derivatizing agent to produce volatile analytes needed for GC-MS.
The recovery, precision and accuracy are satisfactory. The method sensitivity is
suitable to be used in forensic toxicology for the quantitation of drugs usually

encountered in biological samples of Brazilian drivers.
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7 MANUSCRITO IV — Development and validation of a
method for simultaneous determination of fenproporex,
diethylpropione and methylphenidate in oral fluid by liquid-

chromatography/tandem mass spectrometry




Capitulo 1l

Manuscrito IV

A seguir encontra-se artigo intitulado Development and validation of a
method for simultaneous determination of fenproporex, diethylpropione and
methylphenidate in oral fluid by liquid-chromatography/tandem mass
spectrometry submetido & Journal of Chromatography B. Este artigo tem como
enfoque o desenvolvimento e a validacdo de metodologia para andlise
simultanea de FEN, DIE e MPH em fluido oral utilizando LC-MS/MS. O método
desenvolvido foi linear, sensivel, especifico, com precisdo e exatiddo
consideradas adequadas conforme limites determinados pelas guias de

validagdo bioanalitica.

A escolha do fluido oral como matriz biolégica de estudo considerou as
vantagens oferecidas para futura aplicacdo em andlises do transito brasileiro,

tanto com propositos clinicos quanto toxicolégicos.
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Abstract

A liquid-chromatography tandem mass spectrometry (LC-MS/MS) method has
been developed and validated for quantification of three amphetamine-type
stimulants (ATS) in oral fluid (OF), including fenproporex (FEN), diethylpropione
(DIE) and methylphenidate (MPH) which are misused by some Brazilian's
drivers and have potential dangerous consequences in road traffic. In this
method the OF was extracted by a simple and fast liquid-liquid extraction using
acetonitrile. Calibration curves were linear throughout the concentration range
from 2.5-90 ng/mL in OF, using internal standard. The lower limit of
guantification and the limit of detection were 2.5 and 0.5 ng/mL respectively for
all ATS. Intra- and inter-assay precision and accuracy values were within
regulatory limits. Matrix effect and carry-over were not detected. The present
analytical method was considered simple and sensitive for simultaneous

determination of FEN, DIE, and MPH in OF and suitable for forensic toxicology.

Keywords: fenproporex; diethylpropione; methylphenidate; oral fluid; liquid-

chromatography tandem mass spectrometry.

1. Introduction

The global consumption of amphetamine-type stimulants (ATS) has increased
over the last two decades, being the second most commonly used drugs of
abuse in the world and an important public health concern due to a variety of
consequences linked with their use, including road-traffic accidents [1]. ATS
drugs are generally used by drivers of motor vehicle for its sympathomimetic
activity in order to stay awake for excessive hours while driving for long periods
[2,3]. On the other hand, this is usually followed by an emotional instability,
blurred vision, and fatigue, causing certain degree of impairment or a

diminished capacity to drive safely [4,5].

Brazil has one of the highest rates of ATS users worldwide, mainly
diethylpropione (DIE), fenproporex (FEN) [1,6], and more recently the stimulant
methylphenidate (MPH), which has been consumed by road-traffic drivers [7].

Preventive and punitive actions has been implemented by the Brazilian
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government in order to reduce the incidence rates of traffic accidents related to
the use of psychoactive drugs. For this purpose, exploratory programs have
been undertaken using screening tests in order to identify in loco drivers under
the influence of drugs. Positive cases are subjected to a confirmatory analysis,
which would include gas and, more recently, liquid chromatography coupled to
mass spectrometry. Using these techniques, the chemical identity of the
analyzed drug could then be confirmed (and also quantified) in different
biological matrices. The matrices of choice for these cases traditionally are
blood and urine. However, oral fluid (OF) has been used as an alternative
matrix because a wide range of drugs are excreted on this fluid at
concentrations comparable to found in the other matrices [7-15], a non-invasive
sampling, with reduced risk of adulteration, and because OF can be used for
both road-site tests and laboratory analysis, increasing the degree of
confidence of the obtained data [8,9,15,16].

Considering the need for efficient control of stimulants compounds in road
traffic, the importance and the advantages to use OF for monitoring drug use in
official control programs was developed a simple and sensitive analytical
method for simultaneous determination of FEN, DIE and MPH in OF. In
addition, this method was validated according to FDA bioanalytical guideline
[17] and was able to accurately quantify these analytes at very low

concentrations, with low consumption of sample and solvents.

Finally, it is important to highlight that despite of the high rates of use ATS, few
studies about analytical purposes of stimulant anorectic drugs were found
[7,18]. Most of the reports are focused on amphetamine and designer drugs,
like methamphetamine, methylenedioxymethamphetamine and

methylenedioxyamphetamine [9,10, 19-26].

2. Materials and methods
2.1. Chemicals and standards

Acetonitrile, HPLC grade, was purchased from Merck (Darmstadt,Germany);
methanol, HPLC grade, from J.T. Baker (Deventer, HO); formic acid (88%),

analytical grade, from Sigma-Aldrich (Piscataway, NJ, USA); ammonium
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formate, sodium carbonate (Na,COs), and sodium bicarbonate (NaHCO3),
analytical-reagent grade, from Fluka (Buchs, Switzerland). Water was purified in
a Milli-Q system (MilliporeCorporation,Bedford,MA) to obtain analytical grade.
DI-threo-MPH HCI (M.W. 269.8 g/mol, freebase 233.3 g/mol), was gently
donated by Novartis (Resende, RJ, Brazil) and FEN.HCL (M.W. 224.73 g/mol,
freebase 188.27 g/mol) and DIE.HCL (M.W. 241.76 g/mol, freebase 205.30
g/mol) were gently donated by Aché (Guarulhos, SP, Brazil). Propranolol
(PROP.HCL) (M.W. 295.34 g/mol, freebase 259.34 g/mol) was purchase from
Changzhou Yabang Pharm (Changzhou, China), and was used as internal
standard (1S).

2.2. Solutions

Standard stock solutions were prepared separately at 50 pg/mL in methanol.
Working solution was prepared daily as mixtures of FEN, DIE and MPH at 500
ng/mL by dilution in methanol. IS working solution was prepared at 1 pg/mL in
methanol. All solutions were stored at —20 °C. The mobile phases consisted of
ammonium formate buffer (10 mM ammonium acetate and 0.1 % formic acid)
for solvent A and acetonitrile with ammonium acetate 10 mM and 0.1 % formic
acid for solvent B. A gradient chromatography consist in: 90 % solvent A over 8
min; 90 % solvent B over 2 min and 90 % solvent A over 5 min. A flow-rate of

0.4 mL/min at 20 °C was used.

2.3 Quality controls and sample preparation

Blank oral fluid was obtained from different volunteers who had not taken the
compounds, collected in 50 mL polypropylene tubes. The samples were pooled
and frozen; in the everyday analysis, an aliquot was thawed. Calibration curves
were obtained by spiking 0.5 mL of blank OF with working solution at final
concentrations of 2.5, 10, 20, 30, 50, 90 ng/mL. The IS was added in all
samples at 40 ng/mL. Low (LQC), middle (MQC) and high (HQC) quality
controls were obtained in a similar way at 5.0, 40.0 and 70.0 ng/mL respectively

for all analytes.
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The samples were pre-processed by agitation in a vortex for 20 s and
centrifuged for 3 min at 3000xg in order to discard the mucous fraction. An
aliquot of 0.4 mL of supernatant was added in a clean tube containing 20 %
(w/v) of solid buffer system consisted of Na,CO3/NaHCO;3; (9:1). The OF was
vortex for 20 s and them extracted with 1 mL of acetonitrile, followed by
agitation in a vortex for 30 s and centrifugation at 3000xg for 3 min. This extract
(200 pL) was was transferred to a clean glass vial and injected (10 pL) onto
HPLC. LQC (5 ng/mL), MQC (40 ng/mL) and HQC (70 ng/mL) were prepared at

the same way.

2.4 Instrumentation

The liquid-chromatography tandem mass spectrometry (LC-MS/MS) analyses
were performed on a High Performance Liquid Chromatography (HPLC) system
Agilent 1100 series (Agilent Technologies, Palo Alto, CA, USA), coupled to an
API 5000 triple quadrupole mass spectrometer (Applied Biosystems, Foster
City, CA, USA) equipped with an electrospray ionization interface (ESI)
operating in the positive mode. The interface was set at 600 °C and the ion-
spray needle was operated at + 5500 V. Nitrogen was used as nebulizer gas
(GS1) (40 units), auxiliary gas (GS2) (40 units), curtain gas (CUR) (20 units),

and as collision activated dissociation gas, CAD (set on 4).

Instrument control, integration, and calculation were performed using Analyst
1.6.1 software. Infusion experiments for multiple reaction monitoring (MRM)
optimizations were performed with a Harvard Apparatus 11 Plus syringe pump
(Hollston, MA) at a flow rate of 10 pL/min. HPLC was carried out on a Brownlee
C18 100 mmx4.6 mm i.d., 3 um (PerkinElmer, USA), equipped with a guard
column (4 mm x 2.0 mm, Phenomenex, Torrance, CA, USA).

2.5. Validation procedure

Method validation was performed according to the FDA bioanalytical guideline
following the accepted criteria for bioanalytical method validation [17]. For this
purpose, the performance characteristics evaluated were selectivity, specificity,

linearity, limits of detection (LOD) and quantification (LOQ), recovery, precision
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(in terms of intra and inter-assay precision), and analyte stability in the matrix.
The selectivity was evaluated by analysis of samples obtained from six different
volunteers with and without addition of analytes. Linearity was calculated by
studying the regression significance and the linearity deviation of the matrix-
matched calibration curves by analysis of variance, considering a p < 0.05 as
significant. LOD and LOQ were defined as the lowest concentration of the drug
resulting in a signal-to-noise ratio of 3:1. The lowest quantification limit (LLOQ)
was defined in a signal-to-noise ratio of 10:1 with suitable precision (not exceed
20 % of the RSD) and accuracy (not deviate by more than 20 %). Analyte
recovery was evaluated by comparing analyte peak areas in two different sets
of samples: one prepared in blank OF extracts from different sources and
spiked with ATS and IS after extraction (100 %) and one prepared in blank
matrix from the same sources but spiked before extraction. The recovery was
calculated as a percentage the response of spiked after extraction samples in
relation to that of spiked before extraction samples [27]. Intra-day precision and
accuracy were obtained analyzing five replicates at LQC, MQC and HQC
concentrations in one day. Inter-assay precision was performed for four
independent experimental assays of the aforementioned replicates. Precision
was expressed as % relative standard deviation (RSD) of concentrations
calculated for QC samples and accuracy was manifested as percent of
theoretical concentrations. Stability was evaluated in low and high
concentrations, in triplicate, after short-term: 48 h at room temperature (21 + 2
°C); at refrigerator temperature (4 + 2 °C) and at freeze temperature (-20 £ 2
°C). The stability was expressed as a percentage of the initial concentration

(first analyzed batch).

In addition, effects from matrix co-extractives and system carryover were
investigated by comparing peak areas obtained from OF spiked with analytes
and analytes diluted in solvent. This procedure was performed at concentrations

ranging from 2.5 to 110 ng/mL, injecting samples alternately.

3. Results and discussion
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In this study, tandem mass spectrometer was operated in the multiple reaction
monitoring (MRM) mode for two transitions for MPH, DIE, FEN and one for the
IS in order to allow confirmatory quantitative method, based on the conditions
presented in the Table 1. The MRM mode provides a high selectivity analyses
which is especially important for complex matrixes. The most intense transition
was used for quantification while the remaining transitions were used for

confirmation of analyte identity.

Table 1: Mass spectrometry settings for analysis of FEN, DIE, and MPH.

Precursor Product DP CE
Analyte ) )

ion (m/z) ion (m/z)  (volts) (volts)

189.139 91* 41 29
FEN

189.139 118.9 41 15

206.117 105* 76 31
DIE

206.117 100.2 76 31

234.171 84.2* 76 27
MPH

234.171 56.1 76 65
IS 260.216 183.1 91 25

(*) Product ion used for quantification. Legend: FEN: fenproporex; DIE: diethylpropione; MPH:
methylphenidadte; IS: internal standard; DP: declustering potential; CE: collision energy

Under the developed chromatographic conditions, co-eluting compounds were
not observed (Fig. 1a), and due the use of different mass transitions for each
compound, method selectivity and specificity was respectively obtained (Fig. 1b,
1c, and 1d).
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Figure 1: a) Chromatograms of FEN, DIE, MPH and IS; the extracted ion
chromatograms (XICs) of the confirmatory transition of: b) DIE; c) FEN; d) MPH.

Although the selectivity and specificity of a LC-MS/MS method can be proved,
interferences from biological matrices in the electrospray ionization source must
be taken into account to obtain quantitatively accurate results. For this purpose,
calibration curves prepared with analytes diluted in mobile phase and analytes
added to OF before and after the extraction procedure were compared.
According to Figure 2, negligible matrix effects were obtained for all analytes
studied. Poor analyte recoveries were obtained (Table 2), probably because
free amines are difficult to extract from sample matrices [28], however the

reproducibility was considered satisfactory.
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a) Matrix Effect and Recovery FEN
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Figure 2: Calibration curves of (*) pure analytes dissolved in mobile phase; (4)
analytes added after the extraction of the matrix and (.[1) the analytes spiked
OF before its extraction for a) FEN; b) DIE and c) MPH.

In order to overcome poor analyte recoveries, and considering the semi volatile
properties of the analytes [29], the procedure of solvent evaporation was not
carried out. Additionally, a concentration step was not required due to the
satisfactory LOD and LOQ of the proposed method. Therefore, to provide a
simple and fast extraction procedure, was adopted one-step liquid-liquid
extraction in the OF.

Carry-over was not detected in zero OF samples after the analysis of the
highest point of the calibration curve. Calibrations showed satisfactory linear
responses in the range of 2.5-90 ng/mL for all ATS studied. The correlation
coefficients (r) founded were: 0.9974 for FEN, 0.9993 for DIE and 0.9948 for
MPH. Applying ANOVA to obtained data, it has been verified no deviation from
linearity (p > 0.05) and a correct adjust to the linear model, with a high
significance (p < 0.0001) of the regression for all ATS curves. The results

obtained for intra-assay and inter-assay precision and accuracy satisfactorily

61



Capitulo 1l

meting the internationally established acceptance criteria [17]. RSD for

precision and accuracy at LOQ were always better than 20 %.

The LOD was 0.5 ng/mL for all analytes considering a signal-to-nose ratio
higher than 3:1 for the confirmatory MS/MS transitions. LOQ was 2.5 ng/mL for
all analytes, considering a signal-to-nose ratio higher than 10:1 for the
quantitation MS/MS transitions. The upper limit of quantification (ULOQ) in

which was possible to keep the linear model was 90 ng/mL.

Table 2. Summary of the calculated parameters from the validation study.

Concentrations assessed

Analytes LQC MQC HQC
R Intra-day  Inter-day Acc. R Intra-day Inter-day  Acc. R Intra-day  Inter-day  Acc.

(%) (RSD) (RSD) (%) (%) (RSD) CV (%) (%) (%) (RSD) (RSD) (%)
FEN 33.42 16.08 12.28 98.02 36.07 7.08 7.92 98.59 30.84 9.25 3.27 99.04
DIE 26.35 10.90 14.60 115.18 27.57 6.06 4.84 94.48 26.35 11.98 4.52 98.58
MPH 25.1 10.66 7.26 89.83 33.60 6.80 3.19 99.75 35.22 6.24 2.90 98.52

Legend: R (%): percent recovery; RSD: relative standard deviation; Acc.: accuracy; FEN, fenproporex; DIE, diethylpropion; MPH, methylphenidate;
low quality control (LQC; 5ng mL™), middle quality control (MQC; 40 ng mL’") and high quality controi (HQC; 70 ng mL™).

The stability assays were performed aimed to simulate a common routine of OF
collection and analysis. For these, short-term stability was accessed. No
relevant degradation was observed, with deviations of less than 15 % of the

initial concentrations.

4. Conclusion

In the present work, a LC—MS/MS confirmatory method was developed for the
simultaneous determination of the stimulants FEN, DIE, and MPH in oral fluid.
Satisfactory results were obtained in the validation processes, in terms of
selectivity, specificity, and method precision. Although the procedure of analyte
extraction presented poor recoveries, this method was proved to be
appropriated for analyses of ATS in OF due to the low limits of detection, which
allows the precise and accurate confirmation and of analyte identity and
quantitation at very low concentrations. In addition, the absence of a
concentration step in this method makes it faster and simpler than the methods
previously consulted. The developed method could be use to toxicological,

forensic and clinical purposed.
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Manuscrito V

A seguir encontra-se disposto o artigo intitulado Trends in counterfeits
amphetamine-type stimulants after its prohibition in Brazil. Este trabalho foi
aceito para publicagdo pela Forensic Science International. O acesso ao

conteudo integral esta disponivel no sitio do periodico.

Como objeto de estudo, foram analisadas as caracteristicas fisicas e
quimicas de capsulas contendo medicamento ATS, provenientes de trés
apreensdes pelo Departamento de Policia Federal (Rio Grande do Sul) em
2012, apés a proibicdo da venda de medicamentos contendo FEN, DIE e
mazindol pela Agéncia Nacional de Vigilancia Sanitaria (Brasil, 2011). O perfil
fisico mostrou-se util na indicacdo de falsificacdes. As andlises quimicas
revelaram ativos farmacéuticos diferentes daquele indicado na embalagem de
apreensdo, com teores que variaram de 1/3 a 2 vezes a quantidade de farmaco
encontrada no produto comercial. O tratamento estatistico utilizando andlise
multivariada com aplicacdo de Andlise de Componentes Principais nos dados
da espectroscopia de Infravermelho com Transformada de Fourier por
Refletancia Total Atenuada classificou as amostras de acordo com suas
similaridades, indicando que duas apreensfes possuiam origem comum. Esse
artigo representa o primeiro estudo brasileiro analisando a falsificagdo de

capsulas de medicamentos ATS.
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Brazil is one of the world's highest users of anorectic drugs, mainly diethylpropione, fenproporex and
sibutramine. The present work focuses on physical and chemical characteristics of 17 counterfeited
capsules containing amphetamine-ty pe stimulants (ATS) from three seizures conducted by Brazilian
Federal Police. The physical profile was useful in indicating forgery, bring complementary infor mation,
but the use of this data singly was not sufficient to distinguish bebween authentic and counterfeited
medicines. The chemical analysis revealed that the seizures capsules labeled as Desobesi-M®
(fenproporex 25 mg), actually contained the active pharmaceutical ingrediente (AP} sibutramine,
The amountof this APLranged from 13 to 2 times the amount of drog found in commercial product, may
reach twice the recommended daily dose. Multivariate analysis with application of principal component
analysis on data from spectroscopy atte nuated total reflectance Fourier transform infrared classified the
samples according to their similarities, indicating that two seizures had common origin. This study
represents the first step in the elucidation of falsification of ATS in Brazil. Considering the forensic
intelligence these information are valuable in order to develop and establish a database that enables
correlate samples from different locations andjor suppliers and to map the profile and trends of
trafficking.

& 2013 Elsevier Ireland Ltd. All rights reserved.

69






9. DISCUSSAO GERAL




Discussao Geral

A presente tese tem como enfoque o estudo de ATS. A escolha do
tema baseou-se em extensa revisdo da literatura, apresentada no Manuscrito |,
0 qual demonstrou o potencial e a necessidade de desenvolvimento cientifico
no que se refere ao estudo dessas substancias. A grande utilizagdo na America
do Sul, em especial no Brasil, de ATS tem sido destaque nos relatérios
divulgado pelo Escritério das Na¢des Unidas sobre Drogas e Crime; entretanto

esses ATS vém sendo timidamente estudados por pesquisadores no pais.

No transito brasileiro, a utilizacdo de estimulantes, popularmente
conhecidos como “rebites” visa a aumentar o estado de alerta e o tempo de
vigilia, sendo um reconhecido problema nacional. O uso de ATS implica uma
série de efeitos colaterais como: aumento da pressdo sanguinea, agitacao,
aumento da temperatura corporal, midriase (que torna a retina mais sensivel a
luz, podendo gerar fotofobia) e, dependendo da dose e do tempo de uso,
alucinagcbes e psicoses. Além dos riscos a saude, o uso de SPA tem
consequéncias legais, previstas no Codigo de Transito Brasileiro. Apesar da
proibicdo do uso de substancias por condutores estar normatizada, ela ndo tem
sido monitorada: atualmente n&o existem dispositivos aprovados e
regulamentados para realizagdo de andlises in loco, exceto para medidas do
consumo de A&lcool. A regulamentagcdo desprovida de fiscalizagdo gera o
descumprimento e o abuso por parte dos condutores. Assim, um dos primeiros
aspetos discutidos nessa tese (Manuscrito 1l) foi uma abordagem
epidemioldgica, vinculando os resultados toxicolégicos de 1682 vitimas fatais
do transito Catarinense com o0s respectivos perfis de idade e sexo. A
prevaléncia encontrada do uso de substancias foi respectivamente: compostos
canabindides; cocaina e metabdlitos, antidepressivos, anfetaminicos,
benzodiazepinicos e barbitiricos. Dentre os poli-usuarios, a maior frequéncia
foi do uso cocaina e canabindides. A maioria das vitimas eram jovens e do
sexo masculino. Dentre os aspectos discutidos no estudo, salientam-se as
dificuldades representadas pela centralizagdo dos Institutos de Pericia, o que
acaba por inviabilizar andlises forenses em determinadas circunstancias. Para
exemplificar esses fatores dificultadores, podemos citar as ocorréncias do
interior dos Estados, situagdo em que o tempo de deslocamento dos peritos

pode inviabilizar a preservagéo do local e a propria pericia. Outras dificuldades
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surgem na coleta, no transporte e no acondicionamento adequados das
amostras, além do aumento do risco de falhas na fundamental preservacao da
cadeia de custédia. Essa dificuldade, em parte, é refletida pelo fato de que de
um total de 1682 vitimas, em apenas 941 foi realizada necropsia e investigacao

toxicologica.

Por fim, observam-se neste estudo as particularidades de consumo de
SPA no transito dos estados brasileiros. Como destacado na parte introdutéria
desta tese, reforcamos o entendimento de que a abordagem preventiva deve
atender as particularidades de cada regido. Estudos nacionais sdo de grande
valia, entretanto, sendo o Brasil um pais continental, fronteirico a diversos
paises e, portanto, influenciado pela acessibilidade a diferentes culturas, o
perfil local pode nédo corresponder ao perfil nacional. Isso ficou evidente no
estudo do transito de Santa Catarina, o qual, diferentemente dos estudos
desenvolvidos em outras regides (Souza et al., 2005; Nascimento et al., 2007,
Leyton et al., 2012, Zancanaro et al, 2012) apresentou uma maior prevaléncia
no consumo de canabindides (42%) enquanto que de modo geral, estudos
nacionais e em outros estados demonstram uma maior prevaléncia do uso de
ATS e cocaina. Tal fato pode estar relacionado a proximidade geografica, e,
portanto, a maior facilidade de acesso, ao Paraguai, um dos maiores
produtores de Cannabis sp. na America do Sul (UNODC, 2011).

Para a monitorizagcdo do consumo de substancias no transito, é
necessario o emprego de métodos analiticos validados para as matrizes
bioldgicas de interesse. Os resultados gerados por essas andlises toxicologicas
devem ser inequivocos e incontestaveis. Dados analiticos n&o-confidveis
podem ndo sO ser contestados juridicamente, podendo implicar em
consequéncias legais injustificadas ao réu, como também podem levar ao
tratamento errado de paciente. Os métodos analiticos a serem utilizados na
area forense e/ou na toxicologia clinica, exigem um desenvolvimento cuidadoso
e uma validacdo completa do método. A importancia dos dados analiticos de

alta qualidade n&o pode ser subestimada (Peters, 2007).

A literatura cientifica considera que o abuso de substancias

z

estimulantes por motoristas de transito € uma realidade global e centra a
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maioria dos estudos em compostos estimulantes alucinégenos (chamado grupo
dos ecstasys) e de drogas de desenho (designer drugs). Poucos estudos foram
encontrados acerca da determinacdo de medicamentos estimulantes.
Considerando a necessidade de desenvolvimento de métodos aplicados a
realidade nacional de consumo de substancias, nesta tese foram desenvolvidos
e validados dois métodos para anélise de AMP, FEN, DIE e MPH em diferentes

matrizes biolégicas.

Primeiramente, foi desenvolvido um método de extracéo e quantificacdo
simultanea de AMP, FEN e DIE em plasma utilizando SPME-DI seguida de
andlise por GC-MS (Manuscrito lll). Na analise de compostos anfetaminicos
livres por GC-MS ocorrem perdas na sensibilidade e na reprodutibilidade
devido & adsorcdo e a interacdo dos analitos com a coluna (Nishida et al.,
2006). Para contornar esse problema, etapas de derivatizagdo s@o necessarias
e tém como objetivo converter analitos polares em analogos menos polares e
assim, minimizar a perda da sensibilidade e da reprodutibilidade (Ugland et al.,
1997). Ao mesmo tempo, essa conversdo quimica de aminas livres (mais
polares/menos volateis) a compostos menos polares favorece o aumento da
particdo entre o analito e a fibra de SPME, aumentando a quantidade extraida
(Ugland et al., 1997; Nishida et al., 2006). Como agente de derivatizagao optou-
se pela utilizacdo de alquilcloroformato, especificamente o propilcloroformato,
que reage rapidamente com aminas primarias e secundarias gerando
derivados de carbamatos em solu¢des aquosas alcalinas, o que viabiliza a
derivatizacdo de compostos anfetaminicos diretamente na matriz bioldgica.
Considerando que o propilcloroformato reage em meio aquoso e que nao se
recomenda o uso de solventes organicos em fibras de SPME a fim de evitar
seu rapido desgaste, buscou-se o emprego de agentes precipitantes de
proteinas plasméticas que fossem aquosos. Dentre os testados, o acido
tricloroacético (TCA) resultou em menor perda de analito durante a precipitacéo
e melhor clean-up das amostras. Para contornar a acidez do meio gerada pela
adicdo do TCA, apds a precipitagdo protéica do plasma, utilizou-se tampéao
bésico, a fim de alcancar um pH préximo a 10,0, o qual contempla a faixa de
aproximadamente 2 unidades de pH acima do pKa dos analitos, garantindo

assim, que a maioria dos farmacos em solugédo estariam em sua forma néo
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ionizada, o0 que permite uma adequada reacdo de derivatizacdo e,
consequentemente, uma maior interagdo com a fibra e uma melhor

sensibilidade e reprodutibilidade analitica.

A quantidade de derivatizante e o tempo de extragdo sé&o fatores
essenciais no pré-tratamento ideal das amostras, assim para a otimizacdo
desses parametros foi satisfatoriamente utilizado um desenho estatistico de
experimentos, empregando o modelo do Desenho Composto Central para
esses dois fatores e tendo como variavel de saida as &reas dos picos
cromatogréaficos. Esse modelo pode fornecer gréficos na forma de superficie de
resposta os quais facilitam a interpretagdo dos resultados. Assim, aplicando-se
um desenho estatistico foi possivel obter, através de poucas andlises, um
resultado 6timo para dois fatores considerados criticos para a técnica de
SPME. Além disso, por meio da SPME, a qual extrai e concentra os analitos
derivatizados, foi possivel alcancar reduzidos Ilimites de deteccdo e

quantificagao.

Para a descricdo adequada dos dados da validacdo foi necessaria a
aplicacdo de logaritmo natural nas duas varidveis (area e concentragdo)
conforme previamente descrito por Souza e colaboradores (Souza et al., 2011).
Os resultados para os paramentro de validagdo analisados encontraram-se de
acordo com o preconizado pela guia de validacdo de métodos bioanaliticos do
Food and Drug Administration (FDA). Salienta-se que esse trabalho
representou 0 seguimento e a ampliagdo de uma linha de estudo do
Laboratorio de Toxicologia, que se iniciou com a andlise desses ATS em fluido
oral por GC-MS com aplicagdo de SPME (Souza et al., 2011).

A segunda metodologia analitica desenvolvida empregou LC-MS/MS
para andlise simultdnea de FEN, DIE, MPH em fluido oral (Manuscrito 1V). A
elevada especificidade, sensibilidade e seletividade representadas pela
utilizacdo da técnica de varredura de monitoramento de multiplas reacdes
(multiple reaction monitoring -MRM); a possibilidade da etapa cromatogréafica
ocorrer em curto tempo de execugcdo e um potencial para reducdo da
preparacdo da amostra, considerando ndo haver necessidade de derivatizac¢éo,

estdo tornando a LC-MS/MS a técnica de escolha na etapa de confirmagéo da
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determinagdo de mdltiplas drogas em amostras de fluidos orais (Wood et al.,
2005). Devido a essas vantagens a utilizagdo de LC-MS/MS vem ganhando
espaco entre as andlises toxicologicas. No meétodo desenvolvido, para o
preparo de amostras, foi empregada extracdo liquido-liquido, objetivando
manter a simplicidade e a rapidez da técnica. Os parametros do espectrometro
de massas foram otimizados para os analitos em questdo e as analises
realizadas segundo as normas preconizadas pelo FDA. Os dados de validagao
foram adequadamente descritos pelo modelo linear numa faixa de 2,5 a 90
ngml™. Resultados da precisdo e exatido inter e intra-dia apresentaram-se de

acordo com os limites estabelecidos na normativa do FDA.

As metodologias analiticas foram desenvolvidas e validadas em
diferentes sistemas cromatograficos, empregando duas matrizes de ampla
utiizagdo em andlises toxicologicas. Essas técnicas poderdo ser
implementadas em laboratdrios nacionais para aplicagdes tanto com propdsitos
clinicos quanto toxicolégicos, como, por exemplo, em estudos farmacocinéticos

e em andlises de amostras do transito brasileiro.

Por fim, sabe-se que a utilizagdo de “rebites” por condutores e a suas
aquisicBes em postos de combustivel e pela internet sdo problemas conhecidos
pelas autoridades sanitarias e pelas forgas policiais. No entanto, como a venda
desses produtos em locais proibidos por si s6 ja configura crime conforme a
legislagdo nacional, as andlises forenses sobre o conteldo dessas apreensdes
ficam preteridas. Aliado a isso, 0 baixo numero de toxicologistas no servico
publico e alta demanda de trabalho acabam por inviabilizar os estudos fisicos e

quimicos de amostras de ATS apreendidas (Manuscrito V).

Até o presente momento ndo foram encontradas na literatura anélises
toxicologicas desses produtos e por isso as falsificacdes de medicamentos a
base de ATS também foram objeto de estudo nesta tese. Esse € um projeto
visado h4 muito tempo pelo Laboratério de Toxicologia da UFRGS, porém,
amostras forenses reais sdo objetos de estudo raramente disponiveis para
experimentos em pesquisa cientifica. O pesquisador ndo tem outra fonte de
matéria-prima sendo o0s materiais apreendidos pelas for¢cas policiais e

encaminhados para exames periciais (Ortiz, 2013). Apesar das dificuldades em
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trabalhar com amostras forenses e do reduzido nimero de exemplares,

investigou-se o perfil fisico e o quimico de medicamentos falsificados de ATS.

Esse estudo revelou dados bastante interessantes: os produtos
avaliados foram apreendidos em embalagens falsas de Desobesi M®, porém
apresentavam como ingrediente farmacologicamente ativo a sibutramina. A
dose estimada variou em aproximadamente 1/3 a 2 vezes a quantidade de
farmaco encontrada no produto comercial (Saciette®). Duas apreensdes
puderam ser correlacionadas pelo emprego de andlise estatistica multivariada,
através da técnica de Andlise de Componentes Principais das bandas obtidas
nos experimento de infravermelho com transformada de Fourrie. Esse estudo é
de grande importancia, pois demonstra a praticidade e as limitacbes na
execucdo de andlises fisicas sobre as cépsulas, além de evidenciar a
necessidade da realizacdo de andlises quimicas, considerando as

particularidades inerentes as amostras forenses.

Os resultados obtidos neste artigo inovam no sentido de apresentar o
desenvolvimento de solugBes analiticas simples para o estudo dessas
falsificagcbes, além de servir de alerta para a necessidade de implementacao de
andlises quimico-toxicolégicas das apreensdes de produtos estimulantes. Com
a publicagdo desses dados esperamos sensibilizar os demais estados
brasileiros bem como os paises vizinhos para que, a exemplo do que se
verifica em outros continentes, possamos desenvolver uma rede integrada de
dados que auxilie as autoridades policiais no combate a falsificacdo de

medicamentos estimulantes.

Por fim, salienta-se a amplitude e a multidisciplinaridade do estudo dos
ATS que constituiu o tema central desta tese e que foi abordado por diferentes
maneiras, seja envolvendo o conhecimento de analises quimicas; o estudo dos
aspectos epidemiologicos; a andlise e a interpretacdo toxicologicas de
resultados; o aspecto forense, juntamente com 0 conhecimento de suas
implicag@es juridico-legais; as aplicacdes em clinica médica. Assim, a presente
tese mostrou-se um estudo amplo, construido a partir de um problema da
realidade brasileira atual, verificado tanto cientificamente por dados

epidemiolégicos no transito quanto pelo surgimento do aspecto forense
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relacionando-se ao tema, implicando desenvolvimento cientifico em diferentes

campos do conhecimento do profissional farmacéutico-toxicologista.
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Fundamentado em criteriosa revisdo bibliografica (manuscrito 1)
verificou-se a controversa eficiéncia e o potencial risco que o uso dos ATS
representa. A partir deste ponto formularam-se hipoteses de estudo que
visaram abordar de modo amplo e aplicavel o tema referente aos ATS, quais
sejam: andlise no transito, analitica e forense, conforme demonstrados pela

figura 3.

. Necessidade de Necessidade de
Necessidade de ! .
: desenvolvimento elucidacao dos
elucidacao de . = 0
de métodos bioanaliticao aspectos quimicos e
aspectos relevantes . | . . i S
inseridos no cenario nacional fisicos das falsificacOes
acerca do -
. . quanto ao uso de ATS, conhecidas
transito nacional - . 3
substancias no transito como rebites.

Figura 3: Encadeamento das hip6teses formuladas para estudo nesta

tese.

Por meio da verificagdo da prevaléncia de uso de substancias e o perfil
de idade e sexo dos motoristas envolvidos em acidentes fatais no transito de
Santa Catarina (manuscrito Il) levantaram-se dados ainda desconhecidos
acerca de um dos Estados com os maiores indices de vitimas no transito.
Considerando a relevancia social do tema, espera-se que essas estatisticas

possam embasar estudos preventivos.

Também foram desenvolvidas de ferramentas analiticas de imediata
aplicabilidade com vista a determinacdo simultdnea de ATS em diferentes
matrizes bioldgicas e em diferentes sistemas cromatograficos (manuscrito Ill e
IV). O desenvolvimento de métodos validados prima pela exceléncia nas
técnicas bioanaliticas, sendo, portanto, um requisito indispensavel para a
garantia da qualidade e para a correta interpretacdo dos resultados

encontrados. As técnicas aqui descritas poderdo ser amplamente empregadas
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por laboratérios publicos e privados para andlises clinicas, toxicologicas e

forenses.

Por fim, na abordagem forense, foram analisados os perfis fisicos e
quimicos de medicamentos falsificados contendo ATS (manuscrito V). Este
estudo representou um pioneirismo na &rea, até entdo obscura no que se
refere a falsificacdes de ATS, e demonstrou o expressivo risco ao qual a
populagdo, principalmente motoristas profissionais, esta exposta ao consumir
essas contrafacfes. Esta etapa fechou um elo necesséario de uma cadeia de

conhecimentos acerca do estudo de ATS (figura 4).

DESENVOLVER
METODOS ADEQUADOS
A REALIDADE NACIONAL
PARA A VERIFICAGAO
DE USO DE ATS
NO TRANSITO

ESTUDAR O PERFIL
DO USO DE
SUBSTANCIAS
NO TRANSITO

ANALISAR AS
APREENSOES DE
ATS E ELUCIDAR
SOBRE O PERFIL
FiSICO E QUIMICO
DOS CONHECIDOS

REBITES

Figura 4: Desenho esquematico das etapas desenvolvidas nesta tese.

Assim, entende-se que a maior contribuicdo desta tese é a construcao
de conhecimento cientifico elaborado sobre diferentes faces de um problema

amplo e atual na sociedade brasileira: o uso de ATS.
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For further assistance, please visit our custormer suppart site at
http:/fhelp.elsevier.comy/app/answers/list/p/7323 Here you can search for solutions on a range of tapics, find
answers to frequently asked questions and learn more about EES wia interactive tutorials, You will also find
our 2447 support contact details should yvou need any further assistance from one of our custorner support
representatives,
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