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RESUMO

Este estudo colaborativo foi realizado com objetivo de estimar a prevaléncia
ponderada de substancias psicoativas (SPA) entre os condutores automotivos
brasileiros. Um total de 3397 amostras de fluido oral foi coletado em estradas
federais de todas as capitais estaduais e do Distrito Federal, de Agosto/2008 a
Setembro/2009. Deste total, 2235 amostras foram analisadas por LC-MS/MS apés
extracdo liquido-liqguido com acetato de etila:hexano para a determinacdo simultanea
de 32 SPA (anfetaminas, benzodiazepinicos, cocaina, canabinoides, opioides,
cetamina e m-CPP) e seus metabdlitos. O limite de deteccédo do instrumento (LOD)
foi de 0,26 ou 0,65 ng/mL. A linearidade foi satisfatéria entre 0,5-20 ng/mL (R2 =
0,9942-0,9995) e DPR<20% em todos os niveis avaliados. A metodologia foi
satisfatoriamente validada para 24 compostos (recuperacao entre 50 a 120%, DPR <
20%) no nivel de 1,3 ou 13 ng/mL (LLOQ). Supresséao idnica devido a interferéncia
da matriz foi <20% para todos 32 compostos, com excecao de ecgonina metil ester e
dietilpropiona (>60%). A maioria dos condutores que forneceram as amostras de
saliva eram homens (94,4%), entre 18 e 80 anos de idade (média 37,1+11,2). A
metade dirigia automovel, e 29,6% motocicleta. Mais de 10% (236) das amostras
foram positivas para pelo menos uma das SPA investigadas (= LOD). A classe mais
prevalente encontrada nas amostras foi cocaina/metabolitos (6,1%), seguido por
anfetaminas (3,2%), benzodiazepinicos (1,7%), canabinoides (1,3%) e opioides
(0,4%). Entre as anfetaminas, a anfetamina (provavelmente como metabolito) teve a
maior prevaléncia (1,7%), e entre os benzodiazepinicos, o diazepam (0,7%). Os
condutores de moto e carro foram mais associados ao uso de cocaina e cannabis
(8.2 e 3.0%, respectivamente), enquanto motoristas de caminhdes e 6nibus ao uso
de anfetaminas. A prevaléncia do consumo de anfetaminas parece ser maior para 0s
condutores >25 anos e de cocaina e cannabis para motoristas entre 18 e 24 anos de
idade. Este estudo contribuiu com importantes informacdes em relacdo ao perfil de
uso de SPA em estradas de rodagem brasileiras. O governo e demais formuladores
de politicas devem considerar a inclusao de testes de SPA em estradas de rodagem,
além do alcool, para aumentar a seguranca de motoristas e passageiros.
Palavras-chave: Drogas psicoativas, LC-MS/MS, fluido oral, condutores, rodovias,

Brasil.



ABSTRACT

This is a collaborative work designed to investigate the prevalence of psychoactive
drug (PAD) use among Brazilian drivers. A total of 3397 oral fluid samples were
collected on federal roads of all state capitals and the Federal District from August
2008 to September 2009. From this total, 2235 samples were analyzed by LC-
MS/MS after liquid-liquid extraction with ethyl acetate:hexane for the determination of
32 PAD (amphetamines, benzodiazepines, cocaine, cannabis, opioids, ketamine and
m-CPP) and metabolites. Instrumental limit of detection (LOD) was 0.26 or 0.65
ng/mL. Linearity between 0,5-20 ng/mL was satisfactory (R2 = 0.9942-0.9995) and
was RSD<20% at all levels. The method was validated for 24 compounds (extraction
recovery 50 to 120%, RSD < 20%) at the level of 1.3 or 13 ng/mL (LLOQ). lonic
suppression due to matrix effects was <20% for all 32 compounds, except for
ecgonine methyl ester and dietilpropion (>60%). Most of the drivers who donated
samples were men, between 18 and 80 years (mean of 37,1+11,2). About half were
driving car and 29.6% motorcycle. Over 10% (236) of the samples were positive for
at least one compound analyzed (= LOD). The most prevalent PAD class found in the
samples was cocaine/metabolites (6.1%), followed by amphetamines (3.2%),
benzodiazepines (1.7%), cannabinoids (1.3%) and opioids (0.4%). Among
amphetamines, amphetamine (probably as a metabolite) had the highest prevalence
(1.7%), and among the benzodiazepines, diazepam (0.7%). Car and motorcycle were
more associated with cocaine and cannabis use (8.2 e 3.0%, respectively), while
truck and bus drivers with amphetamine use. Prevalence of amphetamine use
seemed to be higher for drivers over >25 years and that for cocaine e cannabis for
drivers between 18 and 24 years of age. This study brought relevant information over
the PDA use profile in Brazilian federal roads. Government and policymakers need
to consider the inclusion of roadside drug testing, other than alcohol, to increase the

safety of drivers and passengers in Brazilian roads.

Keywords: Psychoactive drugs; Oral fluid; Drivers; LC-MS/MS; Brazil



1. INTRODUCAO

Atualmente o abuso de substancias psicoativas (SPA), incluindo cocaina,
canabinoides, heroina, benzodiazepinicos e anfetaminas, é um grande problema
global que atinge todas as classes sociais. Estima-se que 230 milhdes de pessoas,
ou 5% da populacdo adulta do mundo tenham usado alguma SPA ilicita pelo menos
uma vez em 2010. Dentre esses usuarios, cerca de 27 milhdes sdo problematicos, o
que corresponde a 0,6% da populacdo adulta mundial (UNODC, 2012). No Brasil,
22,8% da populacéo fizeram uso na vida de qualquer SPA, excluindo tabaco/alcool,
sendo que 8,8% utilizaram cannabis (Carlini et al., 2006).

O aumento do risco de dirigir sob a influéncia de SPA tem sido
substancialmente demonstrado na literatura (Longo et al., 2000; Zhuo et al., 2010;
De Boni et al., 2011; Gjerde et al., 2011). Estas substancias sdo de maneira em
geral, de estimulacdo ou sedacdo, ocorrendo sinergismo quando SPA de efeitos
semelhantes sdo consumidas concomitantemente (Berghaus et al., 2011). Estudos
epidemiologicos tém mostrado que a combinagdo de mais de uma SPA, incluindo o
alcool, aumenta de forma exponencial o risco de acidentes (Hargutt et al., 2011).

Diversos estudos foram realizados com objetivo de investigar a presenca de
SPA em condutores de veiculos, principalmente em paises do hemisfério norte,
utilizando na sua maioria sangue e/ou fluido oral como matrizes de coleta (Lacey,
2007; Gjerde et al., 2008; Senna et al., 2010).

O uso de fluido oral para avaliar o uso de SPA no transito apresenta diversas
vantagens em relacdo ao uso de matrizes tradicionais como urina e sangue
(Drummer, 2006; Crouch et al., 2008; De Giovanni et al., 2008). E uma matriz de
coleta facil e ndo invasiva, podendo ser realizada no proprio local da abordagem,
sob vigilancia e sem constrangimentos, além de fornecer informacdo sobre o uso
recente, comprovando a conducédo sob influéncia de SPA. As desvantagens do uso
dessa matriz incluem o elevado conteudo glicoproteico, reduzido volume de amostra
e baixa concentracdo de SPA que sdo ligadas fortemente a proteinas plasmaticas
(Huestis et al.,, 2004; Yonamine, 2004; De Giovanni et al., 2008). Estas
desvantagens podem ser suplantadas pela utilizacdo de técnicas analiticas de alta

sensibilidade, como a cromatografia liquida acoplada a espectrometria de massas



em tandem (LC-MS/MS) (Samyn et al., 2002; Bernhoft et al., 2005; Toennes et al.,
2005; Wylie et al., 2005; Drummer et al., 2007).

Alguns estudos tém sido conduzidos em determinadas regides do Brasil para
avaliar o uso de SPA por condutores de veiculos automotivos (Silva et al., 2003;
Leyton et al., 2012). Porém nédo ha informacao disponivel que abranja todo o pais.
Este estudo teve como principal objetivo preencher esta lacuna, e se insere no
ambito de um projeto maior, financiado e coordenado pela Secretaria Nacional de
Politicas sobre Drogas (SENAD). Dados sobre a extensédo e o padrdao do consumo
de alcool e outras SPA por motoristas particulares e profissionais sdo essenciais
para subsidiar acbes de vigilancia e educacéo e apoiar a legislacado de transito no

pais.



REVISAO BIBLIOGRAFICA

Desde a pré-histéria, em diferentes sociedades e culturas, o homem utiliza
elementos da natureza que contém substancias psicoativas em contextos sociais e
religiosos (Vetulani, 2001; Padosch et al., 2006).

O uso da Amanita muscaria Sch., fungo contendo o alucinégeno muscarina,
data do periodo Neolitico (10.000 anos A/C). O 6pio, suco condensado da papoula
(Papaver somniferum L.) que contém a morfina, € conhecido desde 6000 anos A/C.
Na China e na Asia Central, o haxixe, preparado a partir de planta do canhamo
(Cannabis Sativa L.), é conhecido desde 5000 anos A/C (Vetulani, 2001). J& em
tempos pré-colombianos, a folha do arbusto Erythroxylon coca L, era consumida
pelos andinos para suportar a elevada altitude, sendo trazida para a Europa pelos
espanhais, e se tornando o ténico/estimulante da moda (Musto, 1997). Entre outros
exemplos temos a Dama da Noite (Datura stramonium L.), que contém
escopolamina, atropina e hiosciamina e o absinto, da Artemisia absinthium L., uma
das bebidas alcodlicas mais populares do final do século 19 na Europa. (Padosch et
al., 2006; Lopez-Mufoz et al., 2008).

Somente na histéria recente, principalmente a partir do inicio do século XX, o
uso dessas substancias, principalmente no contexto recreativo, passou a ser
percebido como um problema social (Vetulani, 2001). Preocupados com o alto indice
de consumo de 6pio na época e as consequéncias desse consumo, diversos paises
se reuniram pela primeira vez para discutir o problema das drogas na Comissao do
Opio de Xangai, em 1909. Até entdo, o Opio era comercializado, principalmente

pelos ingleses, como forma de pagamento por produtos (UNODC, 2012).

As SPA podem ser divididas em trés grandes grupos relacionados aos seus
efeitos no sistema nervoso central (SNC): os estimulantes, os depressores e 0s
alucinégenos. Neste trabalho, vamos focar nos dois primeiros grupos, que tém maior
influéncia nas funcbes cerebrais envolvidas na conducédo de veiculos automotivos,

trazendo maior risco a seguranca do transito (Pil et al., 2009).



1.1. Estimulantes do SNC

Consideram-se estimulantes, ou psicoestimulantes, as drogas que produzem
uma ativacdo comportamental geralmente acompanhada de aumento na excitacao,
alerta, e atividade motora (Koob et al., 2006; Rang et al., 2007). Dividem-se em
simpaticomiméticos diretos ou indiretos. Neste ultimo incluem os estimulantes do
SNC relevantes para este estudo: os compostos anfetaminicos (anfetaminas) e a
cocaina (Figura 1). O termo simpaticomimético deriva originalmente da descricdo do
mecanismo de acdo destes farmacos, pois imitam a acdo do sistema nervoso
simpético quando ele € ativado (Koob et al., 2006).

As anfetaminas constituem um grupo de substancias com potente acao
central e periférica, cujo prototipo € a anfetamina (Rafael de la et al., 2004).
Quimicamente, apresentam o0 esqueleto basico da beta-fenetilamina e
farmacologicamente atuam como aminas simpatomiméticas de ac¢do agonista
indireta, estimulando a liberacdo de monoaminas nas fendas sinapticas e impedindo
sua recaptacao neuronal (Chasin, 2003; Rafael de la et al., 2004; Rang et al., 2007),
sendo as metanfetaminas mais potentes que as anfetaminas (EMCDDA, 2009).

A anfetamina € um fraco inibidor da monoamina oxidase, no entanto, a sua
principal acdo neurofarmacologica ocorre sobre os sistemas de dopamina no SNC,
mais precisamente, os situados na por¢cao medial abrangendo o ndcleo accumbens,
associados a funcdo motora (Koob et al., 2006). Os mecanismos moleculares dos
psicoestimulantes cocaina e anfetaminas se assemelham e estdo mostrados na
Figura 2. Como simpaticomiméticos indiretos, estimulam a liberacdo de dopamina (1)
gue atua nos receptores acoplados a proteina G, especificamente nos receptores
D1, D2, D3, D4 e D5 (2), modulando os niveis de segundos mensageiros (como
monofosfato de adenosina ciclico (AMPc) e Ca*? (3). Estes, por sua vez, regulam a
atividade da proteina-quinase (4), afetando as funcdes das proteinas localizadas no
citoplasma, membrana e nucleos (5, 6 e 7), como 0s canais idnicos de potassio e
calcio diretamente nas suas subunidades By (8). Vias de transdugéo de proteina
quinase também afetam as atividades de fatores de transcricdo (7), como AMPc e
Fos, podendo resultar em mudangas funcionais de longo prazo (11), incluindo
alteracdes na expressdo de genes de proteinas envolvidas na transducdo de sinal
(9) e/ou na neurotransmissao (10) (Robbins et al., 1999; Koob et al., 2006).
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Figura 2: Mecanismos moleculares da acdo de psicoestimulantes (cocaina e

anfetaminas)(Koob et al., 2006).

A anfetamina é legalmente prescrita em alguns paises do globo, para tratar
condi¢cdes como déficit de atencdo e hiperatividade, como também € o caso do
metilfenidato (Ritalina®, legalmente prescrita no Brasil (Brasil, 1999)) ou para tratar
narcolepsia (desejo incontrolavel de dormir). (FDA, 2011; ADF, 2012). Algumas
formulagbes, tais como o medicamento Adderall® ou Adderall XR®, contém
combinacdes de d- e l-isbmeros estdo disponiveis em formulagbes de libertacdo
imediata e de libertacdo sustentada, em doses que variam de 3 a 30 mg. A dextro-
anfetamina é de trés a quatro vezes mais potente do que o is6mero I-(levo-

anfetamina) (Cone et al., 2007).



As anfetaminas femproporex e dietilpropiona, s&o usadas como inibidores de
apetite, sendo susceptiveis de abuso e objeto de trafico ilicito, estando sob controle
internacional desde 1971 (United Nations, 1971). No Brasil, a venda destes
medicamentos foi proibida em outubro/2011 (Brasil, 2011).

Os efeitos colaterais das anfetaminas incluem a estimulacdo excessiva do
SNC levando a nervosismo, inquietacdo, excitabilidade, tontura, dor de cabeca,
insbnia, medo, alucinacdes, ansiedade, tremor, convulsfes. A presséo arterial e a
frequéncia cardiaca podem aumentar, podendo levar a palpitacdes. Pode levar a
episédios maniaco-depressivos, comportamento agressivo ou hostilidade, psicose,
supressao do crescimento (uso em longo prazo), ataque cardiaco, acidente vascular
cerebral e, inclusive, a morte subita. Dependéncia e sintomas de abstinéncia
também podem ocorrer (FDA, 2011).

A via metabdlica principal para a anfetamina envolve sua desaminagéo pelo
citocromo P450 para p-hidroxianfetamina e fenilacetona; este ultimo composto é
subsequentemente oxidado para o acido benzdico e excretado como glucuronideo
ou glicina conjugada (acido hipurico). Pequenas quantidades de anfetaminas séo
convertidas em norefedrina, por oxidacdo (INCHEM, 2012). Quatorze drogas,
incluindo o femproporex e a metanfetamina, detectados em fluido oral s&o

metabolizadas em isémeros d e/ou |- anfetamina (Cone et al., 2007).

A cocaina (Figura 3) é o principal alcaloide encontrado nas folhas da
Erythroxylon coca L., arbusto nativo dos paises andinos (Larini et al., 1993). Ela
potencializa as acdes da dopamina, bloqueando a recaptura desses
neurotransmissores nos terminais nervosos pré-sinapticos, conforme mecanismo
descrito na Figura 2 (Robbins et al., 1999; Koob et al., 2006; Rang et al., 2007). Os
principais riscos do uso da cocaina sao a nivel de SNC e do sistema cardiovascular.
O abuso de cocaina leva a forte dependéncia psicologica (INCHEM, 2012). Os
efeitos clinicos dependem da dose, de outras substancias, da via de administracao e
da susceptibilidade individual. Em doses baixas, ocorre intoxicacdo aguda
provocando euforia e agitagdo. Doses maiores causam hipertermia, ndusea, vémito,
dor abdominal, dor no peito, taquicardia, arritmia ventricular, hipertensdo, ansiedade
extrema, agitacdo, alucinacbes, midriase. Estes podem ser seguidos por efeitos
mais graves como respiracao irregular, convulsdes, coma, disturbios cardiacos,

colapso e morte. A intoxicacdo crbnica produz euforia, agitacdo psicomotora,



ideacdo suicida, anorexia, alucinacbes e deterioracdo mental. Sindrome de

abstinéncia com graves efeitos psiquiatricos pode ocorrer (INCHEM, 2012).
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Cocaina (303,35) Benzoilecgonina (289,33) ECgon(ngmzeSt;l-ester

Figura 3. Estrutura quimica (massa molar em g/mol) da cocaina e metabdlitos.

A cocaina é rapidamente metabolizada por esterases hepaticas a

benzoilecgonina e ecgonina metil éster (Figura 3), as quais sao farmacologicamente

inativas (Koob et al., 2006). Uma variedade de outros metabolitos da cocaina

também tem sido identificada (Figura 4). Quando a cocaina € administrada

associada ao uso de etanol, um produto de transesterificacdo, o cocaetileno,

formado em quantidades menores e metabolizado de um modo semelhante

cocaina (Cone et al., 2007).

Ecgonine methyl ester

COOCHs3
CH3N ':—OH
Plasma and liver
cholinesterases
Cocaine Benzoylecgonine Ecgonine

COOCH3 COOH COOH
CH3N }/—00005H5 7—'—- CH3N }/—OCOCEHs —— CH3N }/—OH

Nonenzymatic

hydrolysis
N-demethylation

Norcocaine Norbenzoylecgonine Norecgonine
COOCH3 COOH COOH
HN }/—OCOC5H5 —_— HN }/_OCOCEHﬁ —_— HN }/—OI-I

Figura 4. Metabolismo da cocaina (Koob et al., 2006)
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A cetamina (Figura 5) € uma “club drug”, utilizada como estimulante pelo
publico de adolescentes e jovens adultos frequentadores de bares, shows e festas
“‘rave”. E um anestésico dissociativo, usado principalmente na pratica veterinaria.
Atua distorcendo a percepcdo de imagem e som e produzindo sentimentos de
distanciamento do ambiente, sendo geralmente inalada ou injetada por via
intramuscular (NIDA, 2011). Possui efeito antidepressivo com rapido inicio de agéo
(Machado-Vieira et al., 2009).

A acdo anestésica de cetamina afeta o funcionamento do cortex cerebral,
através da depressdo ou desorganizacdo das areas de associacdo do cérebro,
blogueando varios sistemas transmissores e receptores do SNC. Bloqueia o receptor
de glutamato N-metil-D-aspartato (NMDA), através da inibicdo da recaptacdo de
glutamato na fenda sinaptica e modulando a taxa de transferéncia de NMDA. O
excesso de glutamato estimula os receptores NMDA extra sinapticos, que
antagonizam a ativacao neurologica (Fish, 1997; Machado-Vieira et al., 2009).

A intoxicacdo por baixa dosagem resulta em diminuicdo da atencéo,
capacidade de aprendizagem e memoéria. Em doses mais elevadas, a cetamina pode

causar estados de sonho e alucinagdes, delirios e amnésia (NIDA, 2011).

H
|

P
cr
Cetamina (237,7) 1-(3-clorofenil) piperazina (m-CPP)
(196,7)
Figura 5. Estrutura quimica (massa molar em g/mol) da cetamina e m-CPP (1,3-

clorofenil-piperazina)

O 1-(3-clorofenil) piperazina (mCPP) (Figura 5), popularmente conhecido

em alguns paises como "X4", “rainbow”, “regenboogies”, € uma nova droga sintética
cada vez mais comum em paises da Europa (EMCDDA, 2008; Lanaro et al., 2010).
Sua utilizac&o foi reportada em varias regides, incluindo Asia, Europa e Oceania em
2010 (UNODC, 2012). E o principal derivado da benzilpiperazina e normalmente
encontrado em capsulas, em po solto, ou em comprimidos, que muitas vezes tém

logotipos semelhantes aos vistos em comprimidos de "ecstasy" (EMCDDA, 2008).
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7

Esta substancia € um produto de biotransformagcdo ativa do farmaco
antidepressivo trazodona, comercializado no Brasil mediante prescricdo médica
(farmaco sujeito a controle especial). De maneira analoga a trazodona, os efeitos
psicoativos da mCPP séo relacionados a inibicdo da recaptacdo de serotonina e
como agonista deste neurotransmissor. Além da acdo sobre neurdnios
serotoninérgicos, a mMCPP interage ainda com receptores de dopamina, acetilcolina
e, também, com os receptores alfa e beta-adrenérgicos (EMCDDA, 2008; Lanaro et

al., 2010; Arbo et al., 2012).
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1.2.Depressores do SNC

Os benzodiazepinicos (Figura 6) sdo amplamente utilizados e indicados
clinicamente para tratar transtornos de ansiedade (tais como ataque de panico) e
insbnia (reducdo da laténcia do sono), e de maneira limitada no tratamento de
perturbacdes convulsivas (epilepsia) em criancas e adultos (Tan et al., 2011). Estao
entre os farmacos de prescricdo mais utilizados em todo o mundo (Oga, 2008). No
Brasil, 35 destes farmacos constam na Lista de Substancias Entorpecentes,
Psicotrépicas, Precursoras e outras sob Controle Especial (Lista B1), conforme a
Portaria SVS/MS n° 344/1998 e atualiza¢gdes (Brasil, 1999).

Os benzodiazepinicos em baixas concentracdes podem induzir efeitos
adversos como a amnésia anterograda (diminuicdo da capacidade de consolidar
novos conhecimentos, ainda sendo capaz de lembrar fatos ocorridos no passado
(Rigo et al., 2012). A administragdo inicial de benzodiazepinicos leva a sonoléncia e
diminuicdo da coordenacdo, mas rapidamente ocorre a tolerancia a estes efeitos
sedativos. ApdOs algumas semanas, caso haja reducdo ou interrupcdo abrupta da
administrac@o do farmaco, ocorre dependéncia fisica semelhante a uma sindrome
de abstinéncia, levando a disturbios do sono, irritabilidade, aumento da tenséo e
ansiedade, ataques de panico, sudorese e outras mudancas de percepcéo. Existem
também relatos mais raros, de sintomas graves como esquizofrenia, transtornos
convulsivos, até mesmo o suicidio (Chouinard, 2004; Tan et al., 2011).

Os benzodiazepinicos sdo depressores do SNC que atuam de modo seletivo
modulando a atividade dos receptores do acido gama-aminobutilico (GABA-A) em
membranas poés-sinapticas, mediando a transmissdo sinaptica inibitéria no SNC.
Esta mediacdo se da pela potencializagcdo da resposta gabaérgica através da
abertura de canais de cloretos, conduzindo a um influxo de cloreto gerando
hiperpolarizacdo do neurbnio pds-sinaptico, inibindo assim a excitacdo celular (Rang

et al., 2007; Rudolph et al., 2011). Este mecanismo esté ilustrado na Figura 7.
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Figura 6. Estrutura quimica (massa molar em g/mol) dos benzodiazepinicos
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Figura 7: Mecanismo de acdo dos benzodiazepinicos através da modulacdo da
sinapse GABAérgica (Rudolph et al., 2011).

A morfina é extraida do o6pio (Papaver somniferum L.) e juntamente com
outros alcaloides naturais sdo denominados opiaceos, ou opiaceos semissintéticos,
no caso da heroina (Oga, 2008). O Opio e seus derivados tém sido usados ha
séculos tanto de modo medicinal quando de modo recreativo. S80 as drogas mais
potentes e eficazes para o alivio da dor conhecidas para seres humanos (Sweeney
et al., 2003). No Brasil, os opioides constam nas Listas A1 e A2 anexas a Portaria
SVS/MS n° 344/1998 (Brasil, 1999). De maneira geral, opioides sdo substancias de
origem enddgena ou sintética, analogos ou ndo a morfina, que produzem efeito
semelhante a morfina (Figura 8).

Os receptores opioides se dividem nos subtipos y, 8, K €, mais recentemente
descoberto, o receptor NOP (nociceptin orphanin peptide receptor) (McDonald et al.,
2005), responséaveis por diferentes efeitos funcionais (analgesia supra espinhal,
espinhal e periférica), dado pela seletividade de cada opidide a estes subtipos de
receptores. Compreende-se agora que o0s opioides de maneira geral agem néao
somente no controle e processamento nociceptivo (limiar da dor), mas também
participam da modulagdo gastrintestinal, enddcrina e fun¢do autondmica, bem como
um possivel papel na cogni¢cado (McDonald et al., 2005). A Figura 9 mostra a ativagao
do receptor por ligantes opioides que leva a iniciacdo de vias de transducao

intracelulares que incluem: a inibicdo dos canais de Ca®" voltagem dependente,
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levando a uma estimulacdo do efluxo de potéssio, hiperpolarizando a membrana

celular e reduzindo a producdo de adenosina monofosfato ciclico (CAMP) pela

inibicdo da adenilato ciclase, reduzindo assim a excitabilidade neuronal e a liberacao

de neurotransmissores (McDonald et al., 2005).

Codeina (299,36)

T

(),
"\
)

Metadona (309,44) Tramadol (263,37)

Figura 8. Estrutura quimica (massa molar em g/mol) dos opioides.
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Figura 9. Mecanismo de acdo dos opioides através de ativacdo do receptor de

proteina-G (McDonald et al., 2005).
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A heroina (Figura 8) é um opiaceo semissintético, obtido a partir da
acetilacdo da morfina (Figura 10). Em 1895, a empresa alema Bayer, comercializou
a diacetilmorfina como medicamento sob o nome de marca de “heroina” (Heroinfo,
2010).

Calcium hydroxide Ammonium chloride Acetic anhydride
CalOH), NH,CI (CH,C0),0
H
I . . (=] a
N [
G [Hef] Other opiumalkaloids W \L" -
ag y Morphine L
Opium \H,Z: {Galclu-: murphanataﬂ}_ a \._____F’ﬂm (Freebase) s  Diacetylmorphine {Heroin)
Ca™: Ci:Hi;NOy CrHsNO, C;HLNO,

Figura 10. Sintese da heroina (Heroinfo, 2010)

A heroina € mais comumente administrada por via intravenosa e outras vias
parenterais, também podendo ser fumada. A maior lipofilicidade da heroina e da 6-
acetilmorfina (principal indicador biolégico no organismo do consumo de heroina,
Figura 11) em comparacdo com a morfina, permite uma rapida passagem pela
barreira hematoencefalica, resultando em um rapido inicio de euforia. A heroina
possui uma meia-vida extremamente curta (minutos) e € rapidamente convertida em
6-acetimorfina e morfina, aparecendo no fluido oral dentro de 2 minutos apos a

administracao (Cone et al., 2007).
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Figura 11: Metabolismo da heroina (Sweeney et al., 2003).

A metadona é prescrita ha décadas para o tratamento da dependéncia de
opioides, sendo utilizada para proporcionar alivio para pacientes que néo respondem
aos medicamentos ndo narcoticos (Anderson et al., 2000; Sweeney et al., 2003). Na
Europa, a metadona é o medicamento de substituicAo mais frequentemente
prescrito, chegando a ser administrado a trés quartos dos pacientes (EMCDDA,
2011).

A codeina é um componente natural do 6pio, mais comumente utilizado como
analgésico opidide, como alternativa para o tratamento de dor ligeira a moderada,
sendo muitas vezes combinada com a é&cido acetilsalicilico ou paracetamol. E
significativamente menos potente do que a morfina (Sweeney et al., 2003) E
disponivel comercialmente em preparacdes de comprimidos de 15, 30 e 60 mg em
solucéao aquosa de 15 mg/5ml (uma colher de cha) e em ampolas de injecdo de 15 e
30 mg/ml (FDA, 2008).
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O tramadol é um analgésico opidide sintético indicado para tratamento de dor
ligeira a moderada, com a propriedade adicional de inibir a recaptacdo de
noradrenalina e serotonina, dando-lhe assim uma dupla acdo analgésica (De Decker
et al.,, 2008). Tem vantagens terapéuticas significativas sobre os outros opioides,
incluindo um menor efeito de depressdo respiratéria e baixa tolerancia e
dependéncia (Budd, 1999). Os efeitos adversos frequentemente relatados incluem
nauseas, vomitos, sonoléncia, vertigem, constipacdo, dor de cabeca e sonoléncia
(De Decker et al., 2008). O FDA recomenda a ndo prescricdo para pacientes com
risco de suicidio, para consumidores de sedativos, antidepressivos ou pacientes
alcoolistas (FDA, 2010). E disponivel comercialmente no Brasil em preparacbes de
comprimidos de libertacdo imediata de 50 mg e comprimidos de libertacdo
prolongada de 100 mg (Pfizer, 2012).

Os canabinoides séo constituintes naturais da maconha (Cannabis sativa L.)
possuindo como principal ativo, o A9-tetrahidrocanabinol (A9-THC), além de
inlmeros compostos correlatos denominados de canabinoides, principalmente o

canabinol e o canabidiol (Figura 12) (Oga, 2008).

A9 Tetrahidrocanabinol (314,4) Canabinol (310,4)
Canabidiol (314,5)
Figura 12. Estrutura quimica e massa molar em g/mol dos principais canabinoides

encontrados na cannabis.

A cannabis atua sobre o SNC gerando efeitos simpatomiméticos e
depressores/perturbadores, ligando-se aos receptores canabinoides (CB), de origem
cerebral (subtipo CB1) abundantes no hipotalamo (efeito de prejuizo da memoria),
cerebelo e substancia nigra (distirbio motor), nas vias dopaminérgicas mesolimbicas
(recompensa) e no coértex (Rang et al., 2007). O A9-THC ¢é rapidamente

metabolizado e hidroxilado no figado principalmente pelo citocromo microssomal
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P450, para 11-hidroxi-A9-tetra-hidro-canabinol (11-OH-THC), principal metabdlito
ativo no sangue. Em seguida, é oxidado a um metabdlito inativo, o 11-nor-9-carboxi-
A9-tetrahidrocanabinol (THC-COOH), que € conjugado com acido glucurénico e
predominantemente excretado na urina (Figura 13). Ap0s consumo por via oral, a
maior parte do A9-THC é rapidamente hidroxilada por enzimas da mucosa intestinal
levando também a formacgédo de 11-OH-THC (Yamamoto et al., 1995; Koob et al.,
2006).

CH3 CH20H

Conjugates +—— .o HO, _ ——— Conjugates
OH OH

CH3_: CHz
CH o CsHys CH3 CsHys
8--hydroxy-AS-THC 8-0-11-dihydroxy-AS-THC
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R- C-OH
CH3
CHa™ CsHi1 CHs CsHis CHs CsH11
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. > o (monkey)
(active) (inactive)

Figura 13: Vias metabdlicas de A9-THC (Koob et al., 2006).

2.3. Uso de substancias psicoativas
2.3.1. Na populacgéo geral

O uso de SPA em todo o mundo tem apresentado estabilidade nos ultimos
anos, sendo a maconha (cannabis) a mais utilizada, consumida em 2010 por 119 a
224 milhdes de pessoas, correspondendo a uma prevaléncia anual de 2,6 - 5%
(Figura 14). O uso de anfetaminas (ATS, amphetamine type stimulants, excluindo o

ecstasy) tem a segunda maior prevaléncia (0,2 — 0,6), seguido de opioides/opiaceos,
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ecstasy e cocaina (Figura 14). A falta de dados é particularmente grave em paises
da Africa e em partes da Asia (UNODC, 2012).
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Figura 14. Prevaléncia anual do uso de SPA ilicitas entre a populacdo de 15-64
anos, 2008-2010 (UNODC, 2012).

Globalmente, o UNODC (United Nations Office on Drugs and Crime) estima
gue no ano de 2010, entre 150 e 300 milhdes de pessoas, ou 3,4% a 6,6% da
populacdo 15-64 anos, usou alguma substancia ilicita pelo menos uma vez no ano
anterior. Destes, 27 milhdes de individuos sdo usudrios problematicos, o que
corresponde a quase 12% dos usuarios de SPA Ilicitas e a 0,6% da populacéo
adulta mundial (UNODC, 2012).

Na Europa, o uso de cannabis ao longo da vida pela populacéo adulta (15-64
anos) foi cerca de 78 milhdes de pessoas (23,2% dos adultos europeus). Cerca de
4% dos adultos europeus reportaram o uso de cocaina ao longo da vida, 3,2% 0 uso
de “ecstasy” e 3,8 % de anfetaminas. Os usuarios problematicos de opiaceos no
mundo foram estimados em 68 milhdes de pessoas e cerca de 1,7 milhdes
receberam tratamento de substituicdo no ano de 2009 (Tabela 1). Trata-se da
principal classe de droga em toda a Europa, abrangendo mais de 50% do total de

solicitagbes de tratamentos de toxicodependéncia (EMCDDA, 2011).
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Tabela 1: Comparacdo internacional das estimativas dos consumidores
problematicos de opiaceos (incluindo semissintéticos, como a heroina) e do nimero

de pacientes em tratamento de substituicdo de opiaceos (EMCDDA, 2011).

Consumidores Tratamento de
problematicos de substituiciio dos opidceos
opidceos:
UE e Noruega 1 300000 695000
Australia 20000 43000
Canadd 80000 22000
China 2500000 242000
Russia 1600000 0
Estados Unidos 1200000 660000

MB: Ano: 2009, excepto Canadd (o ano de referéncia ¢ 2003).
Fonte: Arfken e outros (2010), Chalmers e outros (2009), Popova e outros (2006),
UNODC (2010b), Yin e outros (2010).

Embora haja tendéncia de estabilizacdo ou até mesmo de queda no consumo
de SPA ilicitas no mundo, como heroina e cocaina, esta diminuicdo atualmente é
compensada pelo uso de SPA com prescricdo médica e por novas drogas sintéticas,
algumas inclusive fora do controle internacional (United Nations, 2012; UNODC,
2012). Em 2008, a International Narcotics Control Board (United Nations, 2008)
destacou o crescimento mundial do abuso de medicamentos a base de
anfetaminicos, com dietilpropiona e femproporex entre 0s trés anorexigenos
estimulantes do SNC mais utilizados no mundo. No periodo de 2006-2009, Bélgica e
Brasil foram os principais fabricantes de femproporex, representando 99% da
producdo mundial. A partir de 2010, o Brasil veio a ser o uUnico fabricante da
substancia. De 2001 a 2010, o Brasil foi o maior fabricante de dietilpropiona, seguido
pela Suica e Italia. Em 2010, a producdo mundial de dietilpropiona diminuiu
consideravelmente, porém a maioria foi fabricada no Brasil (87%) e Italia (United
Nations, 2012).

A maior parte da anfetamina consumida no mundo é legal, isto &, sob
prescricdo médica como anorexigeno ou, no caso do metilfenidato, para tratamento
de desordens de déficit de atencdo. Porém o uso abusivo destas substancias tem
crescido em todo o globo (UNODC, 2011; United Nations, 2012). O Brasil, Argentina
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e Estados Unidos sé@o os paises com maior taxa de utilizacdo de anfetaminas, com
consumo per capita aproximadamente trés vezes maior no continente americano do
gque em qualquer outra regido do globo (Figura 15) (United Nations, 2008; United
Nations, 2012).

S-DDD per 1,000 inhabitants per day
12

11

2002-2004 2005-2007 2008-2010
Year

B Africa B Americas I Asia I Europe Oceania

Figura 15: Estimulantes anfetaminicos, média de consumo nacional por regido do
globo nos periodos de 2002-2004, 2005-2007 e 2008-2010 (United Nations, 2012).

No total, 35 benzodiazepinicos estdo atualmente sob controle internacional,
dos quais 34 sao classificados como ansioliticos e sedativo-hipnéticos e utilizados
na pratica clinica para pré-medicacao e inducéo de anestesia geral (United Nations,
2012), Em 2010, os benzodiazepinicos ansioliticos, diazepam e alprazolam foram os
psicotropicos mais manufaturados no globo, em termos de doses diarias definidas
por fins estatisticos (S-DDD). A produgdo de benzodiazepinicos do tipo sedativo-
hipnéticos em 2010 ascendeu a 5.5 bilhdes S-DDD, sendo que flunitrazepam
continua a ser o benzodiazepinico mais frequentemente utilizado com abuso (Figura
16). A fabricacdo e o comercio internacional de clonazepam (Gnico benzodiazepinico
classificado como antiepiléptico) aumentou durante a ultima década e, em 2010, se

tornado um dos psicotropicos mais utilizados no globo (United Nations, 2012).
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Figura 16: Benzodiazepinicos do tipo ansioliticos (a) e do tipo sedativo-hipnéticos
(b): percentual de producéo total reportada, por substancia, em 2010 (UNODC,
2012).

Num estudo populacional brasileiro realizado pelo Centro Brasileiro de
Informacdes sobre Drogas Psicotrépicas (CEBRID, Il Levantamento Domiciliar sobre
o0 Uso de Drogas Psicotrépicas no Brasil - 2005), 7.939 pessoas entre 12 e 65 anos
foram entrevistadas em 108 cidades com mais de 200 mil habitantes. Os resultados
mostraram que 22,8% dos individuos fizeram uso na vida de qualquer SPA
(excluindo tabaco e alcool), 10,3% o fizeram no ultimo ano e 4,5% no ultimo més.
Seguindo o cenéario mundial, cannabis foi a SPA mais usada ao longo da vida (8,8%
dos entrevistados), seguida pelos solventes (6,1%), benzodiazepinicos (5,6%),
orexigenos (4,1%), estimulantes (3,2%), cocaina (2,9%), xaropes contendo codeina
(1,9%) e opiaceos (1,2%) (Figura 17). O estudo mostrou também uma
predominéancia do sexo feminino em uso de anfetaminas - quase trés vezes maior do

que os homens em uso na vida (Carlini et al., 2006).
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Figura 17: Prevaléncias (%) de uso na vida de diferentes drogas psicotropicas
(exceto Alcool e Tabaco), nas 108 cidades do Brasil com mais de 200 mil habitantes
em 2005 (Carlini et al., 2006).

Um estudo recente realizado em 149 cidades brasileiras investigou o padrao
de uso somente de SPA ilicitas pela populacéo (Il Levantamento Nacional de Alcool
e Drogas, LENAD-Il, 2012). Dos 4.607 individuos com mais de 14 anos
entrevistados, 7% relataram ja terem experimentado maconha pelo menos uma vez
na vida, destes, 62% experimentaram pela primeira vez antes dos 18 anos de idade
e cerca de 3% relataram este uso no ultimo ano. Mais da metade dos usuarios de
maconha consomem a droga diariamente (cerca de 1.5 milhdes de pessoas)
(LENAD-II, 2012).

Outro estudo nacional realizado em 2009 entrevistou mais de 18.000
universitarios (SENAD, 2010). Quase a metade dos universitarios brasileiros ja fez
uso de alguma substancia ilicita e 80% dos entrevistados menores de 18 anos ja
consumiram algum tipo de bebida alcodlica (Tabela 2). O estudo revelou também
gue o consumo de alcool, tabaco e outras SPA entre universitarios € mais frequente
que na populacdo em geral, e cerca de 40% usaram duas ou mais SPA nos ultimos

12 meses e 43% em multiplo e simultéaneo.
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Tabela 2: Prevaléncia de uso na vida, nos ultimos 12 meses e nos ultimos 30 dias
de SPA entre os universitarios (SENAD, 2010).

Substénci.a Psicotropica/ Uso na vida (%) Uso nos ultimos Uso nos ultimos
Medida de uso 12 meses (%) 30 dias (%)
Alcool 86,2 72 60,5
Produtos de Tabaco 46,7 27,8 21,6
Uso de Drogas llicitas 48,7 35,8 25,9
Maconha/ Haxixe/ Skank 26,1 13,8 9,1
Inalantes e Solventes 20,4 6,5 29
Cocaina (Po) 7,7 3 1.8
Merla 0,8 0,1 0,1
Crack 1.2 0,2 0,2
Alucinégenos 7.6 4,5 2,8
Cetamina® 0,8 0,6 0,6
Cha de Ayahuasca 14 0,9 0,2
Ecstasy 75 3.1 1.9
Esterdides Anabolizantes 3.8 0,9 0,5
Tranquilizantes e Ansioliticos 124 8,4 5.8
Sedativos ou Barbituricos 1,7 1,1 0,9
Analgésicos Opiaceos h'h 3,8 2
Xaropes a Base de Codeina 2.7 1 0,7
Anticolinérgicos 1,2 0,6 0,4
Heroina 0,2 0,1 0
Anfetaminicos 13,8 10,5 8,7
Drogas Sintéticas 2,2 1.1 0,8

2.3.2. Por condutores de veiculos

Diversos estudos foram realizados com objetivo de investigar o uso de SPA
por condutores de veiculos, principalmente em paises do hemisfério norte. No ano
de 2000, o projeto americano denominado CERTIFIED (Conception and Evaluation
of Roadside Testing Instruments to Formalize Impairment Evidence in Drivers)
estabeleceu uma relacdo causal entre o risco inerente ao uso de SPA e 0 perigo no
trafego em rodovias. Foi atribuida uma classificacdo de alto risco para alcool,
benzodiazepinicos e cannabis com o alcool; de risco moderado-alto para cocaina,
de risco moderado para cannabis e anfetaminicos; risco baixo-moderado para
opioides e anti-histaminicos; e de baixo risco para antidepressivos (Brookhuis et al.,
2000).
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O projeto europeu IMMORTAL (Impaired Motorists, Methods of Roadside
Testing and Assessment for Licensing) concluiu que o uso de antidepressivos,
ansioliticos, barbituricos, codeina e morfina consumidos em niveis terapéuticos, em
geral € adequado para a conducdo segura de veiculos automotivos. Entretanto, um
limite de tolerancia zero para a combinacgéo alcool/SPA é mais apropriado, visto que
o comprometimento do ato de dirigir € bastante aumentado (Bernhof, 2005).

O projeto DRUID (Driving Under the Influence of Drugs, Alcohol and
Medicines; (Pil et al., 2009; DRUID-Project, 2010), é um estudo epidemiol6gico com
13 laboratorios europeus com objetivo de analisar amostras de fluido oral, sangue e
urina de condutores em geral, incluindo condutores acidentados. As SPA
selecionadas incluiram etanol, anfetaminas, cocaina, benzodiazepinicos, A9-THC, e
opioides (Walsh et al., 2008). Este projeto trouxe uma base solida para
regulamentagdo de normas e um maior embasamento legal ao combate do uso de
SPA associado a transito (Pil et al., 2009). A prevaléncia de SPA ilicitas foi de 1.90%
na populacdo geral de condutores sendo menor que o uso de alcool (3,48%). Dentre
dos condutores envolvidos em acidentes, a maioria das SPA apareceu em
combinacdes, principalmente com alcool, e benzodiazepinicos foi o0 segundo grupo
mais frequente depois do alcool. A9-THC (1,32%) foi a SPA ilegal mais
frequentemente detectada, seguido de cocaina (0.42%). Em geral, SPA ilicitas foram
detectadas entre os jovens condutores do sexo masculino, principalmente no final de
semana. Cannabis foi a mais prevalente entre os motoristas jovens (18-34 anos) e 2-
3 vezes mais prevalente em homens que mulheres. A cocaina foi duas vezes mais
prevalente no sexo masculino do que no feminino. SPA prescritas foram mais
detectados entre os condutores mais velhos, do sexo feminino e durante o dia.

Nos Estados Unidos, uma pesquisa nacional em estradas de rodagem foi
realizada em 2007 processando 7719 amostras de fluido oral e 3276 amostras de
sangue (Lacey, 2007). As drogas mais detectadas no sangue e no fluido oral de
condutores noturnos foram A9-THC (8,6%), cocaina (3,9%) e metanfetamina (1,3%)
(Lacey, 2007; Compton et al., 2009). Na Noruega, 4,5% das 10835 amostras de
fluido oral coletadas de condutores apresentaram alcool ou SPA, dos quais 3,4%
continham SPA prescritos, drogas ilegais em 1,0% e apenas alcool em 0,4%. A
prevaléncia do consumo de SPA prescritos foi maior entre as mulheres, nos dias
Uteis em relacdo aos finais de semana e em condutores mais velhos. As drogas

ilegais foram encontradas com maior frequéncia em jovens (Gjerde et al., 2008). As
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SPA mais frequentemente detectadas foram zopiclona, hipnético néo
benzodiazepinico (1,4%), benzodiazepinicos (1,4%), codeina (0,8%), A9-THC
(0,6%) e anfetaminas (0,3%) (Gjerde et al., 2008). Estes resultados foram
semelhantes aos encontrados no Reino Unido (Wylie et al.,, 2005) e Dinamarca
(Bernhotft et al., 2005).

Na Australia, um estudo recente com 853 amostras de fluido oral de
condutores mostrou uma incidéncia de 14% para opioides (codeina em 9,1%,
morfina em 7,7% e 6-monoacetiimorfina (6-AM) em 4,8%) e 8,0% para
cocaina/metabolitos. As principais combinacfes de drogas encontradas foram
metanfetamina/cocaina (7,9%), metanfetamina/codeina (7,6%), A9-THC/codeina
(3,6%) e MDMA/cocaina (3,5%) (Chu et al., 2012).

No estudo realizado por Morland et al., cerca de 60% dos condutores
fatalmente acidentados em paises do norte da Europa possuiam alcool e/ou SPA no
sangue. Em acidentes envolvendo veiculos individuais, 66% dos condutores com
menos de 30 anos de idade possuiam alcool e/ou SPA no sangue (40% tendo
apenas alcool; 12% com somente SPA e 14% contendo alcool/SPA) (Mgrland et al.,
2011).

2.3.3. Uso de SPA por condutores de veiculos no Brasil

O Cdédigo de Transito Brasileiro (CTB), alterado pela Lei n°® 11.705 (Brasil,
2008) determina no artigo 306 que “conduzir veiculo automotor, na via publica,
estando com concentracao de alcool por litro de sangue igual ou superior a 6 (seis)
decigramas, ou sob a influéncia de qualquer outra substancia psicoativa que
determine dependéncia” constitui crime sujeito a pena de detencao. O artigo 165 do
CTB ainda estabelece que “dirigir sob influéncia de alcool ou de qualquer substancia
psicoativa que determine dependéncia” é infracdo de natureza “gravissima”(Brasil,
1997).

Apesar disso, diversos estudos nacionais tém evidenciado uma grande
frequéncia no consumo de SPA por condutores no transito. Em 2003, Silva et al.
analisaram 728 amostras de urina de caminhoneiros das regides Nordeste, Sudeste
e Sul do pais e evidenciaram presenca de anfetamina ou cocaina em 5,4% das
amostras (Silva et al., 2003). Yonamine (2004) analisou amostras de urina (n=558) e

saliva (n=559) coletadas aleatoriamente de motoristas de caminhdes nas rodovias
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de Sao Paulo, encontrando resultados positivos para anfetamina ou
benzodiazepinicos em 2,5% das amostras de urina e para anfetamina ou cocaina
em 1,2% das amostras de saliva (Yonamine, 2004). Souza et al. (2005)
entrevistaram 260 motoristas de caminhdo do Estado do MS, identificando uma
prevaléncia reportada de 11,1% no consumo de estimulantes anorexigenos
(dietilpropiona e femproporex), sendo que 77,1% dos entrevistados afirmaram usar
estes medicamentos seis ou mais vezes na semana (Souza, 2005). Em Minas
Gerais, 66% dos 91 caminhoneiros entrevistados informaram utilizar anfetaminicos
durante o trabalho, adquiridos de forma ilicita em postos de combustiveis ou das
empresas transportadoras em que trabalhavam (Nascimento, 2007). Quase um tergo
dos usuérios relatou o envolvimento em acidentes de transito decorrentes deste uso.
Em estudo recente realizado na regido Sudeste do pais, 9,3% das amostras de urina
coletadas de 456 caminhoneiros foi positiva para SPA (Leyton et al., 2012).
Anfetaminas foram encontradas em 5,8% das amostras, representando 61,9% das
amostras positivas, e femproporex foi 0 medicamento mais utilizado. A prevaléncia

do uso de cocaina foi 2,2% e de cannabis, 1,1%.

2.4. Fluido oral como matriz para anélise de SPA

O fluido oral é um fluido incolor, viscoso, formado pelas secrecbes de trés
glandulas principais, a submandibular, a parétida e a sublingual, além de outras
glandulas menores (Samyn et al., 2007). O fluxo diario em um individuo adulto varia
de 500 a 1500 mL (UNODC, 2001), sendo composto por 99% de agua, 0,3% de
enzimas (principalmente amilase), 0,3% de glicoproteinas (mucina) e o restante por
eletrdlitos. (Kidwell et al., 1998). Seu pH situa-se na faixa de 5,6 a 7,0, podendo
aumentar até 8,0 quando a sua producdo é estimulada.

As glandulas salivares recebem alto aporte sanguineo das artérias carotidas
(UNODC, 2001) e uma fina camada de células epiteliais separa os ductos salivares
da circulacdo sistémica. Desta forma, o principal mecanismo de transporte do
sangue ao fluido oral é a difusdo passiva, no caso de substancias com massa entre
100 e 500 Da, correspondendo a grande maioria dos farmacos. Este tipo de
transporte sé ocorre no caso de moléculas nado ionizadas, lipossollveis e nao

ligadas a proteinas plasmaticas, as quais atravessam livremente as membranas
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plasmaticas a favor do gradiente de concentracdo (Kidwell et al., 1998; Samyn et al.,
2007).

O uso de fluido oral para avaliar a utilizacdo de SPA no transito tem sido
muito utilizado devido as vantagens apresentadas em relacdo ao uso tradicional de
matrizes como urina e sangue (Drummer, 2006; Crouch et al., 2008; De Giovanni et
al., 2008). Dentre estas vantagens se destacam a coleta facil e de forma néo
invasiva, podendo ser realizada no préprio local da abordagem, sob vigilancia e sem
maiores constrangimentos, fornecendo informacdes sobre o consumo recente
(algumas horas) e comprovando a conducdo sob influéncia de SPA. Também
apresenta a droga na forma ndo metabolizada, favorecendo o acumulo no fluido oral
de drogas béasicas, como anfetaminicos e cocaina, devido a sua maior acidez em
relacdo ao plasma sanguineo (Yonamine, 2004). O uso de fluido oral apresenta
desvantagens, como o elevado conteudo glicoproteico (mucina), reduzido volume de
amostra e baixa concentracdo de farmacos ligados fortemente a proteinas
plasmaticas, como € o caso dos benzodiazepinicos e dos cannabindides (Huestis et
al., 2004; Yonamine, 2004; De Giovanni et al., 2008).

A coleta de fluido oral pode ser realizada diretamente ou através de
dispositivos coletores comerciais, 0s quais fazem o0 uso de absorventes,
impregnados ou ndo com estimulantes da salivacdo (ex. acido citrico), podendo ou

nao apresentar tampdes de preservacao (Samyn et al., 2007).

2.4.1. Farmacocinética de drogas no fluido oral

Anfetaminas e cocaina séo bases fracas (pKa variando de 10,1 a 7,6; (Moffat
et al., 2004), de baixa massa molecular (entre 135 e 303 Da) e baixa ligacdo a
proteinas plasmaticas. Estas caracteristicas permitem a estas substancias uma
rapida difusdo pelas membranas celulares, vindo a se acumular no fluido oral, que
possui pH mais baixo em relacdo ao sangue. No fluido oral, anfetaminas sao
ionizadas nos grupamentos aminicos, impedindo seu retorno a corrente sanguinea
(Cone et al., 2007). A concentracdo da anfetamina no fluido oral pode superar em
2,8 vezes a do sangue; a de cocaina (pKa 8,4) supera em mais de cinco vezes a do
sangue, e seus metabolitos benzoilecgonina (BZE) e ecgonina metil éster (EME) sé&o

encontrados no fluido oral em concentragfes variaveis (Moffat et al., 2004).
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Em uma amostra de fluido oral positiva para cocaina, a auséncia de BZE
indica um uso muito recente, a concentragdo de cocaina maior que a de BZE um
uso entre 2-8 h antes da coleta e concentracdo de cocaina menor que BZE um uso
anterior entre 12 h e 48 h. Uma amostra positiva somente para BZE caracteriza o
uso de cocaina de até 48 h por usuérios ocasionais, podendo variar entre 48 a 96
dias para usuarios frequentes (Cone et al., 2007).

Logo apds a cessacgdo do tabagismo de cannabis, a concentracdo de A9-THC
no fluido oral se mantém entre 150 e 390 ng/mL, obtendo-se uma boa correlacéo
entre os niveis no fluido oral e no plasma (razéo de 1,2, em média) (Niedbala et al.,
2004). O mesmo estudo também avaliou a exposicdo a fumaca da cannabis pela
analise de fluido oral de quatro voluntarios expostos passivamente e cinco individuos
consumindo a droga através de cigarro, todos dentro de um quarto sem ventilacdo
por 20 min. A9-THC foi detectado nos individuos passivos nos primeiros 30 min. de
exposicdo, com niveis variando entre 7 e 26 ng/mL (em média 13 ng/mL) (Niedbala
et al., 2004).

A heroina pode ser detectada em poucos minutos no fluido oral apos a
utilizacdo de uma dose de 12 mg intramuscular (IM), havendo um pico de
concentracdo de 0,3 pg/mL, podendo ser detectado por cerca de uma hora até a
concentragdo de 1 ng/mL. A morfina também é rapidamente detectada, chegando a
25-60 ng/mL em 10 e 60 min, respectivamente (Wang et al., 1994). No mesmo
estudo, a administracdo IM de 30 mg de fosfato de codeina resultou em uma
concentracdo maxima no fluido oral de 3,5 pg/mL apés 15 min, atingido a
concentracdo de 38 ng/mL em 6 h (Wang et al., 1994; Drummer, 2005)

Devido a sua extensa ligacdo de proteinas plasmaticas (de 70 a 99%), os
benzodiazepinicos estdo presentes em concentraces muito pequenas no fluido
oral, entre 1 a 20 ng/mL em média. A razéo fluido oral/plasma é muito baixa, no
intervalo de 0,01-0,08 (Kintz et al., 2005; Moore et al., 2007). O metabdlito do
diazepam, o nordiazepam, pode ser encontrado no steady state em altas
concentracdes em relacdo ao diazepam (Cone et al., 2007).

Por ser uma droga de uso recente, poucos trabalhos foram realizados com o
1,3-clorofenil-piperazina (m-CPP), e nenhum abrangendo a deteccdo deste atraves
de fluido oral (EMCDDA, 2008). A meia-vida de eliminagc&o na urina variou entre 2,6
e 6,1 h ap6s administracdo oral em individuos saudaveis e voluntarios do sexo

masculino (Feuchtl et al., 2004).
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2.5. Metodologias analiticas utilizadas na anélise de SPA em fluido oral

Diversas metodologias analiticas publicadas recentemente utilizam a
amostragem de fluido oral associadas a pesquisa de substancias psicoativas em
condutores em estradas de rodagem. Os principais métodos de extracdo da amostra
existentes na literatura sdo a extracdo em fase sélida (Teixeira et al., 2005; Wood et
al., 2005; Concheiro et al., 2007) e extracao liquido-liquido (ELL) (Kintz et al., 2005;
Dams et al., 2007; Qiestad et al., 2007; Sergi et al., 2009; Molnar et al., 2012).
Dentre os métodos de analise se destacam as técnicas cromatograficas acopladas a
espectrometria de massas, com CG-MS, LC-MS, LC-MS/MS e LC-qTOF/MS. A
Tabela 3 mostra as informacgfes mais relevantes destes estudos.

Na Dinamarca, amostras de fluido oral (n = 3002) coletadas aleatoriamente de
condutores em rodovias foram analisadas por LC-MS/MS ap@s clean-up com SPE,
obtendo-se uma recuperacédo de 36% — 114% (Badawi et al., 2009; Simonsen et al.,
2012). Concheiro et al. (2008) utlizaram LC-MS/MS na determinacdo de 23
SPA/metabdlitos apds clean-up com SPE Oasis HLB, obtendo recuperacfes na faixa
de 7,5 — 82,6%, utilizando com eluente 2 mL de CH,Cl,:2-propanol (Concheiro et al.,
2008). iestad et al. (2007) determinaram 32 SPA (anfetaminas, benzodiazepinicos,
cocaina/BZE, opiaceos, alucindgenos e outros) utilizando LC-MS/MS apds extracdo
liquido-liquido com 1 AcEt:heptano (4:1), obtendo recuperacdo de mais de 50%,
exceto para morfina (30%) e BZE (0,2%)(diestad et al., 2007) (Tabela 3).

32



Tabela 3. Metodologias analiticas para determinacdo de SPA em fluido oral.

Extracdo/clean-up

LOD/LOQ do

Pais/regido | Classe e numero de SPA Equipamento . Referéncia
(recuperagao) metOdO, ng/ml_
29 SPA e metabdlitos: | SPE (36 -114%) (Simonsen
opioides, cocaina, BZDP, | Bond Elut SPE (130 mg, 3 mL; Varian) UPLC-ES]- etal., 2012)
Dinamarca | A9-THC, Cond.: 2 mL H,0O e 2 mL H,O/MeOH (95:5 v/v). MS/MS LOQ: 0,53 (Baaawi ot
zolpidem/zopiclona, Eluicdo: 3 x 1,5 mL de ACN:NH,OH 25% (49:1,
: al., 2009)
anfetaminas. v/v).
31 SPA/metabolitos:
. . N LC-ESI- ) (Chu et al.,
Austrdlia | anfetaminas, A9-THC, | ELL - sem informagéo LOQ: 2,5
cocaina, BDZP. MS/MS 2012)
9 SPA basicas | SPE (>76%)

. (anfetaminas/METH, Cond.: 1 mL MeOH; 1 mL HCI 0,1N; 1 mL 0,1IN LC-ESI- LOQ: 2 (Wood et al.,
cocaina/BZE, morfina, | HCI, THF e MeOH/H,O (50:50, v/v). Eluicéo: MS/MS ' 2005)
codeina e 6-AM) 0,5 mL (5% NH3/MeOH).

SPE (>81%) sem informacao (cartucho).
Cond.: MeOH (3 mL), H,O (3 mL), e 0.1M
tampéao fosfato (pH 6.0, 2 mL). Eluicdo: H,O (3 LC-ESI- . (Moore et
* 14 BZDP mL), 0,1M tamp3o fosfato (pH 6.0), ACN (80:20; |  MS/MS LOQ-05el | 35 2007)
2 mL) Hexano (1 mL), AcEt + 2% NH,OH (2
mL).
SPE (>50%)
11 SPA béasicas: | Oasis HLB (3 cm?, 60 mg)
anfetaminas/METH, Cond.: 2 mL MeOH e 2 mL H,0. Clean up: 2 LC-ESI- LOD:0,5e1 (Concheiro
Espanha | cocaina / BZE e 6-AM). | mL H,O/MeOH (95:5, viv) e 2% NH,OH em MS/MS LOQ:1e?2 et al., 2007)
Outro método para THC MeOH (80:20, v/v). Eluicdo: 2 mL &cido acético
em MeOH.
23 SPA/metabolitos SPE (7,5 — 82,6%) Oasis HLB (3 cm®, 60 mg).
(anfetaminas, cocaina, Cond.: 2 mL MeOH e 2 mL H,0. Clean-up: 2

\ BZDP, A9-THC, opioides, gy _ 2= P LC-ESI- LOD: 0,5 (Concheiro

zolpidem/zopiclona mL H,0/MeOH (95:5, viv) e H,0/MeOH/NH,OH MS/MS . et al., 2008)
P P ’ (60:39.5:0,5,v/v). Eluigdo: 2 mL CH,Cl, /2- LOQ:1e5 g

difenidramina e
amitriptilina).

propanol (75:25, viv).
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Extragado/clean-up

LOD/LOQ do

Pais/regido | Classe e numero de SPA . Equipamento 3 Referéncia
(recuperagao) metOdO, ng/ml_
EUA 22 opioides e | ELL (31-115%) Precipitaco proteica; 600 uL de | LC—APCI- LOD: 0,25-0,5 | (Dams et al.,
cocaina/metabolitos. ACN. MS/MS LOQ: 1-10 2007)

. 17 benzodiazepinicos e | ELL (>80%) 3 mL CH,CI,/ éter etilico (50/50, LC-ESI- LOQ: 0,1-0,2 (Kintz et al.,
hipnéticos vIV). MS/MS e 2005)
50 SPA/metabdlitos: THC, | ELL / SPE (33-120%) Oasis MCX 3cm®60mg. GC/EI-MS e (Langel et

Finlandia | cocaina, anfetaminas, | Clean up: 1,4 mL IP:AcEt 1:4 (v.v). Eluic&o: 3 GCINICI-MS LOQ: 0,5-25 al 29011)
opiaceos, BZDP e outros. mL ACN com 4% NH;. .
SPE (52,3 a 98,8%) Bond Elut, Varian. Cond.:
12  SPA  (opiaceos, | 3 mL of MeOH, 2 mL tampéo fosfato (0,1 M, pH LOD: 0,22 a .

. ; _ _ .y o LC-ESI- 1.07 (Mortier et
anfetaminas, 6); Clean up: 2 mL acido acético (0,1 M). TOE/MS , al., 2002)
cocaina/BZE). Eluicdo: 2 mL MeOH, 1 mL CH,Cl,/2-propanol/ 9 LOQ: 2 "

NH,OH 25%.
SPE (30 a 109%) Bond Elut LRC (130 mg, 10
. mL). Cond.: 2 mL MeOH, 2 mL tampéao fosfato .
Glasgow, | 49~ SPA  (0DPi&CeOS, | o100 h: 1 mL H,0, 0,5 mL acido acético 0,01 | LC-MS—Ms; | LOD:0,2a3,4 | (Wylieetal,
e anfetaminas, cocaina/BZE, ~ i ; 2005; Wylie
Escocia BZDP e outros) M, 50 mL MeOH. Fragdo éacida: acetona: GC-MS LOQ:08a1l | gtal.. 2005)
' cloroférmio (1:1 v/v, 4 mL). Fracdo basica: "
AcEt:2% NH; (2 x 1,5 mL).
11 SPA (anfetaminas, . 0 .

) cocaina/BZE, g"c')cr:‘é _SF;EC()?AlgNS%f?)low)( Ce:l,f' ;/?:I%]/MeOH LC-ESl- | LOD:0,05a12 | (Sergietal.,

alucinégenos, cetamina e | .. ... 2 S 2 MS/MS LOQ: 0,2 a 4,9 2010)
A (9:1, viv).

fenciclidina).

32 SPA (anfetaminas,

. cocaina/BZE,  opiaceos, | ELL (>50% exceto morfina (30%) e BZE (0,2%). LC-ESI- LOD:0,05a1.2 | (giestad et
BZDP, alucindgenos e | 1.3 mL de AcEt:heptano (4:1) MS/MS LOQ: 0,2 a 4,9 al., 2007)
outros).

13 SPA (anfetaminas, . LOD:0.1a 1.1 .

* cocaina/BZE, ELL (68,5 a 99,5%); MeOH até atingir 0,5 mL. 'I'\ACSFN% (Seg%'o‘;t) al,

canabinoides, opioides, LOQ:0,2a3,7
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Extracéo/clean-u
Pais/regido | Classe e numero de SPA ¢ . P Equipamento L,ODOIILOQ ?0 Referéncia
(recuperac&o) metodo, ng/mL
cetamina e fenciclidina).
_ SPE (44,5 a 97,7 %) Bond Elut, Varian.
36 SPA  (anfetaminas, | cond.: 2 mL MeOH e 2 mL tampao fosfato (pH
cocaina/BZE, o 6); Clean up: 1 mL/min, 2 mL &cido acético LOD:0,1a 1,1 iad
. -l (Pujadas et
canabinoides,  opioides, | .25 M. Fragao 4cida: acetona GC-MS _ I 2007
” ] ¢a LOQ: 0,9a 44,2 | al, )
antipsicoticos €| Fracdo basicas e neutras CH,Cl:IP:NH; ' ’
antidepressivos). (80:20:2, VIVIV)
Micro SPE (77,2 a 112,1%)
Anfetamina, Eigra Eupelco (PD;/EISS BOLC;M)N co. 150 .
metanfetamina, > ML amostra e mg de 8_'2 3 mg ae LOD:05a20
* femproporex, Na;SO,, 5 pL PRCL (pH final 10,1). Apos GC-MS S : (Slogzift
dietilpropiona e | vortice durante 1 min, a fibra de SPME foi LOQ: 4a 16 al., 2011)
metilfenidato. imersa sob agitacdo magnética (1200 rpm)
durante 20 min.

Abreviaturas: acetato de etila (AcEt), acetonitrila (ACN), acido cloridrico (HCI), agua (H,O), aménia (NH3), benzodiazepinicos (BZDP),
cromatografia liquida de ultra performance (UPLC), cromatografia liquida acoplada a espectrometria de massas por eletrospray (LC-ESI-
MS/MS), extracao liquido-liquido (ELL), metanfetamina (METH), cromatografia liquida acoplada a espectrometria de massas por ionizacdo
guimica (LC-APCI-MS/MS), cromatografia gasosa acoplada a espectrometria de massas por ionizagdo por impacto de elétrons (GC/EI-MS),
cromatografia gasosa acoplada a espectrometria de massas por ionizagdo quimica por ion negativo (GC/NICI-MS), cromatografia liquida
acoplada a espectrometria de massas por eletrospray in tandem quadrupolo time-of-flight (LC-ESI-QTOF/MS), extracdo em fase sélida (SPE),
fenilcloroformato (PHCL), hidréxido de aménia (NH,OH), isopropanol (IP), metanol (MeOH), substancias psicoativas(SPA), tetrahidrofurano

(THF). *Desenvolvimento da metodologia apenas, ndo sendo utilizada em amostras de fluido oral de condutores de algum pais ou regido.
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2.6. Cromatografia Liquida acoplada a espectrometria de massa (LC-MS/MS)

Técnicas como a cromatografia liquida (LC) acoplada a espectrometria de
massa (MS) ou a espectrometria de massa in tandem (MS/MS) sdo cada vez mais
importantes na toxicologia clinica e forense por combinar uma elevada seletividade
de deteccado através do uso da espectrometria de massa com a possibilidade de se
analisar amostras aquosas e hidrofilas diretamente, tanto para analitos termolabeis,
guanto nao-volateis (Peters, 2011).

O uso da cromatografia foi primeiramente reportado pelo russo Mikhail
Semyonovich Tswett em 1903 para a separacdo de pigmentos de plantas, utilizando
coluna de carbonato de célcio e resultando em bandas coloridas (Lancas, 2009;
Britannica, 2012). A cromatografia € um método de separacdo em que O0S
componentes de uma mistura séo distribuidos entre duas fases imisciveis: uma fase
movel que flui através de uma fase estacionaria. A fase movel é responsavel por
interagir diferentemente com cada componente por meio de diferentes interacoes,
como ligacBes de hidrogénio, interacdes eletrostaticas e hidrofobicas ou forcas de
Van der Waals (Collins et al., 1987; Lancas, 2009)

A evolucdo da cromatografia liquida foi impulsionada pelo desenvolvimento de
novas particulas de fases estacionarias que por sua vez geraram colunas mais
seletivas, eficientes e estaveis quimica e mecanicamente (Collins et al., 1987;
Maldaner et al., 2009). Na cromatografia liquida de alta resolucdo (HPLC), a bomba
€ responsavel por pressurizar a fase movel através da coluna diminuindo assim o
tempo de eluicdo e controlando e mantendo o fluxo reprodutivel e livre de pulsos
(Lancas, 2009). Dentre os equipamentos normalmente acoplados a um cromatografo
liquido estdo os detectores espectrofotométricos nas regides ultravioleta e visivel, o
de fluorescéncia e o espectrdmetro de massas.

A espectrometria de massas surgiu primordialmente no ano de 1913, quando
o fisico Joseph John Thompson demonstrou que o neon consistia em diferentes
espécies atdbmicas (isotopos) de massas molares de 20 e 22 g/mol, sendo assim
considerado o pai da espectrometria de massas, ganhando o Prémio Nobel em 1906
(Kitson et al., 1996). O espectrobmetro de massas funciona a partir da ionizacéo de
determinado analito (ion percursor), obtendo-se fragmentos de massa a partir deste

ion, sendo estes posteriormente separados de acordo com a relagdo massa/carga
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de cada fragmento e detectados proporcionalmente a sua abundancia, produzido
assim, um espectro de massa completo da molécula (Hoffmann, 2007).

O acoplamento dos detectores de espectrometria de massas com as técnicas
de cromatografia liquida (LC-MS) ocorreu somente a partir de 1974 através do
avanco das técnicas de interface como a ionizagcdo a pressédo atmosférica (APCI),
onde a ionizagdo quimica é iniciada por elétrons a partir de uma descarga (de
corona) elétrica (Niessen, 2006), e posteriormente a técnica de ionizacdo por
eletrospray (ESI).

A técnica de ionizacdo por eletronebulizacdo ou eletrospray (Figura 18)
permitiu a ionizacdo de compostos altamente polares e ndo volateis através da
transferéncia de fragmentos de massa ionizados na fase condensada para uma fase
gasosa como entidades isoladas. Dentro da interface ou fonte de ions, ocorre a
nebulizacdo da fase movel através da passagem por um tubo em forma de agulha
sob forte campo elétrico (acima de 3 kV) e na presenca de fluxo de nitrogénio sob
aguecimento para promover evaporacdo das goticulas do aerossol formado a
pressdo atmosférica, proporcionando um aumento de carga elétrica (repulsdo
coulomb). Uma fragdo dos &tomos produzidos € ionizada, normalmente como um ion
positivo monocarregado (M+H") (Gaskell, 1997; Skoog et al., 2005; Crotti et al.,
2006). Os ions sdo separados pelo analisador de massas com base na razao
massa-carga das espécies ibnicas para produzir um espectro de massas. (Skoog et
al., 2005). A Figura 19 mostra um espectro de massa da cocaina obtida a partir de
sistema LC-MS por electrospray.

A formacdo do aerossol do eletrospray depende da concorréncia entre
repulsdo coulomb e da tensdo superficial da fase movel utilizada. Uma nebulizacéo
estavel depende de parametros experimentais, tais como, a diferenca de potencial
elétrico aplicada, a forma do capilar e seu didmetro interior e externo, bem como a, e

da composicao da fase movel pulverizada (Niessen, 2006).
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Figura 18: Representacdo esquematica da fonte de ESI (a) como célula
eletroquimica (Moffat et al., 2004) e imagem do ESI (b) na fonte de ions de um

analisador de massas (Neto, 2009).
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Figura 19. Espectro de massas da cocaina (a) (Smith, 2004). Os principais ions
formados sdo os ions m/z 182 (C,0H16NO3) formado por a-clivagem pdés-ionizacéo
inicial de nitrogénio ou do oxigénio da carbonila na posi¢cao C2 (b) e m/z 82 (CsHgN)
formado por a-clivagem e subsequente clivagem alilica (c), fragmentos de maior
abundancia(Smith, 1997).
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A partir de 1982, os primeiros espectrometros de massa triplo-quadrupolo
comerciais foram introduzidos (Hoffmann, 2007). Este tipo de espectrometro consiste
em dois analisadores de massas, cada um com quatro hastes (quadrupolos) e entre
estas, uma célula de colisdo formada por um hexapolo (Figura 20). As hastes
opostas possuem iguais tensdes, que sdo moduladas através da variacdo de
radiofrequéncias (RF) e de corrente continua (DC). A um valor especifico de tenséo,
0s ions com determinada m/z (ions percussores ou ions pais) sdo separados no
primeiro analisador de massa, seguindo uma trajetoria helicoidal estavel através das
varetas em direcao a célula de colisdo onde ocorrera a fragmentacao destes ions na
presenca de um gas neutro e inerte (He, N, Ar) regulado a uma pressao
consideravelmente superior a do vacuo circundante. Posteriormente, estes
fragmentos de massa (ions produtos ou ions filhos) sdo selecionados pelo segundo
analisador de massas e direcionados ao detector (Ardrey, 2003; Gross, 2004).

Um espectro de massa é produzido através da variacao das tensdes de RF e
DC de uma maneira sistemética para trazer fragmentos selecionados de ions (ions
produtos) de m/z com valor especifico ou dentro de um intervalo, em dire¢cdo ao
detector de massas (Ardrey, 2003; Smith, 2004).
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Figura 20: Diagrama de funcionamento de um analisador de massas LC-MS/MS
triplo quadrupolo (a) (Xavier, 2010) e funcionamento de uma haste quadrupolar (b)
(Smith, 2004).
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2. OBJETIVOS

2.1.Geral:
Avaliar o uso de substancias psicoativas por condutores nas rodovias

brasileiras pela analise de fluido oral.

2.2.Especificos:

e Otimizar e validar um método multianalito para a determinacdo de
anfetaminicos, benzodiazepinicos, cocaina e metabdlitos, canabinoides,
opioides e outras substancias em fluido oral por LC/MS/MS.

e Analisar amostras de fluido oral coletadas de condutores nas principais
rodovias de 24 estados brasileiros e Distrito Federal.

e Avaliar a prevaléncia de uso de substancias psicoativas com relacdo as
caracteristicas do condutor (sexo, idade e escolaridade), tipo de veiculo, hora

e local de amostragem.
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3. RESULTADOS
Os resultados do presente estudo estdo apresentados na forma de dois (02)

trabalhos cientificos que foram preparados para publicacdo em revistas indexadas:

3.1.Prescription and illicit psychoactive drugs in oral fluid - LC-MS/MS
method development and analysis of samples from Brazilian drivers
Aceito para publicacdo na Forensic Science International em: 29 de Agosto
de 2012. ISSN: 0379-0738

3.2.Prevalence of psychoactive drug use on a roadside survey of Brazilian

drivers

A ser submetido
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Abstract

This study is part of a larger project designed to investigate the prevalence of
psychoactive drug (PAD) use among Brazilian drivers. In this paper we describe the
development and validation of an analytical method to analyze 32 prescription and
illicit PADs (amphetamines, benzodiazepines, cocaine, cannabis, opioids, ketamine
and m-CPP) and metabolites in oral fluid samples collected with a QuantisalTM
device. Samples were extracted with ethyl acetate:hexane and analyzed by LC-
MS/MS. Instrumental LOD ranged from 0.26 to 0.65 ng/mL. Mean procedural
recoveries at 1.3 ng/mL (LLOQ) ranged from 50 to 120% for 24 compounds.
Recoveries were concentration independent, with the exception of femproporex,
heroin and ecgonine methyl-ester (EME) for which the recovery decreased
significantly at higher levels (13 and 52 ng/mL). RSD was < 20% for all compounds at
all spiking levels. lon suppression due to the matrix was < 20% for most compounds,
and higher than 60% for EME and diethylpropion. Analysis were performed against
an in-matrix standard curve. About 10% of the 2235 oral fluid samples collected from
drivers on Brazilian Federal highways were positive (= LOD) for at least one analyte
investigated. Alone or in combination with other drugs, cocaine/metabolites were the
analytes most detected in the samples (129; 5.8%), followed by
amphetamines/metabolite (69; 3.1%), benzodiazepines (28; 1.2%), cannabinoids (23;
1.1 %) and opioids (8; 0.4 %). Detection of at least two PADs from different classes
accounted for 9.3% of the 236 positive samples. Cocaine was found at higher levels
in the samples (up to 1165 ng/mL). Preventive measures aimed at reducing the use
of PADs by drivers in Brazil will certainly contribute to decrease the country’s

highway death rates.

Keywords: Psychoactive drugs; Oral fluid; Drivers; LC-MS/MS; Brazil

1. Introduction

In the last decade, there has been a significant worldwide increase in the use
of illicit drugs and the abuse of prescription drugs, such as benzodiazepines,
barbiturates, and amphetamines [1]. The increased risk of driving under the influence
of these psychoactive drugs (PAD) has been substantially demonstrated in the

literature [2-7]. In Brazil, 11% of the truck drivers interviewed reported using
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amphetamines in the state of Mato Grosso do Sul [8] and 66% in the state of Minas
Gerais [9]. Biological samples from truck drivers have tested positive for various
substances, including cannabinoids, cocaine and amphetamines in Sdo Paulo state
[10-12]. Traffic accidents were the second highest cause of death in the country in
the last three decades, representing 20.3 deaths per 100 000 inhabitants in 2007
[13].

In the last ten years, the use of oral fluid to monitor the use of PAD by humans
has been proved to have a number of advantages over the traditional urine and blood
matrix. Oral fluid sampling is fast, easy and less intrusive for drivers [14]. It allows the
detection of the drug in a non-metabolized form and, compared to serum analysis, it
IS potentially more sensitive to basic drugs and drugs with low plasma protein
binding, such as amphetamines and cocaine [3, 15-18]. Some disadvantages
regarding the use of oral fluid include the reduced sample volume, high content of
glycoprotein (oral mucin), and low concentration of drugs strongly bound to plasma

proteins, such as benzodiazepines and A9-THC (tetrahydrocannabinol).

The commercial oral fluid collection system contains buffers with stabilizing
salts, non-ionic surfactants for surface wetting, and antibacterial agents which
guarantee good stability for most drugs and their metabolites during storage at 4 °C
[19]. However, these devices excessively dilute the samples, and thus a sensitive
detection method, such as LC-MS/MS, needs to be used for quantification. Sample
extraction methods include liquid-liquid extraction (LLE) [20-24], and solid phase
extraction (SPE) [19, 25, 26].

The aims of this study were to develop an analytical methodology for PADs
from various chemical classes by LC-MS/MS in oral fluid, and to apply this method to
analyze samples collected from Brazilian drivers in the first nationwide survey

conducted in the country.

2. Material and Methods
2.1. Psychoactive drug standards and reagents

Standards of d,|-diethylpropion (DIE) hydrochloride (HCI) and d,|-femproporex
HCI (FEM) were kindly donated by Aché Pharmaceutical Laboratories S.A. (Séo
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Paulo, Brazil), and d,l-threo-methylphenidate HCI (MPH) by Novartis Pharma (Séo
Paulo, Brazil). Alprazolam, bromazepam, clonazepam, diazepam, flunitrazepam,
lorazepam, midazolam, nitrazepam, oxazepam and temazepam were purchased
from Roche Pharmaceutical (Anapolis, Brazil); codeine phosphate, methadone HCI,
morphine sulfate and tramadol HCI from Cristalia Pharmaceutical (Itapira, Brazil);
atropine sulfate monohydrate from Henrifarma (S&o Paulo, Brazil); ethyl morphine
HCI from Merck (Darmstadt, Germany); zolazepam HCI from United States
Pharmacopoeia, and dl-amphetamine HCI and A9-THC from Lipomed (Arlesheim,
Switzerland). Standard solutions of 1 mg/mL of d,l-methamphetamine (METH), d,I-
3,4-methylenedioxyamphetamine  (MDA), d,l-methylenedioxyethylamphetamine
(MDEA), d,I-n-metyl-1-(1,3-benzodioxol-5-il)-2-butanamine ~ (MBDB),  d,I-3,4-
methylenedioxymethamphetamine (MDMA), ketamine, heroin, canabinol, cocaine,
benzoylecgonine (BZE), ecgonine methyl-ester (EME), nordiazepam and 1-(3-
chlorophenyl) piperazine (m-CPP) were provided by the Brazilian National Institute

of Criminology (Brasilia, Brazil).

PAD and metabolite stock solutions at 1 mg/ml were prepared in ethyl acetate
(benzodiazepines), acetonitrile (opioids) or methanol. Working solutions were
prepared by diluting the stock solution in methanol at final concentrations of 3.75
pg/mL and 25 ng/mL. Stock and working solutions were stored at —15 + 4 °C. In-
matrix standard solutions at concentrations ranging from 0.5 to 20 ng/mL were

prepared by spiking a blank oral fluid extract.

Methanol (MeOH) and acetonitrile HPLC grade and ultrapure ammonium
formate (98% purity) for HPLC were obtained from Sigma-Aldrich (St. Louis, USA),
ammonium carbonate and hexane from Mallinckrodt (Phillipsburg, USA), ethyl
acetate HPLC grade and ammonium hydroxide concentrate p.a. from Merck
(Darmstadt, Germany). High purity water was obtained from a Milli-Q water system
(Billerica, USA).

QuantisalTM oral fluid collection devices, filters and preservative buffer
solution were purchased from Immunalysis Corporation (Pomona, CA, USA). Each
device contained a collection pad with an indicator that turned blue when 1mL of oral
fluid was collected, and a plastic transport tube with 3 mL of preservative buffer (final

specimen volume of 4 mL).
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2.2. Sample preparation and extraction

The cotton pad containing the oral fluid was squeezed and the released
solution poured into a glass container to freeze. The LLE was based on the method
described by @iestad [21]. In summary, a 0.50 mL aliquot of the sample was
transferred to a 2 mL eppendorf tube, 50 puL of saturated ammonium carbonate
solution (pH 9.3) was added, the tube vortex to mix, 1.3 mL of ethyl acetate: hexane
(4:3) added and the tube vortex for 20 seconds and stirred in a shaker for 10 min. A
1.0 mL aliquot of the organic phase was concentrated to dryness under nitrogen at
50°C. The residue was resuspended for analysis in LC-MS/MS in 250 uL of initial
mobile phase with internal standards (IS) (zolazepam, atropine and ethyl morphine at
25 ng/ml). Oral fluid samples were thawed and immediately extracted. All samples

above the in-matrix standard curve concentration range were diluted and reanalyzed.

2.3. LC-MS/MS analysis

Analyses were performed in a Shimadzu LC-20AD (Kyoto, Japan) liquid
chromatograph coupled with a mass spectrometer Applied Biosystems/MDS Sciex
4000 QTRAP MS system (Foster City, USA), with an electrospray interface (ESI).
The chromatographic separation was performed at 40°C with a Luna® C18(2)
column, 150 x 2.0 mm, 5um (Phenomenex; Torrance, USA). The injection sample
volume was 10 uL. The mobile phase, delivered at a flow rate of 0.2 mL/min, was a
gradient of water with 5 mmol/L ammonium formate (solvent A), and MeOH with 20%
of acetonitrile and 5 mmol/L ammonium formate (solvent B), programmed as follow:
32.5% (solvent B) during 2 min linearly increased to 75% for 6.5 min, 80% for 7.4
min, 95% in 13 min to 13.2 min, 100% in 17 min, decreased to original conditions for

5 min, which resulted in a total chromatographic run time of 22 min.

The MS/MS ion source was operated in positive ESI mode at 600.0 -C with the
nebulizer and heater gas set to 45.0 psi. lon spray voltage was set to 4.500 KV,
curtain gas at 10.0 psi, and collision gas to HIGH. Positive ionization (ESI+) was
performed in the Schedule MRM (multiple reaction monitoring) mode, range of
detection for 120 s, obtaining the transition from two fragments for each analyte
(quantifier and qualifier ions) [27]. The overall cycle time for 67 MRM transitions

(including three for internal standards) was 2.5s and 528 cycles/scan. The MRM
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transitions, collision energies and other target-dependent parameters for each target
were optimized by direct infusion of the corresponding standard solutions at
concentrations of 50 to 200 ng/mL in the mobile phase (MeOH/H,O and ammonium
formate 5 mmol/L), according to manufacturer instructions. The resolutions for the
selection of the precursor ions in Q1 and the product ions in Q3 were set to UNIT

mass. Data processing was performed using the Analyst Version 1.5.1 software.

2.4. Method validation

Linearity of the response and selectivity (interfering signals) of the method
were evaluated by analyzing a blank oral fluid extract (pool from 10 volunteers) [28].
Linearity was evaluated using in-matrix standard solutions at levels of 0.5, 1.0, 1.5,
2.5, 5, 10, 15 and 20 ng/mL (n=3 at each level) by plotting the peak area ratio of an
analyte/IS using weighted (1/x%) linear least-square regressions. The % of intercept
was calculated as linear coefficient*100/(angular coefficient*xmean) and the
regression precision as standard deviation of residues*100/ymean. Within the
linearity study, the ratios between the quantifier and qualifier ions were calculated for

each compound at each level (n= 24).

The limit of detection (LOD) of the instrument was defined as the lowest
concentration of each analyte spiked in a blank oral fluid extract (n = 5) which gave a
response of a quantitative ion equal to 3 times the signal-to-noise ratio (S/N),
calculated by the instrument software. The limit of quantification (LOQ) of the
instrument was defined as before, but considering 10 x S/N. In both cases, the
qualitative ion should give a response of at least 2 x S/N. Extraction recovery was
determined by comparing the response of the fortified extracted samples (prepared
by spiking with the standard solution a blank oral fluid sample before extraction) with
the response in samples fortified after extraction, not corrected by internal standard
[29]. The extraction recovery was determined at three levels for each compound
(n=6 at each level) and used to assess accuracy of the method (bias). The relative
standard deviation (RSD) of the data was used to assess intra-day precision
(repeatability). The method was satisfactorily validated and considered to be

quantitative for compounds for which the mean extraction recovery was within the
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range of 50 to 120%, and RSD <20% [30, 31]. LLOQ of the method for each
compound was defined as the lowest level for which the method was validated.

Matrix effects were evaluated by two different ways [28]: a) comparing the
analyte signal in the solvent with the analyte signal in the oral fluid matrix (pool from
6 volunteers) fortified after extraction, and the result expressed as a percentage of
ion suppression or enhancement in comparison to a solvent solution; b) visual
observation of the detector response of a continuous post-column infusion (10
puL/min) of a solvent and in-matrix solution of THC (10 ng/ml), cocaine and diazepam
(5 ng/mL).

The stability of the processed samples containing 16 ng/mL analyte
concentration arranged in the chromatograph rack at 10 ° C was investigated (n=3).

Samples were analyzed at 0, 24, 36, 56 and 68 h after being processed.

2.5. Oral fluid samples

This study is part of a larger project designed to evaluate the use of PAD
among drivers on federal highways in Brazil. In this project, oral fluid samples were
collected by trained personnel from 3397 drivers on federal highways in all 26
Brazilian states and the Federal District. Samples were collected with the support of
the Brazilian Federal Highway Police on Fridays and Saturdays between 12 pm to 12
am, from August 2008 to September 2009. The project was approved by the Ethics
Committee of the Clinical Hospital of Porto Alegre. In the present study, 2235

samples of the overall collected samples were analyzed.

Oral fluid (1 mL) samples were collected using a QuantisalTM device that uses
a pad with a cotton swab which is placed between the subject’'s cheek and gum. The
cotton pad is transferred to a vial containing buffering solution, then capped, labeled,
and transferred to the laboratory in containers with temperature monitored at
approximately 5°C no more than 2 days after sample collection. Blank oral fluid
samples were obtained using the same procedure for non-drug user volunteers. The

samples were not further weight before analysis.
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3. Results and discussion
3.1. Method validation

Table 1 shows the precursor and product ions, fragmentation and optimized
ionization conditions, ion ratios and chromatographic retention times of the 32 PADs
and metabolites analyzed in this study. The ratios between the quantifier and qualifier
ions (IR) were generally stable among the runs and at the different concentration
levels, with RSD lower than 15% in most cases (n=24), and morphine showing the
greatest variation (19.1%). The method was shown to be selective under the
chromatographic conditions, with no significant interferences from endogenous

components at the retention times of the analyzed compounds.

For all compounds, linearity using 1/x*> weighted linear regression was
satisfactory from 0.5 to 20 ng/mL (R2 = 0.9942 to 0.9995), with % of intercept ranging
from -0.1 to 6.7, and regression precision ranging from 1.8 to 5.9 %. The ion
chromatograms are shown in Figure 1. Low signal intensities were obtained for THC
and cannabinol. The chromatographic run lasted 22 min (methanol/acetonitrile
mobile phase, 0.3 mL/min), longer than that used by Qiestad et al. [21] also for 32
compounds at the same flow rate using acetonitrile as mobile phase (<10 min), but
shorter than the method used by Wylie et al. [17] for 22 compounds (29 min,

acetonitrile).

Table 2 shows the instrumental and method parameters evaluated in the
study. Instrumental LOD was 0.26 or 0.52 ng/mL and instrumental LOQ ranged from
0.52 to 1.3 ng/mL. The method was considered to be quantitative for 24 compounds
(extraction recovery = 50 %), including all 11 benzodiazepines, with a LLOQ of 1.3
ng/mL for all compounds except for THC (13 ng/mL). For the other 8 compounds, the
extraction recoveries were sufficient only for a semi-quantitative analysis. In general,
recoveries were independent of concentration, with the exception of femproporex,
heroin and ecgonine methyl-ester (EME) for which recovery decreased significantly
at higher levels. RSD was < 20% for all compounds at all spiking levels. Very low
extraction recoveries were found for diethylpropion (< 6%) and benzoylecgonine
(<1%). Qiestad at al. [21] also found very low recovery for benzoylecgonine (0.2%)

using ethylacetate: heptane (4:1) in the LLE at similar concentration levels. Wylie at
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al. [17] found a 62% recovery for benzoylecgonine in oral fluid samples at 200 ng/mL

after SPE and LC-MS/MS detection; recoveries at lower levels were not reported.
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Fig. 1. LC-MS/MS ions chromatograms of a blank oral fluid sample extract spiked at

concentration of 0.5 ng/mL. MBDB= n-metyl-1-(1,3-benzodioxol-5-i)-2-butanamine;

m-CPP=1-(3-chlorophenyl)piperazine;

MDEA=methylene
dioxymethamphetamine;

EME=ecgonine methyl-ester.

MDA=3,4-

dioxyethylamphetamine;

THC= tetrahydrocannabinol;

methylenedioxy amphetamine;

MDMA=3,4- methylene

BZE=benzoylecgonine;
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1
2

Precursor Product IR average RT
Analyte ion (m/z) ion (mizy2 PP V) CE(V) EP(V)  CPX(V) " nop o) n=24 (min)
Amphetamines and metabolite
Zolazepam (IS) 287 243 86 51 10 20 - 9.0
Amphetamine 136 91; 119 80 20; 20 10 06; 08 1.4 (14.2) 7.4
Diethylpropion 206 105; 100 76 31;33 11 06; 06 1.5 (5.8) 10.4
Femproporex 189 119; 91 101 15; 29 11 06; 08 1.0 (16.1) 9.9
MBDB 208 135; 177 51 25; 17 11 10; 12 2.2 (10.3) 7.6
MDA 180 105; 133 36 33; 27 11 06; 08 1.5 (16.9) 5.2
MDEA 208 163; 105 46 19; 35 11 10; 06 2.1 (6.5) 6.7
MDMA 194 163; 105 51 19; 35 11 10; 06 2.3 (6.7) 5.6
Methamphetamine (METH) 150 119; 91 46 17; 25 11 06; 08 1.9 (18.7) 5.9
Methylphenidate 234 84;91 46 29; 63 10 06; 14 39.0 (16.7) 9.4
Benzodiazepines
Zolazepam (IS) 287 243 86 51 11 20 - 9.0
Alprazolam 309 281; 205 121 37,59 11 22;14 1.8 (6.6) 11.0
Bromazepam 318 209; 182 76 37; 47 11 12; 16 1.5 (16.8) 10.1
Clonazepam 316 270; 214 61 37; 53 11 20; 16 3.8 (18.2) 10.4
Diazepam 285 257; 193 81 31; 45 11 14; 20 1.6 (6.9) 12.0
Flunitrazepam 314 268; 239 86 37; 49 10 20; 18 2.9 (10.7) 10.7
Lorazepam 321 275; 229 61 31; 43 11 22;18 2.9 (15.6) 10.8
Midazolam 326 291; 249 121 39; 51 11 22;18 4.6 (5.6) 11.8
Nitrazepam 282 236; 180 111 35; 53 11 18; 14 3,0 (10.4) 10.4
Nordiazepam 271 165; 140 86 41; 41 11 10; 12 1.7 (12.6) 11.5
Oxazepam 287 269; 241 71 21; 33 11 16; 20 1.2 (17.9) 10.9
Temazepam 301 283; 255 71 21; 31 11 20; 22 2.0 (13.4) 11.2
Cannabinoids
Zolazepam (IS) 287 243 86 51 11 20 - 9.0

Table 1. Optimized conditions for LC-MS/MS, precursor and product ions, ion ratio and respective RSD (%), and retention time for
each psychoactive drug and metabolite analyzed.
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Precursor Product IR average RT
Analyte ion (m/z) ion (mizy2 PP V) CE(V) EP(V) CPX(V) " nop op) n=24 (min)
Cannabinol 311 223; 293 81 31;25 11 12; 24 2.5(12.1) 16.4
Tetrahydrocannabinol 315 193; 259 71 33; 27 11 15; 18 2.3 (13.9) 17.0
Cocaine and metabolites
Atropine (IS) 291 124 81 35 11 8 - 7.0
Cocaine 304 182; 82 71 27; 45 11 12; 04 4.8 (4.6) 9.7
Benzoylecgonine (BZE) 290 168; 105 61 27; 41 11 12; 06 29 (1.2) 5.4
(Eélslg'”e methyl-ester 200 182; 82 61 2535 11  14:14 2.2 (9.3) 25
Opioids
Ethyl morphine (IS) 314 152 126 91 11 8 - 9.5
Codeine 300 152; 115 116 85; 99 11 10; 06 1.2 (9.4) 8.6
Heroin 370 268; 165 101 39; 71 11 12; 16 1.2 (13.7) 9.9
Methadone 310 265; 223 56 21; 31 11 16; 18 8.7 (5.5) 10.8
Morphine 286 152; 128 116 79; 81 11 10; 08 1.6 (1.6) 6.9
Tramadol 264 246; 58; 61 17; 47 11 08; 20 48.4 (17.1) 8.8
Others
Ketamine 238 125; 207 36 39; 21 11 08; 12 2.7 (4.7) 10.6
m-CPP 197 154; 118 71 29; 47 11 10; 08 1.5 (8.2) 8.9

 Quantifier ion underlined; V= Volts; 1S= internal standard; DP= declustering potencial (DP); CE= collision energy; EP= entrance

potential; CXP= collision cell exit potential; IR= ratio between the quantifier and qualifier ions; RSD= relative standard deviation;

RT= retention time; MBDB= n-metyl-1-(1,3-benzodioxol-5-il)-2-butanamine; MDA=3,4- methylenedioxyamphetamine; MDEA=

methylene dioxyethylamphetamine;

MDMA=3,4-

methylenedioxymethamphetamine;

m-CPP=1-(3-chlorophenyl)

piperazine
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Table 2. Instrumental limit of detection (LOD) and quantification (LOQ), extraction
recovery, and intra-day precision (RSD) obtained from fortified blank oral fluid

samples (n=6 at each level). All concentrations are related to the oral fluid sample

Instrumental, Extraction recovery (RSD), %
ng/mL
Analyte LOD LOQ 13ng/mL 13ng/mL 52 ng/mL
Quantitative analysis
Amphetamines
MBDB 0.26 0.65 66.6(6.7) 77.1(7.7) 64.0(8.9)
MDA 0.26 0.65 58.7(7.5) 60.1(7.0) 50.8(2.7)
MDEA 0.26 052 74.2(4.0) 835(9.2) 67.1(1.2
MDMA 0.26 0.65 67.9(3.4) 75.3(9.4) 60.7(5.2)
Methylphenidate 0.52 1.04 819(9.8) 76.1(7.8) 60.9(3.6)
Benzodiazepines
Alprazolam 0.26 0.52 83.8(10.7) 92.9(3.5) 77.1(3.9
Bromazepam 0.26 0.65 119 (7.0) 92.2(10.0) 76.5(11.1)
Clonazepam 0.26 0.65 101(14.8) 96.1(3.8) 77.3(2.4)
Diazepam 0.26 0.52 95.6(7.8) 94.0(5.3) 80.4@4.1)
Flunitrazepam 0.26 0.65 79.5(6.5) 93.9(7.4) 82.7 (3.3
Lorazepam 0.52 0.78 83.1(11.6) 92.9(3.5) 75.3(4.0)
Midazolam 0.26 052 79.1(4.8) 875(3.1) 79.2(4.9)
Nitrazepam 0.52 1.04 86.7(11.3) 95.7(6.1) 79.8(4.2)
Nordiazepam 0.52 1.3 81.3(6.6) 94.8(7.1) 80.6(5.0)
Oxazepam 0.26 0.65 77.1(10.3) 92.7(4.5) 78.8(4.5)
Temazepam 0.26 0.65 81.7(4.3) 87.2(9.3) 79.4(7.8)
Cannabinoids
THC 0.52 1.04 44.8(12.9) 57.0(7.2) 62.5(9.9
Cannabinol 0.52 1.3 543(6.00 74.2(5.5) 66.0(8.3)
Cocaine 0.26 0.52 949(7.2) 95.1(6.1) 81.6(8.9)
Opioids
Codeine 0.26 0.65 96.4(2.7) 84.0(6.7) 71.4(2.8)
Methadone 0.26 0.65 85.9(5.8) 94.3(6.6) 82.4(2.8)
Tramadol 0.52 0.65 96.4(2.5) 89.1(7.6) 73.5(2.3)
Others
Ketamine 0.26 0.52 56.8(3.9) 635(3.7) 48.7(3.5)
m-CPP 0.26 0.65 53.9(3.6) 62.1(29) 551(1.9
Semi-quantitative analysis
Amphetamines
Amphetamine 0.26 0.65 40.4(9.8) 44.0(10.6) 37.0(4.8)
Diethylpropion 0.26 0.52 5.8(19.2) 22(16.6) 2.4(11.1)
Femproporex 0.65 1.3 78.2(5.3) 63.2(11.4) 41.9(12.4)
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Instrumental, Extraction recovery (RSD), %

ng/mL
Analyte LOD LOQ 13ng/mL 13ng/mL 52 ng/mL

METH 0.52 1.04 39.0(7.9) 40.4(15.3) 28.3(6.7)
Cocaine metabolites

Benzoilecgonine 0.26 0.65 0.45(12.0) 1.6(18.9) 0.56(12.2)

Ecgonine methyl ester 0.65 1.3 52.7(12.2) 21.1(12.0) 14.2(13.7)
Opioids

Heroin 0.26 0.65 105(6.8) 63.6(8.8) 49.9(15.0)

Morphine 0.65 1.04 43.4(7.8) 40.6(10.7) 35.1(3.0)
MBDB=n-metyl-1-(1,3-benzodioxol-5-il)-2-butanamine; MDA=3,4-
methylenedioxyamphetamine; MDEA=methylenedioxyethyl amphetamine;

MDMA-=3,4-methylenedioxymethamphetamine;m-CPP=1-(3-chlorophenyl) piperazine

Figure 2 shows the matrix effects of each analyte in the oral fluid extract
spiked at the 5 ng/mL level. With exception of flunitrazepam and clonazepam, there
was a depletion of the response in all cases due to the matrix, which reached 20%
for most compounds. lon suppression was greater for EME and diethylpropion (>
60%, in average). RSD (n=6) of the analyte response in-matrix was <12% in all
cases, except for EME (28%). lon suppression was 38.6% for THC, an effect that is

illustrated in Figure 3.
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Fig. 2. Matrix effect of PADs and metabolites in oral fluid, in % suppression or

enhancement related to the solvent standard solution (mean, n=6).
AMP=amphetamine; ALP= alprazolam BZE=benzoylecgonine; BZP= bromazepam;
CAN= canabinol; CLO= clonazepam; COC=cocaine; COD= codeine; DZP=
diazepam; DIE= diethylpropion; EME=ecgonine methyl-ester; FEM= femproporex;
FLU=flunitrazepam; HER=heroin; KET= ketamine; LRZ=lorazepam; MBDB=n-metyl-
1-(1,3-benzodioxol-5-il)-2-butanamine; m-CPP=1-(3-chlorophenyl)piperazine;
MDA=3,4-methylenedioxy amphetamine; MDEA=methylene dioxyethylamphetamine;
MDMA=3,4- methylene dioxymethamphetamine; METH= methamphetamine;
MDN=methadone; MPH= methylphenidate; MOR= morphine; MID=midazolam;
NZP=nitrazepam; NOR= nordiazepam; OXA=oxazepam; TZP= temazepam; THC=
tetrahydrocannabinol; TRA= tramadol

56



Intensity, cps
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Fig. 3. lon suppession for THC at 17 min retention time (upper insert in solvent and

lower insert in matrix, showing );

Suppression or enhancement of the analyte response in LC-MS/MS is
normally due to the presence of stabilizers and preservatives present in the sample
collection device, and to proteins present in the matrix [19]. Although fewer matrix
effects are expected in cleaner samples, Dams et al. [32] observed no signal
suppression for morphine in oral fluid collected with a Salivette® after a simple
dilution step, and 10-15% ion suppression after SPE extraction; protein precipitation
resulted in suppression of 50-70% in some areas of the chromatogram. After direct
injection of diluted spiked oral fluid samples, Wood et al. [19] found the most
dramatic signal suppression effect for morphine and 6-AM (68-87%), as well as
codeine, amphetamine and MDA (33-67%). Concheiro et al [26] obtained a large
matrix suppression effect for amphetamines (46.2 to 70.7%) even after SPE clean-
up. In our study, we used an in-matrix standard curve for the quantification of all
investigated analytes to compensate for matrix effects. The stability study has shown
that processed samples can be stored at 10 oC for up to 36 hours before being

analyzed (at least 80% remaining, Figure 4).
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Fig. 4. Stability of processed sample extract at 16 ng/mL, calculated as a percentage

of the peak area response remaining after 0, 24, 36, 56 and 68 h of extraction (n=3
each time); BZE= benzoylecgonine; MBDB= n-metyl-1-(1,3-benzodioxol-5-il)-2-
butanamine; MDA= 3,4- methylenedioxyamphetamine; MDEA= methylene
dioxyethylamphetamine; MDMA=3,4- methylenedioxymethamphetamine; METH=
methamphetamine; m-CPP=1-(3-chlorophenyl) piperazine; THC=
tetrahydrocannabinol.

To the best of our knowledge, this is the first multiclass LC-MS/MS analytical
method developed for PADs in oral fluid that includes methylphenidate,
diethylpropion, femproporex and m-CPP. Souza et al. (2011) developed a GC/MS
method for the analysis of five amphetamines in oral fluid that include
methylphenidate, femproporex and diethylpropion. The commercial immunoassays
usually applied on roadside surveys with oral fluid are not able to detect these three

compounds, even at high concentrations [33, 34].

3.2. Samples analyzed

Oral fluid samples obtained from 2235 drivers on federal highways in 24 of the
26 Brazilian states and the Federal District were analyzed. About 95% of the drivers
were men, and were 18 to 80 years of age (mean age: 37.1 years + 11.2). About half
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of them were driving automobiles (50.5%), 29.6% motorcycles, 10.8% busses and
9.1% trucks.

About 10% of the samples (236 samples) were positive (= LOD) for at least
one of the 32 analytes investigated, alone or in combination with a metabolite or
other drugs. Eleven analytes were not detected (< LOD) in any of the samples
analyzed (MBDB, MDA, MDEA, flunitrazepam, midazolam, oxazepam, temazepam,
heroine, methadone, ketamine and m-CPP). Table 3 summarizes the results of the
236 positive samples. Concentration was given only to those compounds which were

quantitatively analyzed (see Table 2).

Table 3. Prescription and illicit psychoactive drugs detected (= LOD) in oral fluid samples

collected from Brazilian drivers (N=2235 samples)

Samples % positive % total

Analyte detected samples samples Range, ng/mL
Amphetamines and metabolites? 60 25.4 2.7
Only amphetamine (AMP) 10 4.2 0.4 -
Only diethylpropion 3 1.3 0.1 -
Only femproporex 1 0.4 0.0 -
Only methylphenidate (MPH) 19 8.1 0.9 3.0-18.2
Only MDMA 1 0.4 0.0 2.6
Methylphenidate/AMP 2 0.8 0.1 10.4-225/ -
Femproporex/AMP 18 7.6 0.8 -
Femproporex/diethylpropion/AMP 3 1.3 0.1 -
Femproporex/METH/AMP 1 0.4 0.0 -
Femproporex/MPH/AMP 2 0.8 0.1 -/3.7-19.1/-
Benzodiazepines 20 8.5 0.9
Only alprazolam 5 2.1 0.2 1.3-35
Only clonazepam 2 0.8 0.1 1.4-16
Only diazepam 3 1.3 0.1 b_2.2
Only lorazepam 1 0.4 0.0 2.5
Only nitrazepam 1 0.4 0.0 8.9
Only nordiazepam 2 0.8 0.1 b
Diazepam/nordiazepam 2 0.8 0.1 i b.1.3°
Diazepam/lorazepam 2 0.8 0.1 ) 131'864'1 )
Diazepam/alprazolam 1 0.4 0.0 15/29
Diazepam/bromazepam/lorazepam 1 0.4 0.0 b12.1/31.7
Cocaine and metabolites 112 47.5 5.0
Only cocaine 48 20.3 2.1 b_1165
Only EME 4 1.7 0.2 -
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Samples % positive % total

Analyte detected samples samples Range, ng/mL
BZE/EME 1 0.4 0.0 -
Cocaine/EME 5 2.1 0.2 ©.9.2/-
Cocaine/BZE 28 11.9 1.3 - 9.6/-
Cocaine/BZE/EME 26 11.0 1.2 b.915/- | -

Cannabinoids 18 7.6 0.8
Only THC 9 3.8 0.4 ®-65.5
Only cannabinol 5 2.1 0.2 .78
THC/cannabinol 4 1.7 0.2 *.5.0/"-13

Opioids 4 1.7 0.2
Only codeine 2 0.8 0.1 .33
Only morphine 1 0.4 0.0 -

Only tramadol 1 0.4 0.0 2.6

Drug combination from different

N 22 9.3 1.0

b_49.4/
Cocaine/THC/cannabinol 2 0.8 0.1 b_.20.2 /

7.8-145
Cocaine/cannabinol 2 0.8 0.1 b_56/ bb
Cocaine/clonazepam 2 0.8 0.1 1.45 '1§3'2 /==
Cocaine/THC 1 0.4 0.0 2.41°
Cannabinol/EME 1 0.4 0.0 °/-
Cocaine/AMP 1 0.4 0.0 650/ -
Cocaine/bromazepam 1 0.4 0.0 b13.8
Cocaine/diazepam 1 0.4 0.0 6.45/°
Cocaine/diethylpropion 1 0.4 0.0 141/ -
Cocaine/femproporex 1 0.4 0.0 135/ -
Cocaine/MPH 1 0.4 0.0 /18.8
Cocaine/morphine 1 0.4 0.0 46 /-
Cocaine/tramadol 1 0.4 0.0 2.6/0.9
AMP/codeine 1 0.4 0.0 7.4/ -
Femproporex/bromazepam 1 0.4 0.0 -14.0
Femproporex/tramadol 1 0.4 0.0 -/93.1
MPH/alprazolam 1 0.4 0.0 21.7/2.8
AMP/clonazepam/diazepam 1 0.4 0.0 -1°/1.6
Cocaine/alprazolam/diazepam 1 0.4 0.0 1.4/1.65/1.9

Total of positive samples 236 100 10.6

METH=methamphetamine; MDMA=3,4-methylenedioxymethamphetamine;® Femproporex,
METH and MDMA metabolize to AMP (Cone et al., 2007); ®>LOD < LLOQ; ©expressed as
diazepam.
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Amphetamines and metabolites were found in 69 samples (9 samples with
drugs of other classes), corresponding to 3.1% of all samples analyzed (29.2% of
positive samples). Amphetamines used as appetite suppressants such as
femproporex and diethylpropion are subject to abuse and illicit traffic, being under
international control since 1971 [35]. In Brazil, femproporex and diethylpropion were
prohibited in 2011 [36], and currently only methylphenidate and lisdexamphetamine
are legally prescribed in the country, the latter registered in 2011. Most of the
amphetamine detected in the samples analyzed is likely the metabolite of other
amphetamine drugs analyzed (femproporex, MDMA or METH; [37]). Amphetamine
alone was detected in 10 oral fluid samples (~2-190 ng/mL), femproporex alone in
one sample (~4 ng/mL), and femproporex plus amphetamine detected in 24
samples, of which 1 also had METH, 2 methylphenidate and 3 diethylpropion (Table
3). A semi-quantitative analysis showed that in 18 of these 24 samples,
amphetamine levels were higher (~6 to 1500 ng/mL) than those for femproporex (~ 2
— 800 ng/mL) (AMP/FEM ~ 1.2 - 21). Assuming that all amphetamine detected in
these samples came from the use of femproporex, and according to the
pharmacokinetics study conducted by Comiran et al.[38], it is most likely that
individuals had taken femproporex more than 4 hours before the oral fluid samples
were collected. Peak femproporex concentrations in oral fluid occur between 1 and
1.5 hours after administration (70.7 - 227.5 ng/mL) and that of amphetamine between
1.5 and 4 hours (33.0-150.9 ng/mL) [38].

Benzodiazepines were detected in 28 samples (8 samples with drugs of other
classes), corresponding to 1.3 % of all samples and 11.9% of positive samples.
Diazepam was the most detected benzodiazepine (39.3% of the positive samples
containing this class), but lorazepam was found at the highest level (31.7 ng/mL).
Cocaine and metabolites were detected in most positive samples (129, 54.7%),
corresponding to 5.8% of all samples, and in 77.2% of the 22 samples containing
drugs from different chemical classes. Cocaine levels reached 165 ng/mL, lower than
the levels found by Wylie et al. [17] in oral fluid samples from English drivers (4-
11110 ng/mL, mean of 1001 ng/mL). THC and/or cannabinol were found in 24
samples (1.1% of all samples, 10.2% of positive samples), from which six samples
with cocaine or its metabolite EME. Opioids were found in 8 samples (0.4% of all
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samples, 3.4% of positive samples), half in combination with drugs from other
classes.

A national survey conducted in 2005 by the Brazilian Information Center on
Psychotropic Drugs (CEBRID) estimated that 1.9% of the 7939 interviewed
individuals (12 years or older) declared having used cannabis in the last month, 1.3%
benzodiazepines, 0.5% cocaine/crack, 0.3% amphetamines and 0.3% opiates [39].
The results found in our study show that benzodiazepines (alone or in combination)
and opioid use by Brazilian highway drivers reflects the use by the general
population. However, the use rate of cocaine and amphetamines by the drivers in this
study was higher than that by the general population. These drugs are stimulants of
the central nervous system, delivering to the driver the desired effect of decreased
fatigue, increased alertness, and combating sleep [40]. These results were also
higher that those found by Yonamine (2004) in the state of Sdo Paulo, where 1.2 %
of the 559 oral fluid samples from truck drivers were positive for amphetamines or
cocaine. In a recent study conducted in the Brazilian Southeast region, 9.3% of the
456 urine samples from truck drivers were positive for PAD, with 5.8% positive for

amphetamine, mainly femproporex, 2.2 % for cocaine and 1.1% for cannabis [12].

The prevalence of driving under the influence of drugs has been demonstrated
in several studies worldwide, showing a different profile from what is found in Brazil.
In Australia, a study conducted with 853 oral fluid samples found a much higher
incidence of positive samples, with 14% for opioids/metabolites, 8% for
cocaine/metabolites, 8% for benzodiazepines and 1.5% of ketamine [24]. In the
United States, the national roadside survey conducted in 2007 with 7719 oral fluid
samples showed THC (8.6%) and cocaine (3.9%) the most commonly detected drugs
in nighttime drivers [41]. Gjerde et. al [42] found a higher prevalence of
benzodiazepines, diazepam/nordiazepam and codeine in samples collected on
working days as compared with weekend samples in Norway. In our study, due to
logistic and safety issues, sample collection took place only on Fridays and
Saturdays (12 pm to 12 am), so this comparison could not be performed.

Considering amphetamine a metabolite of legal amphetamines, illicit drugs
(MDMA, methamphetamine, cocaine and cannabinoids) were present in 7.7% of all

samples analyzed in our study, 72.9% of positive samples. In Norway, the profile was
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inverse, with three times more samples containing prescribing drugs (3.4%) than illicit
drugs (1.1%; THC, amphetamines and cocaine ) [42].

The results shown in Table 3 should be interpreted critically against the
limitations of the analytical method developed in this study, mainly regarding the low
recovery for some analytes, such as diethylpropion and benzoylecgonine (less than
6% recovery), which might have led to an underestimation of the number of positive
samples. Another limitation was the lack of 6-acetylmorphine, the specific metabolite
of heroin [37], although the prevalence of this illicit drug in Brazil is not significant
[39].This study also did not include the crack pyrolysis products anhydroecgonine
and anhydroecgonine methyl-ester in the method, which would enable the detection
of crack users. The widespread use of crack cocaine has become a public health

issue in Brazil in recent years [43, 44].

4. Conclusion

Obtaining a good recovery for analytes from different chemical classes while
maintaining good sensitivity is a challenge that most authors have encountered in
method development. This paper described a LC-MS/MS method for the
simultaneous determination of 32 compounds (amphetamines, benzodiazepines,
cocaine, cannabis, opioids, ketamine and m-CPP and their respective metabolites) in
oral fluid samples. The method proved to be simple and useful for the analysis of a
large amount of samples, and showed to be quantitative for 24 compounds, including
all benzodiazepines and cocaine. This is first oral fluid LC-MS/MS method to include
femproporex, diethylpropion and m-CPP. About 10% of the 2235 oral fluid samples
collected from Brazilian drivers showed to be positive for at least one drug
investigated, mostly from cocaine and amphetamine users. The results indicate a
need for preventive measures aimed at reducing the use of psychoactive drugs by
drivers in Brazil, which will certainly have a positive impact on decreasing the

country’s highway death rates.

Acknowledgements

63



This study was supported by the Brazilian Secretariat for Drug and Alcohol
Policies (SENAD/Brazil), under the project MED/SENAD #2929-7 and Research
Incentive Fund and Events (FIPE/HCPA). This study was funded by the National
Secretariat for Drug and Alcohol Policies, under grant #004/2007. We also thank the
Aché (Guarulhos, SP, Brazil), Novartis (Resende, RJ, Brazil) and the Brazilian
National Institute of Criminology for the donation of drug standards.

References:

[1] United Nations. International Narcotics Control Board - World Drug Report (2010).
Vienna, Austria: 2011.

[2] F.J. Alvarez, |. Fierro, M.C. Del Rio, Cannabis and driving: Results from a general
population survey, Forensic Sci. Int. 170 (2007) 111-116.

[3] .M. Bernhoft, A. Steentoft, S.S. Johansen, N.A. Klitgaard, L.B. Larsen, L.B.
Hansen, Drugs in injured drivers in Denmark, Forensic Sci. Int. 150 (2005) 181-189.

[4] O.H. Drummer, J. Gerostamoulos, H. Batziris, M. Chu, J. Caplehorn, M.D.
Robertson, P. Swann, The involvement of drugs in drivers of motor vehicles killed in
Australian road traffic crashes, Accid. Anal. Prev. 36 (2004) 239-248.

[5] H. Gjerde, P.T. Normann, A.S. Christophersen, S.O. Samuelsen, J. Morland,
Alcohol, psychoactive drugs and fatal road traffic accidents in Norway: A case-control
study, Accid. Anal. Prev. 43 (2011) 1197-1203.

[6] M.C. Senna, M. Augsburger, B. Aebi, T.A. Briellmann, N. Donze, J.L. Dubugnon,
P.X. Iten, C. Staub, W. Sturm, K. Sutter, First nationwide study on driving under the
influence of drugs in Switzerland, Forensic Sci. Int. 198 (2010) 11-16.

[7] R. De Boni, M.C. Bozzetti, J. Hilgert, T. Sousa, L. Von Diemen, D. Benzano, G.
Menegon, B. Holmer, P.d.C.A.V. Duarte, F. Pechansky, Factors associated with
alcohol and drug use among traffic crash victims in southern Brazil, Accid. Anal.
Prev. 43 (2011) 1408-1413.

[8] J.C.P. Souza, T.; Reiméo, R., Sleep habits, sleepiness and accidents among
truck drivers., Arquivos de Neuro-psiquiatria 63 (2005) 925-930.

[9] E.C.N. Nascimento, E.; Silva, J. P. Uso de A&lcool e anfetaminas entre
caminhoneiros de estrada, Rev. Saude Publica 41 (2007) 290-293.

[10] O.A. Silva, J.M.D. Greve, M. Yonamine, V. Leyton, Drug use by truck drivers in
Brazil, Drugs-Education Prevention and Policy 10 (2003) 135-139.

[11] M. Yonamine. The oral fluid as a biological specimen to monitor the use of
alcohol, amphetamine, methamphetamine, cocaine and marijuana by professional
drivers: University of Sdo Paulo; 2004.

[12] V. Leyton, D.M. Sinagawa, K.C.B.G. Oliveira, W. Schmitz, G. Andreuccetti, B.S.
De Martinis, M. Yonamine, D.R. Munoz, Amphetamine, cocaine and cannabinoids
use among truck drivers on the roads in the State of Sao Paulo, Brazil, Forensic
Science International

64



[13] IBGE. Brazilian Institute of Geography and Statistics - Sustainable Development
Indicators Brazil 2010. 07 Jan 2010: [Available from:
http://www.ibge.gov.br/home/presidencia/noticias/noticia_visualiza.php?id_noticia=17
03&id_pagina=1.

[14] V. Vindenes, H.M.E. Lund, W. Andresen, H. Gjerde, S.E. lkdahl, A.S.
Christophersen, E.L. Qiestad, Detection of drugs of abuse in simultaneously
collected oral fluid, urine and blood from Norwegian drug drivers, Forensic Sci. Int.

[15] N. Samyn, G. De Boeck, A.G. Verstraete, The use of oral fluid and sweat wipes
for the detection of drugs of abuse in drivers, Journal of Forensic Sciences 47 (2002)
1380-1387.

[16] S.W. Toennes, G.F. Kauert, S. Steinmeyer, M.R. Moeller, Driving under the
influence of drugs - evaluation of analytical data of drugs in oral fluid, serum and
urine, and correlation with impairment symptoms, Forensic Sci. Int. 152 (2005) 149-
155.

[17] F.M. Wylie, H. Torrance, A. Seymour, S. Buttress, J.S. Oliver, Drugs in oral fluid:
Part Il. Investigation of drugs in drivers, Forensic Sci. Int. 150 (2005) 199-204.

[18] O.H. Drummer, D. Gerostamoulos, M. Chu, P. Swann, M. Boorman, I. Cairns,
Drugs in oral fluid in randomly selected drivers, Forensic Sci. Int. 170 (2007) 105-
110.

[19] M. Wood, M. Laloup, M.d.M.R. Fernandez, K.M. Jenkins, M.S. Young, J.G.
Ramaekers, G.D. Boeck, N. Samyn, Quantitative analysis of multiple illicit drugs in
preserved oral fluid by solid-phase extraction and liquid chromatography—tandem
mass spectrometry, Forensic Sci. Int. 150 (2005) 227-238.

[20] P. Kintz, M. Villain, M. Concheiro, V. Cirimele, Screening and confirmatory
method for benzodiazepines and hypnotics in oral fluid by LC-MS/MS, Forensic Sci.
Int. 150 (2005) 213-220.

[21] E.L. Qiestad, U. Johansen, A.S. Christophersen, Drug screening of preserved
oral fluid by liquid chromatography-tandem mass spectrometry, Clinical Chemistry 53
(2007) 300-309.

[22] R. Dams, R.E. Choo, W.E. Lambert, H. Jones, M.A. Huestis, Oral fluid as an
alternative matrix to monitor opiate and cocaine use in substance-abuse treatment
patients, Drug and Alcohol Dependence 87 (2007) 258-267.

[23] M. Sergi, E. Bafile, D. Compagnone, R. Curini, D. D’Ascenzo, F.S. Romolo,
Multiclass analysis of illicit drugs in plasma and oral fluids by LC-MS/MS, Anal.
Bioanal. Chem. 393 (2009) 709-718.

[24] M. Chu, D. Gerostamoulos, J. Beyer, L. Rodda, M. Boorman, O.H. Drummer,
The incidence of drugs of impairment in oral fluid from random roadside testing,
Forensic Sci. Int. 215 (2012) 28-31.

[25] H. Teixeira, P. Proenca, A. Verstraete, F. Corte-Real, D.N. Vieira, Analysis of
A9-tetrahydrocannabinol in oral fluid samples using solid-phase extraction and high-
performance liquid chromatography—electrospray ionization mass spectrometry,
Forensic Sci. Int. 150 (2005) 205-211.

65



[26] M. Concheiro, A. de Castro, O. Quintela, A. Cruz, M. Lépez-Rivadulla,
Confirmation by LC—MS of drugs in oral fluid obtained from roadside testing, Forensic
Science International 170 (2007) 156-162.

[27] AAFS, SOFT. Forensic Toxicology Laboratory Guidelines. www.soft-
tox.org/files/Guidelines_2006_Final.pdf: Society of Forensic Toxicologists Inc and by
the American Academy of Forensic Sciences - Toxicology Section, 2006.

[28] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, Strategies for the
assessment of matrix effect in quantitative bioanalytical methods based on HPLC-
MS/MS, Anal. Chem. 75 (2003) 3019-3030.

[29] F.T. Peters, O.H. Drummer, F. Musshoff, Validation of new methods, Forensic
Sci. Int. 165 (2007) 216-224.

[30] I. Taverniers, M. De Loose, E. Van Bockstaele, Trends in quality in the analytical
laboratory. Il. Analytical method validation and quality assurance, TrAC Trends in
Analytical Chemistry 23 (2004) 535-552.

[31] A. Gustavo Gonzalez, M. Angeles Herrador, A practical guide to analytical
method validation, including measurement uncertainty and accuracy profiles, TrAC
Trends in Analytical Chemistry 26 (2007) 227-238.

[32] R. Dams, M.A. Huestis, W.E. Lambert, C.M. Murphy, Matrix effect in bio-analysis
of illicit drugs with LC-MS/MS: influence of ionization type, sample preparation, and
biofluid, Journal of the American Society for Mass Spectrometry 14 (2003) 1290-
1294,

[33] D.Z. Souza, P.O. Boehl, E. Comiran, D.S. Prusch, I. Zancanaro, A.M. Fuentefria,
F. Pechansky, P.C.A.V. Duarte, R.B. De Boni, P.E. Fréehlich, R.P. Limberger, Which
Amphetamine-Type Stimulants Can Be Detected by Oral Fluid Immunoassays?,
Therapeutic Drug Monitoring 34 (2012) 98-109
110.1519/JSC.1510b1013e3181bdel512cf.

[34] G. Cooper, L. Wilson, C. Reid, C. Hand, V. Spiehler, Validation of the Cozart®
Amphetamine Microplate EIA for the analysis of amphetamines in oral fluid, Forensic
Sci. Int. 159 (2006) 104-112.

[35] United Nations. Convention on psychotropic substances. Vienna, Austria:
International Narcotics Control Board INCB, 1971.

[36] Ministério da Saude. Agéncia Nacional de Vigilancia Sanitaria (ANVISA).
Resolucdo - RDC N°52, de 6 de outubro de 2011, (2011).

[37] E.J. Cone, M.A. Huestis, Interpretation of oral fluid tests for drugs of abuse, Oral-
Based Diagnostics 1098 (2007) 51-103.

[38] E. Comiran, D.Z. Souza, P.O. Boehl, K.d. Cassia Mariotti, F. Pechansky,
P.d.C.A.V. Duarte, R.B. De Boni, P.E. Froehlich, R.P. Limberger, Fenproporex and
Amphetamine Pharmacokinetics in Oral Fluid After Controlled Oral Administration of
Fenproporex, Therapeutic Drug Monitoring Publish Ahead of Print (2012)
10.1097/FTD.1090b1013e318263c318266¢c318265.

[39] E.A. Carlini, J.C.F. Galdur6z, A.A.B. Silva, A.R. Noto, A.M. Fonseca, C.M.
Carlini, L.G.O. Oliveira, S.A. Nappo, Y.G. Moura, Z.V.M. Sanchez. Il Levantamento

66



domiciliar sobre o uso de drogas psicotropicas no Brasil: estudo envolvendo as 108
maiores cidades do pais — 2005. Sédo Paulo: CEBRID/UNIFESP; 2006. 468 p. p.

[40] J. Ramaekers, A. Knoche, H. Schulze. Effects of stimulant drugs on actual and
simulated driving. Web: Driving under the Influence of Drugs, Alcohol and Medicines
(DRUID), 2011.

[41] R. Compton, A. Berning. Results of the 2007 National Roadside Survey of
Alcohol and Drug Use by Drivers. Washington, DC: National Highway Traffic Safety
Administration (NHTSA), NHTSA’s National Center for Statistics and Analysis, 2009.

[42] H. Gjerde, P.T. Normann, B.S. Pettersen, T. Assum, M. Aldrin, U. Johansen, L.
Kristoffersen, E.L. Oiestad, A.S. Christophersen, J. Morland, Prevalence of alcohol
and drugs among Norwegian motor vehicle drivers: A roadside survey, Accid. Anal.
Prev. 40 (2008) 1765-1772.

[43] L.B. Duailibi, M. Ribeiro, R. Laranjeira, Profile of cocaine and crack users in
Brazil, Cadernos de Saude Publica 24 (2008) 545-557.

[44] EMCDDA. Cocaine and crack cocaine: a growing public health issue.
Luxembourg: European Monitoring Centre for Drugs and Drug Addiction, Office for
Official Publications of the European Communities, 2007.

67



3.2. Prevalence of psychoactive drug use on aroadside survey of Brazilian

drivers

Ivomar Zancanaro®, Renata Pereira Limbergerb, Flavio Pechansky®, Raquel De

Boni¢, Daniela Benzano Bumaguin®, Paula Bohel°, Eloisa Dutra Caldas®

& Faculty of Health Sciences, University of Brasilia Brasilia, DF, Brazil.

® Faculty of Pharmacy, Federal University of Rio Grande do Sul, Porto Alegre, RS,
Brazil.

c Center for Drug and Alcohol Research, Clinical Hospital, Federal University of Rio

Grande do Sul, Porto Alegre, RS, Brazil.

* Corresponding author at: Toxicology Laboratory, Faculty of Health Sciences,
University of Brasilia, Brasilia, Distrito Federal 70910-900, Brazil. Phone/Fax: 55-61-

3107-1871.

E-mail address: eloisa@unb.br

68



Abstract

A collaborative study was conducted to estimate the weighted prevalence of
psychoactive drug use among drivers in Brazil. A total of 3397 oral fluid samples
were collected from individuals driving busses, trucks, cars or motorcycles on Federal
highways in all State capitals and the Federal District between August 2008 and
September 2009. Of this total, 2235 samples were analyzed by high performance
liquid chromatography/mass spectrometry (HPLC-MS/MS) for the presence of 32
drugs and metabolites (LOD= 0.26-0.52 ng/mL). The prevalence was estimated by
multiplying the frequency of positive samples (= LOD) in each Brazilian state by the
probability (weight) of the vehicle being registered in the same State. Most drivers
were men (94.4%) between the ages of 18 to 80 (mean of 37.1 = 11.2).
Approximately 10% of the samples (236) presented at least one analyte investigated.
The most prevalent drug class found in the samples was cocaine/metabolites (6.1%),
followed by amphetamines (3.2%), benzodiazepines (1.7%), cannabinoids (1.3%),
and opioids (0.4%). Amphetamine alone (probably as a metabolite) had a
prevalence of 1.7 %, methylphenidate 1.6%, and femproporex 1.0%. Amphetamines
were the drugs most used by truck and bus drivers (10.5 and 4.3%, p=<0.000).
Policymakers need to consider the inclusion of drugs other than alcohol in roadside

testing to increase the safety of drivers and passengers on Brazilian highways.

Keywords: Psychoactive drugs, Oral fluid, Drivers, Roadside survey, Brazil.

1. Introduction

The abuse of psychoactive drugs (PSD) is a major global problem, and
includes illegal and prescription drugs (UNODC, 2011). Every year, 210 million
people use illicit drugs worldwide, mainly cannabis (125 to 203 million people in
2009; annual prevalence from 2.8 to 4.5%). Although the use of heroin and cocaine
has remained stable or decreased in recent years, there has been an increase in the
use of synthetic and prescription PSDs (UNODC, 2011). For many years,
consumption levels of amphetamines in countries on the American continent,
including Brazil, have been about three times higher than in any other region of the
globe (UNITED NATIONS, 2011). In general, this use is related to prescribed
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amphetamines, used primarily as appetite suppressors or to treat attention deficit
disorders (Ramaekers et al., 2011).

Brazil is the largest country in South America, with a territorial extension of
8.514.876.000 kmz, ranking fifth in annual road traffic mortality, with 18 deaths per
100,000 inhabitants [4]. The number of annual road deaths in the country increased
by 20% between 1998 and 2008 (from 31,000 to 39,000), with a fourfold increase in
cyclist fatalities, and a more than sevenfold leap in motorcycle deaths, with teenagers
being the main victims (Bacchieri et al., 2011; Waiselfis, 2011; WHO, 2011).

The increased risk of driving under the influence of drugs (DUID) has been
substantially demonstrated in the literature (Longo et al., 2000; Drummer et al., 2003;
Mura et al., 2003; Drummer et al., 2004; Appenzeller et al., 2005; Bernhoft et al.,
2005; Mura et al., 2006; Alvarez et al., 2007; Bedard et al., 2007; Labat et al., 2008;
Elliott et al., 2009; Ingsathit et al., 2009; Senna et al., 2010; Zhuo et al., 2010; Gjerde
et al., 2011), mainly in studies conducted in the Northern hemisphere. Some studies
have also been conducted in Brazil. In the state of Mato Grosso do Sul, 11.1% of 260
truck drivers interviewed declared using amphetamines (diethylpropion and
femproporex), 77.1% at least six times a week (Souza, 2005). Sixty-six per cent of
91 truck drivers in the state of Minas Gerais reported using amphetamines while
driving, after illegally buying them at gas stations or from the transport company;
almost one-third of users reported having been involved in traffic accidents while
under the influence of amphetamines (Nascimento, 2007). Silva et al. (Silva et al.,
2003) found that 5.4% of 728 urine samples from truck drivers in the Northeast,
Southeast and South of Brazil contained amphetamine or cocaine, substances which
were also found in 1.2% of the 559 oral fluid samples collected randomly from truck
drivers on the highways of S&o Paulo (Leyton et al., 2012).

National data on the use of legal and illegal psychoactive drugs by drivers on
Brazilian roads, however, are still lacking. These data are important to establish
priorities regarding roadside testing and law enforcement, and are required by
government authorities and policymakers. This paper describes a collaborative study
that aimed to investigate the prevalence of psychoactive drug use among drivers on

federal highways in the 26 state capitals, and the Federal District of Brazil.
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Methods
Study design and sampling

In a cross-sectional design, 3,397 drivers crossing the metropolitan areas of all
26 Brazilian State capitals and the Federal District were randomly selected to
participate in the study, corresponding to 29.6% of the 214,249 km of paved roads in
Brazil (Brasil, 2012). The sample was stratified by type of vehicle - cars, motorcycles,
buses and trucks. Collection points were mapped for all State capitals, at distances
no greater than 50 km from the geographical center of each capital. Oral fluid
samples and driver information were collected between August 8, 2008 and
September 26, 2009, on Fridays and Saturdays, between 12 pm and 12 am.
Regional, local, and national holidays were excluded. Data were collected by trained
personnel following adapted roadside data collection procedures. Trained federal
police and federal highway patrol officers were responsible for approaching the
drivers. Further details of the study’s design are described elsewhere (Fernandes et
al., 2010; Pechansky et al., 2010). The study was approved by the Ethics committee
of the Hospital de Clinicas de Porto Alegre (n° 07-069).

2.2. Biological Samples

Oral fluid samples were obtained using a collection device (QuantisalTM,
Immunalysis Corporation, Pomona, CA, USA), which uses a pad placed between the
subject’s cheek and gum. After collecting 1 mL of oral fluid, the pad was transferred
to a vial containing 3 ml of buffering solution, capped and labeled, and transported to
the laboratory using containers with temperature monitored at approximately 5°C no
more than 2 days after sample collection. Samples were kept in the laboratory at -

70°C until analyzed.

2.3. Analysis of oral fluids

From the 3397 oral fluid samples collected within the project, 2235 samples
were analyzed by LC-MS/MS (Shimadzu-Applied Biosystems/MDS Sciex
4000QTRAP) system, after extraction with ethyl acetate: hexane (4:3). The method

analyzed 32 psychoactive drugs and metabolites: 9 amphetamines, 11
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benzodiazepines, tetrahydrocannabinol (THC), cannabinol, cocaine and its
metabolites benzoylecgonine and ecgonine methyl-ester, 5 opioids, ketamine and 1-
(3-chlorophenyl) piperazine (m-CPP). The instrumental LOD was either 0.26 or 0.52
ng/mL. Details of the method procedure and validation are described elsewhere

(Zancanaro et al, 2012)

2.4. Statistical Analyses

Prevalence (weighted) of drug use was estimated by multiplying the frequency
of positive sample in each state by the probability (weight) of having a vehicle in this
state. The weight was calculated dividing the true probability of the vehicle in each
state for the probability of each vehicle type in our sample (Pechansky, 2010). For
example, in Amapa state (AP), the probability of a vehicle to be of this state in the
overall population of vehicles is 0.002 and the probability of a bus in AP is 0.12.
Hence, the true probability of being a bus in AP is 0.002*0.12=0.00024. As there
were 13 buses in AP sampled out of the total of 3,397 vehicles, the probability of
being a bus in our sample is 13/3,397=0.004. Therefore, the weight for the buses in
AP would be 0.00024/0.004=0.06. Chi-squared tests were used to compare
categorical variables within the groups and multiple comparisons were performed for
percentages. All statistical analyses were performed using the SPSS 16.0 (SPSS

Inc., lllinois, USA) software.

3. Results and discussion

Nearly 95% of the 2235 drivers who provided oral fluid samples for this study
were men, from 18 to 80 years of age (mean age: 37.1 years + 11.2). The majority of
drivers (62.2%) had at least high school education. About half were driving
automobiles (50.5%), 29.6% motorcycles, 10.8% busses, and 9.1% trucks.

Over 10% of the samples (236 samples) were positive (= LOD) for at least one
analyte investigated. Eleven analytes were not detected (< LOD) in any of the
samples analyzed: the amphetamines MBDB (n-metyl-1-(1,3-benzodioxol-5-il)-2-
butanamine), MDA (3,4-methylenedioxyamphetamine) and MDEA
(methylenedioxyethylamphetamine), the benzodiazepines flunitrazepam, midazolam,
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oxazepam and temazepam, the opioids heroin and methadone, and ketamine and m-
CPP. In 22 of the 236 positive samples, samples contained drugs from different

chemical classes, and 77.3 % contained cocaine/metabolite.

Table 1 shows the prevalence of drug use in the studied population. The
samples contained either the drug alone or in combination with other drugs or
metabolites. The most prevalent drugs were cocaine and metabolites, with 6.1% [CI
95%: 5-7], followed by amphetamines (3.2%; [Cl 95%: 2.5-4.0]). Among the
amphetamines, amphetamine, methylphenidate and femproporex had the highest
prevalence. Amphetamine is not registered in Brazil and it is not commonly found on
the Brazilian illegal market [40]. Its presence in oral fluid samples (1.7% mean
prevalence) is most likely to be a metabolite of femproporex, MDMA (3,4-
methylenedioxymethamphetamine) or methamphetamine (Cone and Huestis, 2007).
Methylphenidate and femproporex are commonly used by professional drivers in
Brazil to keep awake, and are known as rebites [22, 23]. The profile of drug use
prevalence found in this study among Brazilian drivers is different from what has
been found elsewhere. In Norway, the weighted prevalence of alcohol or drug use
among over 10,000 drivers was 4.5%, with zopiclone, codeine,
diazepam/nordiazepam, THC, and amphetamine the most commonly detected drugs
in oral fluid samples [30]. In the USA, the 2007 National Roadside Survey of Alcohol
and Drug Use by Drivers showed, based on the oral fluid results, a mean weighted
prevalence of 12.2%, with THC, cocaine and methamphetamine the most commonly

detected drugs.

Table 1. Drug use prevalence (weighted %) at a 95% confidence interval.

Substance N Prevalence (Cl 95%)
Cocaine and metabolites 129 6.1 (5.0-7.0)
Cocaine 119 5.7 (4.7-6.7)
Benzoilecgonine 54 2.0 (1.5-2.5)
Ecgonine methyl ester 36 1.7 (1.2-2.3)
Any amphetamine 67 3.2 (2.5-4.0)
Amphetamine 39 1.7 (1.2-2.3)
Femproporex 28 1.0 (0.6-1.5)
Methylphenidate 25 1.6 (1.1-2.2)
Diethylpropion 4 0.3 (0.1-0.6)
3,4methylenedioxymethamphetamine 1 0 (0-0.2)
Methamphetamine 1 0 (0-0.1)
Any benzodiazepine 28 1.7 (1.2-2.3)
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Substance N Prevalence (Cl 95%)

Diazepam 12 0.7 (0.4-1.2)
Alprazolam 8 0.2 (0.1-0.5)
Clonazepam 5 0.3 (0.1-0.6)
Nordiazepam 4 0.4 (0.2-0.7)
Lorazepam 4 0.3 (0.1-0.6)
Bromazepam 3 0.2 (0.1-0.5)
Nitrazepam 1 0.1 (0-0.3)
Any cannabinoid 24 1.3 (0.9-1.8)
A9-Tetrahydrocannabinol 16 1.0 (0.6-1.5)
Canabinol 14 0.7 (0.4-1.2)
Any opioid 8 0.4 (0.2-0.7)
Codeine 3 0.2 (0.1-0.5)
Tramadol 3 0.2 (0.1-0.5)
Morphine 2 0 (0-0.1)

&alone or in combination with other drugs or metabolites.

Drug use prevalence according to driver and vehicle characteristics, and time
and place of sampling are shown in Table 3. The prevalence of any drug was not
significantly (p>0.05) affected by gender, level of education, or time of sample
collection. The age of the driver and the type of vehicle significantly influenced the
prevalence of amphetamine, cannabinoid and cocaine use. The prevalence of
amphetamine use seemed to be higher for drivers over the age of 25, and of cocaine
and canabinoid for drivers between the ages of 18 and 24. Motorcycle drivers had a
higher prevalence of cocaine and cannabinoid use than bus drivers. Benzodiazepine
use is higher in the Midwestern region (14.6%), and cannabinoids are higher in the
South (7.3%) and Midwestern (5.0%) regions.

DUID detected by oral fluid testing of randomly selected drivers has been
investigated in several studies worldwide, but the profiles are different from the one
found in Brazil (Concheiro et al., 2007; Drummer et al., 2007; Jiestad et al., 2007;
Gjerde et al., 2008; Compton et al., 2009). In the United States [34], the national
roadside survey conducted in 2007 with 7719 oral fluid samples showed a higher
prevalence of nighttime drivers (14.4%) being drug-positive than daytime drivers
(11.0%). In Norway, Gjerde et. al (Gjerde et al., 2008) found a significantly higher
prevalence of benzodiazepines, diazepam/nordiazepam and codeine in samples

collected on working days as compared with weekend samples. In our study, due to
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logistic and safety issues, sample collection took place only on Fridays and
Saturdays (12 pm to 12 am), thus this comparison could not be performed.
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Table 2. Drug use prevalence (weighted %) according to the driver and vehicle characteristics, and time and place of sampling

Parameters (n unweighted) Cocaine Amphetamines Benzodiazepines Cannabinoids  Opioids
Gender Males (n=2.109) 6.1 3.2 1.6 1.4 0.3
Females (n= 126) 5.9 3.9 2.0 0.0 1.3
p value 0.929 0.603 0.726 0.140 0.069
Age 18-25 (n=291) 10.7¢ 0.8? 1.6 4.4? 0.0
25-34 (n=737) 5.2° 3.5 1.7 1.7% 0.6
35-44 (n= 609) 6.4 4.5° 1.9 0.5°¢ 0.3
>45 (n= 598) 5.1° 2.8%P 1.4 0.3° 0.3
p value 0.008 0.040 0.912 <0.000 0.629
Education Never studied (n=10) 0.0 0.0 0.0 0.0 0.0
Elementary school (n=672) 6.4 4.1 0.8 0.8 0.3
Incomplete high school (n=244) 4.4 5.3 2.2 2.6 0.0
High school (n= 687) 6.1 2.5 2.4 1.3 04
Incomplete university (n= 222) 6.5 4.6 0.9 2.3 0.9
University (n= 377) 6.4 1.6 2.1 0.5 0.5
Professional education (n= 23) 0.0 0.0 0.0 0.0 0.0
p value 0.766 0.074 0.342 0.163 0.855
Vehicles  Buses (n= 241) 3.0% 4.3*P 0.4 0.0% 0.9
Trucks (n= 207) 4.3%P 10.5° 0.5 1.0*P¢ 0.0
Cars (n= 1.127) 5.9%P 2.7° 2.1 0.82P 0.3
Motorcycles (n= 660) 8.2° 1.4° 1.6 3.0° 0.5
p value 0.027 <0.000 0.150 <0.000 0.488
Time Daytime (n= 1.502) 5.8 3.4 1.6 1.4 0.3
Nighttime (n= 733) 6.6 2.9 1.8 1.2 0.6
p value 0.470 0.545 0.703 0.812 0.204
Region Southeast (n=773) 6.3 3.1 1.72 0.3% 0.6

South (n= 138) 5.7 2.8 1.6° 7.3° 0.0
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Parameters (n unweighted) Cocaine Amphetamines Benzodiazepines Cannabinoids  Opioids
Midwest (n= 59) 12.5 2.5 14.6° 5.0*P 0.0
North (n=576) 4.5 0.8 0.0% 0.72 0.7
Northeast (n= 689) 5.0 4.7 0.9% 0.9% 0.0
p value 0.359 0.252 <0.000 <0.000 0.449
Total (n = 2.235) 6.1 (5.0-7.0) 3.2 (2.5-4.0) 1.7 (1.2-2.3) 1.3(0.9-1.8) 0.4 (0.2-0.7)

Data presented in percentages and compared by chi-square test. Multiple comparisons of percentages were conducted.

abepifferent letters represent statistically different percentages.
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This is the first Brazilian study to provide survey data from a nationwide
sample of drivers. In this study, motorcycle and car drivers were positively associated
with illicit drugs use when compared to bus and truck drivers, with higher prevalence
of amphetamine consumption. Professional drivers usually avoid high alcohol and
central nervous system depressant use (i.e. cannabis and benzodiazepines) but tend
to use more stimulant drugs to increase alertness, as confirmed by our results.
Leyton et al. (Leyton et al., 2012) recently conducted a study in Brazil with urine
samples collected from truck drivers (n = 456) and 9.3% (n = 42) that tested positive
for drugs; Amphetamines were found in 5.8% (61.9% of positive samples) — with
femproporex being the most commonly used drug; while cocaine was found in
2.2%, cannabis in 1.1%, and amphetamine and cocaine in 0.02% of the samples.
Truck drivers between the ages of 25 and 34 presented the highest prevalence of

drug use.

The current findings of this study must be considered in light of certain
methodological limitations: 1) the sample was non-probabilistic; although it was
random in nature, it was not possible to generalize the findings for all drivers who
drive on Brazilian federal highways; 2) the study was conducted only on federal
highways and in close geographical proximity to the State capitals, which may
underestimate drug prevalence, since higher prevalence may be found in urban
metropolitan areas (Dualilibi et al., 2007); 3) although data were collected on days
when the prevalence of DUID is typically higher, data was intentionally not collected
on holidays (Pechansky et al., 2009). The aforementioned limitations prevented

generalizing the findings for the entire population of drivers in the country.

5. Conclusion

The findings of this study may help design drug abuse and driving policies and
preventive measures through screening and LC-MS/MS tests, and contribute to
reduce large number of accidents and deaths on the country’s highways. It seems
that the limited enforcement of existing policies is a major barrier to health and safety
which may be overcome with additional resources, along with political commitment

and public support.
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4. CONCLUSOES FINAIS

A metodologia LC-MS/MS otimizada neste estudo foi validada para a
determinacao simultanea de 32 SPA e seus metabdlitos, dos quais 24 aptos a serem
analisados quantitativamente, incluindo todos os benzodiazepinicos e cocaina. A
metodologia proposta é simples e rapida e util para a analise de uma grande
quantidade de amostras de fluido oral. Este € a primeiro método LC-MS/MS em
analise de fluido oral a incluir femproporex, dietilpropiona e m-CPP.

O desenvolvimento de técnicas analiticas sensiveis e rapidas € importante
para aplicacdo da legislacdo de transito propriamente dita, proporcionando um
melhor direcionamento para abordagens preventivas através do uso de técnicas de
triagem e andlises por LC-MS/MS. A aplicacéo limitada destas metodologias devido
as politicas publicas atualmente existentes € uma barreira importante para a saude e
seguranca que pode ser facilmente superada com recursos adicionais junto com um
maior compromisso politico e apoio publico.

Cerca de 10% (n = 236) das 2235 amostras de fluido oral analisadas foram
positivas (= LOD) para pelo menos uma das SPA/metabdlitos, principalmente em
condutores usuarios de cocaina e anfetamina. Onze analitos ndo foram detectados
(<LOD) em quaisquer amostras analisadas, estes sendo as anfetaminas: MBDB,
MDA e MDEA,; os benzodiazepinicos: flunitrazepam, oxazepam, midazolam e
temazepam; os opioides: heroina e metadona; além de cetamina e m-CPP. Em 22
de 236 amostras positivas havia combinacdo de drogas de diferentes classes
quimicas, com 77,3% destas contendo cocaina/metabolitos.

A droga mais prevalente encontrada nas amostras dos condutores
automotivos foi cocaina e metabolitos, com 6,1% [IC 95%: 5-7], seguida pelas
anfetaminas (3,2%; [IC 95%: 2,5-4,0]). Entre as anfetaminas, anfetamina,
metilfenidato e femproporex apresentaram maior prevaléncia.

A idade do condutor, tipo de veiculo e/ou a regido influenciaram
significativamente na prevaléncia do uso de algumas SPAs. O consumo de
anfetaminas foi maior entre os condutores maiores de 25 anos e de cocaina e
canabinoides para aqueles entre 18 e 24 anos. O uso de cocaina e cannabis esteve

mais associado com condutores de moto e carro e o de anfetaminas com condutores
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de 6nibus e caminhdes. Uso de benzodiazepinicos foi maior na regido Centro-Oeste
e de cannabis nas regifes Sul e Centro-Oeste.

Os achados deste estudo sugerem que fatores ambientais externos, tais
como caracteristicas socioeconémicas e demogréaficas, bem como caracteristicas
pessoais, sdo determinantes para uso de SPA entre os condutores brasileiros. Este
€ o primeiro estudo brasileiro a fornecer dados de prevaléncia do uso de substancias
psicoativas de condutores de veiculos automotivos com amostragem que abrange
praticamente todas as unidades federativas do Brasil. Seus resultados podem
contribuir para estabelecer politicas publicas para o controle e educagcdo desta
populacdo em relagdo ao uso e abuso de SPA com o0 objetivo de aumentar a

seguranca no transito.
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0= membros do CEPHCPA ndo parbciparam do processo de avalacho dos progelos onde conatam como
pesquisadores.

Porto Alegre, 22 de margo de 2007,

Coordengdora gd GPPG e CEP-HEPA
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Padrdes Internos
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