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Posso ter todas as técnicas do mundo e ainda assim usa-las
insensatamente. E preciso possuir, de antemao, a sabedoria
em seu sentido ético para tirar o melhor proveito possivel
da técnica. Desse modo, quando questionado a respeito do
bem, o técnico tende a responder de acordo com a opinido
dominante, ou seja, de forma nao critica. Ele facilmente se
torna um servo da ideologia, ndo guardido da mente livre
William Desmond

“Aprendi pouco.

Mas gostei de aprender.

E continuo aprendendo”.
Juremir Machado, em Cotidiano.
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RESUMO

A presenca de esteroides anabolicos androgénicos (EAAS) em produtos comerciais
ilegais tem sido apontada como uma ameaca global para a satde puablica. Devido a
correlagdo com efeitos toxicolégicos adversos, hd um interesse crescente na
implementacdo de métodos simples para a determinacdo de EAAs em produtos
apreendidos. Este trabalho explorou o desenvolvimento de uma abordagem de
espectrometria de massas para caracterizar as formulacdes ilegais de 6leo contendo
EAAs. A otimizacdo do preparo da amostra foi realizada através de um desenho
simplex-centroide ¢ a melhor condigdo foi descrita a seguir: uma aliquota de 5 pL de
amostra foi adicionada com 995 pL de acetonitrila e agua (75:25, v/v). A solucdo foi
agitada com vortice e centrifugada. Em seguida, foram adicionados 10 pL de
sobrenadante com 35 pL de acetonitrila ¢ agua e 5 pL de testosterona-dsz. Uma aliquota
de 5 pL foi injetada no sistema analitico. O método desenvolvido foi validado e
aplicado com sucesso em 115 amostras apreendidas. A testosterona e seus ésteres
tiveram a maior incidéncia, encontrada em mais de 50% das amostras. Além disso,
também foram encontrados farmacos como boldenona, metandienona e trembolona,
onde a baixa qualidade das amostras foi evidenciada pela grande variagdo na
concentracdo dos farmacos, sempre quantificada em subdoses. Por fim, pelo menos um
EAAs foi detectado em cada amostra analisada. Os resultados estatisticos foram
agrupados por andlise de componentes principais, para melhor compreensao do perfil
das amostras apreendidas. Concomitantemente, testes foram realizados para determinar
a esterilidade das solugdes testadas. Este trabalho estabeleceu com sucesso um método
rapido e simples para determinacdo de EAASs e pode ser aplicado para verificar o perfil

de amostras apreendidas.

Palavras-chave: EAAs, falsificacdo de medicamentos, adulteracdo, técnicas analiticas.



ABSTRACT

The presence of anabolic-androgenic steroids (AAS) in illegal commercial products has
been pointed as a global threat for public health. Due the correlation with adverse
toxicological effects, there is a growing interest in the implementation of
straightforward methods for the determination of AAS in seized products. This work
exploited the development of a mass spectrometry approach to characterize the illegal
oil formulations containing AAS. The optimization of sample preparation was
performed through a simplex-centroid design and the best condition was described as
follow: an aliquot of 5 puL of sample were added with 995 pL of acetonitrile and water
(75:25, v/v). The solution was vortexed and centrifuged. After that, 10 puL of
supernatant were added with 35 pL of acetonitrile and water and 5 pL of testosterone-
ds. An aliquot of 5 uL was injected into the analytical system. The method developed
was validated and successfully applied in 115 seized samples. Testosterone and its
esters had the highest incidence, found in more than 50% of the samples. Besides that,
drugs such as boldenone, methandienone, and trenbolone have also been found, where
the low quality of the samples was evidenced by the wide variation in the concentration
of the drugs, always quantified in sub-doses. Finally, at least one AAS was detected in
each sample analyzed. The statistical results were grouped by principal components
analysis, to better understand the profile of the seized samples. Concomitantly, tests
were performed to determine the sterility of the tested solutions. This work successfully
established a fast and simple method for determination of AAS and can be applied to

verify the profile of seized samples.

Keywords: AAS, drug falsification, adulteration, analytical techniques.
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1. INTRODUCAO

1. 1. Esteroides Anabolicos Androgénicos

Os esteroides anabdlicos androgénicos (EAAS), comumente conhecidos como
esteroides anabolizantes, sdo um grande grupo de moléculas que incluem andrégenos
produzidos endogenamente, como a testosterona, bem como outros derivados (ROMAN
et al., 2018; ALBANO et al., 2021). Esses compostos apresentam estruturas quimicas
constituidas por quatro anéis com 17 atomos de carbono e, com exce¢do do acido
retindico, sdo derivados do colesterol, formando 4 classes principais de esteroides
hormbnios naturais: andrdgenos, corticoides, estrogénios e progestogénios. Os
andrdgenos contribuem para o desenvolvimento e manutencgdo de caracteristicas sexuais
secundarias masculinas. Os corticoides incluem 0s mineralocorticoides e
glicocorticoides. O mineralocorticoide aldosterona, regula a pressdo sanguinea, ja o
cortisol, glicocorticoide, age como imunossupressor e regula 0 aumento da glicose no
sangue. Os estrogénios contribuem para o desenvolvimento e manutengdo de
caracteristicas sexuais secundarias femininas, e a progesterona, progestogénios, regula
as mudancas ciclicas do endométrio no (tero e a manutencdo da gravidez
(BARCELOUX & PALMER, 2012).

A maioria dos EAAs sintéticos sdo derivados da testosterona ou de seus
derivados, com modificacdes quimicas no esqueleto androstano, introduzidas para
melhorar as condicdes de biodisponibilidade e prolongar a duracdo de agdo, engquanto
outras modificacBes reduzem os efeitos androgénicos, aumentando a eficacia do
esteroide sintético. As modificacbes da molécula testosterona incluem trés métodos:
esterificacdo no grupo C17pB-hidroxila, alquilagdo na posicdo C17a e modificagdes no
nicleo do esteroide (BARCELOUX, 2012). Testosterona, decanoato de nandrolona,
metandienona e metenolona sdo os androgenos mais comumente utilizados (PATANE
et al., 2020). Suas estruturas quimicas sao ilustradas na Figura 1.
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Figura 1 Estruturas quimicas dos compostos testosterona, decanoato de nandrolona,
metandienona e metenolona, andrdégenos mais comumente utilizados.

Metandienona Metenolona

Fonte: Adaptado (PATANE et al., 2020).

Os efeitos anabdlicos androgénicos estdo relacionados a acéo de sinaliza¢éo do
receptor de androgénio (AR), comumente distribuidos em tecidos e 6rgdos humanos.
Eles promovem seus efeitos por meio de trés mecanismos de acéo, elencados como (i)
ligacdo direta ao receptor de andrégeno; (ii) via diidrotestosterona (DHT) produzida
pela acdo da 5-a-redutase e (iii) via receptores de estrogénio por meio do estradiol
produzido pela aromatase CYP19. Em particular, a testosterona livre € transportada para
o citoplasma da célula do tecido alvo; a ligacdo ao AR ocorre diretamente ou apds a
conversdo em 5-a- DHT pela enzima citoplasmatica 5-a-redutase. No nucleo da célula,
livre ou ligada, a testosterona se liga as sequéncias de nucleotideos especificas do DNA
cromossémico, ativando a transcri¢do de genes responsivos especificos, com influéncia
significativa na sintese proteica (ALBANO et al., 2021). Apds a dimerizacdo, o
complexo se liga a areas promotoras especificas de genes-alvo chamados de elementos
de resposta a androgenos (AREs), influenciando o processo de transcricdo. O

mecanismo geral de acéo esta ilustrado na Figura 2.
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Figura 2 Mecanismo geral de acdo de hormonios e de esteroides sintéticos.
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Fonte: Adaptado (ALBANO et al., 2021).

Na pratica clinica seu uso é recomendado para o tratamento de hipogonadismo,
disturbios metabdlicos, queimaduras, anemia, insuficiéncia da medula &ssea,
insuficiéncia renal crénica e sindrome da imunodeficiéncia adquirida (CUNHA et al.,
2004; HE; WU; LU, 2018). No entanto, o uso indevido de formulacdes contendo EAAS
¢ comumente observado em atletas profissionais e ndo profissionais sendo motivado
pela busca do aumento da massa muscular, forca e resisténcia, a diminui¢do da gordura
corporal e recuperagdo mais rapida apds exercicios fisicos intensos (PIACENTINO et
al., 2015; HE; WU; LU, 2018).

Inicialmente, a testosterona foi isolada na década de 1930, e logo a seguir,
numerosos andrégenos sintéticos foram rapidamente desenvolvidos a partir desse
horménio, consolidando a problemética do consumo indiscriminado desses compostos.
Os atletas logo descobriram os efeitos anabdlicos desses horménios, e os EAAS se
espalharam rapidamente pelo atletismo. Mas foi somente na década de 1980 que 0 uso
generalizado dos EAAs emergiu do mundo atlético de elite para da populacdo em geral.
Hoje, a grande maioria dos usuarios de EAAs ndo sdo atletas competitivos, mas sim
homens (e mulheres) jovens e de meia idade que usam esses medicamentos buscando,
principalmente, uma melhor aparéncia fisica pessoal com fins estéticos. O abuso de
EAAs se tornou predominante na Escandindvia, Estados Unidos e Brasil, entretanto,
permanece reduzido em paises asiaticos, como China, Coréia e Japdo (GEN
KANAYAMA & HARRISON, 2018).
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Na década de 1980, os EAAs podiam ser comprados facilmente com receita
meédica em farmacias dos Estados Unidos. No entanto, mesmo sem receita médica, a
posse ou a venda era apenas uma contravencdo na legislacdo americana. A explosdo do
consumo de EAAs foi suficiente para despertar preocupacdes regulatérias. Assim, em
1990, o Congresso dos Estados Unidos aprovou a lei de trafico de Esteroides,
reclassificando os EAAs como compostos sob a jurisdicdio do Drug Enforcement
Administration (DEA). Apos esse ato, 0 uso do EAAs se tornou mais restrito, nao
diminuindo e sendo marginalizado, principalmente decorrente do facil acesso aos
produtos de contravencdo obtidos via internet (GEN KANAYAMA & HARRISON,
2018).

Esse fenébmeno continua até os dias de hoje, com milhares de fornecedores na
China, sudeste da Asia, paises do antigo bloco oriental e América Latina (PIROLA et
al., 2010; CORDARO; LOMBARDO; COSENTINO, 2011; BRENNAN;
KANAYAMA,; POPE, 2013). Embora seja ilegal importar essas substancias, o enorme
volume de vendas pela internet tornou o controle extremamente dificil. Também, a
partir dos anos 80, o uso dos EAAs para melhoria da aparéncia pessoal foi bastante
potencializado nos paises ocidentais, ou seja, uma atencdo crescente ao culto do corpo
masculino musculoso (GEN KANAYAMA & HARRISON, 2018), e logo ap6s alguns
anos a estética corporal feminina.

Muito provavelmente, uma das forcas motrizes dessa tendéncia tem sido a
publicidade crescente de industrias que buscam lucrar com as insegurangas dos homens
sobre sua aparéncia corporal - especialmente aos bilhdes de dolares da inddstria e
empresas de suplementos nutricionais que vendem outros produtos para ganhos
musculares, perda de gordura e condicionamento fisico. Para 0s jovens que crescem
nesse clima, o apelo dos EAAs que sdo dramaticamente eficazes e com poucos efeitos
colaterais graves de curto prazo ou podem se tornar irresistivel (POPE, PHILLIPS;
OLIVARDIA, 2000; POPE et al., 2014).

1. 2. Informacgdes Epidemioldgicas

Buckley e Gostin administraram questionarios anénimos para 3403 alunos nos
ultimos anos de estudo (12° ano), do sexo masculino em 46 escolas publicas e privadas
americanas. Os investigadores relataram que 6,6% dos entrevistados reconheceram uso

de esteroides, e cerca de 27% dos usuarios de esteroides relataram que sua principal
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razdo para uso era para melhorar a aparéncia pessoal, e ndo para quaisquer fins atléticos
(BUCKLEY & GOSTIN, 2013). Vérios outros estudos americanos de prevaléncia
foram seguidos por POPE; KATZ; CHAMPOUX, 1988; ADALF & SMART, 1992,
com um estudo indicando uma prevaléncia de uso de esteroides de até 11% em
estudantes do ensino médio do sexo masculino. Uma pesquisa para monitoramento
futuro avaliou o uso de esteroides entre estudantes do ensino médio americanos a partir
de 1991 e os Centros dos Estados Unidos para o Controle de Doencas e Vigilancia de
Comportamento de Riscos para Jovens. O sistema avaliou 0 uso de esteroides por
estudantes no ensino médio a cada dois anos, tambeém a partir de 1991 (MIECH et al.,
2016).

Em outro estudo, 78,4% dos 500 homens que usavam EAAs eram considerados
fisiculturistas ou atletas ndo competitivos (PARKINSON & EVANS, 2006). Em outra
pesquisa, 70,4% dos 506 wusuarios masculinos de EAAs foram classificados
simplesmente como “praticantes de atividades recreativas” (IP et al., 2011). Em um
outro estudo americano (POPE; KANAYAMA; HUDSON, 2012), 94 usuérios de EAAs
entre 18 e 40 anos, recrutados por anuncios em ginasios, foram questionados em
entrevista pessoal se haviam usado o EAAs para melhorar seu desempenho em um
esporte competitivo. Apenas 6% responderam que usaram 0 EAAs exclusivamente para
fins atléticos competitivos, com outros 14% respondendo que usaram o EAAS
parcialmente para atletismo competitivo e 80% dos usuarios que responderam nunca
usaram o EAAs para atletismo competitivo.

Apesar dessas descobertas, a maioria do publico em geral e até mesmo os da
comunidade médica, ainda considera o uso de EAAs como um problema de doping
apenas entre atletas profissionais. A populacdo de usuarios nao atletas é muito maior, e
permanecem amplamente ocultos e surpreendentemente, ndo sdo assim identificados.
Alguns trabalhos ja descrevem que existem varias razfes para isso. Primeiro, o uso do
EAAs geralmente é de inicio tardio como abuso para essas substancias.

Os pesquisadores descobriram que o inicio mediano do primeiro uso de EAAS
nos estudos foi de cerca de 22 anos, com apenas 13,1% dos usuéarios relatando que
iniciaram 0 uso aos 18 anos e apenas 2,2% a partir dos 16 anos. Os mesmos
pesquisadores também examinaram dados de 5 estudos internacionais adicionais que
avaliaram a idade de inicio do uso de EAAs e encontraram uma distribuicdo etaria
semelhante. Assim, o usuario tipico de EAAs, mesmo quando estd no estagio inicial de

uso do EAAs, ndo € um estudante, mas um jovem adulto, que ndo esta mais sob a
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vigilancia de pais, professores ou outros individuos supervisores e, portanto, continua
néo identificado (GEN KANAYAMA & HARRISON, 2018).

A prevaléncia exata do consumo de EAAs em qualquer pais é dificil de ser
confirmada e até estimada, principalmente devido a sua ilegalidade. Em Portugal, por
exemplo, 10% das amostras recolhidas pela Autoridade Antidopagem tiveram
resultados positivos para EAAs em 2014 (IPDJ, 2014), ao passo que um estudo de
MASSADA e colaboradores em 2011 referiram que, 63,6% dos praticantes de
musculacao dos ginasios da cidade do Porto ja tinham utilizado EAAs.

Um estudo na Finlandia com individuos suspeitos de utilizar EAAs encontraram
risco de morte de 4,6. Os casos prematuros de morte foram associados a suicidios,
infarto agudo do miocéardio e linfoma de Hodgkin’s (PARSSINEN et al., 2000).

Outro estudo de coorte com 1.463 suecos, logo depois encontraram que
individuos usuéarios de EAAs possuem 2,2 mais risco de hospitalizacdo por consumo
abusivo e 2,1 mais risco por desordens psiquiatricas (PETERSON et al., 2006).

No Brasil Janior em 2013 descreveu as principais caracteristicas da morbidade
pelo uso de EAA no Brasil, no periodo de 2000 a 2010 atraves das informacdes obtidas
do banco de dados informatizados do Ministério da Salude a partir das Autorizacdes de
Internacdes Hospitalares (AlHS), instrumento obrigatério a ser preenchido pelos
hospitais para a internacdo de pacientes, que permite o pagamento pelo Sistema Unico
de Saude aos hospitais 0 numero de internacGes ano a ano para o periodo de 2000 a
2010 em decorréncia dos EAAs é apresentado na Figura 3.

Na época do estudo, a AIH era responsavel por 80% da assisténcia médico-
hospitalar prestada a populacdo brasileira, com cerca de 1.000.000 de internagdes por
més em 6.380 unidades hospitalares existentes.

Esse autor utilizou para avaliar as internacdes o diagndstico principal e
secundario das hospitalizacBes com os seguintes codigos: E28.1 utilizado para excesso
de andrégeno, E34.5 para sindrome de resisténcia a andrégenos, T38.7 intoxicacdo por
androgenos e anabolizantes congéneres e Y42.7 para efeitos adversos de androgenos e
anabolizantes congéneres, todas essas descricbes sdo do Codigo Internacional de
Doengas 10.

Esse estudo poderia ser repetido atualmente, atualizando as informagdes para o
periodo de 2011 a 2020, pois talvez esse quadro ja tenha mudado, pela maior

disponibilidade e consumo dos EAAS, ou melhoria dos registros de dados nas AlHSs.
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Figura 3 Tabela de hospitalizagdes por causas relacionadas aos EAAs (N°,% e Taxa de
internacdo por 1.000.000 de habitantes), Brasil, 2000 a 2010.

Anoc Todas as causas Ingestao de EAA
Ne % Taxa

2000 12.426.137 18 0,0001 0,1
2001 12.227.236 16 0,0001 0,1
2002 12.233.702 224 00018 13
2003 12.094.875 188 0,0016 1.1
2004 11.953.856 218 0,0018 1,2
2005 11.861.494 219 00018 1,2
2006 11.528.552 152 0,0013 0,8
2007 11.739.258 224 0,0019 1,2
2008 11.107.155 12 0,0001 0,1
200¢ 11.511.559 20 0,0002 0,1
2010 11.724.834 28 0,0002 0,1

Fonte: JUNIOR, 2013.

No periodo de 2000 a 2010 as hospitalizacGes por EAA foram responsaveis por
apenas 0,001% do total de internagdes no Brasil. No estudo foram contabilizadas 1.319
internagdes (média = 119,9, DP = 99,01). A sindrome de resisténcia a andrdgenos foi a
principal causa, correspondendo a 55,8% do total de internacdes, a intoxicagdo por
androgenos e anabolizantes congéneres e excesso de andrdgenos participaram com,
respectivamente, 41,35% e 2,6% do total de internacdes (JUNIOR, 2013).

Em torno de 1% dos pacientes evoluiram para 6bito e o tempo méaximo de
internacdo foi de 47 dias (média = 3,8 e DP = 4,7). Os estados de Minas Gerais,
Maranhdo e Espirito Santo apresentaram as maiores taxas de internacdes por 1.000.000
de habitantes, nos anos de 2002 a 2007. As circunstancias relativas as condi¢bes do
modo de vida foram a principal causa associada de morbidade por ingestdo de
andrégenos (11,9%) (JUNIOR, 2013).

A taxa de hospitalizacdo por uso de EAA no Brasil nesse periodo (2000 a 2010)
foi baixa, isso pode ser explicado pelo sub-registro de casos, uma vez que nao existe o
preenchimento de AIH nos atendimentos de pronto-socorro e esse agravo ndo é de
notificacdo compulséria (JUNIOR, 2013).

A subnotificacdo, o sub-registro, a falta de completitude dos campos e a
cobertura do sistema sdo elementos que comprometem as estimativas de parametros
clinico-epidemioldgicos distorcendo, muitas vezes a interpretacdo por parte de gestores

e profissionais de satde sobre a relevancia e magnitude das doencas (JUNIOR, 2013).
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Estimativas logo ap0s esse estudo, em 2014 no Brasil indicaram a prevaléncia do
consumo de EAAs variando de 2,1% a 31,6% dos entrevistados, decorrente da regido e
caracteristicas dos entrevistados, as academias s&o os locais de maior incidéncia do uso
(ABRAHIN; DE SOUZA; SANTOS, 2014). Esses dados foram evidenciados em
estudos realizados nas cidades de Belo Horizonte, Sdo Paulo, Jodo Pessoa e Goiania que
mostraram um consumo elevado por parte de individuos jovens do sexo masculino. Em
relagdo a obtencdo dos EAAs, os estudos em Minas Gerais e Sdo Paulo revelaram que
grande parte dos individuos os adquiria sem receitas médicas, os proprios estudos
mostraram certo desconhecimento em relacdo aos efeitos adversos que podem ser
causados a quem os utiliza (ARAUJO; ANDREOLO; SILVA, 2002; SILVA &
MOREAU, 2003; DOMINGUES & MARINS, 2007 e NOGUEIRA, et.al., 2015).

A prevaléncia do uso de EAA pode chegar a 31,6% dependendo da regido do
Brasil, sendo de 11,1% em praticantes de musculacdo na cidade de Porto Alegre, Rio
Grande do Sul (SILVA et al., 2007; ABRAHIN; DE SOUZA; SANTOS, 2014).

De acordo com produtos rotulados apreendidos pela Receita Federal no Rio
Grande do Sul os EAAs chegam ao Brasil provenientes de diversos paises como
Estados Unidos, Alemanha, india, Rissia, Reino Unido, México e principalmente do
Paraguai possivelmente pela condicdo de amplo comércio e facilidade de acesso
fronteirico. No Brasil, ocorre uso indevido dessas formulagdes pelo livre comércio na
internet ou pela manipulacdo, que utilizam sais ilegalmente importados, como
oxandrolona, estanozolol e testosterona que muitas vezes nem rétulos recebem. Além,
do abuso de substancias destinadas ao uso veterinario, principalmente para equinos de
competicdo, presentes também nas apreens@es realizadas pela Receita Federal no Rio
Grande do Sul.

E preocupante a compra desses produtos ilegais fabricados em outros paises ou
no Brasil, pois na maior parte das vezes ndao apresentam bula. Sdo produtos de facil
adulteracdo ou falsificacdo vendidos em ampolas nédo esterilizadas.

Ainda sdo poucas as publicacGes por orgdos oficiais que demonstram a real

situacdo do uso indevido dos EAA no Brasil e suas consequéncias fisicas e psiquicas.

1. 3. Efeitos dos Esteroides Anabolicos Androgénicos

A literatura cientifica vem a tempo associando os EAAs a uma série de

maleficios que acometem seus usuéarios, porém, é dificil predizer com exatiddo que 0s
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efeitos colaterais promovidos pelo uso e, além disso, a natureza da associagao entre
EAA e os desfechos hospitalares ou 6bitos necessitam ser melhores esclarecidos, uma
vez que existem poucos dados sobre os efeitos dessas substancias ao longo da vida dos
usuarios.

Muitas informacGes disponiveis sobre os efeitos adversos de EAAs sédo
publicadas sob a forma de estudo de casos de pacientes quando bem diagnosticados e
registrados (BRINQUINHO et. al., 2017).

Adicionalmente, o consumo de EAAs, mesmo em grandes doses, raramente
causam uma intoxicacdo aguda que necessite de atendimento de emergéncia. Assim,
milhares de consumidores podem existir em uma determinada comunidade
permanecendo ocultos. Além disso, deve-se lembrar de que o uso generalizado de EAAs
na populacdo em geral ndo se consolidou até meados dos anos 80, consequentemente a
grande maioria dos usuarios tem idade inferior a 50 anos. A maioria desses individuos
ndo envelheceu o suficiente para desenvolver grandes complicagfes decorrente do uso
prolongado de EAAs que possam leva-los a busca de atendimento a salde, por causa
dos graves efeitos adversos como cardiomiopatia, doenca aterosclerdtica e
hipogonadismo prolongado que raramente se expressam antes da meia-idade (POPE et
al., 2014).

Uma caracteristica do consumo dos EAAs tem sido a prevaléncia crescente de
individuos que desenvolveram uma provavel sindrome de dependéncia (WOOD, 2008;
KANAYAMA et al., 2009a; KANAYAMA et al., 2009b; KANAYAMA et al., 2009c;
KANAYAMA et al., 2010; POPE et al., 2010; HILDEBRANDT; YEHUDA;
ALFANO, 2011a; HILDEBRANDT; YEHUDA; ALFANO, 2011b; IP et al., 2012). J&
no final dos anos 80, foram descritos o0s primeiros relatos associados a dependéncia de
EAAs (HAYS; LITTLETON; STILLNER, 1990; BROWER et al.; 1991). Entretanto,
nos dias atuais esse fendmeno se tornou amplamente estudado e reconhecido. Uma
andlise de dados agrupados de 10 estudos internacionais sugeriu que cerca de 30% dos
usuarios podem desenvolver dependéncia, uma prevaléncia muito maior do que a
observada para a maioria dos outros medicamentos indutores de dependéncia (POPE et
al., 2014).

Foram associados ao consumo destes produtos uma variedade de diferentes
doengas cardiovasculares (SOUZA et al., 2018; SOUZA et al., 2019), doencas
hepéticas, incluindo peliose hepatica, hiperplasia hepatocelular e carcinomas
(HARTGENS & KUIPERS, 2004), hipertensdo, dislipidemia, infertilidade, atrofia
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testicular, acne (MIDDLEBROOK & SCHOENER, 2019), além de um espectro de
efeitos comportamentais correlacionados com hiperandrogenismo (CUNNINGHAM;
LUMIA; MCGINNIS, 2004).

Os EAAs podem causar dependéncia por meio de suas propriedades de sensacao
de prazer, embora ndo produza recompensa a maneira de drogas classicas de abuso,
como alcool, opidceos ou cocaina. Ndo hé divida de que esses medicamentos produzem
sentimentos satisfatorios de autoconfianca e até sentimentos de invencibilidade em
muitos usuarios (POPE et al., 2014).

Concomitantemente, consumidores de EAAs apresentam a tendéncia crescente
de utilizar outros compostos associados aos esteroides que incluem o horménio de
crescimento humano (GH) e o fator de crescimento semelhante & insulina 1 (IGF-I).
Essas substancias também se encontram disponiveis para compra na internet e sdo
administrados em doses suprafisiolégicas, promovendo os efeitos anabolicos desejados
por seus consumidores (GIBNEY; HEALY; SONKSEN, 2007; HOLT & SONKSEN,
2008; BRENNAN et al., 2011; POPE et al., 2014; SAGOE et al., 2015). Um estudo
constatou que 27% dos usuarios de EAAs também relataram uma historia de uso de GH
e/ ou IGF-1 (BRENNAN et al., 2011).

Outro horménio também consumido em associacdo com os esteroides é a
insulina. Antes de 2000, o abuso de insulina por fisiculturistas ndo diabéticos era muito
raro (EVANS, 1997), mas estudos relatam uso de insulina em 5% a 25% dos usuarios
de EAAs (PERRY et al., 2005; BAKER et al., 2006; PARKINSON & EVANS, 2006;
COHEN et al., 2007; HILDEBRANDT et al., 2007; IP et al., 2012a). Assim, é
importante reconhecer que os EAAS representam apenas uma das muitas classes
diferentes de medicamentos (embora seja a classe mais importante) usada por
fisiculturistas recreativos e por atletas do século XXI. Vérios trabalhos ja abordam esse
fendmeno da polifarméacia com mais detalhes por usuéarios de EAAs (DODGE &
HOAGLAND, 2011; HILDEBRANDT; YEHUDA; ALFANO, 2011a; IP et al., 2011,
SAGOE et al., 2015).

Os compostos sintéticos e semissintéticos sdo produzidos com base na estrutura
quimica da testosterona, objetivando-se obter produtos ativos quando administrados via
oral, aumentar a raz&o entre o efeito anabolico e a atividade androgénica, ou prolongar o
tempo de permanéncia no organismo. Uma das vias mais utilizadas na administracéo de
EAA é a parenteral, em que os compostos sdo injetados diretamente na corrente

sanguinea, possibilitando elevada biodisponibilidade. Geralmente, sdo consumidos sem
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prescricdo médica, em doses mais elevadas do que o usual, por tempo prolongado e
concomitantemente com outros farmacos (OGA; CAMARGO; BATISTUZZO, 2014).

Devido ao complexo padréo de uso, a presenca de adulterantes e outros aditivos,
ao abuso de produtos veterinarios contendo EAA e 0 consumo associado a outros
farmacos, a totalidade dos efeitos nocivos ainda permanece desconhecida (OGA;
CAMARGO; BATISTUZZO, 2014).

Apesar de esforgos substanciais para manter o controle antidoping entre atletas e
sua restricdo em maior nimero para nao-atletas, ha poucas razGes para acreditar que leis
ou tentativas de imposicdes alterardo acentuadamente as tendéncias atuais de sua
comercializacdo. No Brasil, a Portaria n° 344/1998 determina que a fiscalizacdo na
producdo, comércio, manipulacdo e uso dos EAAs seja de responsabilidade das
autoridades sanitarias (BRASIL, 1998). As substancias anabolizantes, bem como seus
derivados e precursores, também ficam sujeitas a receita de controle especial em duas
vias, constando na Lista C5 da RDC n°. 39/2012 (BRASIL, 2012).

Na Pecuaria brasileira a IN n° 55/2011 em seu Art. 1° proibi a importacdo, a
producdo, a comercializacdo e o0 uso de substancias naturais ou artificiais, com atividade
anabolizantes hormonais, para fins de crescimento e ganho de peso em bovinos de
abate. ja no seu Art. 2° ela faculta a importacdo, a producdo, a comercializacdo e 0 uso
de anabolizantes hormonais ou assemelhados, naturais ou sintéticos, com atividades
estrogénica, androgénica e progestagénica, exclusivamente para fins terapéuticos, de
sincronizacao do estro, de transferéncia de embriGes, de melhoramento genético e de
pesquisa experimental em medicina veterinaria. Mas, a mesma instrucao sé permite isso
mediante prescricdo e orientacdo de médico veterindrio em conformidade com a
regulamentacéo especifica vigente (BRASIL, 2011).

O uso de produtos contendo EAA s serda considerado regular se feito sob
prescricdo médica e aprovado pelas autoridades competentes. A comercializacdo de
anabolizantes que ndo siga as regras da legislacdo vigente ira configurar o crime contra
a saude publica de falsificacdo, corrupgdo, adulteracdo ou alteragdo de produto
destinado a fins terapéuticos ou medicinais, previsto pelo Cédigo Penal, no artigo 273.
Além do impacto nos riscos & saude, a eventual presenga nessas formulagbes de
adulterantes ou aditivos classificados como psicotropicos ou entorpecentes tambem tera
impacto no processo penal, uma vez que restaria configurado o crime de trafico de
drogas (BRASIL, 1998).
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Em apreensdes da Policia Federal observou-se uma taxa de falsificacdo de 42%
dos anabolizantes analisados, sendo ainda maior no subgrupo das solugdes oleosas, com
65% de falsificacbes (NEVES & CALDAS, 2017). Essas altas taxas trazem impactos
ndo sO na esfera da saude e na esfera penal, mas também no sistema econdmico,
movimentando bilhdes de dolares anualmente (BLACKSTONE; FUHR; POCIASK,
2014).

Mesmo diante desses nimeros, nenhum alerta foi emitido pela Agéncia Nacional
de Vigilancia Sanitaria nesse sentido, 0 que sugere ignorancia desse cenario ou
deficiéncia na caracterizacdo dos compostos, levando a subnotificacdo dos casos de
fraudes.

O abuso de tais formulagBes representa um risco a saude dos consumidores, uma
vez que além dos efeitos toxicos bem documentados causados pelos EAA, 0S Usuarios
também sdo expostos a toxicidade de adulterantes e aditivos eventualmente presentes
nas formulagdes. Esse risco é ainda maior quando se leva em conta o uso de produtos
fraudulentos, de origem internacional ou laboratérios clandestinos, situacdes em que as
condicdes operacionais e sanitarias fogem da fiscalizacdo (NEVES & CALDAS, 2017).

A falta de metodologias adequadas para identificacdo dessas substancias e seus
aditivos, aliada a escassez de pessoal qualificado para realizacdo dessas analises tornam-
se um entrave na celeridade do processo penal. A identificacdo inequivoca desses
compostos permite a producdo da prova material essencial para a boa conducdo das
investigacbes criminais, além de fornecer subsidios para acbes de saude publica na
prevencdo e tratamento do uso abusivo de esteroides anabolizantes. Nesse contexto,
torna-se necessario o desenvolvimento de metodologias analiticas para a correta

identificacdo dos esteroides anabolizantes e seus aditivos.

1. 4. Analises Quimicas

Atualmente, as técnicas mais utilizadas para analise de formulacGes
possivelmente contendo EAAs incluem a cromatografia em camada delgada e a
cromatografia gasosa acoplada a espectrometria de massas (GC-MS) (MUSHARRAF &
GULZAR, 2012; BERNEIRA et al., 2019). O acoplamento ao espectrdmetro de massas
permite detectar a razdo massa/carga (m/z) de uma substancia, auxiliando assim na
elucidacao estrutural quimica. Isso ocorre através da ionizacdo da amostra e posterior
selecdo dos ions de interesse seguido de deteccdo (KALOGERA et al., 2013; LANCAS,

22



2013; IGLESIAS, 2016; LACERDA JR, 2018). Metodologias empregando GC-MS
foram utilizadas para analisar a presenca de EAAs em 40 preparacfes anabdlicas
obtidas no mercado negro (a mencdo a esta palavra se refere a ilicito) da Alemanha
(RITSCH & MUSSHOFF, 2000). Na Italia, Pellegrini e seus colaboradores em 2012
utilizaram essa técnica para analisar 15 preparacdes farmacéuticas diversas do mercado
negro (ilicito), 4 na forma de comprimidos, 7 solugdes oleosas e 4 suspensdes injetaveis
intramuscular.

Posteriormente, Neves e Caldas em 2017, desenvolveram um método de GC-MS
para analisar 345 amostras de medicamentos e suplementos alimentares aprendidos pelo
Departamento de Policia Federal (DPF) entre os anos de 2011 e 2016, onde foram
monitorados dois ions especificos para cada um dos 14 EAAs avaliados em
suplementos alimentares (NEVES & CALDAS, 2017).

Dahmani e colaboradores em 2018 desenvolveram uma metodologia por GC-MS
para detectar androsterona, nandrolona, deidroepiandrosterona, Sa-androstano-3f, 17p-
diol, dihidrotestosterona, testosterona, acetato de metanolona, metandienona, boldenona
e fluoximesterona, em suplementos alimentares. O limite de deteccdo foi de 10 ng/g
para amostras solidas e 10 ng/ml para amostras liquidas. O método desenvolvido foi
entdo aplicado a pesquisa de esteroides em nove suplementos alimentares tunisianos
comerciais, onde uma das amostras foi positiva para metandienona ndo declarada no
rotulo.

As principais dificuldades observadas no desenvolvimento de metodologias
analiticas para deteccdo desses compostos incluem o elevado nimero de substancias a
serem investigadas, semelhanca estrutural, interferéncia de excipientes e adulterantes e
tempo prolongado das analises. Nesse sentido, a cromatografia liquida acoplada a
espectrometria de massas sequencial (LC-MS/MS) tem se mostrado promissora na
identificacdo de EAAs em amostras bioldgicas, suplementos alimentares e produtos
farmacéuticos tratando-se de uma técnica versatil que pode ser aplicada com diferentes
tipos de configuragdes, conferindo as anélises exatiddo, sensibilidade, melhor
detectabilidade e, consequentemente, confiabilidade e qualidade nos resultados obtidos
(MARTELLO; FELLI; CHIAROTTI, 2007; POZO et al., 2008; DESHMUKH et al.,
2010).

Em 2008, o estudo conduzido por Thevis e colaboradores empregaram a técnica
de LC-MS/MS para realizar a identificacdo de 17 EAAs em amostras brutas apreendidas

na Alemanha (THEVIS et. al., 2008). Ja em 2015, Cho e colaboradores empregaram
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LC-MS/MS para a deteccdo de 26 EAAs em 19 medicamentos na forma farmacéutica
de comprimidos solidos (3) e injetaveis (16) comprados pela internet ou no mercado
negro durante o ano de 2014, onde majoritariamente foram encontrados testosterona,
17-propionato de testosterona e boldenona, os autores relatam ainda que a técnica ainda
ndo tinha sido empregada para andlise e quantificagdo de um numero tdo grande de
EAAs (CHO et al., 2015).

Doue et al. em 2014 identificaram e quantificaram 21 EAAs em preparagdes
comerciais oleosas, usando um espectrometro de massas tandem com uma preparagdo
minima das amostras, empregando padrdo interno marcado por is6topo para
quantificacdo dos EAAs pelo modo de monitoramento de reacdo multipla.
Recentemente, Muiller e colaboradores publicaram um estudo analitico relatando a
determinacdo simultanea de 32 drogas, incluindo anorexigenos, ansioliticos,
antidepressivos, diuréticos, laxantes e estimulantes com uma separacdo realizada em 19
minutos para investigar a adulteracdo de suplementos dietéticos comercializados para
perda de peso (MULLER et al., 2019).

Paralelamente, a utilizacdo de técnicas por infusdo direta nos diferentes
sistemas de espectrometria de massas sem o0 auxilio da cromatografia pode ser
empregada para a determinagio de EAAs (SAWAYA et al., 2004; ARAUJO et al.,
2005; CATHARINO et al., 2005; MJLLER; CATHARINO; EBERLIN, 2005;
MARQUES et al.,, 2006; CATHARINO et al., 2007; DE SOUZA et al., 2007;
AMORIM et al., 2009; DE SOUZA et al., 2009; GOLLUCKE et al., 2009; ROMAO et
al., 2011; PROKUDINA et al., 2015).

A técnica de ressonancia magnética nuclear de hidrogénio (RMN 'H) para
avaliacdo da qualidade de formulagbes contendo anabolizantes foi utilizada em 40
amostras de anabolizantes apreendidos pelo DPF utilizados na forma injetavel e capsula
apresentaram 0s seguintes principios ativos: propionato de testosterona, fenilpropionato
de testosterona, isocaproato detestosterona, decanoato de testosterona, cipionato de
testosterona, undecanoato de testosterona, estanozolol, propionato dedrostanolona,
acetato de trembolona, oximetolona e metandrostenolona (RIBEIRO et. al. 2018).

A analise por RMN 'H permitiu encontrar trés tipos de adulteragdes: & auséncia
do principio ativo descrito no rotulo; adulteracdo com outras substancias e valores de
concentracdo abaixo dos indicados no rotulo. Metodologias menos refinadas como a
calorimetria de varredura diferencial (DSC) junto com outras técnicas analiticas foram

empregadas na analise de 8 amostras de EAAs apreendidos e gentilmente cedidas pelo
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DPF, com objetivo de verificar se eram EAAs falsificados. Essas amostras eram de trés
formas farmacéuticas distintas, comprimidos, suspensfes aquosas e solucgdes oleosas,
onde a utilizagdo da DSC permitiu a identificacdo de um determinado composto devido
ao seu distinto ponto de fusdo e outras propriedades fisico-quimicas presentes no
termograma (BERNEIRA, et. al. 2019).

Os métodos e equipamentos utilizados para analisar a presenca e quantificar
EAAs em matrizes biolégicas ou em produtos farmacéuticos adulterados/falsificados
tem sido diversificado ao longo das Ultimas décadas. Os estudos desenvolvidos e
publicados para analise de anabolizantes de uma forma geral e em sua maioria sao
voltados para matrizes bioldgicas, por exemplo, a deteccdo de EAAs em sangue ou
urina para o controle de doping, portanto, a publicacdo de artigos envolvendo a analise
de anabolizantes em formas farmacéuticas, ainda € reduzida, mas esta em processo de
crescimento em virtude do aumento de material apreendido em muitos estados
brasileiros e em outros paises. Independente da metodologia analitica de escolha, os
procedimentos desenvolvidos devem atender as mais diversas exigéncias de aplicacfes
analiticas, assegurando assim a confiabilidade dos resultados obtidos (MORREAU &
SIQUIERA, 2016; ANVISA, 2017). Para tanto, todo método desenvolvido deve ser
validado de acordo com rigidas especificacBes técnicas descritas nos guias de validacao

da area.

1. 5. Validacao

No desenvolvimento de um processo de validacdo pode-se seguir diversos guias
internacionais como: Validation of Analytical Methodology and Calibration of
Equipment used for Testing of Illicit Drugs in Seized Materials and Biological
Specimens (UNODC, 2009); o Guideline on Bioanalytical Method Validation
(AGENCY, 2011), e Standard Practices for Method Validation in Forensic Toxicology
(SGWTOX, 2013), que abordam as diretrizes internacionais e recomendacdes de
validagdo de métodos analiticos. E alguns poucos nacionais como: Guia para Validagao
de Métodos Analiticos e Bioanaliticos (ANVISA, 2003); Orientagdo Sobre Validacao
de Métodos Analiticos (INMETRO, 2011) e a RDC N° 166 que Dispdem Sobre a
Validacdo de Métodos Analiticos (ANVISA, 2017).

Assim, a validagdo de um método analitico consiste na realizacdo de varios

testes, que incluem a determinacdo dos alguns parametros como: seletividade; limite
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inferior de deteccdo e quantificacdo; linearidade; exatiddo; precisdo, efeito carry-over;
efeito matriz e estabilidade da amostra (PETERS & MAURER, 2002; TSAI et al.,
2013; MOREAU & SIQUEIRA, 2016; ANVISA, 2017).

1. 6. Analise Multivariada - Quimiometria

O desenvolvimento tecnoldgico proveniente das descobertas cientificas tem
ampliado as ordens de grandeza, a capacidade de obter informacdes de acontecimentos
e fendmenos que estdo sendo analisados. Uma grande massa de informacédo deve ser
processada antes de ser transformada em conhecimento. Portanto, cada vez mais
necessita-se de ferramentas estatisticas que apresentem uma visdo mais global de um
dado fendbmeno, do que aquela abordagem univariada tradicional. A denominacéo
“Analise Multivariada” corresponde a um grande nimero de métodos e técnicas que
utilizam, simultaneamente, todas as varidveis na interpretacdo tedrica do conjunto de
dados obtidos (NETO, 2004).

Os métodos multivariados sdo escolhidos de acordo com os objetivos da
pesquisa, pois sabe-se que a analise multivariada é uma analise exploratéria de dados,
prestando-se a gerar hipoteses, e ndo tecer confirmacfes a respeito dos mesmos, 0 que
seria uma técnica confirmatéria, como nos testes de hipdtese, nos quais se tem uma
afirmacdo a respeito da amostra em estudo (VICINI, 2005).

Com o avanco das técnicas instrumentais e dos microcomputadores no inicio da
década de 1970, tornaram-se necessarios tratamentos de dados mais complexos do
ponto de vista estatistico, pois novos equipamentos possibilitavam a obtencdo rapida de
respostas multivariadas a partir de medidas analiticas simples. Portanto, com o interesse
de extrair maiores informacdes dos dados, ferramentas que ja eram utilizadas em outras
areas da ciéncia passaram a ser utilizadas na quimica, o que deu origem a quimiometria
(BRUNS & FAIGLE, 1985).

A quimiometria € uma area emergente que utiliza métodos matematicos e
estatisticos para planejar, selecionar e avaliar condi¢Bes 6timas ou informacdes de um
experimento, permitindo a utilizacdo maxima de dados quimicos (BRUNS & FAIGLE,
1985).

Dentre os métodos utilizados para esse fim, podem ser destacados os de
classificagdo ndo supervisionada, como a analise de componentes principais (PCA) e a

andlise hierarquica de agrupamentos (HCA), os métodos de classificacdo

26



supervisionados, como a analise discriminante por minimos quadrados parciais (PLS-
DA) e o0 SIMCA, métodos de calibracdo multivariada como o PLS e o PCR, assim como
0s métodos de resolucdo de curvas, tais como a Resolucdo de Curvas Multivariada
(MCR, Multivariate Curve Resolution) e a Andlise de Fatores Paralelos (PARAFAC,

Parallel Factor Analysis).

1.6.1. Anélise de componentes principais

A PCA é uma técnica matematica de analise multivariada, que possibilita
investigagBes com grande nimero de dados disponiveis, como também, a identificagdo
das medidas responsaveis pelas maiores variacdes entre os resultados, sem perdas
significativas de informacbes. A PCA é um método quimiométrico exploratério, ndo
supervisionado, isto é, apenas a natureza dos dados quimicos € utilizada para se obter
informacdes sobre o comportamento das amostras. Além disso, transforma um conjunto
original de variaveis em outro conjunto, 0s componentes principais de dimensdes
equivalentes (VICINI, 2005).

Essa transformacdo, em outro conjunto de variaveis, ocorre com a menor perda
de informacdo possivel, sendo que esta também busca eliminar algumas variaveis
originais que possua pouca informacdo. Essa reducdo de variaveis so sera possivel se as
p variaveis iniciais ndo forem independentes e possuirem coeficientes de correlacdo
ndo-nulos (VICINI, 2005).

A meta da andlise de componentes principais é abordar aspectos como a geracao,
a selecdo e a interpretacdo das componentes investigadas. Ainda pretende-se determinar
as variaveis de maior influéncia na formacdo de cada componente, que serdo utilizadas
para estudos futuros, tais como de controle de qualidade, estudos ambientais, estudos
populacionais entre outros (VICINI, 2005).

A PCA é um dos métodos mais comuns empregados na andlise de informacdes,
sendo principalmente utilizada pela sua capacidade de compressao dos dados em fungéo
da existéncia de correlacdo entre diversas varidveis medidas. Quando aplicamos um
algoritmo de PCA num conjunto de varidveis, como por exemplo, espectros no
infravermelho, o conjunto original destas variaveis é substituido por um novo conjunto
de variaveis denominado de componentes principais (BROWN,1995). A principal
caracteristica deste novo conjunto é a ortogonalidade, porém o mesmo é facilmente

reconstruido a partir da combinacdo linear das varidveis originais nesse exemplo 0s
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espectros. A PCA €& um recurso que constitui a base para o tratamento de dados
multivariados, é uma técnica que reduz o numero de variaveis (loadings) fazendo
combinages lineares das varidveis originais (ROGGO et. al., 2007).

A PCA ¢ a base fundamental da maioria dos métodos modernos para o
tratamento de dados multivariados, sendo aplicada para compressdo desses dados sem
que haja perda de informacdes importantes. A reducdo dos dados permite que seu
conjunto possa ser representado com menor nimero de novas varidveis, denominadas
de fatores ou componentes principais, que sdo combinacdes lineares das variaveis
originais. Esta técnica atua decompondo os dados originais, transformando-os em uma
soma de matrizes, produtos de vetores chamados de escores e pesos, que podem ser
calculados por minimos quadrados (FERREIRA et. al., 1999; SABIN; FERRAO;
FURTADO, 2004).

Este método é utilizado para extrair informac6es projetando os dados em um
espaco menor, reduzindo, assim, a dimensionalidade do espaco original do conjunto de
dados sem afetar as relagdes entre as amostras e preservando a maior parte da variancia.
Esse espaco de dimensdes reduzidas possui novas variaveis, 0s componentes principais,
que sdo obtidos a partir de combinacBes lineares das varidveis originais. Esses
componentes descrevem as tendéncias relativas dos dados analiticos e sdo calculados
em ordem decrescente de importancia (FERREIRA, 2015).

A primeira componente principal, PC1 é definida na direcdo de maxima
variancia do conjunto de dados. A segunda componente principa, PC2 é definida na
direcdo que descreve a maxima variancia no espaco da PC1l, de forma que cada
componente principal (PC1, PC2, PC3, etc.) seja responsavel pela fracdo sucessiva de
variancia de dados, consistindo em um sistema de coordenadas ortogonais entre si e,
portanto, ndo correlacionadas. Normalmente as primeiras componentes, explicam a
maior parte da variancia total contida nos dados e podem ser usadas para representa-las.
Na andlise exploratoria sdo examinadas as relacGes entre as amostras e as variaveis,
através de graficos de escores (*'scores™) e pesos ("loadings™) respectivamente, 0s quais
permitem também avaliar a influéncia de cada variavel em cada amostra, encontrando
similaridade ou diferencas nos dados (FERREIRA et. al., 1999; SABIN; FERRAO;
FURTADO, 2004).

A primeira componente, PC1 é tragada no sentido de maior variancia dos dados,
descrevendo a maior quantidade de informagdo original como ilustra a Figura 4. A

segunda componente, PC2, por sua vez, tem a direcdo de méaxima variancia dos dados
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no subespaco ortogonal a PC1, descrevendo informacao residual, ou seja, que ndo foi
explicada pela primeira componente. E da mesma forma, as demais componentes séo
sempre direcionadas no sentido de maior varidncia, ortogonalmente as anteriores
(FERREIRA, 2015).

Figura 4 Simulacdo esquematica de amostras num espaco hiperamostral e indicacdo das
primeiras componentes principais.

Fonte: FERREIRA, 2015.

A selecdo do numero de componentes principais necessarias para descrever
adequadamente o0 modelo se da a partir do pseudoposto do conjunto de dados
(FERREIRA, 2015).

Do ponto de vista matematico a PCA € descrita pela equagéo:

X=TP'+E

A matriz de dados originais (X) é decomposta em uma matriz de escores (T),
que sdo as projecOes das amostras no novo espaco das componentes principais, e uma
matriz de pesos/loadings (P), determinados pelo cosseno dos angulos formados entre as
varidveis originais e as novas componentes principais. O simbolo t sobrescrito indica
uma matriz transposta. A matriz E € composta pelos residuos que ndo foram explicados
em nenhuma das PC selecionadas (FERREIRA, 2015).

A partir das informac@es contidas no novo espaco, é possivel projetar os dados
das amostras em um grafico dos escores das componentes principais, permitindo
observar a possivel presenca de agrupamentos naturais entre as amostras. E a

interpretagdo de como as variaveis influenciam nessa discriminagéo se da pela analise

29



dos pesos (loadings), sendo possivel identificar os fendmenos ou caracteristicas
responsaveis pelo agrupamento dos dados (FERREIRA, 2015).

Os dados podem ser pré-processados a fim de reduzir variagdes indesejaveis que
ndo contribuem para 0 modelo e podem influenciar nos resultados finais. Ha dois tipos
de pré-processamentos, os que sdo aplicados as amostras, com a finalidade de reduzir o
ruido experimental e variacGes sistematicas, por exemplo, e 0s que sdo aplicados as
variaveis, podendo ser destacados a centragem dos dados na média e o autoescalamento.

A centragem dos dados na média consiste em calcular a média de cada coluna da
matriz e, posteriormente, subtrair tais valores de cada elemento das respectivas colunas,
0 que resulta em uma translacdo de eixos para seus valores médios, preservando a
estrutura dos dados. O autoescalamento é iniciado da mesma forma que a centragem na
média, porém, apds os valores serem subtraidos das colunas, o resultado é dividido pelo
desvio padrdo dessa coluna. Dados compostos por escalares discretas sdo normalmente
autoescalados, enquanto dados espectrais sdo apenas centrados na média, j& que o
autoescalamento torna os dados adimensionais (FERREIRA, 2015).

Resumidamente podemos dizer que com o método PCA é possivel (BEEBE,
PELL, SEASHOLTZ, 1998):

- demonstrar as diferencas entre as formas das amostras;

- definir quais varidveis contribuem mais para estas diferencas;

- identificar variaveis de forma correlacionadas ou independentemente uma da outra;
- detectar padrao de amostras (agrupamentos);

- diferenciar informacd@es Uteis de ruidos;

- identificar amostras anémalas ("outliers"), etc.

1. 7. Microbiologia de Produtos Farmacéuticos

Seguindo ainda no que condiz a qualidade de compostos veiculados como
produtos farmacéuticos, estas preparagdes devem ser excepcionalmente puras, isentas
de contaminantes fisicos, quimicos e de origem biol6gica. Assim, devem apresentar trés
propriedades importantes: apirogenicidade; esterilidade e auséncia de particulas
estranhas (SILVA, 1999). Alem da patogenicidade e da possibilidade de trazer riscos
para a saude do consumidor, os medicamentos injetaveis podem apresentar mudancas

no seu aspecto fisico, na cor, no odor e na sua estabilidade, pela fermentacdo com
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formacgéo de gases, turbidez ou deposito e diversas outras contaminagdes microbianas
(HIRAI, 2016).

A simples avaliagdo microbioldgica em produtos constitui uma etapa importante
no que se refere a seguranca do usuario e a qualidade do produto, visto que a carga
microbiana elevada pode acarretar problemas de salde, a contagem de bactérias, fungos
vidveis totais e pesquisa dos patdégenos E. coli, Salmonella sp., S. aureus e P.
aeruginosa em 21 amostras demonstrou que 52,0% apresentaram crescimento
microbiano e 28,6% apresentaram contaminacdo fangica acima dos limites descritos na
Farmacopeia Brasileira para preparacfes de uso tépico (méximo permitido 2x10*
UFC/g de fungos). Mas, pelo menos nenhuma amostra apresentou os patdgenos E. coli,
Salmonella sp., S. aureus e P. aeruginosa pesquisados (OLIVEIRA; ROSSATO;
BERTOL, 2016).

De acordo com o Centro de Controle e Prevencdo de Doengas dos EUA, um
surto de meningite fangica entre os anos de 2012 e 2013 foi associado as injecdes de
esteroides contaminadas (SMITH, et al., 2015). Em setembro de 2012, foram
notificados 751 pacientes com meningite fangica, acidente vascular cerebral, infeccao
espinhal ou paraespinhal ou infeccdo periférica osteoarticular no EUA, 64 morreram de
meningite ou derrame, o que correspondeu a 8,5%. A maioria dos pacientes tinha sido
submetida a injecdo peridural e algumas a injecdo osteoarticular de acetato de
metilprednisolona que havia sido fabricado no New England Compounding Centre.
Estas injecBes de acetato de metilprednisolona estavam contaminadas com o mofo de
solo marrom-preto, Exserohilum rostratum, além dos Obitos, 233 pacientes tiveram
meningite, 7 acidente vascular cerebral, 325 infec¢do espinhal ou paraespinhal, 151
apresentaram meningite espinhal ou paraspinal e outros 35 infeccdo articular tipo
osteoartrite. O patdgeno agressor Exserohilum rostratum, é um organismo presente no
solo, era antes uma causa muito rara de infeccdo em humanos (KAUFFMAN &
MALANI, 2016).

Estes resultados indicam que muitos produtos disponiveis no mercado
apresentam qualidade inadequada, demonstrando falhas no controle de qualidade. Para
prevenir esta situacdo, faz-se necessaria fiscalizacdo rigorosa e adocdo de medidas
regulamentadoras e educacionais aliadas ao seguimento das Boas Praticas de Fabricacao
pelas industrias fabricantes (OLIVEIRA; ROSSATO; BERTOL, 2016).

Diante de tudo isso exposto, o comércio e uso ilegal de EAAs € um problema de

salde publica que além dos danos aos seus usuarios, trazem gastos onerosos aos cofres
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publicos. Os individuos que realizam o comércio de EAAs estdo cometendo infracdo
sanitéria, crimes de contrabando e contra a salde publica. J& os usuérios desses
produtos, além de estarem colaborando com tais crimes, colocam sua propria satide em
risco, devido a falta de informacdo da origem desses produtos, composicao e registro
sanitario.

Esse trabalho empregou a técnica analitica de espectrometria de massas nas
andlises de 115 amostras de 6leo suspeitas de conter esteroides, que foram apreendidas
em agéncias dos correios no estado do Rio Grande do Sul. Propiciando assim, a
identificacdo da composicdo quimica dos EAAs apreendidos, discriminando-0s em
produtos falsificados e/ou adulterados.

Em trabalhos futuros esperamos também realizar a avaliagcdo microbioldgica de

produtos apreendidos pela Secretaria da Receita Federal no Rio Grande do Sul.
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3. OBJETIVOS

3.1. Objetivo Geral

O presente trabalho teve como objetivo a conducdo da analise quimica de
esteroides anabolizantes androgénicos veiculados em solucdo de oleosa, apreendidos

pela Secretaria da Receita Federal no Rio Grande do Sul entre os anos de 2016 e 2017.

3.2. Objetivos Especificos

e Realizar a catalogacdo dos produtos apreendidos pela Secretaria da Receita
Federal transportadas pela Empresa Brasileira de Correios e Telégrafos,
analisando os parametros: (i) rotulagem, (ii) procedéncia de origem e (iii)
destino postal;

e Desenvolver e validar a metodologia analitica para analise dos compostos,
verificando se os anabolizantes apreendidos sdo falsificados, ou seja, contém

outras substancias ndo descritas em sua composi¢ao.
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4. MANUSCRITO

O manuscrito “Mass spectrometry determination of seized oil-based anabolic-
androgenic steroids products”, que conta com a parte experimental analitica
desenvolvida, foi submetido para publicacdo na revista Forensic Science International
(ISSN 0379-0738) e esta apresentado a seguir. As normas de publicacdo estdo
disponiveis no Anexo Il. Os dados referentes aos resultados das analises

microbioldgicas serdo publicados posteriormente em um segundo artigo cientifico.
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Abstract

Introduction: The presence of anabolic-androgenic steroids (AAS) in illegal
commercial products has been pointed as a global threat for public health. Due the
correlation with adverse toxicological effects, there is a growing interest in the
implementation of straightforward methods for the determination of AAS in seized
products. This work exploited the development of a mass spectrometry approach to
characterize the illegal oil formulations containing AAS. Methods: The optimization of
sample preparation was performed through a simplex-centroid design and the best
condition was described as follow: an aliquot of 5 uL. of sample were added with 995
pL of acetonitrile and water (75:25, v/v). The solution was vortexed and centrifuged.
After that, 10 pL of supernatant were added with 35 pL of acetonitrile and water and 5
uL of testosterone-d;. An aliquot of 5 uL was injected into the analytical system.
Results: The method developed was validated and successfully applied in 115 seized
samples. Testosterone and its esters had the highest incidence, found in more than 50%
of the samples. Besides that, drugs such as boldenone, methandienone, and trenbolone
have also been found, where the low quality of the samples was evidenced by the wide
variation in the concentration of the drugs, always quantified in sub-doses. Finally, at
least one AAS was detected in each sample analyzed. The statistical results were
grouped by principal components analysis, to better understand the profile of the seized
samples. Conclusion: This work successfully established a fast and simple method for

determination of AAS and can be applied to verify the profile of seized samples.

KEYWORDS: AAS, seized products, UHPLC-MS/MS, principal component analysis.
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1. Introduction

Anabolic-androgenic steroids (AAS) are synthetic derivates of testosterone and
therefore hold the potential to be utilized as a supplement to promote enhancement of
strength, bodyweight, and performance [1,2]. In consequence, a growing in illegal
market of AAS on the internet has been observed in recent years [3]. This fact can
enable an uncontrolled sales and distribution. In addition, the clandestine products may
contain no active ingredients, different AAS from those stated on the label, or
ingredients with no anabolic action [1]. The misuse of these compounds was associated
with a series of adverse events, despite the individuals had a misperception that ASS use
is safe or that side effects are manageable [4]. Considering the adverse health effects,
the consumption of AASs can lead to damage on several organ systems, including
cardiovascular, hematologic, psychiatric and neuropsychologic, hormonal and metabolic
[4-8]. In this scenario, the early chemical characterization of consumed AAS products is
crucial to improve toxicovigilance strategies.

The analytical procedures for determination of counterfeit AAS products can be
conducted by several analytical techniques. A number of studies in the literature
describe the use of gas chromatography-combustion-isotope ratio mass spectrometry to
differentiate between the endogenous of a synthetic preparation by measurement of their
differing carbon isotope (**C/*2C) ratio [9-11]. Other techniques can also be applied
such as magnetic nuclear proton resonance [12], Fourier-transform infrared
spectroscopy [13], direct analysis in real-time ionization mass spectrometry [14], and
enzyme-linked immunoassays [15]. Gas chromatography coupled to mass spectrometry
is widely applied in qualitative and quantitative methods being considered the gold
standard due to the high sensitivity and specificity [1,16-20]. However, there are few

studies for determination of counterfeit AAS products applying ultra-high-performance
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liqguid chromatography-tandem mass spectrometry (UHPLC-MS/MS) [21-24].
Furthermore, the use chemometrics tools remains poorly explored to sample preparation
optimized conditions. The use of a simplex-centroid design can be observed in sample
preparation step in seized products analysis [25]. The statistical model is based in a
ternary mixture of solvents, in which different proportions were adopted to generate a
mathematical model capable to define the best analytical condition. However, according
to our knowledge, no reports were found in the literature describing the use of this
optimization strategy to sample preparation of seized oil-based ASS.

In parallel, multivariate statistical analysis potentially provides useful
information for correlate the obtained results and characterize the profile of the seized
samples. Therefore, this work exploited the development of a UHPLC-MS/MS
approach to characterize of the seized oil-based AAS products. The developed method
was optimized and applied in 115 seized samples. Finally, the statistical results were
grouped by principal components analysis, to better understand the profile of the seized

samples.

2. Materials e methods
2.1 Chemicals and reagents

LC-MS-grade methanol and acetonitrile were purchased from Merck
(Darmstadt, Germany). Formic acid 98% and dimethyl sulfoxide (DMSO) were
purchased from Sigma-Aldrich (Milwaukee, WI, USA), and water was purified using a
Milli-Q system (Millipore, Billerica, MA, USA). The analytical standards of trenbolone
acetate, boldenone, testosterone enanthate, trenbolone enanthate, stanozolol,
methandienone, nandrolone, oxandrolone, testosterone, testosterone cypionate,

testosterone propionate and, testosterone-ds (internal standard, IS) were obtained from
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Cerilliant Corporation (Round Rock, TX, USA). Boldenone undecylenate was
purchased from LGC Standards (Teddington, United Kingdom). Stock solutions
containing the analytical standards were individually prepared in acetonitrile at a
concentration of 100 pg/mL and stored at -20 °C. The stock solutions were mixed and
diluted in acetonitrile: water (75:25, v/v) to obtain a working solution containing all

compounds at a final concentration of 1 pug/mL.

2.2 Optimization and sample preparation

The optimization of sample preparation was performed through a simplex-
centroid design with the solvents; water, DMSO, and acetonitrile. The optimization
strategy adopted in this study consisted of a statistical model based on a ternary mixture
of solvents, in which different proportions were adopted to generate a mathematical
model capable to define the best condition. In our study, the geometric means of the
chromatographic peak areas of the analytes in each experiment were used as an
analytical response, and these data were evaluated using the software Statistica 8.0
(Statsoft, Tulsa, USA). The solvent proportions used in this study are shown in Table
1.

Oily solutions for intramuscular (i.m.) application suspected to contain AAS
(n=115) were seized in mailing services by the Department of Federal Revenue of
Brazil, between 2016 — 2017, in the Rio Grande do Sul State. The samples were
identified and stored at room temperature until analysis. An aliquot of 5 pL. of sample
were added with 995 uL of acetonitrile and water (75:25, v/v). The solution was then
vortexed for 30 seconds and centrifuged at 15,000 rpm for 3 minutes. After that, 10 uL

of supernatant were transferred to a new tube and added with 35 pL of acetonitrile and
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water (75:25, v/v) and 5 pL of testosterone-ds (internal standard, IS, 250 ng/mL). An
aliquot of 5 pLL were injected into the analytical system.

The multivariate analyses were performed using the results of identification of
the AAS were clustered using principal component analysis (PCA) using the software

Prism 9 (GraphPad Prism Software, San Diego, CA).

2.3 Instrumentation and analytical conditions

A Nexera UFLC system coupled to a LCMS-8040 triple quadrupole mass
spectrometer (Shimadzu, Kyoto, Japan) was used for the analysis. The electrospray
parameters were set in the positive ion mode as follows: capillary voltage, 4500 V;
desolvation line temperature, 250 °C; heating block temperature, 400 °C; drying gas,
18/L min; and nebulizing gas, 2 L/min. Collision-induced dissociation was obtained
with 230 kPa argon pressure. The multiple reaction monitoring (MRM) transitions of all
analytes are listed in Table 2. The chromatographic separation was performed with an
Acquity UPLC® C18 column (2.1 x 50 mm, 1.7 pm particle size) (Waters Corporation,
Ireland). The analyses were performed in gradient elution mode with a flow rate of 0.4
mL/min and the gradient mobile phase system consisted of water (solvent A) and
acetonitrile (solvent B) both fortified with 0.1% formic acid: 0 — 2.5 min, 10 — 100% of
B; 2.5 - 3.5 min, 100% of B; 3.5 — 3.6 min, 100 — 10% of B; 3.6 — 6.5 min, 10% B. The
column oven was kept at 50 °C. The data were processed using LabSolutions software

(Shimadzu, Kyoto, Japan).

2.4 Method validation

The method was validated according to the United Nations Office on Drugs and

Crime (UNODC) guide for Validation of Analytical Methodology and Calibration of
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Equipment used for Testing of Illicit Drugs in Seized Materials and Biological
Specimens (seized materials - quantitative analysis) [26]. The evaluated parameters
were lower limit of quantitation (LLOQ), linearity, carryover, precision (intra and inter-
day), and accuracy.

For linearity, a working solution was prepared at six different concentrations, in
six replicates. The testosterone enanthate, and testosterone cypionate linearity were
evaluated at the concentration range of 300 — 2,000 ng/mL, all others in range of 100 —
2,000 ng/mL. Standard plots (concentration versus area of analyte/internal standard)
were constructed, and linearity was evaluated through linear regression analysis through
the least square method and the determination coefficients (r?). Homoscedasticity was
evaluated by the variance of the results for each point of the curve using the Cochran C-
test. In cases of heteroscedasticity, it was applied weighted least-squares linear
regression. The carryover was evaluated by the injection of six blank samples after
analyzing the highest concentration of the calibration curve.

Precision (intra and inter-day assay) and accuracy (bias) parameters were
evaluated through eighteen determinations, covering the linear range of the analytical
method, in three concentration levels: low, medium, and high, with six replicates at each
level. The inter-day assay was studied by comparing the assays on three different days.

The results obtained were calculated by one-way analysis of variance (ANOVA).

3. Results and Discussion
3.1 Development analytical method

The evaluation of the best solvent used in sample preparation was determined by
a simplex-centroid design, using water, acetonitrile, and dimethyl sulfoxide (DMSO).

To obtain the response surface graph, we use the geometric mean of all analytes
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chromatographic areas through a special cubic model. The test results are shown in Fig.
1. The best results were obtained by using a mixture of acetonitrile and water (75:25,
v/v). The mathematical model used presented a coefficient of determination (R?) 0.906,
which indicates that the experimental results can be well explained with this modeling
strategy.

LLOQ for testosterone enanthate and testosterone cypionate was fixed at 60
ng/mL and for other drugs 20 ng/mL. The relative standard deviation (RSD) was
calculated using six determinations, and as acceptance criteria, was applied the RSD
below 20%. The results obtained for the linearity parameter are presented in Table 3.
Standard curves were constructed, and the coefficients of determination obtained were
in the range of 0.9994 — 0.9949, values above the established acceptance criteria of
0.99. Cochran's C-Test was used to assess linear fit and homoscedasticity. The curves
were considered homoscedastic when Ceac < Cerit, and heteroscedastic when Ceaic > Ceiit.
For curves in which the phenomenon of heteroscedasticity was observed, we apply
weighted least squares linear regression using the weighting factor 1/y?, as shown in
Table 3.

The results obtained for the precision and accuracy parameters are summarized
in Table 4. The study was performed at three different levels, low (60 ng/mL), medium
(190 ng/mL), and high (320 ng/mL). The results for intra and inter-day precision were
calculated using one-way ANOVA, and the results are expressed as relative standard
deviation (RSD). For the low level, the RSD below 20% was accepted and for the
medium and high levels, the RSD below 15% was accepted. All the analytes studied
showed a low dispersion between the obtained values, and the results were considered
satisfactory, within the established limits. The accuracy that was calculated using the

ratio between measured concentration and nominal concentration x 100, also presented
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satisfactory results for all analytes. Where the results obtained were between 80 — 120%

for the low level and 85 — 115% for the medium and high level.

3.2 Analysis of seized samples

The validated method was applied in 115 oil-based ASS seized samples. We
observed that all tested material contained at least one of the studied AAS. Among
them, only one sample contained only one drug (methandienone), in the concentration
of 880 mg/mL. All others were presented as mixtures of two or more AAS. The
quantitative analysis showed a considered variation in the concentration, and in all
samples, the drugs were quantified at low concentrations compared that label reported.
In our study the most found drugs were testosterone and its esters, which in the form of
mixtures were present in 53.04% (n=61) of the samples follow by methandienone and
trenbolone acetate, detected in 18.26% (n=21) and 10.43% (n=12) of the samples,
respectively. The incidence of AAS in the samples is shown in Fig. 2. The low quality
of the samples is evidenced by the wide variation in the concentration of AAS present.
As an example, boldenone undecylenate detected in two samples, ranged from 930
mg/mL to 85 mg/mL.

An exploratory analysis by PCA was performed to understand the composition
of the samples. To carry out the analysis, the data were organized in a matrix of 115
lines referring to the samples, and 10 columns referring to the drugs found and their
concentrations. To reduce the variation caused by outliers, the sample concentrations
were standardized through a pre-treatment [(drug concentration — mean of
concentrations)/standard deviation].

The model was able to explain approximately 40% of the sample variation using

two main components, PC1 and PC2. The graph of scores PC1 x PC2 for each sample
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and the graph of Loadings are shown in Fig. 3. The scores graph shows a large overlap
of the samples, the highest values calculated for PC2 are related to testosterone and its
testosterone enanthate and testosterone propionate esters (Fig. 3), where the ordering of
the samples in the PC2 positive quadrant (PC2 positive; PC1 negative) is due to the
presence of these drugs in its composition. The samples grouped close to the zero of the
PC1 and PC2 axes are related to the testosterone cypionate contained in more than 20%
of the samples. The analysis also showed a cluster of 8 samples (overlapping points)
ordered by the presence of nandrolone and acetate and trenbolone enanthate. The
highest PC1 values calculated are related to boldenone and boldenone undecylenate,
which due to the low incidence in the samples, there are only 2 samples (overlapping
points) in the PC1 positive quadrant (PC1 positive; PC2 positive) as shown in Fig. 3.
According to Berneira et al. (2019), there has been a considerable increase in the
number of seizures of pharmaceutical formulations containing AAS all around the
world, and a considerable proportion of these formulations are counterfeit [27]. In
Brazil, the increase in the seizure of counterfeit products is evidenced in a series of
scientific papers. Neves and collaborators (2013) reported data obtained from the
National Institute of Criminalistics of the Brazilian Federal Police Department at about
3676 anabolic products seized. About 37% of the seized products were counterfeit and
testosterone, nandrolone, and stanozolol were the most reported substances on the
labels. As for drugs not declared on the labels, testosterone and its esters were detected
in 582 samples corresponding to 45% [28]. Ribeiro and collaborators (2019) describe
three types of adulteration found in the analyzed samples seized by Brazilian Federal
Police; absence of the active ingredient, adulteration with other substances, and
concentration values below those indicated on the label. The study showed that 20% of

the samples did not have the active ingredient described in the label [11]. Neves and
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Caldas (2017) evaluated 328 medicine and 17 dietary supplements seized by the
Brazilian Federal Police, on which 53% of the evaluated drugs were counterfeit or
substandard, and among the 17 dietary supplements, 5 were contaminated with
undeclared AASs [18]. Recently, Campos and collaborators (2020) used an LC-QTOF
method to determine stanozolol in samples seized by the Brazilian Federal Revenue
Service Agency. Analyzes revealed that 90% of the samples were adulterated and 65%

of them contained higher doses than indicated on the label [2].

4. Conclusion

In this study, a method for the determination of 12 ASS was proposed and
implemented. The method validated by UHPLC-MS/MS proved to be an excellent
option for determining these drugs in injectable oil, with a rapid and reproductive
analysis. The developed method was successfully applied in the analysis of 115 seized
ampoules, without labeling. The statistical analysis by PCA helped in the understanding
of the composition profile of the samples. Finally, the method established can be used
as a safe alternative by inspection agencies, and the low quality of the material seized

puts the health of consumers of black market originated AAS at risk.
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Figure captions
Figure 1. The triangular surface was obtained from a simplex-centroid design for the

optimization of extraction solvent. Using water, acetonitrile (ACN), and DMSO.
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Figure 2. Incidence (in percentage) of AAS in oily solution detected in seized unlabeled

flasks by Brazilian Federal Revenue Service. N= 115 ampoules.
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Figure 3. Graph of scores PC1 x PC2, and graph of loadings for the drugs found in the

samples.
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Table 1. Simplex centroid design for the solvent optimization in sample preparation.

Experiment Water (%) DMSO (%) Acetonitrile (%)

1 100 0 0

2 0 100 0

3 0 0 100
4 50 50 0

5 50 0 50
6 0 50 50
7 66.66 16.67 16.67
8 16.67 66.66 16.67
9 16.67 16.67 66.66
10 33.34 33.33 33.33
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Table 2. MRM transitions and experimental conditions for tested compounds.

Precursor ion, Product ion,

Compound name RT? min CE®, eV
m/z m/z

253.15 20
2.22 3129 107.15 33
133.10 33

Trenbolone acetate

OH
121.10 24
1.84 287.3 135.10 14
77.05 54

0
Boldenone

97.15 25
3.13 401.3 108.95 33
113.15 21

Testosterone enanthate

(8]
O'Jk/\/v

ﬁ. 253.20 25
2.94 383.0 43.10 47

o (T ' 133.10 38

Trenbolone enanthate

81.10 47
1.88 329.0 95.20 45
107.00 44
121.00 24
1.93 300.9 149.10 15
283.30 11

Methandienone
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109.10 25

1.88 274.9 83.10 31

128.05 14

289.25 12

1.91 307 271.20 13

N 149.00 23

H

Oxandrolone

97.10 25

1.95 289.2 109.10 27

79.10 19

135.15 20

3.35 453.3 269.25 13

121.10 28

79.15 40

3.18 413.3 107.10 24

97.00 27

97.05 25

2.58 345 109 29

79.1 52

97.00 26

1.95 292 109.05 25

79.10 46

Testosterone-ds

Abbreviations: °RT, retention time; °CE, collision energy.
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Table 3. Analytical results obtained from the linearity of the UHPLC-MS/MS method
validated for the determination of 12 testosterone-like compounds in seized drug

products.
Cochran  Weighting
Compound Regression equation r’
C-test® factor

Trenbolone Acetate y =0.0063x —0.075  0.9970 Ceac> Cerit 11y
Boldenone y =0.0232x —1.662  0.9968 Cgac < Cerit -
Testosterone Enanthate y =0.0008x —0.123  0.9972 Cearc < Cerit -
Trenbolone Enanthate y =0.0439x +5.264  0.9983 Ccac < Cyrit -
Stanozolol y =0.0110x — 0.1047  0.9974  Ccac> Cqit 1/y2
Methandienone y =0.0241x +0.2818 0.9965 Cgac> Cerit 1/y2
Nandrolone y =0.0028x — 0.0178  0.9994  Cgac < Cerit -
Oxandrolone y =0.0021x +0.0342 0.9972 Ceac < Cerit -
Testosterone y =0.0051x —0.0010  0.9992  Ccqc> Ceiit 1/y2
Boldenone undecylenate y =0.008x + 0.7963  0.9949  Ccqc < Cyrit -
Testosterone Cypionate y =0.0026x —0.0524  0.9987 Cearc < Cerit -
Testosterone propionate y =00395x + 002298 0.9971 Cgac> Cerit N

% Ccarc < Cerit homoscedasticity of residues; Ceaic > Cerit heteroscedasticity of residues.
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Table 4. Analytical results obtained from precision and accuracy of the UHPLC-
MS/MS method validated for the determination of 12 testosterone-like compounds in
seized drug products at three levels: low (300 ng/mL), medium (950 ng/mL), high (1600
ng/mL).

Intra-day Inter-day c.
- % .. Accuracy;
Level precision precision RSD
(RSD) (RSD)
Low 10.79 7.73 95.30; 3.23
Trenbolone acetate Medium 9.42 10.19 90.06; 8.49
High 9.78 14.60 95.03; 9.52
Low 18.86 12.76 84.75; 4.70
Boldenone Medium 10.32 14.21 92.27; 8.42
High 8.70 10.24 89.51; 6.31
Low 11.51 13.44 107.5; 6.14
Testosterone enanthate Medium 12.11 8.79 114.55; 0.93
High 11.14 2.37 99.85; 3.33
Low 18.76 15.03 88.69; 4.06
Trenbolone enanthate Medium 14.98 13.91 95,64; 7.36
High 14.36 14.51 97.21; 8.42
Low 7.28 10.89 109.22; 7.10
Stanozolol Medium 12.84 7.54 105.74; 3.62
High 10.58 9.07 112.57; 4.74
Low 8.27 12.55 107.86; 8.20
Methandienone Medium 8.09 6.96 104.43; 3.65
High 15.25 10.91 100.93; 4.56
Low 8.50 6.12 104.97; 2.58
Nandrolone Medium 8.15 5.55 107.36; 2.08
High 10.25 8.99 108.80; 4.79
Low 12.81 9.06 99.49; 3.69
Oxandrolone Medium 7.54 5.01 94.74; 1.85
High 10.69 6.20 100.89; 0.44
Low 14.96 12.94 105.80; 6.95
Testosterone Medium 12.22 7.55 99.17; 4.23
High 10.96 10.38 108.73; 5.44
Low 14.95 13.78 106.12; 7.65
Boldenone undecylenate ~ Medium 14.57 11.87 106.50; 4.47
High 12.97 10.74 101.63; 10.78
Low 17.01 10.96 106.00; 3.44
Testosterone cypionate Medium 11.49 10.87 104.73; 7.60
High 9.39 5.56 106.60; 0.89
Low 5.36 11.59 111.22; 6.32
Testosterone propionate Medium 4.38 3.78 113.32;1.81
High 10.45 9.45 114.63; 3.14

®Mean of six independent determinations; "Mean obtained from precision in three
different days; °Six replicates for each level.
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5. CONCLUSOES

Neste trabalho foi proposto e implementado o método para a determinacao de 12
EAAs. O método validado pela LC-MS/MS mostrou-se uma excelente opcdo para a
determinacéo desses farmacos injetaveis oleosos, com uma analise rapida e reprodutiva.
O método desenvolvido foi aplicado com sucesso na analise de 115 ampolas
apreendidas. A andlise estatistica por PCA auxiliou no entendimento do perfil de
composicdo das amostras, além disso, os limites de deteccdo e quantificacdo obtidos
foram satisfatorios.

Por fim, o método estabelecido pode ser utilizado como alternativa segura pelos
orgdos fiscalizadores, e a baixa qualidade do material apreendido coloca em risco a

salde dos consumidores do mercado ilegal de EAASs originados.
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6. ANEXO - Normas revista cientifica
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GUIDE FOR AUTHORS

We now differentiate between the requirements for new and revised submissions. You may choose
to submit your manuscript as a single Word or PDF file to be used in the refereeing process. Only
when your paper is at the revision stage, will you be requested to put your paper in to a ‘correct
format' for acceptance and provide the items required for the publication of your article. To find
out more, please visit the Preparation section below.

INTRODUCTION

Forensic Science International is a peer-reviewed, international journal for the publication of
original contributions in the many different scientific disciplines comprising the forensic sciences.
These fields include, but are not limited to, forensic pathology and histochemistry, toxicology
(including drugs, alcohol, etc.), serology, chemistry, biochemistry, biology (including the
identification of hairs and fibres), odontology, psychiatry, anthropology, the physical sciences,
firearms, and document examination, as well as the many other disciplines where science and
medicine interact with the law.

Types of paper

. Original Research Articles (Regular Papers)
. Review Atrticles

. Rapid Communications

. Technical Notes

. Forensic Anthropology Population Data

. Case Reports

. Preliminary Communications

. Letters to the Editor

. Commentaries

Announcement of Population Data: these types of articles will be published in Forensic Science
International: Genetics, only. Please submit these articles via https://www.editorialmanager.com/fsi.
Preliminary Communications(where brief accounts of important new work may be announced
with less delay than is inevitable with major papers) may be accepted after correspondence with the
appropriate Associate Editor.

Review Articles may be regularly submitted or invited by Editors. However, they will undergo the
normal review process of the journal.

Forensic Anthropology Population Data: Although the main focus of the anthropology section of
the journal remains on the publication of original research, authors are invited to submit their
forensic anthropology population data articles by selecting the "Forensic Anthropology Population
Data" article type on the online submission system. When submitting a Forensic Anthropology
Population data article, please assure that "Forensic Anthropology Population Data" is included as
one of the keywords. These forensic anthropology population data articles involve the application of
already published and standardised methods of aging, sexing, determination of ancestry and stature
and other well known diagnoses on different populations. This is at the heart of applied forensic
anthropology. For example, in order to correctly assess age, stature or even sex of individuals of
different ancestry or from different populations, it is fundamental that the method be tested on the
specific population one is working on. In building the biological profile of a skeleton in order to aid
identification, one needs to calibrate such techniques on the population of interest before applying
them. The same may be true in a completely different scenario of anthropology, for example
identifying criminals taped on video surveillance systems and aging victims of juvenile
pornography. This section is dedicated to forensic anthropological population data and other types
of updates (state of the art of particular issues, etc.), particularly concerning the following:

- Sexing
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- Aging sub adult skeletal remains

- Aging adult skeletal remains

- Aging living sub adults and adults

- Determining ancestry

- Stature estimation

- Facial reconstruction

- Non metric trait distribution, pathology and trauma

- Positive identification of human skeletal remains

- Positive identification of the living
Forensic Anthropology Population Data articles will be published in abridged form in print (a clear,
descriptive summary taken from the abstract), and the full length article will be published online
only. Full citation details and a reference to the online article, including e-page numbers, will be
published in the relevant print issue of the journal. All submitted manuscripts will be evaluated by a
strict peer review process.
Case Reports will be accepted only if they contain some important new information for the readers.
Rapid Communications should describe work of significant interest, whose impact would suffer if
publication were not expedited. They should not be longer than 5 printed journal pages (about 10
submitted pages). Authors may suggest that their work is treated as a Rapid Communication, but the
final decision on whether it is suitable as such will be taken by the handling Editor. Rapid
Communications requiring revision should be resubmitted as a new submission.
Technical Notes report new developments, significant advances and novel aspects of experimental
and theoretical methods and techniques which are relevant for scientific investigations within the
journal scope. Manuscripts of this type should be short (a few pages only). Highly detailed and
specific technical information such as computer programme code or user manuals can be included
as electronic supplements. The manuscript title must start with "Technical Note:".
Commentaries Commentary articles are designed to allow experts from right across forensics to
present their view on a 'hot topic' or emerging field. Commentaries should be between 1000-1500
words and contain fewer than 5 references. Authors may suggest that their work is treated as a
Commentary, but the final decision on whether it is suitable as such will be taken by the handling
Editor. Commentaries will not appear in the printed version of the journal.
Revisions deadline
Please note that articles that are sent to the author for revision need to be returned within 60 days
(and within 20 days for subsequent revisions). A reminder will be sent in the second month. Any
articles that are sent after the two month period of revision will be considered a re-submission.
Contact details for submission
Papers for consideration should be submitted by topic. Editors and their topic specialty are listed
below.
C. Cattaneo (Co Editors-in-Chief):
Tel: +39 02503 15679
E-mail: cristina.cattaneo@unimi.it
C. Jackowski (Co Editors-in-Chief):
Tel: +41 (0)31 631 84 12
E-mail: Christian.Jackowski@irm.unibe.ch
B. Ludes: Forensic Genetics. E-mail: ludes@unistra.fr
P. Margot: Questioned Documents and Physical Science: ballistics, tool marks, contact traces,
drugs analysis, fingerprints and identification, etc.
Tel: +41 21 692 4605
Fax: +41 21 692 4605
E-mail: pierre.margot@unil.ch
O.H. Drummer: Toxicology
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Tel: +61 3 9684 4334

Fax: +61 3 9682 7353

E-mail: olaf.drummer@vifm.org

S. Matuszewski: Entomology

Tel: +48 61 82 94 292

E-Mail: szymmat@amu.edu.pl

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal
for review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

E-mail address

Full postal address

All necessary files have been uploaded:

Manuscript:

Include keywords

All figures (include relevant captions)

All tables (including titles, description, footnotes)

Ensure all figure and table citations in the text match the files provided

Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

Manuscript has been 'spell checked' and ‘grammar checked'

All references mentioned in the Reference List are cited in the text, and vice versa

Permission has been obtained for use of copyrighted material from other sources (including
thelnternet)

A competing interests statement is provided, even if the authors have no competing interests
todeclare

Journal policies detailed in this guide have been reviewed

Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing

Please see our information on Ethics in publishing.

The editors reserve the right to reject papers on ethical grounds, regardless of whether requisite
local/national ethical guidelines and approvals have been adhered to and confirmed.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and grants or other funding. Authors must disclose any
interests in two places: 1. A summary declaration of interest statement in the title page file (if
double anonymized) or the manuscript file (if single anonymized). If there are no interests to
declare then please state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of a
separate Declaration of Interest form, which forms part of the journal's official records. It is
important for potential interests to be declared in both places and that the information matches.
More information.
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Additional information

Multiple submissions is not acceptable to the Editor, and any such papers, together with future
submissions from the authors, will be rejected outright. Submission also implies that all authors
have approved the paper for release and are in agreement with its content.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or
concurrent publication' for more information), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyrightholder. To verify originality, your article may be checked by the originality
detection service Crossref Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or
health condition; and use inclusive language throughout. Authors should ensure that writing is free
from bias, stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise
to seek gender neutrality by using plural nouns (“clinicians, patients/clients™) as default/wherever
possible to avoid using "he, she,” or "he/she."” We recommend avoiding the use of descriptors that
refer to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability
or health condition unless they are relevant and valid. These guidelines are meant as a point of
reference to help identify appropriate language but are by no means exhaustive or definitive.
Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration;
Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing
- review & editing. Authorship statements should be formatted with the names of authors first and
CRediT role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the
reason for the change in author list and (b) written confirmation (e-mail, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement
of authors after the manuscript has been accepted. While the Editor considers the request,
publication of the manuscript will be suspended. If the manuscript has already been published in an
online issue, any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider
transferring the article to one of those. If you agree, your article will be transferred automatically on
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your behalf with no need to reformat. Please note that your article will be reviewed again by the
new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing Agreement'
(see more information on this). An e-mail will be sent to the corresponding author confirming
receipt of the manuscript together with a 'Journal Publishing Agreement' form or a link to the online
version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain
written permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn™ environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you
through the process of writing for research and going through peer review. Feel free to use these
free resources to improve your submission and navigate the publication process with ease.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate
possible grammatical or spelling errors and to conform to correct scientific English may wish to use
the English Language Editing service available from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article

Please submit your article via https://www.editorialmanager.com/fsi.
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PREPARATION

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts your files to a single PDF
file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single
file to be used in the refereeing process. This can be a PDF file or a Word document, in any format
or layout that can be used by referees to evaluate your manuscript. It should contain high enough
quality figures for refereeing. If you prefer to do so, you may still provide all or some of the source
files at the initial submission. Please note that individual figure files larger than 10 MB must be
uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used
by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes. Divide the article into clearly defined sections.
Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file. The corresponding caption should
be placed directly below the figure or table.

Peer review

This journal operates a double anonymized review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then typically sent
to a minimum of two independent expert reviewers to assess the scientific quality of the paper. The
Editor is responsible for the final decision regarding acceptance or rejection of articles. The Editor's
decision is final. Editors are not involved in decisions about papers which they have written
themselves or have been written by family members or colleagues or which relate to products or
services in which the editor has an interest. Any such submission is subject to all of the journal's
usual procedures, with peer review handled independently of the relevant editor and their research
groups. More information on types of peer review.

Double anonymized review

This journal uses double anonymized review, which means the identities of the authors are
concealed from the reviewers, and vice versa. More information is available on our website. To
facilitate this, please include the following separately:

Title page (with author details): This should include the title, authors' names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Anonymized manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.
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REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be
prepared in a way very similar to that of conventional manuscripts (see also the Guide to Publishing
with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and ‘grammar-check’
functions of your word processor.

Article structure

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher.
Methods that are already published should be summarized, and indicated by a reference. If quoting
directly from a previously published method, use quotation marks and also cite the source. Any
modifications to existing methods should also be described.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may
stand alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

. Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a
lowercase superscript letter immediately after the author's name and in front of the appropriate
address. Provide the full postal address of each affiliation, including the country name and, if
available, the e-mail address of each author.

. Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any future
queries about Methodology and Materials. Ensure that the e-mail address is given and that
contact details are kept up to date by the corresponding author.

. Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address’ (or 'Permanent address’) may be indicated
as a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look at
the examples here: example Highlights.
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Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).
Abstract
A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.
Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: Please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be
readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types:
TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our information
site.
Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their
images and in accordance with all technical requirements.
Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These
keywords will be used for indexing purposes.
Acknowledgements
Please provide Acknowledgements as a separate file and remove this from the manuscript. List here
those individuals who provided help during the research (e.g., providing language help, writing
assistance or proof reading the article, etc.).
Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa].
It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.
If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.
Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.
Artwork
Electronic artwork General points

» Make sure you use uniform lettering and sizing of your original artwork.

« Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

o Number the illustrations according to their sequence in the text.
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« Use a logical naming convention for your artwork files.

« Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and tables within
asingle file at the revision stage.

« Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as ‘graphics'.
TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.
Please do not:

« Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too
low.

« Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.
Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum
but explain all symbols and abbreviations used.
Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
References
Citation in text
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

86


https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct.
Please note that incorrect surnames, journal/book titles, publication year and pagination may
prevent link creation. When copying references, please be careful as they may already contain
errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab
beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the
same style as all other references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing
them in your text and including a data reference in your Reference List. Data references should
include the following elements: author name(s), dataset title, data repository, version (where
available), year, and global persistent identifier. Add [dataset] immediately before the reference so
we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation Style
Language styles, such as Mendeley. Using citation plug-ins from these products, authors only need
to select the appropriate journal template when preparing their article, after which citations and
bibliographies will be automatically formatted in the journal's style. If no template is yet available
for this journal, please follow the format of the sample references and citations as shown in this
Guide. If you use reference management software, please ensure that you remove all field codes
before submitting the electronic manuscript. More information on how to remove field codes from
different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/forensic-science-international

When preparing your manuscript, you will then be able to select this style using the Mendeley
plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used
by the journal will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.

Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...." List:
Number the references (numbers in square brackets) in the list in the order in which they appear in
the text.

Examples:
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Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci.
Commun.

163 (2010) 51-59. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon.
19, e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones,
R.Z.Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-
304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13
March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/
xwj98nb39r.1. Reference to software:

[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. Manzini, E.
Shelef, K. Lipnikov, R. Garimella, C. Xu, D. Moulton, S. Karra, S. Painter, E. Jafarov, S. Molins,
Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88), Zenodo, March 25, 2020.
https://doi.org/10.5281/ zenodo.3727209.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online
in the electronic version of your article in Elsevier Web products, including ScienceDirect. Please
supply ‘stills' with your files: you can choose any frame from the video or animation or make a
separate image. These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages. Note: since video
and animation cannot be embedded in the print version of the journal, please provide text for both
the electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received
(Excel or PowerPoint files will appear as such online). Please submit your material together with
the article and supply a concise, descriptive caption for each supplementary file. If you wish to
make changes to supplementary material during any stage of the process, please make sure to
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provide an updated file. Do not annotate any corrections on a previous version. Please switch off the
"Track Changes' option in Microsoft Office files as these will appear in the published version.
Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code,
models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one
of these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer
to the "References” section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials, visit the research
data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect
with relevant repositories, giving readers access to underlying data that gives them a better
understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For
more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to
Mendeley Data. The datasets will be listed and directly accessible to readers next to your published
article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
a data article published in Data in Brief. A data article is a new kind of article that ensures that your
data are actively reviewed, curated, formatted, indexed, given a DOI and made publicly available to
all upon publication (watch this video describing the benefits of publishing your data in Data in
Brief). You are encouraged to submit your data article for Data in Brief as an additional item
directly alongside the revised version of your manuscript. If your research article is accepted, your
data article will automatically be transferred over to Data in Brief where it will be editorially
reviewed, published open access and linked to your research article on ScienceDirect. Please note
an open access fee is payable for publication in Data in Brief. Full details can be found on the Data
in Brief website. Please use this template to write your Data in Brief data article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
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for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Availability of accepted article

This journal makes articles available online as soon as possible after acceptance. This concerns the
Journal Pre-proofs (both in HTML and PDF format), which have undergone enhancements after
acceptance, such as the addition of a cover page and metadata, and formatting for readability, but
are not yet the definitive versions of record. A Digital Object Identifier (DOI) is allocated, thereby
making it fully citable and searchable by title, author name(s) and the full text. The article's PDF
also carries a disclaimer stating that it is an unedited article. Subsequent production stages will
simply replace this version.

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their
proof corrections within two days. Corresponding authors will receive an e-mail with a link to our
online proofing system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on figures/tables and answer
questions from the Copy Editor. Web-based proofing provides a faster and less error-prone process
by allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back to
us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive 25 free paper offprints, or alternatively a
customized Share Link providing 50 days free access to the final published version of the article on
ScienceDirect. The Share Link can be used for sharing the article via any communication channel,
including email and social media. For an extra charge, paper offprints can be ordered via the
offprint order form which is sent once the article is accepted for publication. Both corresponding
and co-authors may order offprints at any time via Elsevier's Author Services. Corresponding
authors who have published their article gold open access do not receive a Share Link as their final
published version of the article is available open access on ScienceDirect and can be shared through
the article DOI link.

Author orders

When your article is published, you can commemorate your publication with printed author copies
of the journal issue, customized full-color posters, extra offprints, and more. Please visit
https://webshop.elsevier.com to learn more.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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