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RESUMO

O consumo generalizado e a subsequente dependéncia de substancias psicoativas (SPAs)
tém um impacto significativo na satide publica, resultando em mudangas nos padrdes de
mortalidade da populacdo. Substancias como a cocaina e os antidepressivos destacam-se
nesse cendrio, sendo frequentemente associadas a fatalidades e suicidios. A determinagao
precisa desses compostos e de seus produtos de biotransformagdo em amostras biologicas
torna-se crucial para compreender os seus efeitos e para determinar sua contribuicao em
casos de intoxicagdo. Portanto, técnicas de extracdo miniaturizadas estdo sendo
desenvolvidas para atender as demandas deixadas pelos métodos de extragdo tradicionais,
relacionadas ao elevado volume de solventes organicos utilizado e a complexidade dos
processos de extracdo. A exploracao do potencial das nanoparticulas magnéticas (MNPs)
como sorventes pode abrir novas perspectivas na extracdo de SPAs de matrizes
biologicas. Assim, este estudo esta focado no desenvolvimento de uma metodologia
analitica inovadora para a quantificagdo de amitriptilina, benzoilecgonina, citalopram,
cocaetileno, cocaina, desipramina, desvenlafaxina, éster metilico de ecgonina, fluoxetina,
imipramina, norfluoxetina, nortriptilina, sertralina, e venlafaxina, em amostras de sangue
post mortem, utilizando nanoparticulas magnéticas de Fe3Os como sorvente para a e
extracdo em fase solida dispersiva magnética (m-dSPE), em conjunto com a andlise por
cromatografia liquida acoplada a espectrometria de massas em tandem. Metodologias de
superficie de resposta foram realizadas para otimizar os pardmetros que influenciam a
atividade das nanoparticulas, utilizando amostras de sangue fortificadas com os analitos.
O menor limite de quantificacdo obtido foi de 10 ng/ml para todos os 15 analitos. O
método desenvolvido mostrou-se linear, com uma curva de calibracao variando de 10 a
1000 ng/ml. Experimentos de precisdo e exatidao intra e inter-dia, bem como efeito matriz
se mostraram adequados aos parametros do guia de validagdo. Apos a completa validagao
o método foi aplicado com sucesso a 263 amostras de casos reais, possibilitando a
quantificagdo de diversas substancias. Esses resultados confirmam a primeira aplicagao
deste sorvente na analise de sangue post mortem, caracterizando-o como uma alternativa

eficaz e sustentavel as técnicas convencionais para trabalhos forenses.

Palavras-Chave: Cocaina, antidepressivos, nanoparticulas magnéticas, extragao

miniaturizada, sangue post mortem.



ABSTRACT

The widespread consumption and subsequent dependence on psychoactive substances
(PAS) have a significant impact on public health, resulting in changes in population
mortality patterns. Substances such as cocaine and antidepressants stand out in this
scenario, often associated with fatalities and suicides. The precise determination of these
compounds and their biotransformation products in biological samples becomes crucial
for understanding the effects of these substances and for determining their contribution
in cases of intoxication. Therefore, miniaturized extraction techniques are being
developed to meet the demands left by traditional extraction methods and to quantify
various categories of PAS used in toxicological analysis. Exploring the potential of
magnetic nanoparticles (MNPs) as sorbents may open new perspectives in the extraction
of PAS from biological matrices. Thus, this study focuses on the development of an
innovative analytical methodology for the quantification of amitriptyline,
benzoylecgonine, bupropion, citalopram, cocaethylene, cocaine, desipramine,
desvenlafaxine, EME, fluoxetine, imipramine, norfluoxetine, nortriptyline, sertraline, and
venlafaxine, in post-mortem blood samples, using Fe3O4 magnetic nanoparticles as
sorbent for magnetic dispersive solid-phase extraction (m-dSPE), coupled with liquid
chromatography tandem mass spectrometry analysis. Response surface methodologies
were performed to optimize the parameters influencing the activity of nanoparticles, using
blood samples fortified with analytes. The lowest quantification limit obtained was 10
ng/ml for all 15 analytes. The developed method proved to be linear, with a calibration
curve ranging from 10 to 1000 ng/ml. Intra-day and inter-day precision and accuracy
experiments, as well as matrix effect assessments, were found to be adequate according
to the validation guideline parameters. Following complete validation, the method was
successfully applied to 263 samples from real cases, enabling the quantification of various
substances. These results confirm the first application of this sorbent in post mortem blood
analysis, characterizing it as an effective and sustainable alternative to conventional

techniques for forensic work.

Keywords: Cocaine, antidepressants, magnetic nanoparticles, miniaturized extraction,

post mortem blood.
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1. REFERENCIAL TEORICO

Nas andlises forenses, a cocaina e os antidepressivos estdo entre as principais
classes de substancias psicoativas encontradas. De acordo com os dados do Escritorio das
Nagodes Unidas sobre Drogas e Crime (UNODC) em 2022 houve uma estimativa global
de 21 milhdes de usuarios de cocaina com idade entre 15 e 64 anos no ano de 2020
(UNODC, 2022). No Brasil, segundo o ultimo Levantamento Nacional sobre o Uso de
Drogas pela populagao Brasileira, estima-se que mais de 1,3 milhdes de pessoas tenham
utilizado cocaina em 2017 (BASTOS et al., 2017). O estudo do Onus Global de Doencas
para 2019, conduzido pelo Instituto de Métricas de Saude, destacou a gravidade dos
disturbios atribuidos ao uso de cocaina, com uma taxa de mortalidade de 0,32 por 100.000
individuos. Essa taxa sofreu um aumento de 256% no periodo de 1990 a 2019 (RITCHIE;
ROSER, 2022).

Concomitantemente, na Inglaterra, estima-se que 83,4 milhdes de medicamentos
antidepressivos foram prescritos entre os anos de 2021 e 2022 (NHSBSA, 2022). Em
outros paises da Europa, o consumo médio diario de antidepressivos chega a 161 por 1000
pessoas, como na Islandia. No Brasil, 4 em cada 100 brasileiros fazem uso de
antidepressivos (TIGUMAN et al., 2023). Essas prevaléncias destacam o impacto
significativo da cocaina e dos antidepressivos como algumas das substancias mais
utilizadas globalmente, superadas apenas pela Cannabis em muitas regides (UNODC,
2022). Os antidepressivos desempenham um papel significativo em inumeros casos de
overdose, seja intencional ou ndo. Sua presenga, somada a outras substancias psicoativas,
¢ comumente identificada em relatorios toxicologicos post mortem devido a sua
prescricao generalizada e as toxicidades relativamente altas associadas a situagdes de
overdose (CHEETA et al.,, 2004; BERNARDES et al., 2012; MANDOUR, 2012;
WIEGAND et al., 2012; METHLING et al., 2019).

1.1. Cocaina e produtos de biotransformacao

A cocaina ¢ uma droga obtida da ecgonina, um produto dos alcaloides da planta
Erythroxylum coca e esté entre as drogas de abuso mais populares do pais, sendo proscrita

no Brasil, conforme a resolucdo RDC n°® 344/1998, da Agéncia Nacional de Vigilancia
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Sanitaria (ANVISA) (ANVISA, 1998). A cocaina em forma de base livre, conhecida
popularmente como crack, ¢ encontrada na forma de pedras, enquanto a cocaina
hidrocloridrica ¢ encontrada na forma de cristais solidos brancos. Comumente, a droga
encontrada nas ruas contém uma alta quantidade de adulterantes e diluentes, podendo ser

misturada com anfetaminas, anti-histaminicos, opioides e anestésicos, dentre outros

(SOLIMINI et al., 2017).

A absor¢ao da cocaina ¢ efetiva pelas vias intravenosa, intranasal e pulmonar (crack),
mas o curso temporal e a extensdo da absor¢do diferem entre elas. As rotas que envolvem
a via pulmonar permitem que o estimulante alcance a circulagdo do cérebro de 6 a 8
segundos ap6s a administracdo (POMARA, et al. 2012; CUNHA-OLIVEIRA et al.,
2013). A via intranasal permite biodisponibilidade proxima a 90%, e seu efeito dura de
15 a 30 minutos, enquanto o volume de distribui¢do varia entre 1 e 3 L/kg. A cocaina se
liga a albumina e a alfal-glicoproteina acida em uma taxa de cerca de 90% e pode ser
encontrada nas concentragdes mais altas no cérebro, bago, rins e pulmdes, seguido pelo
sangue, coracao e tecido muscular. A meia-vida média da cocaina ¢ entre 40 e 90 minutos,
podendo variar dependendo da via de administragio (CUNHA-OLIVEIRA et al., 2013;
ISENSCHMID, 2020).

Dois ésteres da cocaina sdo hidrolisados in vitro e in vivo. O éster alquil da cocaina ¢
hidrolisado em benzoilecgonina via hidrélise espontanea, bem como por metilesterases
no figado, e o éster fenilico ¢ hidrolisado em éster metilico de ecgonina (EME) pelas
colinesterases plasmaticas e carboxilesterases no figado (Figura 1) (ISENSCHMID,
2020). O EME representa de 30 a 50% da cocaina biotransformada, enquanto a
benzoilecgonina cerca de 40%, sendo ambos produtos inativos. Outras rotas de
transformagdo podem ocorrer, gerando norcocaina a partir de cocaina ou
norbenzoilecgonina/ éster metilico de norecgonina, a partir de seus produtos de
biotransformacao (JAGERDEO; ABDEL-REHIM, 2011). De forma relevante, o uso
concomitante de etanol ¢ cocaina leva a transesterificacdo das duas substancias no

composto cocaetileno (Figura 1) (HERBST et al., 2011; JONES, 2019).
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Figura 1 - Cocaina e substancias correlacionadas
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Fonte: Adaptado de ISENSCHMID, 2020.

Quanto a eliminagao, de 1 a 9% da cocaina ¢ excretada inalterada na urina, com uma
propor¢ao maior em urina acida (ROQUE, et al, 2022). Os produtos EME e
benzoilecgonina constituem a maior parte de produtos excretados. Estudos controlados,
apods a administragdo intranasal de 20 mg, evidenciaram a detec¢do de cocaina no sangue
em um intervalo de 4 a 6 horas (VERSTRAETE, 2004). Em uma dose de 100 mg, o tempo
de deteccdo aumenta para 12 horas. No caso da benzoilecgonina, apds a administragao de
1,5 mg/kg, pela via intranasal, ¢ possivel detecta-la por 2-3 dias. Os tempos de detecgdo
variam para usudrios cronicos, onde ¢ possivel realizar a detecdo por um periodo mais
longo (ROQUE, et al., 2022; CIUCA ANGHEL, et al., 2023). A cocaina inalterada é
excretada nas fezes e na saliva. A cocaina e a benzoilecgonina podem ser detectadas no
leite materno até 36 horas apos a administracdo e na urina de neonatos por até 5 dias. A
cocaina na forma de base livre atravessa a placenta, e a norcocaina persiste por 4 a 5 dias
no liquido amnidtico, mesmo quando ndo ¢ mais detectdvel no sangue materno.
Considerando a letalidade do uso de cocaina, j& foram retratadas na literatura fatalidades
apos aplicacdo na membrana mucosa de 25 mg ou uso intranasal de 400 mg da droga

(DART, 2004; CIUCA ANGHEL, et al., 2023).
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Os efeitos psicoativos da cocaina estdo relacionados com o bloqueio da recaptagao
dos neurotransmissores dopamina (DA), norepinefrina e serotonina (5-HT)
(ISENSCHMID, 2020). Em doses baixas, a intoxicacao aguda causa euforia e agitagao.
Doses maiores causam diversos sintomas relacionados ao sistema nervoso central (SNC)
e sistema cardiovascular, como hipertermia, nauseas, vomitos, dor abdominal, dor no
peito, taquicardia, arritmia ventricular, hipertensdo, ansiedade extrema, agitagdo,
alucinacdes e midriase (SCHWARTZ, 2010; CIUCA ANGHEL, et al., 2023). Esses
sintomas podem ser seguidos por depressdo do SNC com respiragcdo irregular,
convulsdes, coma, disturbios cardiacos, colapso e morte. A intoxicacdo cronica produz
euforia, agitacdo psicomotora, idea¢do suicida, anorexia, perda de peso, alucinacdes e
deterioragdo mental (DART, 2004; CIUCA ANGHEL, et al., 2023). A cocaina também
pode ser responsavel por mortes por meio de diversos mecanismos, incluindo delirio,
arritmias cardiacas e super estimulo do sistema nervoso central (ISENSCHMID, 2020).
Adicionalmente, a liberacdo de neurotransmissores estd associada ao maior
desenvolvimento de neurotoxicidade e susceptibilidade a dependéncia (ISENSCHMID,

2020).

1.2. Antidepressivos

Os antidepressivos atualmente sdo classificados em antidepressivos triciclicos,
inibidores seletivos da recaptacdo de serotonina (ISRS), inibidores da captacao de
serotonina e norepinefrina (ICSN), antidepressivos atipicos e inibidores da monoamino
oxidase (IMAO). Sao farmacos facilmente absorvidos pela via oral, e, em alguns casos,
podem ser administrados por outras vias conforme a necessidade do paciente. Por serem
medicamentos de amplo acesso, sdo facilmente adquiridos de forma ilicita e estdo
presentes em grande parte dos casos de intoxicacdo, incluindo overdoses e o6bito,
desempenhando um papel importante na toxicologia no Brasil e no mundo (MATHIAS;

GUIDONI; GIROTTO, 2019).

1.2.1. Antidepressivos triciclicos

13



A classe dos triciclicos ¢ uma das classes antidepressivos presentes ha mais tempo
no mercado e possuem alta taxa de prescri¢do no pais, embora seu uso tenha diminuido
drasticamente, considerando os efeitos adversos que possuem. Exemplos dessa classe sao
a amitriptilina, desipramina, imipramina e nortriptilina (Figura 2). Esses farmacos
promovem seus efeitos por meio do bloqueio da recaptagdo de epinefrina, norepinefrina
e serotonina no neurdnio poés-sinaptico, possuem biodisponibilidade varidvel, em geral, e
elevado indice de ligagao as proteinas plasmaticas (WHISKEY, 2013). A amitriptilina,
sofre desmetilagdo e hidroxilagdo durante o metabolismo, transformando-se em
nortriptilina, seu maior produto de biotransformacao ativo, também utilizado como um
farmaco independente. Alguns outros produtos sdo biotransformados, embora sua agdo
seja significativamente inferior. A eliminagdo das substancias ocorre principalmente pela
urina, sendo excretadas conjugadas ao glicuronideo ou sulfato, com aproximadamente
2% da substancia inalterada eliminada na urina (DEAR; BATEMAN, 2016). A
amitriptilina inalterada ¢ 50% eliminada 16 horas apds a administra¢do, enquanto o tempo
de meia vida da nortriptilina ¢ de 30 horas. A concentracdo plasmatica encontrada apos
dose terapéutica tipica € de 100 — 250 ng/mL para amitriptilina e 60 — 150 ng/mL para
nortriptilina. Os dados de toxicidade indicam que reagdes graves podem surgir em
concentragdes superiores a 500 ng/mL (GHAMBARIAN; YAMINI; ESRAFILI, 2012;
WEBER; WEHR; DUCHEMIN, 2014). Os efeitos na overdose sao aumentados com a
ingestdo concomitante de alcool e outras substancias psicotropicas. Alguns dos sintomas
incluem convulsdes, hipotensdo, tonturas, alucinacdes, prejuizo das fungdes cardiacas e

coma (GAO et al., 2023; DOS SANTOS PEREIRA et al., 2024).

A desipramina atinge o pico de concentragdo plasmatica entre 4 e 6 horas apos
administracao oral, ¢ extensivamente biotransformada pelo figado, em maior parte pela
CYP2D6 e em menor parte pela CYP1A2, no principal produto ativo, a 2-hidroxi-
desipramina. O tempo de meia vida desse farmaco ¢ de em média 30 horas, com
concentragdo plasmatica de 125 a 300 ng/mL ap6s administracdo oral de doses clinicas
tipicas. Ensaios de toxicidade em ratos indicam que efeitos de sedagdo e hipotensao
podem ser observados com doses de 290 mg/kg em fémeas e 230 mg/kg em machos.
Relatos de caso descrevem intoxicagdes apos a ingestdo oral de 1150 a 2500 mg, gerando
ataxia, convulsdes, coma e em um dos casos, Obito (BENOWITZ, 2018;

THANACOODY, 2020).
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Figura 2 - Estruturas quimicas dos antidepressivos triciclicos
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Fonte: National Center for Biotechnology Information, 2024.

Outro farmaco da classe dos antidepressivos triciclicos ¢ a imipramina, utilizada

no tratamento da depressao e da enurese noturna em criangas. Bem absorvida oralmente,

a imipramina, atinge a concentragdo plasmatica méaxima de 2 a 6 horas apds a

administracdo oral. A imipramina ¢ convertida em desipramina, citada anteriormente,

pelas enzimas do figado. O tempo de meia vida da imipramina ¢ de 12 horas e a

concentracdo plasmatica encontrada ¢ entre 175 e 300 ng/mL subsequente a
administracdo oral de doses tipicas (BRUNTON, 2022; VOLZ; LAUX, 2022; UL HAQ;
TAZNEEM; MARYAM, 2023).
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1.2.2. Inibidores Seletivos da Recaptacio de Serotonina

Atualmente, os ISRS sdo os antidepressivos considerados de primeira linha,
comumente prescritos devido a alta seletividade e, consequentemente, menos efeitos
adversos em relagdo a outras classes. A agdo desses farmacos ¢ eficaz para o tratamento
da depressdo e outras condi¢des (HIRSCH; BIRNBAUM, 2020). Seu mecanismo de agdo
envolve a inibicdo da recaptacdo especifica de serotonina na fenda sinaptica, como o
nome da classe sugere. Exemplos de ISRS sdo citalopram, escitalopram, fluoxetina e
sertralina (Figura 3). O tempo 6timo estimado para o efeito terapéutico desejado varia
entre 4 e 8 semanas de uso didrio. A maioria dos farmacos da classe ¢ biotransformadas
no figado pelo complexo citocromo P450. A fluoxetina ¢ considerada o ISRS mais
potente, bem absorvida ap6s administracdo oral, com picos de concentragdo plasmaticas
entre 4 e 8 horas. Ap6s a administragdo oral de 40 mg, por adultos saudaveis, sdo obtidas
concentragdes plasmaticas entre 100 e 500 ng/mL. No caso de pessoas em tratamento
farmacologico entre duas e quatro semanas, podera ser observado um estado de equilibrio
entre fluoxetina e norfluoxetina (produto de biotransformagdo ativo). A meia-vida da
fluoxetina ¢ de 53 horas, enquanto a da norfluoxetina ¢ de 240 horas. Essa longa duragao
permite a administracdo semanal nos casos em que esse protocolo seja de interesse para
a pratica clinica. A cinética da fluoxetina ndo ¢ linear, visto que apresenta um aumento
desproporcional nas concentragdes plasmaticas apos o aumento de dose (EDINOFF et al.,
2021). Doses multiplas proporcionam tempo de meia vida maior quando comparado a
doses unicas. A excrecdo ocorre pela urina, fezes e leite materno. Casos de intoxicagdo
com fluoxetina sdo relatados a partir de 1500 mg em adultos e 3,6 mg/kg em criancas
(POPE; ZARAA, 2016). No entanto, efeitos graves sdo descritos, como toxicidade
serotoninérgica, rabdomiolise, convulsdes, atraso na conducdo cardiaca e arritmia (LEE-
KELLAND; ZEHRA; MAPPA, 2018). Casos de overdose foram relatados na ingestao de
doses entre de 600 a 1200 mg do farmaco por adolescentes (KOLBECK; SCHULT;
NACCA, 2024).

O segundo farmaco mais potente e seletivo na classe dos ISRS ¢ a sertralina, de
absor¢do relativamente lenta, levando de 4 a 10 horas para atingir a concentragdo
plasmatica méxima. Os usos de sertralina incluem o tratamento de depressdo
generalizada, sindrome do panico, transtorno obsessivo compulsivo e transtorno de

estresse pos-traumatico. O tempo de meia vida € similar em doses inicas ou uso cronico,
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variando em torno de 24 a 32 horas. Seu principal produto de biotransformagdo ¢ a
desmetilsertralina, com atividade 20 a 60 vezes menor, mas tempo de meia vida maior

(66 - 120 horas) (HUDDART et al., 2020).

Figura 3 - Estruturas quimicas dos principais antidepressivos da classe ISRS
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Fonte: National Center for Biotechnology Information, 2024.

Outra substancia pertencente a classe dos ISRS ¢ o citalopram, também utilizado
para o tratamento de depressao e transtorno de ansiedade. O citalopram e seus produtos
N-desmetilados existem como misturas racémicas, ou seja, uma mistura entre S-
citalopram e R-citalopram. Testes in vitro e in vivo mostraram que os efeitos do
citalopram dependem principalmente dos enantiomeros S-citalopram (escitalopram) e S-
desmetil-citalopram, que possuem acao mais potente em relagdo aos R-enantiomeros. O

pico de concentragao plasmadtica ocorre no intervalo entre 1 e 4 horas ap6s administragao,
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e o tempo de meia vida da substancia ¢ de aproximadamente 35 horas (SANGKUHL;
KLEIN; ALTMAN, 2011). A concentracdo plasmatica conseguinte a administra¢do oral
varia de 40 a 80 ng/mL. Geralmente ¢ bem tolerado, com progndsticos positivos mesmo
em casos de overdose, mas pode causar taquicardia, hipotensdo, confusdo mental

(COOKE; WARING, 2013).

1.2.3. Inibidores da Recaptacio de Serotonina e Norepinefrina

A classe dos ICSN ndo ¢ tao seletiva quanto os ISRS, porém, nao possui efeitos
adversos exacerbados como os antidepressivos triciclicos. Sdo fairmacos que inibem a
captacdo tanto de serotonina quanto norepinefrina, sendo exemplos a duloxetina,
desvenlafaxina e venlafaxina (SANSONE; SANSONE, 2014). A venlafaxina foi o
primeiro farmaco da classe a ser desenvolvido e autorizado para uso, tendo inicialmente
liberacdo rapida e administracdo duas vezes ao dia (Figura 4). Posteriormente foi
desenvolvida a venlafaxina de liberag¢ao prolongada que seria administrada apenas uma
vez ao dia. Sdo indicados para, além da depressdo, os casos de ansiedade, sindrome do
panico e fobia social. A venlafaxina ¢ biotransformada em desvenlafaxina, ambas
possuem tempo de meia vida de 5 horas e 11 horas respectivamente (PAULZEN et al.,
2014). Aproximadamente 4,7% do farmaco ndo biotransformado ¢ eliminado na urina, e
29,4% transformado em desvenlafaxina (Figura 4) (MAGALHAES et al., 2013). Um
estudo clinico testou as concentracdes plasmaticas apds administragdo de variadas doses
de venlafaxina em pacientes internados € a concentragdo encontrada foi de 125 a 400
ng/L de venlafaxina e seu produto de biotransformagao, apos a administragao de doses
de 75 a 300 mg (CHARLIER et al., 2002).

Além de ser o principal produto de biotransformagdo da venlafaxina, a
desvenlafaxina também ¢ utilizada como farmaco, tendo um perfil farmacologico, de
eficicia e seguranca muito parecido com a venlafaxina. Aproximadamente 45% da
substancia ¢ excretada inalterada 72 horas ap6s ingestdo oral (LIEBOWITZ; TOURIAN,
2010).

Figura 4 - Estruturas quimicas dos farmacos ICSN, desvenlafaxina e venlafaxina.
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Fonte: National Center for Biotechnology Information, 2024.

1.2.4. Antidepressivos atipicos

Os antidepressivos incluidos nessa classe sdo aqueles distintos das substancias
presentes nas demais classes. Frequentemente, sdo utilizados em pacientes com respostas
inadequadas ou para evitar efeitos adversos que se manifestaram com o uso de ISRS. Um
exemplo de medicamentos dessa classe ¢ a bupropiona, uma opcao de interesse por nao
proporcionar efeitos serotoninérgicos (Figura 5). Além do tratamento da depressdo, a
bupropiona também ¢é prescrita como coadjuvante no tratamento da dependéncia de
nicotina. O mecanismo de acao da bupropiona ainda € incerto, mas estima-se que ocorra
através da inibicdo pré-sinaptica dos transportadores da dopamina e norepinefrina
(COSTA; OLIVEIRA; DINIS-OLIVEIRA, 2019). Esse farmaco ¢ biotransformado em
sua maior parte pela CYP2B6, no produto hidroxi-bupropiona, 50% menos ativo que a
forma inalterada, no entanto, encontrado em concentragdes plasmaticas 10x maiores. A
concentracdo plasmatica maxima ¢ encontrada em torno de 1,5 hora apds ingestao oral da
forma de liberagdao imediata e 5 horas para a forma de liberagdao lenta (ALBERTER;
CHAMBERS; WILLS, 2022). O tempo de meia-vida do farmaco e do produto de
biotransformagdo ¢ de 21 horas, e as concentracdes plasmaticas encontradas variam de

75 a 100 ng/mL (BRUNTON, 2022). Nos casos de overdose de bupropiona, sdao
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observados os sintomas de convulsdes, taquicardia, arritmia e choque. Relatos indicam

intoxicacdes apds a administragdo oral de 75 — 1500 mg (SHEPHERD, 2012).

Figura S - Estrutura quimica do antidepressivo atipico, bupropiona.
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Fonte: National Center for Biotechnology Information, 2024.

1.3. Extracio e analise de substancias psicoativas de matrizes biolégicas

Considerando a relevancia dessas substancias no campo da toxicologia forense,
métodos de determinacao precisos € confiaveis sdo essenciais para sua analise, fornecendo
insights sobre as circunstancias de intoxicagdes ou Obitos suspeitos. As principais técnicas
utilizadas na deteccdo e quantificacdo sdo as hifenizadas, como a cromatografia gasosa
acoplada a espectrometria de massas (GC-MS) ou a cromatografia liquida acoplada a
espectrometria de massas em tandem (LC-MS/MS). M¢étodos de LC-MS/MS sao
conhecidos por sua sensibilidade e precisao, tornando-se o sistema analitico de escolha
para a maioria das pesquisas forenses (DEEB et al., 2014; FRENI et al., 2019). No entanto,
¢ fundamental para matrizes complexas, que o material a ser analisado passe pela etapa de

preparo de amostra, a qual possibilita a redugdo de interferéncias e incompatibilidades das
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matrizes bioldgicas, bem como a capacidade de concentragdo do analito (SOUSA et al.,
2011).

M¢étodos de extracao classicos sao consolidados por sua capacidade de isolar os alvos
de matrizes complexas, como a extracao liquido-liquido (LLE) e a extracao em fase solida
(SPE). Embora esses métodos oferecam diversas vantagens, também apresentam algumas
dificuldades associadas a sua implementacdo e execucdo na rotina laboratorial. Quanto a
LLE, ¢ um processo intensivo, que exige mao de obra qualificada e requer multiplas etapas,
consequentemente prolongando o tempo gasto no processo. Sua principal desvantagem ¢ o
impacto ambiental, pois utiliza quantidades significativas de solventes organicos
(KOESUKWIWAT, et al. 2010). Mesmo havendo um tratamento de residuos adequado,

essa etapa ¢ de alto custo para os laboratérios.

A SPE ¢ amplamente utilizada para o preparo de amostras, e utiliza um sorvente para
isolar os analitos de uma matriz especifica. Uma grande variedade de sorventes e manifolds
esta disponivel para fornecer diversos tipos de interagdes potenciais com os analitos
(PLOTKA-WASYLKA, 2016; CALDERILLA et al.,, 2018). No entanto, quando o
sorvente ¢ empacotado em um cartucho, a eficiéncia da interacdo sorvente-analito ¢
limitada pela taxa de fluxo selecionada para percolar a amostra. Esse aspecto torna-se
critico quando particulas de tamanho nanométrico sao usadas, uma vez que a contrapressao
gerada dificulta a passagem da amostra (CHISVERT; CARDENAS; LUCENA, 2019).
Além disso, a competitividade de interferéncias da matriz com os sitios ativos do sélido
afeta negativamente a recuperagdo do analito. Considerando os aspectos financeiros, a
técnica tem um alto custo devido a cartuchos e sorventes que podem ser relativamente
onerosos. Além disso, essa técnica exige uso de diferentes solventes para lavagem, etapas
de evaporagio e secagem, e ajuste do sistema de vacuo e da vazio dos solventes (SOCAS-
RODRIGUEZ et al., 2015). Todos esses fatores afetam a precisio e reprodutibilidade do
método, e mesmo automatizadas, exigem manutencao frequente e investimento financeiro
significativo (OJEDA; ROJAS, 2018).

Essas caracteristicas podem aumentar a complexidade e o tempo necessarios para
realizar as extragdes, tornando importante considerar alternativas mais eficientes e

sustentaveis.

1.3.1. Extracio em fase solida dispersiva
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A necessidade de maior eficiéncia, seletividade e sustentabilidade ambiental
impulsionou o desenvolvimento de métodos de extragcdo inovadores com técnicas de
microextragdo, que reduzem o volume da amostra e simplificam os procedimentos de
extracdo, utilizando materiais inteligentes e nanotecnologia a seu favor. Um exemplo
disso ¢ a extragdo dispersiva em fase solida (dSPE) (SOCAS-RODRIGUEZ et al., 2015).

Sugerida por Anastassiades et al. (2003) a técnica envolve a adicdo do material
adsorvente em aliquota da amostra, seguida de etapas de agitacdao, centrifugagdo, e
subsequente dessor¢ao, que ¢ realizada com solvente ou solucdo apropriados. Algumas
vantagens a serem citadas sdo o aumento significativo da capacidade de extracdo, visto o
contato direto entre o material sorvente e analito, diminui¢cdo no tempo de processamento,
baixo consumo de solvente, e operacdo simplificada, quando comparado ao método
tradicional de SPE (ANASTASSIADES et al, 2003; CHISVERT; CARDENAS;
LUCENA, 2019). Nesse caso, o sorvente ndo ¢ empacotado em uma coluna, mas ¢
colocado diretamente em contato com a amostra, evitando a etapa de condicionamento.
Enquanto na SPE convencional a taxa de fluxo da amostra ¢ um parametro critico que
deve ser constante e controlado para permitir a interacdo correta entre o sorvente
empacotado e as moléculas-alvo, na dSPE o contato entre as duas fases ¢ imediato e mais
eficaz. Assim, vale mencionar que a dSPE ¢ adequada para a andlise direta de amostras
complexas que podem obstruir os cartuchos e levar a falhas na extragdo na SPE
convencional (SOCAS-RODRIGUEZ et al., 2015).

O emprego mais conhecido da dSPE ¢ para fins de c/lean-up, como ocorre na etapa
de limpeza do método chamado QuEChERS, desenvolvido para ser rapido, facil, efetivo,
robusto e seguro, palavras que em inglés formam o acronimo do nome (WILKOWSKA;
BIZIUK, 2011). De fato, o termo dSPE foi proposto e utilizado quando o método
QuEChERS foi introduzido (ANASTASSIADES et al., 2003). No clean-up por dSPE, as
interferéncias sdo retidas no sorvente, que ¢ finalmente descartado, enquanto o
sobrenadante ¢ submetido ao restante do processo analitico. No entanto, os sorventes
também podem ser usados de modo dispersivo com o objetivo de reter os analitos. Nesse
caso, ocorre uma posterior etapa de dessor¢ao com o uso de um solvente apropriado, apos
a eliminagdo do sobrenadante (SOCAS-RODRIGUEZ et al., 2015; CHISVERT;
CARDENAS; LUCENA, 2019).

Em geral, existem quatro caracteristicas principais de um composto quimico que

podem ser usadas para alcancar a extragdo/retengdo em ambas SPE e dSPE; polaridade,
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carga elétrica, reconhecimento molecular e tamanho molecular (ISLAS et al., 2017). Os
modos de interagdo que se baseiam na polaridade sdo chamados de extracdo em fase
normal ou extra¢do em fase reversa. Na primeira, o sorvente ¢ mais polar do que a amostra
ndo aquosa e ¢ usado para isolar compostos polares, através de ligagdes de hidrogénio ou
interacdes dipolo-dipolo, principalmente, enquanto na segunda ocorre o oposto, um
sorvente nao polar ¢ usado com uma amostra aquosa polar para isolar analitos
relativamente nao polares (ISLAS et al., 2017). A extragdo em fase reversa ¢ baseada em
interagdes de van der Waals ou dispersdo entre o sorvente e as moléculas-alvo,
normalmente realizada com sorventes de silica, como octadecil (C18) ou octil (C8), ou
ainda sorventes poliméricos organicos (CASADO et al., 2019; SI, et al., 2020). A
extracdo em fase normal também pode ocorrer em sorventes a base de silica, ou em
materiais inorganicos (SCIGALSKI; KOSOBUCKI, 2020).

A segunda caracteristica ¢ a carga elétrica e o modo ¢ chamado de extracao por
troca i6nica. Neste caso, os analitos sdo primeiro ionizados e retidos nos sitios i6nicos
contidos no sorvente, sendo entdo eluidos com um solvente organico, uma vez que passam
a ser convertidos de volta para sua forma molecular (NASRIN; MOUSSAVI;
GIANNAKIS 2004). A troca de anions ¢ usada para ions negativamente carregados em
um sorvente positivamente carregado, € o contrario para a troca de cations. Nesse caso, o
controle de pH ¢ extremamente importante, ja que sua altera¢do pode neutralizar ions ou
até mesmo a carga do sorvente. Além disso, a introdugao de ions capazes de deslocar os
compostos retidos ¢ necessaria para a eluicdo. Para esse sistema de interacdo, tanto
sorventes de silica quanto sorventes poliméricos podem ser utilizados (SOCAS-
RODRIGUEZ et al., 2015).

A terceira caracteristica ¢ o reconhecimento molecular, que ¢ baseado em uma
interagdo especifica e altamente seletiva entre uma molécula ou grupos de moléculas e
um ligante imobilizado no sorvente. O reconhecimento molecular inclui diferentes tipos
de interagdes, como dipolo-dipolo, interagdes eletrostaticas e/ou forgas hidrofdbicas.
Nesse modo, imunossorventes altamente seletivos ou os chamados polimeros de
impressao molecular (MIPs) sdo frequentemente usados, surgindo como alternativas
muito interessantes aos sorventes tradicionais (TURIEL; ESTEBAN, 2020; ZHAO et. al.,
2021).

A quarta, embora ndo tdo amplamente usada na dSPE, ¢ o tamanho molecular.

Esse tipo de sorvente permite a separagdo de compostos organicos com base em um
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processo de peneiramento mecanico. Moléculas pequenas penetram nos poros dos
sorventes, enquanto moléculas grandes podem ser completamente excluidas ou penetrar
poros de tamanhos especificos. Como resultado, eles sdo eluidos primeiro. Esse tipo de
separacao pode ser realizado com sorventes em gel (SOCAS-RODRIGUEZ et al., 2015).
Além dos mecanismos informados, existem sorventes que combinam diferentes
mecanismos de retengao.

Nos processos de dSPE, o volume de amostra a ser utilizado ¢ muito importante,
assim como o tipo de solvente utilizado na fase de dessor¢ao. Solventes ou misturas de
solventes de dessor¢do devem ter polaridade aproximadamente igual a polaridade dos
compostos (CHISVERT; CARDENAS; LUCENA, 2019). Recentemente, o uso de
diversos nanomateriais funcionalizados, tais como nanotubos de carbono, grafeno,
dioxido de titanio e 6xido de zinco t€ém se mostrado eficientes na extracao de diferentes
compostos em amostras de solo e dgua (KHALILIAN; HANZAKI; YOUSEFI, 2015;
SONG; CHEN; SHI, 2017, ALOTHMAN; WABAIDUR, 2019; ABDELRAHMAN;
HGAZEY; AHMED, 2020). As propriedades fisicas, quimicas, elétricas e opticas dos
nanomateriais funcionalizados diferem dependendo de seu tamanho e forma, em
compara¢do com particulas maiores. Devido ao seu tamanho diminuto, os nanomateriais
possuem area de superficie e razdo superficie/volume elevadas, ou seja, quanto menor a
nanoparticula, mais significativas serdo essas caracteristicas. Essa relacdo ¢ uma das
razoes pelas quais os nanomateriais t€ém propriedades quimicas e fisicas superiores, como
energia de superficie, reatividade, solubilidade e ponto de fusdo baixo. Isso se dé pelo
aumento de 4tomos na superficie, capazes de reagir com o meio e permitir ligagdes a
moléculas, atomos ou ions. A capacidade de adsor¢do ¢, portanto, diretamente
proporcional ao aumento no nimero de atomos na superficie (ASHA; NARAIN, 2020).
O uso de nanomateriais para o preparo de amostras, confeccao de materiais de separagao
e enriquecimento proporciona alta capacidade de adsorcdo e fatores de pré-concentracao,
além de facilitar a funcionalizagdo e reutilizagdo dos nanomateriais, sendo também um
fator importante para a eficacia dessas aplicagdes (BUYUKTIRYAKI; KECILI;
HUSSAIN, 2020; BAIG; KAMMAKAKAM; FALATH, 2021).

A necessidade de um alto nivel de sensibilidade e seletividade, ou até mesmo a
compatibilidade entre a matriz da amostra e a técnica instrumental, surgem como as
principais dificuldades para procedimentos analiticos simples e rapidos. O tratamento da

amostra surge como a resposta a essas deficiéncias. Nesse contexto, a miniaturizacao e a
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automacao desses procedimentos sdo tendéncias claras para permitir sua implementagao
final em laboratorios de rotina. Essa abordagem, que faz uso de uma pequena quantidade
de sorvente, pode ser chamada de extragao em fase solida microdispersiva (D-uSPE).
Pode ser ainda referida como microextracao em fase sélida dispersiva, ou mesmo como

extracdo em fase solida magnética se sorventes magnéticos forem empregados.

1.3.2. Extracido em fase solida dispersiva magnética

Ao longo das ultimas duas décadas, particulas magnéticas tém recebido crescente
atencdo devido as suas propriedades fisicas e quimicas unicas que permitiram sua
aplicacdo em diversos campos, como microbiologia, biologia celular, biologia molecular
e bioquimica, quimica analitica, bem como em biotecnologia e tecnologia ambiental
(AGUILAR-ARTEAGA; RODRIGUEZ; BARRADO, 2010; STARK, 2011; XIE et al.,
2014)

Em particular, a aplicagdo de sorventes magnéticos para a extracdo em fase solida
dispersiva magnética (m-dSPE) nao foi desenvolvida at¢ 1996, quando Towler e
colaboradores relataram a recuperagao de radio, chumbo e polonio de amostras de agua
do mar usando magnetita (Fe3O4) revestida com diéxido de manganés como o sorvente
magnético (TOWLER; SMITH; DIXON, 1996). No entanto, o termo m-dSPE s6 foi
introduzido trés anos depois por Safarikova & Safaiik, que extrairam e pré-concentraram
um grupo de hidrocarbonetos aromaticos policiclicos e corantes de trifenilmetano de
grandes volumes de amostra usando sorventes magnéticos ou magnetizaveis € um campo
magnético externo (SAFARIKOVA; SAFARIK, 1999).

A enorme aplicacdo dessa abordagem ¢ justificada principalmente devido a sua
rapidez e simplicidade em comparacio com a SPE ou dSPE convencionais. Na
abordagem m-dSPE, uma manipulacdo fécil do sorvente pode ser alcangada com um
campo magnético externo fornecido por um ima. Esses imas sdo frequentemente
compostos por uma mistura de trés metais diferentes (neodimio, ferro e boro). Dessa
forma, os sorventes magnéticos sdo misturados com a amostra enriquecida e, apos o
processo de extracdo, a matriz ¢ separada do sorvente com os analitos usando o ima
(HAGAROVA, 2020). Em seguida, a fase magnética ¢ dispersa no solvente de dessor¢io
adequado, podendo ser assistida por ultrassom ou agitagdo por vortice, € o sobrenadante

posteriormente coletado para analise (VALLEZ-GOMIS et al., 2022).
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Geralmente, os sorventes mais usados em m-dSPE sdo oxidos de ferro como
magnetita (Fe3O4) ou maghemita (y-Fe>O3), embora outros materiais magnéticos como,
por exemplo, ferrita de cobalto (CoFe»04), também tenham sido utilizados. O tamanho
dos sorventes geralmente se encontra em escala nanométrica, € pode ser intencionalmente
modificado. As alteragdes de superficie sdo frequentemente realizadas com um
revestimento organico ou inorganico, para direcionar as propriedades das nanoparticulas
magnéticas (MNPs) a um analito especifico ou grupo restrito de moléculas, além de evitar
sua aglomeracdo, que pode influenciar na capacidade de adsor¢io (VALLEZ-GOMIS et
al., 2022).

A maioria dos estudos recentes sobre sorventes a base de MNPs relata que seus
métodos de extragdo possuem Otima capacidade de recuperacdo quando aplicados a
amostras ambientais e alimenticias (AGHAIE; HADJMOHAMMADI, 2016; VAKH et
al., 2018). Uma grande variedade de MNPs revestidas podem ser encontradas na
literatura, sendo que essa funcionalizagdo gera uma seletividade elevada para métodos
que geralmente possuem um alvo Unico ou classes de moléculas restritas. Um exemplo
dessas aplicagdes € o trabalho desenvolvido por Socas-Rodriguez ef al. (2018), onde
MNPs de Fe3O4 revestidas com polidopamina clédssica foram utilizadas na determinagao
de 21 compostos com atividade estrogénica, em diferentes amostras de leite (SOCAS-
RODRIGUEZ, et al., 2018). Por sua vez, Ge et al. (2012), prepararam nanoparticulas
magnéticas modificadas com polimero para remocao eficiente de ions metélicos pesados
como Cd**, Zn**, Pb** e Cu?" de solugdes aquosas. Estudos de reutilizagdo mostraram
que o nano-adsorvente preparado pode ser usado repetidamente como um adsorvente
eficaz no tratamento de agua (GE et al., 2012).

Ja no trabalho de Rastbood, Hadjmohammadi & Majidi (2020), foram utilizadas
MNPs de Fes3O4 revestidas de silica (SiO2) para isolar e pré-concentrar o farmaco
meloxicam de amostras de plasma e wurina por m-dSPE (RASTBOOD;
HADJMOHAMMADI; MAJIDI, 2020). No caso de substancias psicoativas, embora nao
haja muitos relatos, nanocompositos de Fe3Oa/Polipirrol e Fe3Os/Polianilina (PANI)
foram aplicados na extragcdo por dSPE de citalopram e sertralina, e dos benzodiazepinicos
nitrazepam e lorazepam, respectivamente (ASGHARINEZHAD et al., 2014;
ASGHARINEZHAD et al., 2015). Esses estudos demonstram a importancia e a eficacia
do uso de MNPs na simplificacdao e melhoria dos procedimentos de extragdo em analises

toxicoldgicas, proporcionando resultados mais precisos e eficientes.
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Uma vez que a etapa de preparo de amostra ¢ crucial para a exatiddo e precisao
da analise, de forma a contornar as dificuldades acerca de cada matriz bioldgica, a busca
pela facilitacao e padronizagdo desta etapa se faz constante. O uso de MNPs ¢ vantajoso
no desenvolvimento de sistemas de adsorcao devido a sua elevada area de superficie,
reatividade superficial, além das suas propriedades magnéticas que permitem a
simplificagdo do método de extragdo a ser desenvolvido. Assim, sugerimos que esses
materiais possam ser utilizados como uma alternativa vidvel na m-dSPE para a extracao
e subsequente analise de substancias psicoativas de sangue post-mortem. Essa abordagem
pode oferecer uma metodologia eficiente e sensivel para a detec¢do e quantificagdo de
xenobidticos em amostras biologicas, auxiliando na determinacdo da causa da morte e

contribuindo para investigacoes toxicologicas mais precisas e confiaveis.
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2. OBJETIVOS

2.1. Objetivo geral

O objetivo deste trabalho foi desenvolver e validar um método analitico para a

determinag¢do de antidepressivos, cocaina e seus produtos de biotransformacdo em

amostras de sangue post mortem, empregando nanoparticulas magnéticas de Fe3;Os como

sorvente para micro extracao em fase solida combinada com anélise por cromatografia

liquida acoplada a espectrometria de massas.

2.2. Objetivos especificos

ii.

1il.

1v.

Desenvolver e otimizar o método de cromatografia liquida acoplada a
espectrometria de massas para a determinagdo, em amostras de sangue post
mortem, de um conjunto especifico de substincias, incluindo amitriptilina,
benzoilecgonina, citalopram, cocaetileno, cocaina, desipramina, desvenlafaxina,
éster metilico de ecgonina, fluoxetina, imipramina, norfluoxetina, nortriptilina,
sertralina e venlafaxina;

Otimizar os parametros da m-dSPE utilizando técnicas de planejamento
multivariado;

Validar o método conforme o guia de validagao 036 da ANSI/ASB “Standard
Practices for Method Validation in Forensic Toxicology” desenvolvido pela
American Academy of Forensic Science (AAFS);

Aplicar o método na andlise de amostras de sangue post mortem fornecidas pelo
Departamento de Pericias Laboratoriais do Instituto Geral de Pericias do Rio

Grande do Sul (DPL-IGP/RS).
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O manuscrito “Development of an innovative analytical method for forensic detection
of cocaine, antidepressants, and metabolites in postmortem blood using magnetic
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Abstract

Cocaine and antidepressants rank high globally in substance consumption, emphasizing
their impact in public health. The determination of these compounds and related
substances in biological samples is crucial for forensic toxicology. This study focuses on
developing an innovative analytical method for the determination of cocaine,
antidepressants, and their related metabolites in postmortem blood samples, using
magnetic Fe;O4 nanoparticles as a sorbent for m-dSPE, coupled with LC-MS/MS
analysis. An aliquot of 100 uL of the whole blood and 5 pL of the internal standard pool
are added to 30 mg of nanoparticles. The nanoparticles are separated from the sample
using a neodymium magnet inserted into a 3D-printed microtube rack. The supernatant is
discarded, and desorption is 300 pL of solvent added to the nanoparticles. The sample is
vortexed and separated, and 1.5 pL of the organic supernatant injected into the LC-
MS/MS. After full validation, achieving the established criteria for sensitivity, linearity
precision, and bias, the method was successfully applied to 263 postmortem blood
samples. All samples evaluated in this study were positive for at least one substance. The
most frequent analyte was benzoylecgonine, followed by cocaine and cocaethylene. The
most common antidepressant encountered in the analyzed samples were citalopram and
fluoxetine, followed by fluoxetine’s metabolite norfluoxetine. These results confirm the
first use of this sorbent in postmortem blood analysis, demonstrating satisfactory results
in linearity, precision, accuracy, and selectivity for all compounds. The method's
applicability was confirmed, establishing it as an efficient and sustainable alternative to

traditional techniques for forensic casework.

Keywords: magnetic nanoparticles, dispersive extraction, LC-MS/MS, postmortem
blood.
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Introduction

In forensic analysis, the identification of psychoactive substances in biological samples
is a crucial aspect. Among the main compounds commonly detected, cocaine and
antidepressants hold prominence. Data extracted from the World Drug Report 2022
revealed a staggering global estimate of 21 million cocaine users aged 15 to 64 in the year
2020 [1]. The Global Burden of Disease, conducted by the Institute for Health Metrics,
underscored the severity of disorders attributed to cocaine use, with a mortality rate of
0.32 per 100,000 individuals [2]. This rate witnessed a remarkable 256% increase from
1990 to 2019 [3]. Concomitantly, in England, an estimated 83,4 million antidepressant
drugs were prescribed in 2021/2022 [4]. In other countries of Europe, the average daily
intake of antidepressants is up to 161 per 1000 people in Iceland. The number goes to
130,4 per million people in Canada and North America [5]. This alarming prevalence
emphasizes the significant impact of cocaine and antidepressants as a few of the most
consumed substances globally, surpassed only by Cannabis in many regions [6].
Regrettably, antidepressants play a significant role in numerous overdose cases, whether
intentional or unintentional. Their presence, alongside other psychoactive substances, is
commonly identified in postmortem toxicology reports due to their widespread
prescription and the high toxicities associated with overdose situations [6-10].
Considering the peculiarities of these substances, accurate and reliable detection methods
are essential in forensic analysis, providing insights into the circumstances surrounding
cases of fatalities or suspicious deaths.

The main techniques used to determine psychoactive substances are hyphenated
ones, such as gas chromatography coupled to mass spectrometry (GC-MS) and liquid
chromatography coupled to tandem mass spectrometry (LC-MS/MS). LC-MS/MS is a
well-established technique due to its sensitivity and accuracy, becoming the analytical
system of choice for most toxicological analyses [11-13]. Nevertheless, when working
with biological matrices, it is fundamental that the sample is submitted to an extraction
process, which intends to eliminate compounds that can damage the equipment, interfere
with the analytical signal, and concentrate the substances of interest [14]. Exhaustive
extraction methods such as solid-phase extraction (SPE) and liquid-liquid extraction

(LLE) are consolidated for their capacity to isolate targets from complex matrices

40



thoroughly. While those methods offer various advantages, they also have some
associated difficulties. SPE process has an inflated cost due to the need for expensive
commercial cartridges and sorbents. As for LLE, it is a labor-intensive process that
requires multiple steps and has an environmental impact, generating significant amounts
of organic solvent waste [15]. The need to overcome these limitations and the possibility
of improved efficiency, selectivity, and environmental sustainability drives the urge to
develop innovative extraction methods. These new methods are mainly based on
microextraction techniques, which reduce sample volume, simplify extraction
procedures, and can use new materials and nanotechnology in their favor [16].

Dispersive solid-phase extraction (dSPE) is an example of microextraction, which
involves the addition of a sorbent material directly into the matrix, enabling an extended
interaction with the analytes and selectively absorbing them from the sample. The sorbent
is posteriorly separated from the sample, and the desorption of the analytes from the
sorbent is performed using an organic solvent [17]. It is possible to use nanomaterials as
sorbents due to their high surface area-to-volume ratio, providing ample active adsorption
interaction sites with target molecules. Also, nanoparticles have rapid adsorption kinetics
due to their small size, which enables fast equilibration between the adsorbent and the
solution [18]. A variation of dSPE is Dispersive Magnetic Solid-Phase Extraction (m-
dSPE), which uses a sorbent with magnetic properties [19]. This technique applies a
magnetic field after the extraction for easy phase separation, eliminating centrifugation
and filtration steps. This reduces overall operation time and makes the procedure easily
portable and feasible for on-site extractions. The most common magnetic sorbents, like
Fe3O4 nanoparticles, are usually synthesized from ferrous and ferric salts by simultaneous
precipitation in alkaline conditions.

Additionally, magnetic nanoparticles’ surfaces can be modified with polymers,
biomolecules, or specific ligands. There is also the possibility of reusing the nanoparticles
by recovery, making them cost-effective. Different magnetic sorbents have been
employed in m-dSPE to extract metals, mycotoxins, and surfactants from various aqueous
samples [20-21]. However, only a few applied the technique for the analysis of specific
psychoactive substances in biological samples [22-23]. In this work, we aimed to develop
and validate an analytical method for the determination of cocaine, several

antidepressants, and their related metabolites in postmortem blood samples, using
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magnetic Fe;O4 nanoparticles as a sorbent for m-dSPE, coupled with LC-MS/MS

analysis.

Materials and Methods

Standards and reagents

LC-MS grade acetonitrile, ethyl acetate and methanol, and formic acid 98% were bought
from Merck® (Darmstadt, Germany). The analytical standards for the following
substances: amitriptyline hydrochloride, desipramine hydrochloride, fluoxetine
hydrochloride, imipramine hydrochloride, nortriptyline hydrochloride, sertraline
hydrochloride, and venlafaxine hydrochloride (1 mg/mL) were bought from Cerilliant®
(Round Rock, TX, USA). Benzoylecgonine, bupropion, cocaethylene, cocaine,
desvenlafaxine, ester methyl ecgonine (EME), citalopram oxalate, and norfluoxetine
hydrochloride standards were purchased from LGC Standards® (Manchester, NH, USA).
The internal standards (IS) cocaine-d3 (1 mg/mL), paroxetine-ds, and nortriptyline-d3
(100 pg/mL) were purchased from Cerilliant® (Round Rock, TX, USA). Ultrapure water
was supplied through a Milli-Q water system, with a resistivity of 18.18 MQ * cm and
conductivity of 0.05 uS/cm and, both at 25 °C (Millipore, Billerica, MA, USA). The iron
oxide (II, III) nanopowder was commercially obtained from Merck® (Darmstadt,
Germany) and has a particle size of 50-100 nm, with 97% purity based on trace metal
analysis. It consists of a black powder with magnetic properties when in contact with an

external magnetic field.

Solution and blank samples

Working solutions were prepared in acetonitrile, with a concentration of 100 pg/mL.
Solutions were stored at -20 °C when not in use. The internal standards pool solution was
prepared in acetonitrile at 1 pg/mL, containing cocaine-ds3, nortriptyline-ds, and
paroxetine-ds. Optimization and validation experiments were performed with blank
postmortem samples previously tested with the method developed by Franco de Oliveira

and colleagues (2019), fortified with the reference standards working solutions [24].

Instrumentation and analysis
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All samples were analyzed using a liquid chromatographic system coupled to a
triple quadrupole mass spectrometer model LCMS-8045 (Shimadzu, Kyoto, Japan). The
chromatographic separation was performed with a Raptor™ Biphenyl HPLC column (1.8
um particle size, 90A, 30 x 2.1 mm) (Restek Corporation), heated at 60 °C, with a 0.3
mL/min flow rate. The mobile phase used was ultra-pure water (A) and acetonitrile (B),
both fortified with formic acid (0.1%, v/v). Chromatography was performed using a
gradient, where the concentration of mobile phase B started at 50%, increased to 100% at
3 min, and stabilized at 100% up to 4.5 min. Mobile phase B returned to 2%, remaining
stable until the end of the run (8 min). The acquisition in the mass spectrometer for all
compounds was performed using electrospray ionization in positive mode. The
instrumental parameters were set as follows: heat block temperature, 400 °C; capillary
voltage, 1.5 kV; nebulizer gas (N2) flow, 2.3 L/min; desolvation line temperature, 526
°C; drying gas (Nz) flow, 10 L/min; and collision-induced dissociation gas pressure (Ar),
230 kPa. The analyses were performed in multiple reaction monitoring (MRM) mode.
Two MRM transitions were selected, one for the quantification and another for the
qualification of each analyte, except for fluoxetine, where only one transition was used.
The transitions of each compound, their respective collision energies, and retention time
are presented in Table 1. Data was extracted using LabSolutions® software (Shimadzu,

Kyoto, Japan).

Optimization of sample preparation
The Fe3O4 magnetic nanoparticles were weighed in 1.5 mL polypropylene conical
microtubes, respecting a standard deviation of = 0.5 mg. An aliquot of 100 uL of the
whole blood sample and 5 pL of the internal standard pool (1 pg/mL) were added to the
nanopowder. The mixture was shaken in a vortex mixer. Subsequently, the nanoparticles
were separated from the sample using a neodymium magnet inserted into a 3D-printed
microtube rack (Figure 1). The supernatant was discarded, and a desorption solvent was
added to the nanoparticles. The sample was again vortexed and separated, with the
resulting organic supernatant being transferred to glass vials. Afterward, 1.5 pL was
injected into the analytical system.

A multivariate factorial experiment was conducted to optimize the mass of
nanoparticles, time of extraction and desorption, and desorption solvent volume. All

variables were assessed at two levels each and simultaneously tested to observe their
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combined effect. The solvent volume was evaluated at 100 - 300 uL, the extraction time
at 30 - 60 seconds, and the nanoparticle mass at 10 - 30 mg. We also assessed the necessity
of protein precipitation as a clean-up step and the influence on sample pH alteration. The
desorption solvent was optimized using a centroid-simplex design with a three-
component mixture system and a special cubic model. The evaluated solvents were
acetonitrile, ethyl acetate, and methanol. The mixtures evaluated were pure solvent,
binary mixtures 1:1 (v/v), one ternary mixture 1:1:1 (v/v/v), and mixtures with 2/3 of one
of the components and 1/6 of the other two components, totaling ten experiments. All
optimization studies were performed using blank postmortem blood samples spiked with
all analytes, with a 500 ng/mL concentration. The experimental data obtained from the
optimization was evaluated using the Statistica®10.0 software (Statsoft, Tulsa, OK,
USA) and Minitab®19.1 (LLC, US).

Validation

The method validation involved the assessment of various parameters, including the
lower limit of quantitation (LLOQ), selectivity, linearity, carryover, precision, bias,
dilution integrity, and matrix effect. The experiments were conducted based on the
ANSI/ASB Standard 036 guideline from the American Academy of Forensic Science
[25].

The LLOQ was measured using three different blank postmortem blood samples
fortified with decreasing concentrations of each analyte in three replicates. The lowest
concentration with a coefficient of variation (CV%) inferior to 20% was determined as
the substance’s LLOQ. Endogenous interference was conducted with the analysis of ten
different blank samples. In contrast, interference from stable isotopes IS was performed
in two batches, three replicates each, one constituted by samples with the addition of IS,
without the analytes, and the other by adding analytes without IS.

Furthermore, the linearity was calculated using calibration curves with five
replicates of blank samples spiked at six concentration levels: 10, 200, 400, 600, 800, and
1000 ng/mL. The presence of homoscedasticity was evaluated using the Fisher’s F-test,
and in cases where heteroscedasticity was present, a weighted linear regression was
employed. The chosen weight was the one that presented the highest coefficient of

determination (%) and the lower sum of residues. The carryover essay was performed,
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with the injection of six replicates of a blank sample, each after injecting the highest
concentration of the calibration curve.

Precision and bias assessments were conducted through the analysis of blood
samples spiked at three distinct quality control (QC) concentrations: 30 ng/mL for low
QC, equivalent to three times the LLOQ); 430 ng/mL for medium QC; and 860 ng/mL for
high QC, which is 80-90% the upper limit of the calibration curve. Each QC level was
analyzed in five runs, with each run consisting of three replicates. Precision was evaluated
by the analysis of within-run and between-run CV%, with the acceptable limit set at 20%.
In terms of bias, the verification involved assessing the percentage of the average
measured concentration and comparing it to the nominal QC concentration, aiming for
tolerance within £20% at each QC point. Samples spiked at a concentration of 5,000
ng/mL, underwent the evaluation of dilution integrity, using a 1:5 dilution factor, with
blank whole blood serving as the diluent and analyzed in triplicates over five different
runs. The matrix effect (ME) was determined as in Matuszewski et al. (2003), using six
replicates of postmortem blood from different individuals spiked with low and high QC
concentrations in comparison to neat standards at the same concentration in purified water
[26]. The ME is represented by the average concentration of replicates from six different

samples and is expressed as a percentage as follows.

peak area in matrix

ME% = 100

*
peak area in neat standard solution

A ME% exceeding 100% shows ionization enhancement, while a ME% below
100% suggests ionization suppression. The normalized matrix effect (NME%) was
computed by considering the analyte-to-internal standard ratio instead of the absolute area

in the matrix or neat standard solution.

Application to authentic samples

To demonstrate the method's applicability, 263 postmortem blood samples from the
General Institute of Expertise of Rio Grande do Sul, Brazil, underwent analysis. This
study was approved by the Ethical Committee for Human Studies of the Federal
University of Health Sciences of Porto Alegre, Brazil (CAAE 17996819.7.0000.5345).

Results and discussion
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Optimization
The responses obtained in the multivariate factorial experiment were evaluated by the
geometric mean chromatographic areas of all analytes. The influence of the tested
parameters in the analytical response is illustrated in the Pareto Chart shown in Figure 2.
The solvent volume negative value indicates that volumes closer to the low level represent
the best response for this parameter. The fact that it passed the red line suggests that the
reduction in solvent volume is significant. The positive value on mass passing the red line
implies that the increase in weight is noteworthy and contributes positively to the
outcome. The time of extraction had a negative value and did not pass the red line, which
means that the reduction of time did not significantly impact the overall result; therefore,
a lower time of extraction/desorption was chosen to achieve a faster technique. In
summary, the Pareto chart illustrates that the most impactful factor is the reduction in
solvent volume, followed by the increase in nanoparticle mass, while the decrease in time
has an insignificant effect. However, the reduced solvent volume implied a poor
dispersion of the nanoparticles and turbid supernatant, leading to the choice of a higher
volume. Following those directions, the selected solvent volume was the higher level, 300
uL, while the nanoparticle mass was 30 mg, and the time of extraction was 30 seconds.
Altering the sample pH was not a practical option since changes in the viscosity
of blood end up impairing the dispersion of the sorbent material. Postmortem blood
samples can sometimes be more viscous than in-vivo samples or show signs of
coagulation; further compromising the sample could implicate a bad extraction
efficiency. The necessity of protein precipitation with ZnSO4 and NaOH as a clean-up
step was also evaluated, yet the ionic charge impaired the adsorption properties of the
nanoparticles. The best condition was achieved by adding the matrix directly to the
nanoparticle. For the desorption step, the desorption solvent type was optimized, using
the geometric mean of all analytes for each experiment as the evaluated response. The
surface plot, presented in Figure 3, showed a higher intensity in the region with 33.3%
methanol, 33.3% acetonitrile, and 33.3% acetyl acetate. The r* of the statistical model
was 0.94. Thus, the final mixture used for sample preparation was ethyl acetate: methanol:
acetonitrile (1:1:1, v/v). The final extraction method was settled as illustrated in Figure

1.

Validation
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The LLOQ was evaluated considering the guideline that defined the required minimum
analytical scope and sensitivity for testing of blood in the suspected toxicological cause
of death determination [26]. The guide established cut-off values over 20 ng/mL for the
analytes present in this study. In this method, the LLOQ was defined at 10 ng/mL, with a
CV% inferior to 20%, ranging from 7.36% to 17.91% as shown in Table 2. In Figure 4
the chromatograms obtained for each analyte at the LLOQ are displayed. The method’s
selectivity was determined with no interferences detected in the interference assays; all
responses were lower than the LLOQ signal.

The achieved linearity results are present in Table 2. Heteroscedasticity was
present in all analytes, probably due to the extended concentration ranges that were
evaluated for linearity. For all analytes, the »? was above 0.99. The chosen weights with
the best 7 and residual sum are available in Table 2. Analytes in the carryover
experiments were not detected.

Within and between-run precision and bias results are reported in Table 3. The
coefficient of variation in precision was inferior to 20% for all analytes. The range of the
CV% for intra-day precision in the low QC was between 2.69% and 8.59% for EME and
sertraline, respectively. In the high QC, the range was between 2.56% for sertraline and
12.82% for benzoylecgonine. As for the inter-day precision, the range of CV% was
between 4.51% and 9.04% for desvenlafaxine and venlafaxine in the low QC,
respectively, and 4.86% for sertraline to 10.9% for EME in the high QC. The bias
obtained was below £20% for all analytes, indicating the accuracy of the method.

The matrix effect study is a critical step in method validation since the presence
of compounds capable of suppressing or enhancing ionization will result in a reduced or
heightened detector response, respectively [27]. Results are presented in Table 4. The
analytes amitriptyline, benzoylecgonine, citalopram, EME, nortriptyline, sertraline, and
venlafaxine, presented ion suppression in the lowest concentration since the ME (%)
values were inferior to 75%. However, the use of internal standard corrected the ME for
all analytes except for benzoylecgonine, in which the NME was 61.81%, indicating
ionization suppression of this analyte. This can be explained using cocaine-ds as the
internal standard for benzoylecgonine. Due to their distinct molecular characteristics,
achieving accurate correction of matrix effects may prove challenging. This limitation
can be overcome by using a deuterated benzoylecgonine standard [28]. None of the

analytes presented ionization enhancement over 25% in either concentration, before or
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after normalization with IS. Matrix effects are common in biological samples due to the
presence of several endogenous compounds, such as lipids, vitamins, and proteins, and
exogenous substances, such as other therapeutical or recreational drugs [29]. This effect
is even higher for postmortem blood, considering the distinct stages of collection. The
quality of the sample varies from well-preserved blood to samples in the decomposition
process, as well as other physiological modifications caused by the cause of death [30].
Considering the broad therapeutic levels and the possible toxic concentrations of
the analytes, it was important to determine that samples with concentrations above the
upper limit of the calibration curve could be diluted to fit the linear model. The dilution
integrity was supported within the 1:5 dilution evaluated, for all analytes, with CV%
inferior to 20%. The range of the CV% was between 11.6% and 19.63% for

benzoylecgonine and bupropion, respectively.

Proof of applicability

The method was successfully applied to 263 postmortem samples. All samples evaluated
in this study were positive for at least one substance. The most frequent analyte was
benzoylecgonine, which can be explained by the formation of this cocaine metabolite by
the plasma cholinesterase [31]. Regarding these samples, six were above dilution
integrity, ranging from 5,054 ng/mL to 8,103 ng/mL. Cocaethylene was detected in 102
samples (39%), cocaine in 93 samples (35%), and EME in 42 samples (16%). The high
frequency of exposure to these substances is coherent with the high prevalence of cocaine
use and overdose reported in Brazil [32-34]. Also, the concomitant use of cocaine and
alcohol produces the metabolite cocaethylene and is associated with intoxication
accidents [34-35].

The most common antidepressant encountered in the analyzed samples were
citalopram and fluoxetine, followed by fluoxetine’s metabolite norfluoxetine. Both of
those drugs are commonly prescribed in Brazil. Seven samples were positive for
venlafaxine in concentrations above the linear range of the method; however, four were
within the dilution integrity, and the remaining were above 5,000 ng/mL. Table S presents
the concentration range found for each analyte.

Concomitant use of at least one antidepressant and cocaine was found in 44
samples. This association may be related to the fact that antidepressants have a potential

effect on remission from cocaine disorder and are constantly prescribed in the treatment
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of cocaine dependence [36-38]. However, some relate show that antidepressant drugs
may enhance cocaine-induced toxicity, contributing to intoxication cases with this

association of substances [39].

Comparison of the proposed method

For the analysis of antidepressants, cocaine, and its metabolites in postmortem blood,
SPE is one of the traditional extraction methods. The sample volume varies but usually
stays in the range of 1-2 mL, which is 10, 20 times the sample volume used in the method
developed in this work. Surrounding organic solvents, the SPE method usually consumes
around 6-10 mL, considering the conditioning step, clean-up, and elution, for each sample
[40-42], while with m-dSPE we used 300 uL of solvent.

The use of different analytical systems, samples, adsorbents, and analytes can
certainly influence the comparison between methods. Very few works that used magnetic
nanoparticles as sorbents for psychoactive substances in biological samples are available
in the literature. As far as we know, none of those employed these sorbents for the analysis
of postmortem blood. In 2014, Asgharinezhad et al. (2014) developed a dSPE method
with polyaniline/magnetic nanoparticles for the extraction of lorazepam and nitrazepam
from plasma and urine samples. The method uses 5 mg of nanocomposite, 150 pL of
elution solvent and the total sample preparation time is 7 minutes [43]. In Asgharinezhad
and colleagues (2015) work, a nanocomposite composed of polypyrrole and magnetic
nanoparticles was used to extract citalopram and sertraline from urine and plasma
samples. The LLOQ was 200 ng/mL, and the applicability was tested in spiked samples
rather than real case ones. In summary, although they used fewer nanoparticles and
solvents, the extraction time was longer and for only two analytes, using an elevated
sample volume compared to the present method [44]. Yang et al. (2017), evaluated m-
dSPE with divinyl benzene and vinyl pyrrolidone functionalized Fe3O4 nanoparticles for
the detection of cocaine and its metabolites in urine. The extraction time was over 20
minutes, using 10 mg of nanoparticles, | mL of sample, and 1 mL of elution solvent. The
elution step took 10 minutes, and the sample was analyzed in a LC-MS system [45]. A
common characteristic of the developed works using nanoparticle adsorption properties
is the functionalization of nanoparticles for only one analyte or very few. Little to no
paper evaluated several substances with variable structures and properties like the ones

in this work.
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Conclusion

It was possible to successfully develop, validate, and apply an LC-MS/MS method for
the determination of antidepressants, cocaine, and metabolites in postmortem blood
samples. The use of magnetic Fe3O4 nanoparticles as sorbents to m-dSPE was an easy,
cheap, practical, and efficient alternative. As far as we are concerned, this is the first
report of using this sorbent to determine these substances in postmortem blood. The
method results were satisfactory for linearity, precision, accuracy, and selectivity for all
compounds. Proof of applicability was confirmed with the analysis of 263 postmortem
blood samples from forensic cases, which were all positive for at least one of the analytes
present in this method, often found in toxicology routine. Therefore, the developed
methodology can be applied to forensic casework as an efficient, sustainable alternative

to classical techniques.
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Table 1: Analytes and their respective identification parameters for LC-MS/MS

detection.
Analytes Target MRM transitions  Collision  Retention Internal MRM
and (m/fZ) Energy  time (min) Standard Mode
internal (%)
standards
as)
Cocaine and
metabolites
Benzoylecgonine Target 289.9500>168.2000 -20 2.907 Cocaine- d3 Positive
289.9500>77.0500 -55
Cocaethylene Target 318.0500>196.1500 -20 3.231 Cocaine- d3 Positive
318.0500>82.2000 -35
Cocaine Target 304.0500>182.1500 -20 3.064 Cocaine- d3 Positive
304.0500>82.1500 -32
Cocaine-ds IS 307.0500>185.1500 -20 3.058 Positive
307.0500>85.1500 -32
EME Target 200.0500>182.1500 -20 0.519 Cocaine-ds Positive
200.0500>82.2500 -26
Antidepressants
Anmitriptyline Target 278.2000>91.0500 -27 3.655 nortriptyline- d3  Positive
278.2000>105.0500 -25
Bupropion Target 240.0000>184.0000 -13 3,163 Paroxetine-ds Positive
240.0000>166.0000 -16
Citalopram Target 325.1000>109.1000 -30 3413 Nortriptyline- d3  Positive
325.1000>234.1000 -31
Desipramine Target 267.2500>72.0500 -16 3.564 Nortriptyline- d3  Positive
267.2500>44.0500 -40
Desvenlafaxine Target 264.1000>58.1000 -20 2.841 Paroxetine- ds Positive
264.1000>246.1000 -13
Fluoxetine Target 310.1500>44.1500 -15 3.710 Nortriptyline- d3  Positive
Imipramine Target 281.2000>86.3000 -19 3.600 Nortriptyline- d3  Positive
281.2000>58.1000 -46
Norfluoxetine Target 296.3000>134.1500 -7 3.664 Nortriptyline- d3  Positive
296.3000>30.1500 -24
Nortriptyline Target 264.1500>233.1000 -15 3.615 Nortriptyline- d3 ~ Positive
264.1500>91.1000 -25
Nortriptiline-ds IS 267.1500>233.0500 -15 3.611 Positive
267.1500>105.0500 -24
Paroxetine-de IS 336.1500>198.0500 -23 3.515 Positive
336.1500>48.1500 -25
Sertraline Target 306.0500>275.0500 -15 3.723 Paroxetine-de Positive
306.0500>159.0000 -26
Venlafaxine Target 278.1000>58.1500 -20 3.212 Paroxetine-ds Positive
278.1000>260.1500 -14
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Table 2: Linearity, regression diagnostics, and Lower Limit of Quantitation values for

the evaluated analytes.

Compound LLOQ* Linearity range = Weight  Slope Intercept r
(10 ng/mL) (ng/ml)
CV%

Amitriptyline 17.9 10-1000 1/X172 0.0059  0.0657 0.9964
Bupropion 10.9 10 - 1000 1Y 0.0185  0.1562 0.9901
Citalopram 15.3 10 - 1000 1/X172 0.0022  0.0330 0.9924
Desipramine 13.3 10 - 1000 /X2 0.0274  0.3191 0.9960
Desvenlafaxine 12.3 10 - 1000 1/7Y"? 0.0275  0.1778 0.9983
Fluoxetine 16.9 10-1000 1/X"2 0.0083  0.0484 0.9986
Imipramine 17.3 10-1000 /X172 0.0299  0.2976 0.9970
Norfluoxetine 13.7 10-1000 /Y2 0.0023  0.0302 0.9944
Nortriptyline 9.8 10-1000 /X172 0.0145  0.0930 0.9986
Sertraline 7.4 10-1000 /Y2 0.0008  0.0097 0.9953
Venlafaxine 16.5 10 - 1000 /X 0.0455 0.0018 0.9984
Benzoylecgonine 18.2 10 - 1000 1/X 0.0010  0.0069 0.9907
Cocaethylene 10.0 10 - 1000 /X172 0.0131  0.1291 0.9942
Cocaine 16.1 10 - 1000 /X 0.0110 0.0180 0.9975
EME 13.6 10 - 1000 /X 0.0004  0.0029 0.9905

*LLOQ: Lower Limit of Quantitation

Table 3: The intra- and inter-day precision and accuracy of the method at quality control

(QC) points: Low (30 ng/mL), Medium (430 ng/mL), and high (860 ng/ml).

Compound

Anmitriptyline
Bupropion
Citalopram

Desipramine

Desvenlafaxine
Fluoxetine
Imipramine
Norfluoxetine
Nortriptyline
Sertraline

Venlafaxine

Benzoylecgonin
e

Cocaine
Cocaethylene
EME

Intra-day Inter-day
Low Medium High Low Medium High

(0\% Bias (0\% Bias Ccv Bias Ccv Bias (0\% Bias CcvV Bias

(%) (%) (%) (%) (%) (%) (%) (o) (%) (%) (%) (%)
8.11 13.71 636  -14.41 7.26 -5.85 6.46 13.98 6.12  -14.01 7.08 -6.29
4.86 1.47 7.00 -13.24 3.94 -0.76 5.39 5.71 6.99  -1445 5.05 -1.99
8.57 15.13 0.92 -18.78 378  -13.84 7.62 13.52 5.11 -19.08 6.76  -12.88
5.12 16.77 7.64  -15.44 5.13 -9.06 4.94 15.43 654  -14.16 6.14 -7.15
430 -2.35 9.62 -10.39 4.74 -5.29 451 -2.49 8.06 -9.07 5.83 -4.07
7.49 14.24 6.83 -12.90 5.88 -7.19 6.67 13.51 622  -12.29 7.27 -4.91
5.10 13.67 557  -13.27 6.01 -8.54 5.16 13.77 446  -12.16 6.60 -6.69
5.45 15.95 990  -14.94 8.50 -2.16 4.89 16.11 829  -14.21 7.42 -1.94
7.35 16.07 6.76 -7.18 7.35 -4.86 593 16.54 6.34 -7.48 7.34 -4.44
8.59 5.32 5.33 1.11 2.56 3.10 8.28 3.18 6.40 1.32 4.86 2.12
6.90 14.31 4.73 4.25 8.20 -4.57 9.04 11.52 7.38 1.51 8.93 -2.12
4.52 4.87 13.23 -12.73 6.91 -2.56 5.59 333 10.86 -9.83 8.72 -5.19
8.01 4.47 8.76  -10.83 9.69  -10.78 7.14 4.67 7.08  -10.73 8.48 -8.49
5.76 16.00 8.63 -12.14 11.54 -8.14 4.83 16.45 839 -11.14 9.61 -6.43
2.69 -2.33 746  -11.35 12.82 -3.58 9.00 -3.8 10.5 -12.2 10.9 -4.4
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Table 4: Matrix effect in low Quality Control level (30 ng/mL) and high Quality Control
level (860 ng/mL) for the evaluated analytes.

Low QC* High QC*
Compound
ME (%) NME (%) ME (%) NME (%)

Anmitriptyline 61.04 93.34 83.85 87.84
Bupropion 91.18 115.03 119.77 97.07
Citalopram 68.08 88.29 90.52 92.37
Desipramine 75.22 95.40 105.75 92.98
Desvenlafaxine 75.40 94.08 94.50 93.80
Fluoxetine 76.47 90.95 93.01 90.87
Imipramine 75.28 90.06 91.22 87.14
Norfluoxetine 78.54 101.15 93.12 94.89
Nortriptyline 73.28 95.92 95.36 94.39
Sertraline 74.29 94.03 92.54 94.63
Venlafaxine 69.00 91.73 75.69 88.72
Benzoylecgonine 52.81 61.81 111.01 93.86
Cocaethylene 80.41 82.17 102.52 83.48
Cocaine 86.17 88.15 97.93 84.43
EME 74.07 90.54 112.43 82.96

*QC: Quality Control
Table 5: Positivity frequencies of the analytes (n), the percentage of the results (%) and

the range of concentration detected.

Cocaine and n % Range (ng/mL)

metabolites
Benzoylecgonine 166 63.1 10.2 ->5000.0
Cocaethylene 102 38.8 10.0 - 152.5
Cocaine 93 354 10.6 - 1249.2
EME 42 16.0 10.0 - 84.4
Antidepressants
Citalopram 45 17.1 7.2 ->5000.0
Fluoxetine 45 17.1 76.0 - >5000.0
Norfluoxetine 32 12.2 17.0-1091.4
Nortriptyline 27 10.3 10.1-975.9
Amitriptyline 24 9.1 24.0-4342.5
Sertraline 18 6.8 11.3-2252.6
Desvenlafaxine 17 6.5 162.1 - 4852.8
Venlafaxine 12 4.6 12.0 ->5000.0
Desipramine 6 23 12.1->5000.0
Imipramine 4 1.5 344.4 -2001.0
Bupropion 4 1.5 36.4 - 856.5

58



Figure 1: Final developed extraction protocol illustration (A). 3D-printed microtube

rack (B)
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Figure 2: Pareto Chart of standardized effects for the optimization of solvent volume,

nanoparticles mass and extraction/desorption time
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Figure 3: Response mixture surface plot for solvent type optimization
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Figure 4: Chromatogram obtained by LC-MS/MS from a sample spiked with all analytes in the LLOQ concentration (10 ng/mL)
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5. CONCLUSOES

Nesse estudo, foi possivel desenvolver, validar e aplicar com sucesso um método
LC-MS/MS para a determinagdo de antidepressivos, cocaina e produtos de
biotransformacdo em amostras de sangue post-mortem. O uso de nanoparticulas
magnéticas de FesO4 como sorventes para extragdo solida em fase dispersiva magnética
(m-dSPE) se mostrou uma alternativa de facil execugdo, rapida, de baixo custo e eficiente.
Pelo que sabemos, este € o primeiro relato do uso deste sorvente para determinar essas
substancias em sangue post mortem. Os resultados do método foram satisfatérios quanto
a linearidade, precisdo, exatidao e seletividade para todos os compostos. A prova de
aplicabilidade foi confirmada com a andlise de 263 amostras de sangue post mortem de
casos forenses, todas positivas para pelo menos um dos analitos presentes neste método,
frequentemente encontrados na rotina toxicoldgica. Portanto, a metodologia desenvolvida
pode ser aplicada em trabalhos forenses como uma alternativa eficiente e sustentavel as

técnicas classicas.
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6. ANEXO I - PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM
PESQUISA

UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Desenvolvimento de métodos analiticos para identificacdo de novas substancias
psicoalivas de inleresse forense por espectrometria de massas de alla resolugao

Pesquisador: TIAGO FRANCO DE OLIVEIRA

Area Temdtica:

Versao: 2

CAAE: 17996819.7.0000.5345

Instituicdo Proponente: Universidade Federal de Ciéncias da Saude de Porto Alegre
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 3.784.184

Apresentacgéo do Projeto:

As drogas naturais, como maconha & cocaina, foram gradativamente substituidas pelas sintéticas. O recente
relatdrio intitulado “Global Synthetic Drugs Assessment”, publicado peio United Nations Office on Drugs and
Crime - UNODC, revelou que a produgdo e o consumo de drogas sintéticas 18m alcangado nimeros
alarmantes, superando os da heroina e

cocaina em muitos lugares do mundo. Segundo o relatério global, foram registradas 348 Novas Substancias
Psicoativas (NPS), de 2008 a 2013, mas o ndmero real de NPS disponivel no mundo pode ser
significativamente superior, dado que esses nimeros refletem apenas relatos de fontes oficiais e ndo leva
em conta fontes nao oficiais. As assim chamadas drogas sintéticas s&o substancias ou misturas de
substancias psicoativas produzidas por sintese quimica a partir de substancias precursoras encontradas ou
ndo na natureza. A dimens3o e os padries de uso dessas substancias ainda ndo sdo claros e,
provavelmente, estao sendo subestimados. Diante do exposto, o objetivo desse projeto € o desenvolvimento
de metodologias analiticas para a correta identificagio de NPSs (etilona, 2,5-dimetoxi-4-bromoanfetamina,
2 .5-dimetoxi-4-metilanfetamina, 25CNBOMe, 25B-NBOMe) e outras substancias psicoativas em matrizes
bioldgicas por espectrometria de massas de alta resolugio. As metodologias agul desenvolvidas serdo
disponibilizadas para o Departamento de Pericias Laboratoriais do Instituto Geral de Pericias (DPL-IGP)
para a posterior
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implementagio na rotina laboratorial, objetivando a elucidagdo & o mapeamento de casos de envolvendo o
consumo de NPSs e outras subslancias psicoativas.

Objetivo da Pesquisa:

1) Objetivo Primario:

Desenvolvimento de metodologias analiticas para a correta identificagao de NPSs e substancias psicoativas
convencionais em matrizes biologicas por espectrometria de massas de alta resolugdo, formecendo assim
subsidios para elucidagdo de casos com suspeila de ocorréncla dessa classe de substancias.

2)0bjetive Secundario:

a)desenvolvimento de métodos multi-analiticos que permitam a analise simultdnea em um intervalo curto de
tempo, propiciando uma identificaco rapida e precisa das substancias envolvidas em casos suspeitos de
NP35:

b)desenvolvimento e validagdo de estratégias analiticas de screening em cabelo para as classes de
substancias anfetaminas, antidepressivos, antipsicoticos, barbitiricos, benzodiazepinicos e cocalna;
c)desenvolvimento tecnologico adquirido podera ser facilmente aplicado a outros projetos de pesqguisa,
contribuindo assim para avangos importantes no gue concerne as implicagbes da toxicologia analitica a
ciéncias forenses;

d)apds a validagio metodoldgica, os procedimentos desenvolvidos estardo acessivels para Departamento
de Pericias Laboratoriais do Instituto Geral de Pericias (DPLIGP);

e) para realizar a transferéncia do know-how as metodologias serdo prioritariamente construidas
considerando os metodos de rotina e o parque instrumental do DPL-IGP;

f} os dados gerados no trabalho serdo labulados para confecgdo de arligos cientificos construidos em
parceria com a equipe do DPL-IGP.

Avaliagdo dos Riscos e Beneficios:

# Riscos:

0Os pesquisadores descrevem gue n3o ha riscos para os envolvidos na pesguisa pois as amostras bioldgicas
utilizadas serdo oriundas do descarte do laboratério do DPL-IGP. As

amostras terdo seu uso liberado pelo responsavel do laboratorio somente apos estarem em posigao de
descarte. Referem ainda gue o possivel risco & referente a identificacdo dos individuos, no entanto, os
pesquisadores garantem que a identificagdo dos individuos serd mantida em anonimato, através da
utilizagdo de codigos previamente estabelecidos.
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# Beneficios:

N&o havera beneficios diretos ao participante da pesquisa, mas o estudo serd imporlante pois sera
desenvolvido uma metodologia capaz de identificar diferentes substancias psicoalivas em diversas malrizes
bioldgicas gue possa ser disponibilizada para os principais servigos de avaliag3o de intoxicagtes por drogas
de abuso no estado do Rio Grande do Sul. Alem disto, espera-se a identificaco destes compostos em
casos suspeitos possibilitande o mapeamento da distribuigdo das substancias elencadas.

Comentarios e Consideragdes sobre a Pesquisa:

# Amostra: amosliras biologicas de rolina (sangue, urina, visceras) ou de oportunidade (humar vitreo e
cabelo) disponibilizadas pelo DPL-IGP de casos com suspeita de ocorréncia de NPS, passiveis de analises
toxicologicas, alendidos pelo Instituto durante o periodo de vigéncia do projeto. Alualmenle, estas amostras
s&o analisadas na rotina Departamento de Pericias Laboratoriais e descartadas, conforme a legisiagao
vigente (ANVISA, RDC 306/04, CONAMA, RDC 358/05), que por tratar de residuos do Grupo A1l sao
submetidos a processos de tralamento em equipamentos que promova a redugio de carga microbiana e
encaminhados para alerro sanilario licenciado para disposicao final destes residuos.

Consideragdes sobre os Termos de apresentagdo obrigatoria:

- Solicitam a utilizagdo apenas do TCUD, tendo em vista a impossibilidade de obtengio do TCLE, uma vez
gue se lrala de amosiras biologicas oriundas do descarte do laboratdrio do DPL-IGP e que lerdo seu uso
liperado pelo responsavel do laboratdrio somente apds estarem em posicdo de descarte.

- N&o enconltra-se anexado o termo de compromisso para entrega dos relatdrios parciais e final.

Recomendacoes:

- O projeto somente podera ter inicio apos sua aprovagio na integralidade pelos CEP's envolvidos.

- Solicita-se encaminhar por notificagdo o termo de compromisso para entrega dos relatorios parcials e final.
Como trata-se e um projeto com periodo de realizagio abrangente, os relatorios parciais devem ser anuais
além do relatorio final. Destaca-se a importancia da entrega destes relatdrios para acompanhamento do
CEP, alem de possibilitar ao pesquisador, dentro da vigéncia do mesmo, o envio de qualguer

emenda/notificagao.
- Data Final de Vigéncia do Projete: 01/08/2023.

Enderego: Rua Sarmmento Leite 245

Bairra: Samento CEP: gp0s0-170
UF: RS Municipio: PORTO ALEGRE
Telefone:  [51)3303-8804 E-mail: cep@ufcspa.edu.br
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UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE

Conbnsacho do Parecer: 3.T84 184

Conclusdes ou Pendéncias e Lista de Inadequactes:
- Os pesqguisadores atenderam as solicitagGes contidas em parecer emitido anteriormente por este CEP.

Consideragtes Finais a critério do CEP:
De acordo com o parecer do Relator.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Poslagem Autor Situagao
Informagdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 08/11/2019 Acelto
do Projeto ROJETO 1401883 pdf 15:31:08
Outros TCUD.pdf 06/11/2019 |TIAGO FRANCO DE| Aceito
15:30:43  |OLIVEIRA

Declaracao de TemoAnuenciaGerlab.pdf 06/11/2019 |TIAGO FRANCO DE | Aceito

Instituiggo e 15:30:30 | OLIVEIRA

| Infraestrutura

Projeto Detalhado / | Projeto_parcena UFCSPA_IGP.docx 23/07/2019 |TIAGO FRANCO DE | Aceito

Brochura 16:09:50 |OLIVEIRA

Investigador

Outros Termo_liberacao_amostras.pdf 230712019 | TIAGO FRANCO DE | Aceito
16:09:32 | OLIVEIRA

Outros Termo_anuencia_instituicao_coparticipa | 23/07/2019 |TIAGO FRANCO DE | Aceito

nte.pdf 16:09:11 | OLIVEIRA

Folha de Rosto folhaDeRosto_Tiago_Cliveira. pdf 23/07/2019 |TIAGO FRANCO DE| Aceito

16:06:23 | OLIVEIRA

Situacdo do Parecer:
Aprovado

Necessita Apreciagao da CONEP:
Nao

PORTO ALEGRE, 19 de Dezembro de 2019

Assinado por:
Luciane Dalcanale Moussalle
{Coordenador(a))
Enderego: Rua Samento Leite 245
Bairro: Sarmento CEP: uo.0s0-170
UF: RS Municiplo: PORTO ALEGRE
Telefone: |51)3303-2804 E-mail: cep@ufcspa.edu.br
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Editing Services

Ethical Responsibilities of Authors

Authorship principles

Compliance with Ethical Standards

Competing Interests

Research Data Policy and Data Availability Statements

After Acceptance

Open Choice
Open access publishing

Mistakes to avoid during manuscript preparation

Instructions for Authors

Peer Review Terminology

Analytical and Bioanalytical Chemistry and Springer Nature are participating in a
pilot of NISO/STM's Working Group on Peer Review Terminology.

The National Information Standards Organization (NISO) and STM, the
International Association of Scientific, Technical and Medical Publishers, has
recognized a need to identify and standardize definitions and terminology in
peer review practices in order to help align nomenclature as more publishers
use open peer review models.

A peer review taxonomy that is used across publishers will help make the peer
review process for articles and journals more transparent, and will enable the
community to better assess and compare peer review practices between

different journals.

The following summary describes the peer review process for this journal:
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Identity transparency: Single anonymized
Reviewer interacts with: Editor

Review information published: None

The full terminology is detailed here.

We would welcome your feedback on the Peer Review Terminology Pilot -
please can you take the time to fill this short survey:

Survey

( Backtotop )

General Information

The central Editorial Office of Analytical and Bioanalytical Chemistry is located
at Springer Heidelberg.

Analytical and Bioanalytical Chemistry

Springer

Tiergartenstrasse 17

69121 Heidelberg, Germany

Tel.: +49=6221=4878377

Fax: +49=6221=-487=-68377

e-mail: abc@springer.com
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homepage: www.springer.com/abc

Manuscripts must be written in English.

The journal publishes Research Papers, Papers in Forefront, Communications,
Critical Reviews, Trends, Feature Articles and Letters to the Editor. For more
details about the paper types, please go to the hyperlink ‘What type is my
paper’ that you find under “Journal updates” on the journal homepage.

Only new, previously unpublished results given in concise form will be
accepted. Known facts should only be mentioned briefly, with appropriate
literature citations. Authors are asked to also submit copies of any related

papers currently under consideration by another journal.

The manuscript must be accompanied by a Cover Letter. The Cover Letter
should have 400 to 600 words and contain the following items:

- Significance of the work

- Novelty of the work

- Contribution to the field

With their submission, authors are encouraged to suggest potential reviewers
for their work. They may also prepare a graphical abstract figure which
concentrates on the innovative aspects of the submitted work.

Analytical and Bioanalytical Chemistry is a ‘color for free’ journal with no extra

charges for color figures to the author in both the print and online versions.
Upon publication the corresponding author will receive a free pdf of the article.
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Authors are requested to submit their articles online. Please log directly onto
the site http://mc.manuscriptcentral.com/abc or go to the hyperlink ‘Submit
manuscript’ on the right and upload your manuscript following the instructions
given on the screen. The Editorial Office is automatically alerted by the system
immediately after your manuscript has been received.

If you face any problems using the electronic submission procedures or have
any questions regarding the submission of your manuscript, please contact the
Editorial Office at abc@springer.com.

( Backtotop M )

Editorial procedure

Single=blind peer review

This journal follows a single-blind reviewing procedure.

Additional information

This journal is guided by the Springer Portfolio editorial peer review policy.

The following types of contribution to this journal are peer-reviewed: Research
Papers and Papers in Forefront, Communications, Critical Reviews, Trends and
Feature Articles. Correspondence and all forms of published correction may also
be peer-reviewed at the discretion of the editors. Other contributed articles are
not usually peer=reviewed. Nevertheless, articles published in these sections,
particularly if they present technical information, may be peer-reviewed at the
discretion of the editors.

Every paper submitted to ABC is first assessed by the Editors with respect to its
scientific content and in particular in terms of its analytical novelty. The
corresponding author is notified by e-mail when the editor decides not to send a
paper for review. Manuscripts judged to be of potential interest to our
readership are sent for formal review, typically to two or three reviewers.
Reviewer selection is critical to the publication process, and we base our choice
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on many factors, including expertise, reputation, specific recommendations
and our own previous experience of a reviewer's characteristics. When selecting
reviewers, we seek to avoid conflicts of interest and close associates of the
authors. Springer Nature is committed to diversity, equity and inclusion;
Springer journals strive for diverse demographic representation of peer
reviewers. At submission, authors may suggest referees; these suggestions are
often helpful, although they are not always followed. Authors are strongly
encouraged to consider geographical regions, gender identities, racial/ethnic
groups, and other groups when providing such suggestions for peer reviewers.
Authors may also indicate a limited number of scientists who should not review
the paper. Excluded scientists must be identified by name.

This journal operates a single-anonymized peer review process. In line with

policy, referees are not identified to the authors, except at the request of the
referee.

This journal requires potential referees to disclose any professional and
commercial competing interests before undertaking to review a paper, and
requires referees not to copy papers or to circulate them to un=named
colleagues. All referees agree to these conditions before the journal sends them
a manuscript to assess. Although our Editors go to every effort to ensure
manuscripts are assessed fairly, the journal is not responsible for the conduct of
its referees.

The editors then make a decision based on the reviewers' advice, from among
several possibilities: (a) Accept, with or without editorial revisions (b) Invite the
authors to revise their manuscript to address specific concerns before a final
decision is reached (c) Reject, but indicate to the authors if further work might
justify a resubmission (d) Reject outright, typically on grounds of specialist
interest, lack of novelty, insufficient conceptual advance or major technical
and/or interpretational problems.
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Topical Collections follow the standard peer review policy. The peer review
process of any submission associated with a collection is handled by a regular
Editor who is responsible for assigning at least two referees to each article and
evaluating the reviews. Guest editors are not involved in handling the peer
review of collection contributions. The Editor then makes a final decision of
accept or reject on any collection article.

The peer review of any submissions for which the Editor has a competing
interest is handled by another Editor who has no competing interests, to ensure
that the evaluation of these submissions is completely objective.

( Backtotop )

Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been
published before; that it is not under consideration for publication anywhere
else; that its publication has been approved by all co-authors, if any, as well as
by the responsible authorities — tacitly or explicitly — at the institute where the
work has been carried out. The publisher will not be held legally responsible
should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already
been published elsewhere are required to obtain permission from the copyright
owner(s) for both the print and online format and to include evidence that such
permission has been granted when submitting their papers. Any material
received without such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” and upload all of your
manuscript files following the instructions given on the screen.
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Source Files

Please ensure you provide all relevant editable source files at every submission
and revision. Failing to submit a complete set of editable source files will result
in your article not being considered for review. For your manuscript text please
always submit in common word processing formats such as .docx or LaTeX.

( Backtotop A )

Title Page

Please make sure your title page contains the following information.
Title
The title should be concise and informative.
Author information
The name(s) of the author(s)

The affiliation(s) of the author(s), i.e. institution, (department), city, (state),
country

A clear indication and an active e-mail address of the corresponding author

If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be
published.

For authors that are (temporarily) unaffiliated we will only capture their city
and country of residence, not their e-mail address unless specifically requested.
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Large Language Models (LLMs), such as ChatGPT, do not currently satisfy our
authorship criteria. Notably an attribution of authorship carries with it

accountability for the work, which cannot be effectively applied to LLMs. Use of
an LLM should be properly documented in the Methods section (and if a
Methods section is not available, in a suitable alternative part) of the
manuscript.

Abstract
Please provide an abstract of 150 to 250 words. The abstract should not contain
any undefined abbreviations or unspecified references.

For life science journals only (when applicable)

Trial registration number and date of registration for prospectively
registered trials

Trial registration number and date of registration, followed by
“retrospectively registered”, for retrospectively registered trials

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

Statements and Declarations

The following statements should be included under the heading "Statements
and Declarations" for inclusion in the published paper. Please note that
submissions that do not include relevant declarations will be returned as
incomplete.

Competing Interests: Authors are required to disclose financial or non-
financial interests that are directly or indirectly related to the work
submitted for publication. Please refer to “Competing Interests and
Funding” below for more information on how to complete this section.
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Please see the relevant sections in the submission guidelines for further
information as well as various examples of wording. Please revise/customize the
sample statements according to your own needs.

( Backtotop A )

Text

Text Formatting
Manuscripts should be submitted in Word.

The text of a research paper should be divided into Introduction, Materials
and Methods, Results, Discussion, Acknowledgements, Conflict of Interest,

and References.

Materials and Methods must include statement of Human and Animal
Rights.

Use a normal, plain font (e.g., 10=point Times Roman) for text.

Use italics for emphasis.

Use the automatic page numbering function to number the pages.

Do not use field functions.

Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.

Use the equation editor or MathType for equations.
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Save your file in docx format (Word 2007 or higher) or doc format (older
Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX. We
recommend using Springer Nature’s LaTeX template.

Headings
Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently
thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the
citation of a reference included in the reference list. They should not consist
solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values
and other statistical data). Footnotes to the title or the authors of the article are
not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments and Funding Information

Acknowledgments of people, grants, funds, etc. should be placed in a separate
section on the title page. The names of funding organizations should be written
in full. In addition, please provide the funding information in a separate step of
the submission process in the peer review system. Funder names should
preferably be selected from the standardized list you will see during submission.
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If the funding institution you need is not listed, it can be entered as free text.

Funding information will be published as searchable metadata for the accepted

article, whereas acknowledgements are published within the paper.

C

Backtotop A )

Sc

ientific style

Please always use internationally accepted signs and symbols for units (SI
units).

Nomenclature: Insofar as possible, authors should use systematic names
similar to those used by TUPAC.

Genus and species names should be in italics.

Generic names of drugs and pesticides are preferred; if trade names are used,
the generic name should be given at first mention.

Please use the standard mathematical notation for formulae, symbols, etc.:
Italic for single letters that denote mathematical constants, variables, and
unknown quantities; Roman/upright for numerals, operators, and
punctuation, and commonly defined functions or abbreviations, e.g., cos,
det, e or exp, lim, log, max, min, sin, tan, d (for derivative); Bold for vectors,
tensors, and matrices.

C
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References

Citation

Reference citations in the text should be identified by numbers in square

brackets. Some examples:

1. Negotiation research spans many disciplines [3].
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2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 7].

Referencelist

The list of references should only include works that are cited in the text and
that have been published or accepted for publication. Personal communications
and unpublished works should only be mentioned in the text.

The entries in the list should be numbered consecutively.

If available, please always include DOIs as full DOI links in your reference list
(e.g. “https://doi.org/abc”).

Journal article

Smith JJ. The world of science. Am J Sci. 1999;36:234—5.

Article by DOI

Slifka MK, Whitton JL. Clinical implications of dysregulated cytokine
production. ] Mol Med. 2000; https://doi.org/10.1007/s001090000086

Book

Blenkinsopp A, Paxton P. Symptoms in the pharmacy: a guide to the
management of common illness. 3rd ed. Oxford: Blackwell Science; 1998.

Book chapter

Wyllie AH, Kerr JFR, Currie AR. Cell death: the significance of apoptosis. In:
Bourne GH, Danielli JF, Jeon KW, editors. International review of cytology.
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London: Academic; 1980. pp. 251-306.
Online document
Doe J. Title of subordinate document. In: The dictionary of substances and

their effects. Royal Society of Chemistry. 1999. http://www.rsc.org/dose/title
of subordinate document. Accessed 15 Jan 1999.

Always use the standard abbreviation of a journal’s name according to the ISSN
List of Title Word Abbreviations, see

ISSN.org LTWA

If you are unsure, please use the full journal title.

Customised EndNote=Style
Please make sure that you use a term list with abbreviated journal names.

You may find a customised EndNote-style for
Analytical and Bioanalytical Chemistry

here (Download zip, 4 kB)

( Backtotop M >

Tables

All tables are to be numbered using Arabic numerals.
Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the
components of the table.
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Definition: Black and white graphic with no shading.

Do not use faint lines and/or lettering and check that all lines and lettering
within the figures are legible at final size.

All lines should be at least 0.1 mm (0.3 pt) wide.

Scanned line drawings and line drawings in bitmap format should have a
minimum resolution of 1200 dpi.

Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

Definition: Photographs, drawings, or paintings with fine shading, etc.
If any magnification is used in the photographs, indicate this by using scale
bars within the figures themselves.

Halftones should have a minimum resolution of 300 dpi.

Combination Art
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Definition: a combination of halftone and line art, e.g., halftones containing
line drawing, extensive lettering, color diagrams, etc.

Combination artwork should have a minimum resolution of 600 dpi.

Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the
main information will still be visible. Many colors are not distinguishable
from one another when converted to black and white. A simple way to check
this is to make a xerographic copy to see if the necessary distinctions
between the different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the

captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

83



Keep lettering consistently sized throughout your final-sized artwork,
usually about 2—3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not
use 8-pt type on an axis and 20-pt type for the axis label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.
Figures should always be cited in text in consecutive numerical order.
Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures,
continue the consecutive numbering of the main text. Do not number the
appendix figures,"Al, A2, A3, etc." Figures in online appendices
[Supplementary Information (SI)] should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the
figure depicts. Include the captions in the text file of the manuscript, not in
the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure
number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to
be placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes,
circles, etc., as coordinate points in graphs.

Identify previously published material by giving the original source in the
form of a reference citation at the end of the figure caption.
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Figure Placement and Size

Figures should be submitted within the body of the text. Only if the file size
of the manuscript causes problems in uploading it, the large figures should
be submitted separately from the text.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column
text areas), or 174 mm (for single-column text areas) wide and not higher
than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher
than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must
obtain permission from the copyright owner(s) for both the print and online
format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have
occurred to receive these permissions. In such cases, material from other
sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of
your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-
speech software or a text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying
information (colorblind users would then be able to distinguish the visual

elements)

Any figure lettering has a contrast ratio of at least 4.5:1
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Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.)

and other supplementary files to be published online along with an article or a

book chapter. This feature can add dimension to the author's article, as certain

information cannot be printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors

should read the journal’s Research data policy. We encourage research data to be

archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal
name, author names; affiliation and e-mail address of the corresponding
author.

To accommodate user downloads, please keep in mind that larger-sized files
may require very long download times and that some users may experience
other problems during downloading,.

High resolution (streamable quality) videos can be submitted up to a
maximum of 25GB; low resolution videos should not be larger than 5GB.

Audio, Video, and Animations

Aspect ratio: 16:9 or 4:3

Maximum file size: 25 GB for high resolution files; 5 GB for low resolution
files

Minimum video duration: 1 sec
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Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv,
mxf, mts, m4v, 3gp

Text and Presentations

Submit your material in PDF format; .doc or .ppt files are not suitable for
long-term viability.

A collection of figures may also be combined in a PDF file.

Spreadsheets

Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

Specialized format such as .pdb (chemical), wrl (VRML), .nb (Mathematica
notebook), and .tex can also be supplied.

Collecting Multiple Files

It is possible to collect multiple files in a .zip or .gz file.

Numbering

If supplying any supplementary material, the text must make specific
mention of the material as a citation, similar to that of figures and tables.

Refer to the supplementary files as “Online Resource”, e.g., "... as shown in
the animation (Online Resource 3)", “... additional data are given in Online
Resource 4”.

Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions
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For each supplementary material, please supply a concise caption describing
the content of the file.

Processing of supplementary files

Supplementary Information (SI) will be published as received from the
author without any conversion, editing, or reformatting.

Accessibility
In order to give people of all abilities and disabilities access to the content of
your supplementary files, please make sure that

The manuscript contains a descriptive caption for each supplementary
material

Video files do not contain anything that flashes more than three times per
second (so that users prone to seizures caused by such effects are not put at
risk)

C Backtotop )

Ethical Responsibilities of Authors
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This journal is committed to upholding the integrity of the scientific record. As
a member of the Committee on Publication Ethics (COPE) the journal will follow
the COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could
damage the trust in the journal, the professionalism of scientific authorship,
and ultimately the entire scientific endeavour. Maintaining integrity of the
research and its presentation is helped by following the rules of good scientific
practice, which include*:

The manuscript should not be submitted to more than one journal for
simultaneous consideration.

The submitted work should be original and should not have been published
elsewhere in any form or language (partially or in full), unless the new work
concerns an expansion of previous work. (Please provide transparency on the
re-use of material to avoid the concerns about text-recycling (‘self-
plagiarism’).

A single study should not be split up into several parts to increase the
quantity of submissions and submitted to various journals or to one journal
over time (i.e. ‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided
certain conditions are met. Examples include: translations or a manuscript
that is intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication,
falsification or inappropriate data manipulation (including image based
manipulation). Authors should adhere to discipline-specific rules for
acquiring, selecting and processing data.
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No data, text, or theories by others are presented as if they were the author’s
own (‘plagiarism’). Proper acknowledgements to other works must be given
(this includes material that is closely copied (near verbatim), summarized
and/or paraphrased), quotation marks (to indicate words taken from another
source) are used for verbatim copying of material, and permissions secured
for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software,
questionnaires/(web) surveys and scales in their studies (if appropriate).

Research articles and non-research articles (e.g. Opinion, Review, and
Commentary articles) must cite appropriate and relevant literature in
support of the claims made. Excessive and inappropriate self-citation or
coordinated efforts among several authors to collectively self-cite is strongly
discouraged.

Authors should avoid untrue statements about an entity (who can be an
individual person or a company) or descriptions of their behavior or actions
that could potentially be seen as personal attacks or allegations about that

person.

Research that may be misapplied to pose a threat to public health or national
security should be clearly identified in the manuscript (e.g. dual use of
research). Examples include creation of harmful consequences of biological
agents or toxins, disruption of immunity of vaccines, unusual hazards in the

use of chemicals, weaponization of research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding
Author, and the order of authors are all correct at submission. Adding and/or
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deleting authors during the revision stages is generally not permitted, but in
some cases may be warranted. Reasons for changes in authorship should be
explained in detail. Please note that changes to authorship cannot be made
after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third
parties rights such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or
data in order to verify the validity of the results presented. This could be in the
form of raw data, samples, records, etc. Sensitive information in the form of
confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher
will carry out an investigation following COPE guidelines. If, after investigation,
there are valid concerns, the author(s) concerned will be contacted under their
given e-mail address and given an opportunity to address the issue. Depending
on the situation, this may result in the Journal’s and/or Publisher’s

implementation of the following measures, including, but not limited to:

If the manuscript is still under consideration, it may be rejected and returned
to the author.

If the article has already been published online, depending on the nature and
severity of the infraction:

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.
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The reason will be given in the published erratum/correction, expression of
concern or retraction note. Please note that retraction means that the article is
maintained on the platform, watermarked “retracted” and the explanation for
the retraction is provided in a note linked to the watermarked article.

The author’s institution may be informed

A notice of suspected transgression of ethical standards in the peer review
system may be included as part of the author’s and article’s bibliographic
record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant
error or inaccuracy in their published article. The author(s) is/are requested to
contact the journal and explain in what sense the error is impacting the article.
A decision on how to correct the literature will depend on the nature of the error.
This may be a correction or retraction. The retraction note should provide
transparency which parts of the article are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion
of certain individuals when they submit their manuscripts. When suggesting
reviewers, authors should make sure they are totally independent and not
connected to the work in any way. It is strongly recommended to suggest a mix
of reviewers from different countries and different institutions. When
suggesting reviewers, the Corresponding Author must provide an institutional
email address for each suggested reviewer, or, if this is not possible to include
other means of verifying the identity such as a link to a personal homepage, a
link to the publication record or a researcher or author ID in the submission
letter. Please note that the Journal may not use the suggestions, but suggestions
are appreciated and may help facilitate the peer review process.
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ensuring that all listed authors have approved the manuscript before
submission, including the names and order of authors;

managing all communication between the Journal and all co-authors, before
and after publication;*

providing transparency on re-use of material and mention any unpublished
material (for example manuscripts in press) included in the manuscriptina
cover letter to the Editor;

making sure disclosures, declarations and transparency on data statements
from all authors are included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all
co—authors during submission and proofing may be delegated to a Contact or
Submitting Author. In this case please make sure the Corresponding Author is
clearly indicated in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to
describe discrete efforts, the Publisher recommends authors to include
contribution statements in the work that specifies the contribution of every
author in order to promote transparency. These contributions should be listed at
the separate title page.

Examples of such statement(s) are shown below:
+ Free text:
All authors contributed to the study conception and design. Material

preparation, data collection and analysis were performed by [full name], [full
name] and [full name]. The first draft of the manuscript was written by [full
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name] and all authors commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Example: CRediT taxonomy:

- Conceptualization: [full name], ...; Methodology: [full name], ...; Formal
analysis and investigation: [full name], ...; Writing - original draft preparation:
[full name, ...]; Writing - review and editing: [full name], ...; Funding
acquisition: [full name], ...; Resources: [full name], ...; Supervision: [full
name),....

For review articles where discrete statements are less applicable a statement
should be included who had the idea for the article, who performed the
literature search and data analysis, and who drafted and/or critically revised the
work.

For articles that are based primarily on the student’s dissertation or thesis, it is
recommended that the student is usually listed as principal author:

A Graduate Student’s Guide to Determining Authorship Credit and Authorship
Order, APA Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the
majority of their work was done. If an author has subsequently moved, the
current address may additionally be stated. Addresses will not be updated or
changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the
Corresponding Author, and the order of authors at submission. Changes of
authorship by adding or deleting authors, and/or changes in Corresponding
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Author, and/or changes in the sequence of authors are not accepted after
acceptance of a manuscript.

Please note that author names will be published exactly as they appear on
the accepted submission!

Please make sure that the names of all authors are present and correctly spelled,
and that addresses and affiliations are current.

Adding and/or deleting authors at revision stage are generally not permitted,
but in some cases it may be warranted. Reasons for these changes in authorship
should be explained. Approval of the change during revision is at the discretion
of the Editor-in-Chief. Please note that journals may have individual policies on
adding and/or deleting authors during revision stage.

Author identification
Authors are recommended to use their ORCID ID when submitting an article for
consideration or acquire an ORCID ID via the submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing,
submission, or peer-review process, and the co-authors feel it is appropriate to
include the author, co-authors should obtain approval from a (legal)
representative which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and
publication, the Journal will not be in a position to investigate or adjudicate.
Authors will be asked to resolve the dispute themselves. If they are unable the
Journal reserves the right to withdraw a manuscript from the editorial process
or in case of a published paper raise the issue with the authors’ institution(s)
and abide by its guidelines.
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Confidentiality

Authors should treat all communication with the Journal as confidential which
includes correspondence with direct representatives from the Journal such as
Editors-in-Chief and/or Handling Editors and reviewers’ reports unless explicit
consent has been received to share information.

( Backtotop >

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted
principles of ethical and professional conduct have been followed, authors
should include information regarding sources of funding, potential conflicts of
interest (financial or non-financial), informed consent if the research involved
human participants, and a statement on welfare of animals if the research
involved animals.

Authors should include the following statements (if applicable) in a separate
section entitled “Compliance with Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent

Please note that standards could vary slightly per journal dependent on their
peer review policies (i.e. single or double blind peer review) as well as per
journal subject discipline. Before submitting your article check the instructions
following this section carefully.

The corresponding author should be prepared to collect documentation of
compliance with ethical standards and send if requested during peer review or
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after publication.

The Editors reserve the right to reject manuscripts that do not comply with the
above-mentioned guidelines. The author will be held responsible for false
statements or failure to fulfill the above-mentioned guidelines.

( Backtotop )

Competing Interests

Authors are requested to disclose interests that are directly or indirectly related
to the work submitted for publication. Interests within the last 3 years of
beginning the work (conducting the research and preparing the work for
submission) should be reported. Interests outside the 3-year time frame must
be disclosed if they could reasonably be perceived as influencing the submitted
work. Disclosure of interests provides a complete and transparent process and
helps readers form their own judgments of potential bias. This is not meant to
imply that a financial relationship with an organization that sponsored the
research or compensation received for consultancy work is inappropriate.

Editorial Board Members and Editors are required to declare any competing
interests and may be excluded from the peer review process if a competing
interest exists. In addition, they should exclude themselves from handling
manuscripts in cases where there is a competing interest. This may include -
but is not limited to = having previously published with one or more of the
authors, and sharing the same institution as one or more of the authors. Where
an Editor or Editorial Board Member is on the author list they must declare this
in the competing interests section on the submitted manuscript. If they are an
author or have any other competing interest regarding a specific manuscript,
another Editor or member of the Editorial Board will be assigned to assume
responsibility for overseeing peer review. These submissions are subject to the
exact same review process as any other manuscript. Editorial Board Members
are welcome to submit papers to the journal. These submissions are not given
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any priority over other manuscripts, and Editorial Board Member status has no
bearing on editorial consideration.

Interests that should be considered and disclosed but are not limited to the
following:

Funding: Research grants from funding agencies (please give the research
funder and the grant number) and/or research support (including salaries,
equipment, supplies, reimbursement for attending symposia, and other
expenses) by organizations that may gain or lose financially through
publication of this manuscript.

Employment: Recent (while engaged in the research project), present or
anticipated employment by any organization that may gain or lose financially
through publication of this manuscript. This includes multiple affiliations (if
applicable).

Financial interests: Stocks or shares in companies (including holdings of
spouse and/or children) that may gain or lose financially through publication of
this manuscript; consultation fees or other forms of remuneration from
organizations that may gain or lose financially; patents or patent applications
whose value may be affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes
significant, any such figure is necessarily arbitrary, so one possible practical
guideline is the following: "Any undeclared financial interest that could
embarrass the author were it to become publicly known after the work was
published."

Non-financial interests: In addition, authors are requested to disclose interests
that go beyond financial interests that could impart bias on the work submitted
for publication such as professional interests, personal relationships or personal
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beliefs (amongst others). Examples include, but are not limited to: position on
editorial board, advisory board or board of directors or other type of
management relationships; writing and/or consulting for educational purposes;
expert witness; mentoring relations; and so forth.

Primary research articles require a disclosure statement. Review articles present
an expert synthesis of evidence and may be treated as an authoritative work on
a subject. Review articles therefore require a disclosure statement.Other article
types such as editorials, book reviews, comments (amongst others) may,
dependent on their content, require a disclosure statement. If you are unclear
whether your article type requires a disclosure statement, please contact the
Editor-in-Chief.

Please note that, in addition to the above requirements, funding information
(given that funding is a potential competing interest (as mentioned above))
needs to be disclosed upon submission of the manuscript in the peer review
system. This information will automatically be added to the Record of
CrossMark, however it is not added to the manuscript itself. Under ‘summary of
requirements’ (see below) funding information should be included in the
‘Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’
section before the reference list under a heading of ‘Funding’ and/or
‘Competing interests’. Other declarations include Ethics approval, Consent,
Data, Material and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the
sample statements according to your own needs.

When all authors have the same (or no) conflicts and/or funding it is sufficient
to use one blanket statement.
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Examples of statements to be used when funding has been received:

Partial financial support was received from [...]

The research leading to these results received funding from [...] under Grant
Agreement No[...].

This study was funded by [...]

This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

The authors did not receive support from any organization for the submitted
work.

No funding was received to assist with the preparation of this manuscript.

No funding was received for conducting this study.

No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:
Financial interests: Author A has received research support from Company
A. Author B has received a speaker honorarium from Company Wand owns
stock in Company X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

Financial interests: The authors declare they have no financial interests.
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Non-financial interests: Author A is on the board of directors of Y and
receives no compensation as member of the board of directors.

Financial interests: Author A received a speaking fee from Y for Z. Author B
receives a salary from association X. X where s/he is the Executive Director.

Non-financial interests: none.

Financial interests: Author A and B declare they have no financial interests.
Author C has received speaker and consultant honoraria from Company M
and Company N. Dr. C has received speaker honorarium and research
funding from Company M and Company O. Author D has received travel

support from Company O.

Non-financial interests: Author D has served on advisory boards for
Company M, Company N and Company O.

Examples of statements to be used when authors have nothing to declare:

The authors have no relevant financial or non-financial interests to disclose.

The authors have no competing interests to declare that are relevant to the
content of this article.

All authors certify that they have no affiliations with or involvement in any
organization or entity with any financial interest or non-financial interest in

the subject matter or materials discussed in this manuscript.

The authors have no financial or proprietary interests in any material
discussed in this article.
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Authors are responsible for correctness of the statements provided in the
manuscript. See also Authorship Principles. The Editor-in-Chief reserves the
right to reject submissions that do not meet the guidelines described in this
section.

( Backtotop )

Research Data Policy and Data Availability Statements

This journal operates a type 2 research data policy.

The journal strongly encourages that all datasets on which the conclusions of
the paper rely should be available to readers. We encourage authors to ensure
that their datasets are either deposited in publicly available repositories (where
available and appropriate) or presented in the main manuscript or additional
supporting files whenever possible. Please see Springer Nature’s information on
recommended repositories.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad
may be used where appropriate.

Datasets that are assigned digital object identifiers (DOIs) by a data repository
may be cited in the reference list. Data citations should include the minimum
information recommended by DataCite: authors, title, publisher (repository

name), identifier.

DataCite
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Where a widely established research community expectation for data archiving
in public repositories exists, submission to a community-endorsed, public
repository is mandatory. Persistent identifiers (such as DOIs and accession
numbers) for relevant datasets must be provided in the paper.

If the journal that you’re submitting to uses double-blind peer review and you
are providing reviewers with access to your data (for example via a repository
link, supplementary information or data on request), it is strongly suggested

that the authorship in the data is also blinded. There are data repositories that

can assist with this and/or will create a link to mask the authorship of your data.

For more information:

Research Data Policy Frequently Asked Questions

Data availability

The journal encourages authors to provide a statement of Data availability in
their article. Data availability statements should include information on where
data supporting the results reported in the article can be found, including,
where applicable, hyperlinks to publicly archived datasets analysed or
generated during the study. Data availability statements can also indicate
whether data are available on request from the authors and where no data are
available, if appropriate.

Data Availability statements can take one of the following forms (or a
combination of more than one if required for multiple datasets):

1. The datasets generated during and/or analysed during the current study are
available in the [NAME] repository, [PERSISTENT WEB LINK TO DATASETS)]

2. The datasets generated during and/or analysed during the current study are
not publicly available due [REASON WHY DATA ARE NOT PUBLIC] but are
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available from the corresponding author on reasonable request.

3. The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

4.Data sharing not applicable to this article as no datasets were generated or
analysed during the current study

5. All data generated or analysed during this study are included in this published
article [and its supplementary information files].

More examples of template data availability statements, which include
examples of openly available and restricted access datasets, are available:

Data availability statements

Authors who need help understanding our data sharing policies, help finding a
suitable data repository, or help organising and sharing research data can access
our Author Support portal for additional guidance.

C Backtotop )

After Acceptance

Upon acceptance, your article will be exported to Production to undergo
typesetting. Shortly after this you will receive two e-mails. One contains a
request to confirm your affiliation, choose the publishing model for your article,
as well as to arrange rights and payment of any associated publication cost. A
second e=mail containing a link to your article’s proofs will be sent once
typesetting is completed.

Article publishing agreement
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Depending on the ownership of the journal and its policies, you will either grant
the Publisher an exclusive licence to publish the article or will be asked to
transfer copyright of the article to the Publisher.

Offprints
Offprints can be ordered by the corresponding author.

Colorillustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the
completeness and accuracy of the text, tables and figures. Substantial changes
in content, e.g., new results, corrected values, title and authorship, are not
allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an
Erratum, which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is
the official first publication citable with the DOL. After release of the printed
version, the paper can also be cited by issue and page numbers.
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Open Choice

Open Choice allows you to publish open access in more than 1850 Springer
Nature journals, making your research more visible and accessible immediately
on publication.

Article processing charges (APCs) vary by journal = view the full list
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Benefits:

Increased researcher engagement: Open Choice enables access by anyone
with an internet connection, immediately on publication.

Higher visibility and impact: In Springer hybrid journals, OA articles are
accessed 4 times more often on average, and cited 1.7 more times on
average*.

Easy compliance with funder and institutional mandates: Many funders

require open access publishing, and some take compliance into account
when assessing future grant applications.

It is easy to find funding to support open access — please see our funding and
support pages for more information.

*) Within the first three years of publication. Springer Nature hybrid journal OA
impact analysis, 2018.

Open Choice

Funding and Support pages

Copyright and license term = CCBY

Open Choice articles do not require transfer of copyright as the copyright
remains with the author. In opting for open access, the author(s) agree to
publish the article under the Creative Commons Attribution License.

Find more about the license agreement
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