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RESUMO

FABRIS, A. L. Aplicacdo da Toxicologia Analitica Verde no desenvolvimento de
metodologias baseadas em LC-MS para detecgdo de Novas Substancias
Psicoativas em amostras bioldgicas. 2024. 152f. Tese (Doutorado) — Faculdade
de Ciéncias Farmacéuticas, Universidade de Séao Paulo, Sdo Paulo, 2024.

No inicio dos anos 2000, as Novas Substancias Psicoativas (NPS) emergiram
de forma sem precedentes causando uma drastica mudanca no mercado de
drogas sintéticas mundial. Estas substancias séo sintetizadas para fins ilicitos e
mimetizam o efeito psicoativo das drogas tradicionais. Até 0 momento, mais de
1000 substancias foram reportadas mundialmente, representando um grande
problema de saude publica principalmente associado ao desconhecimento das
suas propriedades toxicologicas. Por este motivo, métodos analiticos para
detectar e quantificar estas substancias em materiais bioldgicos sdo importantes
nos casos de toxicologia analitica e forense. Contudo, a tendéncia de reduzir o
impacto ambiental destas metodologias tem ganhado popularidade com a
Toxicologia Analitica Verde (GAT). Portanto, o objetivo do presente trabalho foi
desenvolver novas técnicas analiticas para analisar as principais classes de NPS
em amostras biolégicas enquanto aplicando o0s principios sustentaveis
estabelecidos pela GAT. Os resultados obtidos no presente trabalho sé&o
apresentados como coletanea de artigos cientificos publicados em revistas.
Estes estdo descritos nos capitulos 4 a 8. No capitulo 4, uma revisdo sobre 0s
desafios no desenvolvimento de técnicas de preparo de amostra para fins
forenses é abordada com foco no uso das matrizes secas. No Capitulo 5, esta
descrito a aplicacdo da microextracao liquido-liquido dispersiva para catinonas
sintéticas em amostras de sangue total e urina. No capitulo 6, o artigo descreve
o desenvolvimento da técnica microextracdo liquido-liquido homogénea com
solventes de hidrofilicidade comutavel para canabinoides sintéticos em amostras
de plasma. No capitulo 7, a microextragdo em fase liquida em placas de 96
pocos, cunhada extracdo paralela em membranas artificiais liquidas, foi
desenvolvida para diferentes classes de drogas de abuso, incluindo NPS. O
capitulo 8 mostra o desenvolvimento de uma extracdo por eletromembrana
também no formato de placa de 96 pocos para catinonas sintéticas em amostras
de sangue total. Em todos os trabalhos, as técnicas de extracdo foram
desenvolvidas, otimizadas e validadas. Os principios da GAT foram aplicados de
diferentes formas, como reduzindo o volume de amostra, simplificando os
procedimentos, evitando o uso de solventes organicos, dentre outros. Assim,
alternativas mais sustentaveis para a analise de drogas de abuso em amostras
bioldgicas foram apresentadas e estas ajudam a consolidar e difundir o conceito
do desenvolvimento de métodos analiticos com consciéncia ambiental além de
fornecer ferramentas para auxiliar o controle das NPS no pais.
Palavras-chaves: Novas substancias psicoativas, Drogas de abuso, Toxicologia
Analitica Verde, Toxicologia Forense, LC-MS/MS.



ABSTRACT

FABRIS, A. L. Application of Green Analytical Toxicology to the development of
LC-MS-based methodologies for the detection of New Psychoactive Substances
in biological samples. 2024. 152f. Tese (Doutorado) — Faculdade de Ciéncias
Farmacéuticas, Universidade de S&o Paulo, S&o Paulo, 2024.

In the early 2000s, New Psychoactive Substances (NPS) emerged and
unprecedentedly changed the illicit drug market. These substances are
synthesized for illicit purposes and mimic the psychoactive effect of traditional
drugs of abuse. To date, more than 1000 substances have been reported
worldwide, representing a major public health problem mainly associated with
their mostly unknown toxicological properties. In this context, analytical methods
able to detect and quantitate these new drugs in biological specimens are
important in cases of analytical and forensic toxicology. However, reducing the
environmental impact of these methodologies has recently gained popularity with
Green Analytical Toxicology (GAT). Therefore, the aim of this work was to
develop new analytical techniques to analyze the main classes of NPS in
biological samples while applying the environmentally friendly principles
established by GAT. The results obtained throughout the development of the
present work were split into four papers (chapters 4-8). In chapter 4, a review of
common challenges faced during the development of new sample preparation
techniques for forensic applications is described focusing on the use of dried
matrices. In chapter 5, the application of dispersive liquid-liquid microextraction
for synthetic cathinones in whole blood and urine samples is described. In chapter
6, the application of the somewhat recent switchable hydrophilicity solvent-based
homogenous liquid—liquid microextraction to synthetic cannabinoids in plasma
samples is reported. In chapter 7, liquid-phase microextraction in the 96-well plate
format, termed parallel artificial liquid membrane extraction, for different classes
of drugs of abuse, including NPS, in plasma samples is presented. In chapter 8,
an electromembrane extraction in the 96-well plate format for synthetic
cathinones in whole blood samples was developed. In this work, sample
preparation techniques were developed, optimized and validated. The principles
of sustainable chemistry in method development were applied in different ways,
such as reducing the sample volume, simplifying procedures, avoiding the use of
organic solvents, among others. Thus, greener alternatives were presented for
the analysis of drugs of abuse in biological samples and contribute to consolidate
and spread this trend of environmental consciousness during method
development. Additionally, valuable techniques that can be used in the combat
against NPS were provided.

Keywords: New psychoactive substances, drugs of abuse, Green Analytical
Toxicology, Forensic Toxicology, LC-MS/MS.
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1. INTRODUCAO
1.1 As Novas Substéncias Psicoativas

Nos ultimos anos, o mercado de drogas de abuso mundial sofreu uma drastica
mudanca devido o aparecimento das Novas Substancias Psicoativas (NPS).
Oficialmente, sao definidas como “moléculas desenhadas, em sua maioria, para
fins ilicitos e com o objetivo de evadir as medidas de controle nacional e
internacionalmente aplicadas as substancias ja controladas, das quais derivam
ou mimetizam os efeitos”. Estes compostos ndo sédo controlados pela Convengéo
Unica de Entorpecentes (1961) ou pela Convencdo de Substancias
Psicotrépicas (1971) que regulam as drogas de abuso tradicionais, como a
cocaina, anfetaminas e canabinoides. Assim, a definicdo de “NPS” foi adotada
pelo Escritério das NacBes Unidas sobre Drogas e Crime (UNODC) para melhor
classifica-las. Contudo, diferente do que a nomenclatura sugere, estas drogas
nao sao necessariamente “novas”, pois varias delas foram sintetizadas em
meados do século passado, mas se tornaram disponiveis no mercado de drogas
sintéticas somente a partir do inicio dos anos 2000 (EMCDDA, 2022; UNODC,
2022).

Desde o comeco do fenbmeno das NPS, centenas de compostos inéditos
foram reportados, assim causando grande preocupacdo as autoridades
responsaveis pelo controle destas substancias. De acordo com a UNODC, um
total de 1.232 moléculas foram identificadas mundialmente até novembro de
2023, como pode ser observado na Figura 1. Além disso, este massivo niumero
de compostos esté associado a grande diversidade e complexidade quimica. Isto
acontece, pois estas substancias sdo normalmente desenhadas em semelhanca
as drogas de abuso tradicionais visando mimetizar seus efeitos psicoativos,
como estimulantes do sistema nervoso central, alucindgenos, etc. Para tanto,
modificacdes quimicas sdo realizadas nas estruturas de certas moléculas a fim
de criar analogos ou derivados e, desta forma, um grande nimero de compostos

com caracteristicas quimicas diversas € criado.
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Figura 1. Emergéncia global das NPS: Numero de NPS reportadas a UNODC até novembro
de 2023. (Figura adaptada da UNODC - Early Warning Advisory on NPS, 2023).

Justamente pelo fato de as NPS possuirem estruturas quimicas inéditas,
estas comumente escapam do controle legal por ndo estarem inclusas em
legislacdes vigentes e assim sao consideradas licitas até que sejam proscritas.
Esta particularidade facilitou consideravelmente o seu comércio, que por este
motivo também sao referidas como “legal highs”. Assim, as NPS ganharam
grande popularidade e adesdo entre os usuarios, pois foram tidas como
alternativas legais as drogas tradicionais (EMCDDA, 2022). Contudo, estas
estruturas quimicas inéditas possuem propriedades farmacoldgicas
desconhecidas, muitas vezes sendo mais potentes e tdxicas do que as drogas
convencionais. Por este motivo, diversos casos de intoxicacOes fatais foram
reportados e estudos apontam que, embora muitas NPS produzam efeitos
psicoativos semelhantes as drogas classicas, existe maior risco de intoxicacfes
letais, dependéncia quimica ou desenvolvimento de problemas de saude
associado ao seu uso (HERIAN; SWIT, 2023; KROTULSKI; PAPSUN;
CHRONISTER; HOMAN et al., 2021; PELLETIER; LE DARE; LE BOUEDEC;
BOURDAIS et al., 2023; SHOPAN; SCOLNIK; HASSOUN; FIRSOW et al., 2023;
WACHHOLZ; CELINSKI; BUJAK-GIZYCKA; SKOWRONEK et al., 2023). Assim,
as NPS se tornaram um problema de saude publica mundial e o controle desta
difusdo € uma das prioridades das autoridades responsaveis. Contudo, esta &
uma tarefa extremamente desafiadora devido a grande quantidade de
moléculas, sua diversidade quimica e também sua natureza dinamica de

aparecerem e desaparecerem do mercado rapidamente.
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O Observatoério Europeu de Monitoramento de Drogas e Toxicodependéncia
(EMCDDA) estima um aumento no total de apreensdes de NPS de 929 em 2005
para mais de 46 mil em 2016, que é tido como o periodo de pico destas novas
drogas na Europa. Posteriormente, este nimero sofreu uma queda para 21 mil
no ano de 2020 e os ultimos dados disponiveis indicam 29 mil apreensdes em
2021. Em termos de quantidade de material apreendido, estes numeros
equivalem a aproximadamente 950 kg em 2009, mais de 3 toneladas em 2016 e
8,5 toneladas em 2021 (EMCDDA, 2022). Quanto as classes de NPS, o
EMCDDA aponta que foram apreendidas anualmente mais de 70 catinonas
sintéticas e canabinoides sintéticos desde 2014, assim sendo consideradas as
mais populares entre 0s usuarios europeus. Estes grupos sdo seguidos pela
classe das fenetilaminas, com cerca de 45 substancias apreendidas anualmente
desde 2014 (Figura 2). Atualmente, um total de 930 NPS é monitorada somente
na Europa, sendo que 41 destas foram reportadas pela primeira vez em 2022,
das quais mais da metade (24) foram canabinoides sintéticos (EMCDDA, 2022).
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Figura 2. Namero de NPS reportadas anualmente na Unido Europeia de 2005 a 2021. Figura
disponivel em EMCDDA - European Drug Report 2023: Trends and Developments).

No Brasil, as NPS também se difundiram expressivamente, contudo de forma
ligeiramente distinta do que foi visto internacionalmente. De 2007 a 2015, a

classe mais apreendida foi a das fenetilaminas. Em contrapartida, o grupo dos
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canabinoides sintéticos teve apenas 10 substancias apreendidas pela Policia
Federal em 2014 e 8 em 2015, enquanto o maior nimero de apreensdes de
catinonas sintéticas foi de apenas 7 compostos em 2015. Um aumento nestes
nameros também foi visto no pais no mesmo periodo do pico de NPS na Europa:
somente entre 2014 e 2017, mais de 100 NPS foram identificadas, 38 destas
apenas em 2017. Neste ano, uma mudanca no perfil destas drogas ocorreu no
Brasil, sendo que as catinonas sintéticas foram as NPS mais detectadas (46%),
seguidas das fenetilaminas (26%), enquanto pouquissimas deteccdes de
canabinoides sintéticos foram feitas (6%) (ANVISA, 2017). Entre 2017 e 2018,
as apreensfes de catinonas sintéticas foram as maiores no pais, totalizando
aproximadamente 67% de todos 0s casos, enquanto o numero das fenetilaminas
caiu para 15% em 2018. Esta queda também foi observada no numero de
apreensdes de canabinoides sintéticos, de aproximadamente 20% em 2016 para
2% em 2018 (PF, 2020). Embora relatérios oficiais mais recentes nao tenham
sido publicados pela Policia Federal ou outros institutos de pericias do pais,
artigos cientificos que contam com a participacdo de peritos e também
comunicacao interpessoal indicam que os canabinoides sintéticos sdo as NPS
mais apreendidas apds 2020, enquanto as catinonas sintéticas e outras classes
estdo mais escassas (SAR, 2023). Além disso, casos curiosos envolvendo NPS
também foram registrados no pais. Por exemplo, canabinoides sintéticos foram
encontrados impregnados em papel de cartas enviadas a detentos em presidios
brasileiros (RODRIGUES; SOUZA; DE MELO BARBOSA; DE CARVALHO
PONCE et al., 2022). De Araujo e colaboradores descreveram a apreensao de
53 casos contendo um canabinoide sintético que tem acdo exclusivamente
agonista de receptor endocanabinoide do tipo 2 (CB:2), o qual ndo produz o efeito
psicoativo classico da maconha (DE ARAUJO; FABRIS; NEVES JUNIOR; DE
CARVALHO PONCE et al., 2023). Este composto denominado BZO-HEXOXIZID
teve pouquissima popularidade em outros paises e seu papel como droga de
abuso ainda néao foi esclarecido. Houve também o caso da pro-droga de LSD
(dietilamida do acido lisérgico), acetil-LSD, que € uma outra forma de evadir a
legislacao vigente e facilitar o comércio de NPS (JUNIOR; FABRIS; BARBOSA,;
DE CARVALHO PONCE et al., 2022). Mais recentemente, peritos da Policia
Cientifica de Sao Paulo informaram um aumento sem precedentes na apreensao

de opioides, principalmente da classe dos nitazenos (dados nédo publicados).
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Curiosamente, a vasta maioria destes compostos foram apreendidos em
amostras de erva, forma semelhante a como 0s canabinoides sintéticos séo
comercializados. Esta onda crescente dos novos opioides também foi observada
internacionalmente, mas o abuso destas drogas nunca teve papel significativo
no Brasil, surpreendendo os profissionais da area e alarmando 6rgaos de saude
sobre o inicio de uma possivel epidemia de 6bitos causados por substancias
opioides.

Em conjunto, os dados de apreensdo de NPS mostram que estas drogas
continuam a se reinventar e tem caracteristica bastante dinamica e imprevisivel.
Desta forma, acompanhar e prever as tendéncias no mercado de drogas de cada
pais ou regido tem dificultado o trabalho das autoridades legais; fato este que
causou mudancas nas politicas antidroga. Por exemplo, o sistema de listagem
genérica para a proscricdo de novas substancias foi adotado na legislacao
brasileira em 2016 para complementar o sistema de listagem nominal que era
utilizado exclusivamente até entdo. No sistema genérico, a definicdo quimica de
uma familia de substancias e possiveis substituicbes moleculares sao
estabelecidas, permitindo a adocdo de medidas de controle para todos os
compostos que se enquadrem no que foi pré-estabelecido. Desta forma, é
permitido as autoridades responsaveis certa antecipa¢do ao surgimento destas
novas moléculas e maior eficiéncia no combate as NPS. Por exemplo, de todas
as NPS identificadas no territorio brasileiro, a maioria esta listada nominalmente
no Anexo | da Portaria SVS/MS n° 344/98, que controla as substancias proscritas
no pais. Contudo, parcela consideravel esta listada por classes estruturais
genéricas (ANVISA, 2017; PF, 2020). Além desta, o Subsistema de Alerta
Réapido sobre Drogas foi implementado no pais em 2021 para coletar e produzir
dados e informacdes sobre drogas, além de detectar, avaliar e responder as
ameacas sociais e a saude publica. Desta forma, este sistema recentemente
criado tem auxiliado na identificacdo e classificagdo de drogas emergentes e
também difundindo informacdes ou alertas aos Orgdos competentes acerca
destas novas substancias quimicas (SAR, 2023).

De maneira geral, o fenbmeno das NPS esta presente ha aproximadamente
duas décadas e, embora os 06rgdos responsaveis estejam cada vez mais
preparados para combater estas substancias, moléculas inéditas continuam

sendo criadas e inseridas no mercado de drogas ilicitas até os dias atuais.
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1.2 Classificacao das NPS

A UNODC classifica as NPS de acordo com as propriedades quimicas e 0s
efeitos farmacologicos. Atualmente, sdo 15 grupos, sendo eles os aminoindanos,
benzodiazepinicos, canabinoides sintéticos, catinonas sintéticas, fenciclidina,
fenetilaminas, fenidatos, fenmetrazinas, lisergamidas, triptaminas, nitazenos,
analogos do fentanil, substancias do tipo piperazinas, substancias de origem
natural e outras substancias (UNODC, 2022). Esta classificacdo €
constantemente atualizada ao passo que novas moléculas sdo reportadas ou
grupos de NPS séao originados.

Como brevemente abordado anteriormente, a classe dos canabinoides
sintéticos, catinonas sintéticas e fenetilaminas costumam estar entre as mais
populares em varios paises, inclusive no Brasil. Em contrapartida, a difusédo de
outras classes dentre os usuarios, como a dos opioides sintéticos e designer
benzodiazepinicos, é altamente dependente de diversos fatores culturais, das
medidas legais vigentes, dentre outros. Portanto, focaremos a seguir nas trés

classes de NPS com maior relevancia no territério brasileiro.

1.2.1 Canabinoides sintéticos

O A°-tetrahidrocanabinol (THC) é o principal constituinte psicoativo presente
nas plantas do género Cannabis sp. e tem ac&o agonista parcial dos receptores
de canabinoides do tipo 1 (CB1) e CB2. O exato funcionamento do sistema
endocanabinoide ainda nao foi totalmente esclarecido, contudo sabe-se que o
CB1 é predominantemente expresso no sistema nervoso central (SNC),
enquanto o CB:2 é majoritariamente expresso em 6rgaos do sistema imunoldgico
e em menor quantidade no SNC. Ambos estes receptores sdo acoplados a
proteinas G (GPCR) e, uma vez ativados, produzem efeitos fisiol6gicos distintos.
Por exemplo, o THC se ligando ao CB1, presente em neurdnios pré-sinapticos
nas regides do coértex, amigdala, hipocampo, ganglios da base e cerebelo,
causando relaxamento, analgesia, catalepsia, aumento do apetite, euforia,
diminuicdo da atividade motora e da capacidade de raciocinio, dentre outros
(ALVES; GONCALVES; AGUIAR; TEIXEIRA et al., 2020; LU; MACKIE, 2016;
SIMON; TOTH; HECKMANN; MAYER et al., 2023). Por outro lado, a ativagéo do
CB:2 néo produz efeito psicoativo, embora alguns estudos apontem que este €

rapidamente expresso em células nervosas em alguns quadros fisioldgicos,
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como doencas e abuso de substancias psicoativas (LU; MACKIE, 2016). Neste
contexto, a ativagdo do CB: leva a diminuicdo da sindrome de abstinéncia e,
portanto, tem efeito antagdnico ao CB1. Assim, o resultado da interagéo do THC
com o CBa1 é o responsavel pelo vasto uso da cannabis por varias pessoas que
buscam obter tais efeitos (LU; MACKIE, 2016).

O interesse em entender o sistema endocanabinoide e eventualmente utilizar
os efeitos fisioldgicos dos canabinoides para fins terapéuticos resultou na criagdo
de analogos sintéticos do THC que visavam minimizar os efeitos psicoativos
engquanto a acao terapéutica era mantida. Esta abordagem deu origem a classe
dos canabinoides sintéticos, como a nabilona, o HU-210, JWH-018, dentre
outros (Figura 3) (ALVES; GONCALVES; AGUIAR; TEIXEIRA et al., 2020;
ANDREWS; JORGE; CHRISTIE; GALLEGOS, 2022; KROTULSKI; CANNAERT;
STOVE; LOGAN, 2021). Entretanto, foi somente no inicio dos anos 2000 que os
canabinoides sintéticos ganharam popularidade no mercado ilicito de drogas de
abuso sendo divulgados como alternativas legais e seguras a maconha, além de
ndo serem detectados em testes tradicionais. Em 2008, no inicio do fenébmeno
das NPS, o primeiro canabinoide sintético oficialmente reportado neste contexto
foi 0 JWH-018 ap0s ter sido apreendido em alguns paises europeus (ANDREWS,;
JORGE; CHRISTIE; GALLEGOS, 2022). Entre 2008 e 2011, muitos dos
canabinoides sintéticos descritos previamente por cientistas foram encontrados
sendo comercializados no mercado de drogas. Assim, apds 0 ano de 2012, esta
classe de NPS comecou a de diversificar quimicamente ao ponto que esta é a
classe de NPS com maior variedade quimica até o momento (DEVENTER; VAN
UYTFANGHE; VINCKIER; RENIERO et al., 2022; KROTULSKI; CANNAERT;
STOVE; LOGAN, 2021).

A classe dos canabinoides sintéticos se diversificou consideravelmente e
esta tendéncia continua, tornando bastante desafiadora a tarefa de incluir todas
as informacoes referente a estes compostos. De maneira geral, € possivel dividir
0s canabinoides sintéticos em 2 grandes grupos, aqueles que mantém
semelhanca com os canabinoides naturais e aqueles que ndo séo derivados dos
fitocanabinoides e por conseguinte possuem particularidades quimicas mais
distintas do THC. O primeiro grupo é dividido em classicos e nédo-classicos,
engquanto o segundo contém os aminoalquilinddis e os mais recentes OXIZIDs
(Figura 3) (POTTS; CANO; THOMAS; HILL, 2020).
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A maioria dos chamados canabinoides classicos foram sintetizados na
década de 1940 e apresentam estrutura triciclica caracteristica dos canabinoides
naturais, como o homdlogo do THC com 6 carbonos na cadeia lateral. O HU-
210, por sua vez, tem sua sintese datada em 1988 com 100 a 800 vezes maior
atividade em CB1 do que o THC, sendo o canabinoide sintético mais potente
descrito até o momento (Figura 3). Por outro lado, os canabinoides ndo-classicos
sdo andlogos biciclicos ou triciclicos dos canabinoides classicos, como o CP-
47,497 e CP-55,940, sintetizados entre os anos 1970 e 1980 (Figura 3)
(KROTULSKI; CANNAERT; STOVE; LOGAN, 2021; POTTS; CANO; THOMAS;
HILL, 2020).

O segundo grande grupo de canabinoides sintéticos contém majoritariamente
os aminoalquilinddis. Os primeiros compostos desta classe quimica foram
sintetizados na década de 1980, como a pravadolina (WIN 48,098) e alguns
anélogos. Anos mais tarde, a série JWH e AM (JWH-073, JWH-018, AM-2201,
etc.) foi sintetizada com o intuito de estudar o receptor CB1 e identificar as
propriedades quimicas necessarias para gerar resposta agonista. Como
ilustrado na Figura 3, este grupo possui diferengcas quimicas mais acentuadas
se comparados aos fitocanabinoides, mas continuam exercendo atividade
canabimimética. Os aminoalquilindéis podem ser subdivididos dependendo do
tipo de grupos funcionais presentes na estrutura; por exemplo, os naftilindais,
como o JWH-015 e JWH-018, os adamantoilindois, com o ACHMINACA e
APINACA, dentre outros (ALVES; GONCALVES; AGUIAR; TEIXEIRA et al.,
2020; ANDREWS; JORGE; CHRISTIE; GALLEGOS, 2022; KROTULSKI,
CANNAERT; STOVE; LOGAN, 2021). Mais recentemente, o subgrupo dos
OXIZIDs tem chamado atencéo. Estes diferem dos aminoalquilinddis devido a
presenca de uma acetohidrazida na regido ligante da estrutura (Figura 3). Alguns
paises reportaram a apreensdo destas NPS como droga de abuso.
Curiosamente, grandes quantidades do BZO-CHMOXIZID foram apreendidas no
Brasil; composto este que possui agdo agonista seletiva CB: e irriséria em CBa,
intrigando os profissionais do uso de tal composto como entorpecente (DE
ARAUJO; FABRIS; NEVES JUNIOR; DE CARVALHO PONCE et al., 2023;
DEVENTER; VAN UYTFANGHE; VINCKIER; RENIERO et al., 2022).
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Figura 3. llustracdo de diferentes grupos de canabinoides sintéticos e comparagdo com
0s canabinoides naturais ou fitocanabinoides. Esta classe de NPS possui grande diversidade
quimica, podendo ser dividida em dois grandes grupos que sdo subsequentemente divididos em
subgrupos. Estao ilustrados exemplos das principais subclasses de canabinoides sintéticos e os
fitocanabinoides estéo dispostos apenas para comparagédo. THC: A9-tetrahidrocanabinol; CBD:
canabidiol; CBN: canabinol.

Os canabinoides sintéticos sdo popularmente conhecidos ou denominados
Spice, K2 ou K3, e sdo comercializados em folhas de plantas secas nas quais
uma solucao contendo a substancia € borrifada para que entao sejam fumadas
pelos usuérios. Esta via de administragcdo é a mais semelhante & da maconha e
por este motivo foi mais amplamente difundida no inicio do fenébmeno das NPS.
Entretanto, formas alternativas, como infusbes para serem ingeridas,
comprimidos, gomas de mascar, incensos herbais, pos e tiras orodispersiveis,
também eram utilizadas (EMCDDA, 2017b; 2023; UNODC, 2022). Todavia, uma
forma de uso dos canabinoides sintéticos que chamou atenc&o nos ultimos anos
foi a impregnacéo destes em papéis comuns ou selos do tipo LSD (NORMAN,;
WALKER; MCKIRDY; MCDONALD et al., 2020; RODRIGUES; SOUZA; DE
MELO BARBOSA; DE CARVALHO PONCE et al., 2022). Esta apresentacao teve
bastante popularidade em presidios onde 0 acesso a tais substancias por parte
dos presidiarios € facilitado e ndo deixa suspeitas, pois estas podem ser
borrifadas em cartas, bilhetes, etc., e passadas por visitantes, além de nao
produzirem cheiro. Digno de nota, ha relatos do uso destes papeis pela via ocular
(NORMAN; WALKER; MCKIRDY; MCDONALD et al., 2020).

Embora o THC seja uma substancia com faixa terapéutica segura, isso hao
se aplica a maioria dos canabinoides sintéticos. Especialmente em virtude das
varias vias de administracdo que estes podem ser consumidos (CANNAERT;
SPARKES; PIKE; LUO et al., 2020). Dependendo das substituicbes de
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grupamentos funcionais que foram realizadas nas moléculas, os canabinoides
sintéticos exercem diferentes efeitos. Por exemplo, o HU-210 € um potente
agonista CB1 e também tem afinidade pelo CB2. Similarmente, o JWH-018
também tem alta poténcia em ambos CB1 e CB2. Em consequéncia, estes
compostos causam maiores efeitos indesejaveis apds o0 uso, como tremores,
ndusea, dispneia, agitacdo e convulsbes — efeitos estes que ndo sédo
experienciados com o uso da cannabis. Além destes, casos mais graves também
foram reportados, como faléncia renal, rabdomiodlise, coma e 6bito (GIORGETTI,
CECCHI; AUWARTER, 2023; GROTH; ROIDER; ANGERER; SCHAPER et al.,
2023; SIMON; TOTH; HECKMANN; MAYER et al., 2023).

1.2.2 Catinonas sintéticas

A catinona é um alcaloide encontrado naturalmente nas folhas da planta khat
(Catha edulis), nativa do Leste da Africa e da Peninsula Arabica, e tem acio
estimulante no SNC. Culturalmente, os nativos da regido mascam as folhas da
khat para obter os efeitos estimulantes da catinona. Sua estrutura quimica, com
esqueleto B-ceto-feniletilamina, € semelhante as drogas tipo anfetamina, sendo
também conhecidos como analogos B-ceto da anfetamina (Figura 4) (ALMEIDA,;
SILVA; PINHO; REMIAO et al., 2022; KUROPKA; ZAWADZKI; SZPOT, 2023).
Embora alguns compostos deste grupo tenham sido sintetizados em meados do
século XX, como a metcatinona em 1928, mefedrona em 1929, o 3,4-
metilenodioxipirovalerona em 1967, e, mais recentemente, a metilona em 1996,
a catinona foi isolada da planta khat somente na década de 1970 (Figura 4)
(GERMAN; FLECKENSTEIN; HANSON, 2014; HYDE; BROWNING; ADAMS,
1928). A sintese destes compostos na época tinha o objetivo de encontrar novos
medicamentos. Por exemplo, a dietilpropiona ou anfepramona e a bupropiona
eventualmente foram aprovados para uso humano e sdo utilizados até os dias
atuais como inibidor do apetite e antidepressivo, respectivamente. Entretanto,
muitos destes outros compostos que nao tiveram o mesmo fim passaram a ser
comercializados no mercado de drogas no inicio dos anos 2000 (SOARES;
COSTA; BASTOS; CARVALHO et al., 2021). Por exemplo, a metilona, em 2004,
foi uma das primeiras catinonas sintéticas a ser comercializada pela internet e
lojas fisicas; em 2007, o uso da mefedrona comecou a surgir em diversos paises

e outras catinonas sintéticas passaram a ganhar espaco no mercado, como a
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butilona e a 3,4-metilenodioxipirovalerona (KUROPKA; ZAWADZKI; SZPOT,
2023). Juntamente ao aumento do uso dos compostos desta classe, uma queda
na qualidade e disponibilidade do ecstasy (3,4-metilenodioximetanfetamina ou
MDMA) e cocaina impulsionou ainda mais 0 uso das catinonas sintéticas em
2009, que continuou a crescer nos anos subsequentes (EMCDDA, 2017a;
UNODC, 2013). Usuarios buscavam alternativas a estas drogas e encontraram
nas catinonas sintéticas, particularmente na mefedrona, efeito bastante
semelhante (LOI; CORKERY; CLARIDGE; GOODAIR et al., 2015). Além disso,
a praticidade em obter estes compostos pela internet associada com o menor
preco comparado a outras drogas, a maior poténcia e a condi¢éo licita destes
compostos também foram responséveis por aumentar a sua difusdo e adesédo
pelos usuérios. Consequentemente, a crescente popularidade da mefedrona
resultou na sua proibicdo em 2010, o que dificultou sua aquisicdo, mas nao
impediu completamente seu uso (EMCDDA, 2010). Assim, novas moléculas,
usando o esqueleto quimico da catinona como base, continuaram a ser
desenvolvidas diversificando ainda mais esta classe de drogas de abuso (Figura
4).
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Figura 4. Representacdo da semelhanc¢a entre a estrutura quimica das catinonas sintéticas
com as anfetaminas. A molécula da catinona é tida como o esqueleto base para a obtencao de
derivados ou andlogos. Algumas catinonas sintéticas estdo dispostas como exemplos e a
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anfetamina e o MDMA foram incluidos para comparacdo. O “B” indica o carbono B no qual um
grupo cetona esta presente na estrutura da catinona e seus derivados sintéticos.

O uso de estimulantes psicomotores, como a metanfetamina e cocaina,
continua sendo um problema de saude publico mundialmente. Como o0s
analogos da catinona possuem estrutura quimica bastante semelhante as das
anfetaminas, efeito psicoativo similar também é produzido. Estas drogas causam
0 acumulo dos neurotransmissores dopamina (DA) e serotonina (5-HT) na fenda
singptica, e da noradrenalina (NA) em menor propor¢do. O aumento na
concentracdo destes pode acontecer por dois mecanismos: i) aumento na
liberacdo de vesiculas intracelulares contendo estes neurotransmissores,
localizadas nos neurdnios pré-sinapticos e ii) inibicdo da recaptacdo destas
moléculas da fenda sinaptica apdés terem sido liberadas. Este segundo
mecanismo € a principal para terminar a transmissao nervosa das monoaminas,
portanto perturbacdo desta via causa efeitos bastante pronunciados. Assim, o
resultado do acumulo destes neurotransmissores na fenda sinaptica € o estimulo
excessivo dos receptores poOs-sindpticos causando os sintomas estimulantes
e/ou alucindégenos experimentados apos o uso das anfetaminas ou compostos
semelhantes, especialmente no nucleo accumbens (ALMEIDA; SILVA; PINHO;
REMIAO et al., 2022; EMCDDA, 2021; LOI; CORKERY; CLARIDGE; GOODAIR
et al., 2015).

As catinonas sintéticas s&o comumente vendidas como sais de banho, adubo
para plantas, dente outros, nas formas de po6 cristalino, capsulas ou tabletes. Sao
tipicamente consumidas por insuflacdo nasal, mas podem ser ingeridas ou
injetadas via intramuscular ou intravenosa, aumentando consideravelmente o
risco de intoxicacdo (EMCDDA, 2021). Seu uso € mais popular entre jovens de
ambos 0s sexos em ambientes de casas noturnas, bares e raves, justamente por
conta do seu efeito estimulante e/ou empatogénico (ALMEIDA; SILVA; PINHO;
REMIAO et al., 2022; KUROPKA; ZAWADZKI; SZPOT, 2023; UNODC, 2022).
Além destes efeitos, ha relatos de varias reacfes adversas, como agressividade,
hipertermia, psicose, paranoia, dor toracica, dentre outros (LOI et al., 2015).
Contudo, também ha relatos de efeitos mais graves, como faléncia de 6érgéaos,
convulsdes e Obito, tanto se usadas individualmente ou associadas a outras

drogas, como etanol, benzodiazepinicos e cocaina (EMCDDA, 2021; LOI;
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CORKERY; CLARIDGE; GOODAIR et al., 2015; WARRICK; WILSON; HEDGE;
FREEMAN et al., 2012).

1.2.3 Fenetilaminas

Os compostos chamados de alucinégenos ou psicodélicos causam
alteracdes na percepcéo, humor e cognicao e este efeito psicoativo € mediado
principalmente por meio da interacdo com receptores serotoninérgicos (DE
GREGORIO; AGUILAR-VALLES; PRELLER; HEIFETS et al., 2021; GERWE;
HE; POTTIE; STOVE et al., 2022). Este grupo de moléculas alucinégenas é
dividido de acordo com sua estrutura quimica em duas grandes classes, sendo
elas as indoleamidas e as fenilalquilaminas. A primeira inclui a subclasse das
ergolinas, como a dietilamida do &cido lisérgico (LSD), e das triptaminas, como
a N,N-dimetiltriptamina (DMT) presente na ayahuasca. Similarmente, a classe
das fenilalquilaminas também é dividida em duas subclasses de acordo com a
estrutura quimica, sendo elas as fenilisopropilaminas, como os chamados
compostos da série D, e fenetilaminas, como a mescalina e os compostos da
série 2C ou 2C-x (Figura 5) (GEYER; NICHOLS; VOLLENWEIDER, 2017;
HALBERSTADT, 2017; HERIAN; SWIT, 2023; PALAMAR; ACOSTA, 2020).
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Figura 5. llustracdo dos diferentes grupos de alucinégenos. Os psicodélicos sao divididos
em dois grandes grupos, indoleamidas e fenilalquilaminas, e em dois subgrupos cada.

Historicamente, as fenetilaminas foram estruturalmente inspiradas na
molécula da mescalina, um composto natural encontrado no cacto peiote e que
€ a Unica fenetilamina alucinégena de origem natural. Esta, por sua vez, possui
baixa poténcia, necessitando de uma dose de 250 a 500 mg para produzir o
efeito psicoativo (GEYER; NICHOLS; VOLLENWEIDER, 2017; HALBERSTADT,
2017). Entretanto, a estrutura quimica deste composto serviu como base para a
criacao de diversas fenetilaminas sintéticas por meio de modifica¢cbes quimicas.
Por exemplo, os compostos “2C” sao assim chamados devido aos dois atomos
de carbono que separam o grupo amina do anel aromatico (Figura 5). O primeiro
composto desta classe foi sintetizado em 1974 pelo Alexander Shulgin, o 2C-B,
mas décadas mais tarde seria encontrado no mercado de drogas em meio ao
cenario das NPS. De forma semelhante, outras moléculas também foram
produzidas por meio da substituicAo dos grupos quimicos ligados ao anel
aromatico, como o 2C-E e 2C-l que contétm um grupo etila e iodo,
respectivamente, na posicéo 4. Além destes, um grupo particular de compostos
2C ganhou bastante destaque apdés 2010, os NBOMes. Estes contém um
grupamento metéxi-benzil ligado na amina presente na cadeia carbénica lateral
(Figura 5). O primeiro NBOMe a aparecer no mercado ilicito foi o0 25I-NBOMe,
seguido do 25B-NBOMe e 25C-NBOMe. Desde entdo, varios outros NBOMes
surgiram e eventualmente deram lugar aos NBOHSs, que possuem um grupo
hidroxibenzil ligado na amina. De forma similar, a denominada “série D” também
foi resultado de modificacbes na molécula da mescalina. Contudo, estes
possuem uma metila na cadeia carbbdnica lateral e, portanto, também sédo
conhecidos como “anfetaminas alucinégenas” devido a semelhanga estrutural
com a anfetamina; ndo surpreendentemente, estas fenetilaminas também
interagem com transportadores de monoaminas. Exemplos deste grupo sao o
2,5-Dimetoxi-4-cloroanfetamina (DOC) e o 2,5-Dimetéxi-4-bromoanfetamina
(DOB) (Figura 5) (HALBERSTADT, 2017; HERIAN; SWIT, 2023).

Estudos descrevem que os efeitos alucindgenos sdo mediados pela ativacao
de receptores serotoninérgicos, especialmente o subtipo 2A. Curiosamente, as
indoleamidas s&@o agonistas nédo-seletivos dos receptores serotoninérgicos,

possuindo afinidade tanto pelo subtipo 1 quanto pelo subtipo 2, enquanto as
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fenilalquilaminas sédo altamente seletivas para o subtipo 2. Entretanto, estas
interacdes ligante-receptor dependem das substituicbes feitas nas moléculas,
podendo resultar em acao agonista ou antagonista em determinados receptores
com maior ou menor afinidade. De maneira geral, as fenetilaminas podem induzir
a liberacédo de NA e DA ou inibir a recaptacdo da 5-HT, NA e DA resultando em
acumulo destes neurotransmissores na fenda sinaptica. Desta forma, causam a
super excitacdo de receptores presentes na membrana de neurdnios poés-
sinapticos resultando em efeitos estimulantes e/ou alucindbgenos (GEYER;
NICHOLS; VOLLENWEIDER, 2017). Por exemplo, o 25I-NBOMe foi descrito
como tendo poténcia proxima do LSD, com doses na faixa de 0,5 a 1 mg
(HALBERSTADT, 2017; PALAMAR; ACOSTA, 2020).

As fenetilaminas sdo comercializadas em forma de pd, capsulas, liquidos ou
em selos do tipo LSD, podendo ser ingeridas ou insufladas e séo
predominantemente usadas em ambientes de festas noturnas e bares
(GERMAN; FLECKENSTEIN; HANSON, 2014; GEYER; NICHOLS;
VOLLENWEIDER, 2017; PROSSER; NELSON, 2012). Dos efeitos adversos
mais comuns causados por estes compostos, estdo vomitos e diarreia,
depressao, tontura, dores de cabeca e confusdo. Entretanto, como esta classe
de NPS é comumente usada alternativamente ao LSD e ecstasy e justamente
por ser normalmente menos potente e/ou mais toxica, varios casos de
intoxicacoes letais ja foram reportados, principalmente associados ao uso de
NBOMes (HERIAN; SWIT, 2023; PROSSER; NELSON, 2012).

Atualmente, a classe dos canabinoides sintéticos é a mais popular, tanto na
Unido Europeia quanto no Brasil. O grupo das catinonas sintéticas se encontra
em segundo lugar; inclusive, o EMCDDA alerta em seu relatério mais recente
sobre o aumento na apreensao de compostos desta classe de estimulantes e
expressa preocupacado sobre uma possivel crise a ser causada pelas catinonas
sintéticas futuramente. Por fim, embora as fenetilaminas sejam menos
frequentes ou populares do que as duas outras classes de NPS e, dependendo
do pais, os numeros relacionados a estes compostos sejam baixos, estes
alucinégenos ainda possuem relevancia e trazem riscos a saude publica,
principalmente no Brasil (ANVISA, 2017). Assim, em virtude de novos compostos
destas trés principais classes continuarem emergindo no mercado de drogas

brasileiro, se faz necessario manter um cuidado adicional a elas. Neste sentido,

27



uma ferramenta importante para o controle e combate as NPS é o uso das
metodologias analiticas que sdo empregadas para detecta-las e quantifica-las
em diferentes tipos de amostras. Contudo, com o ritmo frequente e alarmante no
qual as NPS continuam surgindo e se diversificando, tais metodologias precisam
ser constantemente revisadas, atualizadas e aprimoradas, portanto, € sobre elas
que discutiremos na sequéncia.

1.3 Métodos analiticos para determinacao das NPS

O continuo surgimento de novas drogas sintéticas torna a tarefa de detecta-
las e identifica-las bastante desafiadora. Isto ocorre, pois 0s testes rapidos
utilizados na rotina, como imunoensaios e ensaios colorimétricos, ndo sao
destinados as NPS e normalmente somente as drogas classicas. O massivo
namero destes compostos inéditos associado a sua grande diversidade quimica
limita 0 uso destes testes e os torna rapidamente obsoletos para trabalhar com
as NPS (SWORTWOOD; HEARN; DECAPRIO, 2014). Assim, técnicas analiticas
mais sofisticadas, como a cromatografia e a espectrometria de massa, se
tornaram o padrdo ouro para determinar as NPS em diferentes casos na
toxicologia analitica. Se destacam, por exemplo, a cromatografia em fase gasosa
acoplada a espectrometria de massa (GC-MS) e cromatografia em fase liquida
acoplada a espectrometria de massa (LC-MS), pois oferecem a especificidade e
sensibilidade necessaria para identificar e quantificar drogas de abuso em
diversos tipos de amostra. Estas propriedades sao fundamentais para trabalhar
com as NPS, contudo, estes equipamentos séo custosos e delicados, tornando
necessario o uso de algum tipo de processamento de amostra para purificar
estas matrizes antes de serem analisadas por estes instrumentos analiticos.

A literatura dispde de varios trabalhos que descrevem diferentes técnicas de
preparo de amostra, ou técnicas de extracdo, para analisar NPS em diferentes
matrizes, como droga bruta e amostras bioldgicas diversas (KNEISEL;
AUWARTER, 2012; LAU; CONCHEIRO; COOPER, 2020; ODOARDI;
FISICHELLA; ROMOLO; STRANO-ROSSI, 2015; SANCHEZ-GONZALEZ;
ODOARDI; BERMEJO; BERMEJO-BARRERA et al., 2018; TANG; CHING; LEE;
LAM et al., 2014; TOMAI; GENTILI; CURINI; GOTTARDO et al., 2021). Assim, o
preparo destes diferentes tipos de amostra depende do nivel de complexidade
do material em questdo. Por exemplo, as drogas brutas apreendidas, como pés

e selos do tipo LSD, podem ser simplesmente diluidas em solvente organico e
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posteriormente injetadas em um GC-MS (DE ARAUJO; FABRIS; NEVES
JUNIOR; DE CARVALHO PONCE et al., 2023; NORMAN; WALKER; MCKIRDY;
MCDONALD et al., 2020; RODRIGUES; SOUZA; DE MELO BARBOSA; DE
CARVALHO PONCE et al., 2022). Isto € possivel principalmente devido as
substancias psicoativas estarem presentes neste material em altas
concentracfes, assim também dispensando a necessidade de equipamentos
altamente sensiveis, como o LC-MS. Em contrapartida, matrizes biolégicas,
como sangue e urina, demandam de um processo normalmente mais elaborado
e trabalhoso (DA CUNHA; OLIVEIRA; HUESTIS; COSTA, 2020; LAU;
CONCHEIRO; COOPER, 2020; ODOARDI; FISICHELLA; ROMOLO; STRANO-
ROSSI, 2015; SCHEID; ELLER; OENNING; CARASEK et al., 2022). Neste caso,
este tipo de material apresenta diversos compostos que interferem e/ou sao
incompativeis com os instrumentos analiticos e precisam ser removidos, por
exemplo, proteinas, lipidios, carboidratos, células, dentre outros. Além disso, a
concentragcdo dos analitos de interesse nestas amostras também é um desafio,
pois costuma ser extremamente baixa. Por exemplo, a concentracao plasmatica
de algumas NPS, como os canabinoides sintéticos, esta na ordem de picograma
por mililitro (ADAMOWICZ, 2021). Em contraste, amostras bioldgicas sélidas,
como cabelo, tem complexidade ainda maior, exigindo etapas adicionais no
processamento, como a lavagem da matriz para remocao de contaminantes
externos e a digestdo da fibra para liberar as concentracdes baixissimas de
analitos que estdo impregnados no seu interior (GOTTARDO; SORIO; MUSILE;
TRAPANI et al., 2014; RUBICONDO; SCUFFI; PIETROSEMOLI; MINEO et al.,
2023). Assim, o LC-MS costuma ser indispensavel para analisar casos de NPS
nestes tipos de amostras, principalmente devido sua alta sensibilidade e
eficiéncia na separacgéo de varios compostos com alta semelhanca quimica.

A extracdo em fase soélida (SPE) e a extracao liquido-liquido (LLE) sao
técnicas bastante consolidadas para processar amostras simples e complexas,
como sangue, urina, saliva e cabelo, para fins toxicolégicos (DA CUNHA;
OLIVEIRA; HUESTIS; COSTA, 2020; LAU; CONCHEIRO; COOPER, 2020;
ODOARDI; FISICHELLA; ROMOLO; STRANO-ROSSI, 2015). Entretanto, a
crescente busca por alternativas mais sustentaveis resultou em outras
abordagens sendo propostas para processar estes tipos de matrizes. Esta

tendéncia teve inicio com a Quimica Verde, conceito introduzido por Anastas e
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Warner em 1998 foi definido como “uso de técnicas e metodologias quimicas
que reduzem ou eliminam o uso ou geracdo de matérias-primas, produtos,
subprodutos, solventes, reagentes etc., que sdo perigosos para a saude humana
ou para o meio ambiente” (ANASTAS, 1999; ANASTAS; WARNER, 1998).
Posteriormente, este conceito foi adaptado para a Quimica Analitica Verde
(GAC), que é uma aplicacao da Quimica Verde nas éreas da Quimica Analitica.
A GAC, por conseguinte, também consiste em desenvolver métodos mais
rapidos, baratos e menos nocivos ao meio ambiente por meio do uso de menores
volumes de solventes toxicos — ou substituicdo destes solventes por op¢des mais
sustentaveis —, assim diminuindo o desperdicio de insumos e reduzindo os
residuos produzidos (GALUSZKA; MIGASZEWSKI; NAMIESNIK, 2013).
Eventualmente, outras adaptacfes e ramificagdes surgiram, como a Green
Toxicology, Green Analytical Toxicology (GAT), White Analytical Chemistry e
Green Sample Preparation (DE PAULA MEIRELLES; FABRIS; FERREIRA DOS
SANTOS; COSTA et al., 2023; KREBS; MCKEAGUE, 2020; LOPEZ-LORENTE;
PENA-PEREIRA; PEDERSEN-BJERGAARD; ZUIN et al., 2022; NOWAK;
WIETECHA-POSLUSZNY; PAWLISZYN, 2021). Todas estas tém o objetivo em
comum de reduzir o impacto ambiental causado por determinadas praticas nas
areas da Quimica Orgéanica e Analitica. A GAT, por sua vez, teve origem recente,
em 2022, e estabeleceu diretrizes para o desenvolvimento de praticas
sustentaveis no campo da Toxicologia Analitica (DE PAULA MEIRELLES;
FABRIS; FERREIRA DOS SANTOS; COSTA et al., 2023). A Figura 6 ilustra um
resumo dos principios estabelecidos pela GAT e técnicas de extracdo que se

adequam a eles de alguma forma.
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Figura 6. Resumo dos principios da GAT e técnicas que atendem alguns deles. Os
conceitos da GAT estdo dispostos no centro enquanto técnicas que atendem alguns destes
principios de sustentabilidade estéo dispostas nos circulos ao redor. SPME: microextracdo em
fase solida; SBSE: extracdo sortiva em barra de agitacdo; DLLME: microextracao liquido-liquido
dispersiva; QUEChERS: Quick, Easy, Cheap, Effective, Rugged and Safe; EME: extrac&o por
eletromembrana; PALME: extracdo paralela em membranas artificiais liquidas; LPME:
microextracdo em fase liquida; SHS-HLLME: microextracéo liquido-liguido homogénea com
solventes de hidrofilicidade comutéavel.

Diversos trabalhos mostram o desenvolvimento de técnicas analiticas
destinadas a andlise de drogas de abuso, tanto na forma bruta quanto em
amostras bioldgicas, aplicando os principios do desenvolvimento sustentavel.
Dentre as técnicas que tiveram maior difusdo e popularidade, pode-se citar a
microextracdo em fase sélida (SPME), microextracdo em fase liquida (LPME),
microextracao liquido-liquido dispersiva (DLLME), extracdo por eletromembrana
(EME), dentre outras (LUIZ OENNING; BIRK; ELLER; FRANCO DE OLIVEIRA
et al.,, 2020; PILAROVA; SULTANI; ASK; NOVAKOVA et al., 2017; SCHEID;
ELLER; OENNING; CARASEK et al., 2022; SILVEIRA; LOURENCO; FONSECA
PEGO; GUIMARAES DOS SANTOS et al.,, 2021). Estas técnicas oferecem
vantagens interessantes em comparacédo as tradicionais SPE e LLE, como a
reducdo do volume de amostra e de solventes toxicos, maior rapidez e
simplicidade na execucdo destas praticas, além da reducéo dos custos, dentre
outros (DE PAULA MEIRELLES; FABRIS; FERREIRA DOS SANTOS; COSTA
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et al., 2023; LOPEZ-LORENTE; PENA-PEREIRA; PEDERSEN-BJERGAARD;
ZUIN et al., 2022). Interessantemente, o Brasil se encontra no terceiro posto
entre os paises que mais contribuem com a reduc¢do do impacto ambiental
causado por estas praticas (GAMA; MELCHERT; PAIXAO; ROCHA, 2019).
Parte deste trabalho tem sido feito por nosso grupo de pesquisa que, nos ultimos
anos, vem propondo técnicas e aplicacdes mais sustentaveis para a analise de
drogas de abuso em diversas matrizes (BAIRROS; LANARO; ALMEIDA;
YONAMINE, 2014; SILVEIRA; LOURENCO; FONSECA PEGO; GUIMARAES
DOS SANTOS et al., 2021). Inclusive, a GAT teve origem em NOSSO grupo com
a colaboracdo de outros pesquisadores (DE PAULA MEIRELLES; FABRIS;
FERREIRA DOS SANTOS; COSTA et al., 2023). Portanto, embora varios
trabalhos descrevam a andlise de NPS em amostras biologicas, a

sustentabilidade de seus métodos € muitas vezes negligenciada.
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2. OBJETIVO

O presente projeto de pesquisa buscou desenvolver novas metodologias
analiticas para identificar e quantificar as classes de NPS mais relevantes em
territdrio nacional, especialmente no estado de Sao Paulo, em amostras
biologicas. Para tanto, os principios da GAT foram considerados e

implementados no desenvolvimento destas metodologias.
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3. APRESENTACAO DOS DADOS

Os dados obtidos no presente trabalho serdo apresentados como uma
coletdnea de artigos cientificos que foram publicados em revistas cientificas
internacionais. Assim, o Capitulo 4 é sobre artigo de revisédo Dried matrix spots
in forensic toxicology publicado na revista Bioanalysis e aborda desafios no
desenvolvimento e adaptacao de técnicas de preparo de amostras para analisar
novos compostos. O Capitulo 5 é referente ao artigo Development of a dispersive
liquid-liquid microextraction for synthetic cathinones in biological fluids based on
principles of Green Analytical Toxicology publicado na revista Journal of
Analytical Toxicology. O Capitulo 6 apresenta o artigo A new application of the
Switchable  Hydrophilicity  Solvent-Based = Homogenous  Liquid—Liquid
Microextraction to analyze synthetic cannabinoids in plasma by LC-MS/MS
publicado na revista Journal of Pharmaceutical and Biomedical Analysis. O
Capitulo 7 traz o artigo Solvent-free parallel artificial liquid membrane extraction
of drugs of abuse publicado na revista Analytica Chimica Acta. Por fim, o Capitulo
8 mostra o artigo An efficient and green method for the analysis of synthetic
cathinones in whole blood using 96-well electromembrane extraction and LC-
MS/MS publicado na revista Sustainable Chemistry and Pharmacy. Os capitulos

estdo dispostos em ordem cronolégica de submissado e publicacao.
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Dried matrix spots (DMS) has gained the attention of different professionals in different fields, including
toxicology. Investigations have been carried out in order to assess the potentisl of using OMS for the
analysis of lllicit substances, the main Interest of forensic toxicologists. This technique uses minimal
volumes of samples and solvents, resulting in simple and rapid extraction procedures. Furthermore, it
has proved to increase analyte stability, improving storage and transportation. However, DMS presents
some limitations: the hematocrit Influencing sccuracy and inconsistencies regarding the means of spotting
samples and adding internal standard on paper. Thus, we provide an overview of analytical methodologies
with forensic applications focusing on drugs of abuse and discussing the main particularities, limitations
and achievements,

First draft submitted: 16 June 2021; Accepted for publication; 9 September 2021; Published online:
23 September 2021
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Reported by Tvar Bang in 1913 (1), blood was the first matrix in the dried mateix spot (DMS) format, which
eventually would be known as dried blood spots {DBS). Furthermore, in the 19608 Guehrie and Sui widenad in
applicability, using it to peeform the measurement of phenylalaning for the carly diagnosis of phenylk ia in
infants, becoming particalardy imporrant in newbon screening until today 121, Currently, DBS is used in newbom
screening and has been extensively applicd in different fields 1o determing sexually tansmined diseases, biomarkers
of inherited generic disorders. medications, drugs of abuse, esc. 3901 In order 0 obtain a DMS, a small drop
of a biothuid (5-40 1) s absorbed ono 2 flree paper and then & dried at room wemperature for a couple of
houts: bleod, for instance, is collecred by a finger- or heel-peick instead of venipuncrure. Aliernatively, sampling
can be performed by spotring u drop of 4 previvasly collecied sample. This cancept affers 4 simple. noninvasive
and cost-effective sample collecrion compared with in-tbe samples, which require trained personne! o sample
and process the specimen, Furthermore, the compact size of Guthrie cards combined with the absence of waser
impraves the stabilicy of analytes and faclitates starage and portacion i1i-19. C tv. some limitations are
also presens when working with dried marrices, such as vuriations of h nit (HCT) g pac iy
in Joss of accuracy (1171

Professionals of differens medical saences have directed their artention to the idea of replacing conventional
liquid samples for drsed matrices in daily unalysis. This vend has resuleed in 3 variery of studses investigating other
biofluids, such as wrine, serum /plasma, saliva, sweat and cerchrospinal fuid (CSF), in the DMS format. However,
blood remains the mast popalar dried matrix ace iy, for the maj of works published so far 111,622 In
1993, Henderson ef ul published the first work using a dned matrix to analyze drugs of abuse 124, Considering thas
the main interest of forensic voxicology i illicit substances, toxicologists did not rtake long to shaw further interest in
DMS and have thus contributed greatly with imvestigadional studies 1122071 One of the main benefits DMS offers
in this Beld is the improvement of anadyte stabiliny, allowing shipment and storage of samples for extendad periods of
time for counterproof purposes 120, In addition, forensic woxscologists work mostly with biological sumples, which
ustally offer challenges due 1o the presence of natural occurring interferents 129 Thus, 2 sample preparation step
poior to analysis 15 imperative and evidendce has shown DMS as a valuable aleernarive for stnplifying this step i,
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Currently, a substantial number of validated methods have successfully dececred several drogs of abuse on dried
msatrices, even including the novel synthetic onés peaziv. The echnique that started in 1913 and branched w
forensic sciences in 1993 has recently achieved a landmark: the World An-Doping Agency (WADA) announced
in 2009 that it would collaborace with other organizations in order 1o develop the use of DBS for spore drug testing,
Their goal is to implement its use for the 2022 Wineer Olympic and Paralympic Games in Beijing, China — which
has been recendy confirmed (231, 1n virue of the course, DMS has taken ever since it was fisst reported and where ic
has currently arrived in forensic toicology. we provide an overview of the analysical methadalegics reported so far,
Here, a discussion highlighting the benefies, limitations, impr and plish will be cartied our,

Analyte stability
Th: lmpmvemem in analyte stability is surely one of the main benefits of using dried matrices and allows its
an For ple, in sport drug, testing, the increased analyte stability assocased
with the compact size of Guthrie cards provides a considerable wider window of analysis for confirmasory or
complementary tests (141, In these cases, urine is the matrix of choice, thus replacing it wath dried wrine spors
(DUS) would enable the storage for exended periods of time occupying less physical space. With this in mind,
mmldnh\gWADAwdlndoptDBSfardmg ing, ibility i to store the urine samples collected from
athlees as DUS (3i-31. Similarly, in driving under the mﬁm:m.c of drugs {DUID) investigations, dried matrices
also could be of belp. In such cases, however, saliva bs established ax the matrix of choice in many countries and is
collected from drivers during roadside testing. Nonethel ies exist reganding the corrdlation between
drug concentrations in blood and oral Huid, while adulterations might alio occur 1571 Thus, DBS could be rapadly
and casily obuined by finger-pricking drivers facilitating the work of police officers, In addition, blood is the
recommended marrix o indicate whether oae is under the effect of any illicir drug, Using dred ocal fluid spots
(DOFS) is also an alrernative which should authorities choose to remain with oral Auid as the standard maerix for
these cases instead of adopting DRS,

Another common practice in daily forensic analysis is invesrigations involving suicides or bomicides. Tn this
conrext, the use of DBS obrained with postmoriem blood ar the crime scene o suropsy his been described 115,24,
|, These reports are few, this most questions regarding the use of pastmortem blood as dried marrix are sill

d. For ple, bow would the sample behave on paper considering the natural securring effects after
death, such as cell lysis and cloring? Woald it result in improger diffision on paper or moublesome sample
wrearment? Nevertheless, employing dried marrices would ullow the berrer stonage of evidence for longer periods

of time enabling more reliabl proof analysis. 1 ingly, an al ive for such cases is the e of CSE,
Aldlough a:llcmnn of this matrix is quire complex and invasive, this is nos 2 limiration in cases where the subject

g a valuabl i for forenss lysi Oneltudy {ated the conc ions of some
dmpbumpmtmmmﬂmdmd(ﬁf‘ indscating a consi partitioning of the analyzes (v A CSF
has been recently investigated 25 a dried marnix al wve for medicanions, although results are sill pn:limimry and

drugp of abuse have not yet been addressed 1411 With this in mind, i 55 possible that CSF could replace postmortem
blood, even as a DMS, although further investigations are required.

lnmtip:inm regarding the impact of the absence of water on DMS have b m better und d the

derlying fi of the technique. Nevertheless, although the averall stability & improved, each chemical has its
own behavioe afier spotting on paper. For example, Chepyala of al. observed thar bolh amphetamine (AMP) and
methamphetamine (METH) have poor stability even an DBS, as less than $0% of the mitial concentration was
found after storing these samples for 1 month at rmoom temperatute (2], However, this stability was greatly improved
when stored under refrigeration, Moreover, Pablo eraf found kower concentrations of AMP in utine samples than on
DUS and srrribmred this o a decreased analyte seabifiey (1), AMPS are a magor class of abused seimulans known to be
bess stable than other analyres in biological samples: however, by sampling as DMS, this imitation is mitigaced (2.
21, Similarly, the chemical stability of synthetic cathinones (SCAT] on biocamples is also substantally reduced,
Repors sisggese some SCAT degrade grearly after a few hours, in other words, they do nor sarvive the transpareation
time ro the lab y. | ingly, 3 comparative study showed ehir SCAT are more seable on DBS than in whole
blood, considering thar analytes are still detecrad after 90 days on samples stored at room remperarure, although ar
bow concentrations |, Similarly, ather new psychoactive substance (NPS) has also been observed as being moee
stable in the absence of water, For example, N-(2-methoxybenzyliphenethylamines (NBOMes) remained mostly
undegraded («20%) for 180 days ar room temperarure when stored as DBS [s2,0,4,401. Furthermore, syncheric
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uypamines were ako more stable ar room temperature when stored us DMS 46,400, Noowithstanding this, while
information regarding the stbility of NPS on conventional liquid samples is casily found in the literature, studics
that investigate NPS on dried mumes are scarce, We have found no works assessing the stability of other classes,
such as synthetic ¢ binoids, amineind pheocyclidyne-type substances, ¢tc., on DMS.

The incresse of analyre stability on DMS is virtually universal, especially if refrigerated. Ambach er wf showed
that cocaine (COC) and merabolites remain stable for 262 days ar -80 and -20°C an DBS 1172, Inserestingly, Lizot
et al. simulared eranspartation conditions and observed thar COC, benzoylecganine (BZE), cocacthylene (CE) and
norcocaine (INCOC)Y were stable for at least 14 days even at 45°C on DBS, while ecgonine methyl eszer (EME)
was ot |16] Sadler e al reported thar AMPs, COC, BZE and morphine were stable for 8 months stored ander
refrigeran for G-acetylmarphine (6-AM) ), Furthermore, Garcia Boy et al reported that concentrations
of 6-AM decreased much faster in whale blood srored ar 4°C than on DBS (14 In this case, the problem s thar this
compound rapidily tums into morphine, 1 ¢ bolite of other sub ces, even prescribed medications,
such as codeine, and thus cannot be used as a marker for heroin use (14,04,20), Complementary data repart thae
heroin was nor stable on papes, further highlighung the importance of improving bencheop szability of &AM

bling a wider window of reliable and selective analysis (2.
Afmdacnmpkn:pomshm!d:wd.lhc b of water inhibi ymatic and chemical reactions, avording

analyte braakdown, ion, etc. 113,10,51). In addition, it hay been reported that the paper itself has
stabilizing properties for some unlytes. :n:counung in favor of preventing chemical de;mhuon 114 The overall
improvement of stability has major forensic b : for o e, when a de is collected in a area,
there i a lick of facilitics and equipment to perform anadysis, thus storage and won are crucial. Abo, the
compact size of DMS cirds allows more samples to be stored in the same room and would secduce transportation
casts: Even in the absence of refrigeation, which occssionally is the case, analyres are mote stable on DMS than in
Tiquid samples, ensuring analytical releabiliry,

Sampling challenges

The improvement in analyte stability granced by DMS is accompanied by some imyp Timitations that fequi

careful comsideation. For instance, the process of sampling the matrix onto the paper and adding the internal
standard (18] lacks consensus of the scientific community and will be discussed pexr,

In pracrice, samples should be spotted directdy onto the paper, for example, blood or saliva: howeves, during
method development, the marrix s added by alternagive means, such as pipetring. [n of feself, chis pracedure is
used to standandize the sampling swep, b might cause analytical inprecisions and eventually failing o be
applicable in authentic cases, Reparts of lack of precision or accuracy during the development of 2 DMS method
are common, which mighr be related 10 haw mumca were sampled. Sull, no thorough investigarion has been
carried out in this regard. Notwithstanding, when 1y with blood, the HCT poeses an additional challenge
10 standardize sampling, thus tnnm‘bmmg w0 qu.mnuuun inconsistencies: the HCT effect. A remarkable work
pablished by Lizot & ol sssessed COC and some of its metabolites on DBS and carefully investigared the influence
of different HCT values and sismple volume spotted on paper. The authors reported that low HCT interfered in
accuracy, while normal values did not cause major impai in the determination of the metabaol: lyzed 1i6.
This was artributed 1o the low HCT mducing blood viscosity, leading to altered hiquid dispersion on paper along
with tncven analyte distribustion in the specimen, On the other hand, analyte recavery was not xﬂ':ucd by the HCI'
and g, different vol of blood had no significant impact on accuracy. This & i was gr
on du: fact dm n authentic circumstances, DBS would be obtained from capillary blood (c.g. ﬁnga-pnck}.
cach spot would contain different sample volumes. Fusthermore, although HCT is a limitation exclusive o DBS
cases, other matrices could be affected by the concentration of ather endogenoss components resulting in alered
dnpmn)u of the Fiquid on paper, Witk this in mind, the vast majority of methods dnrlopcd with any dried marix

y fixed ol of the liquid onto gaper in ander 1o bypass this intinsic variabibity. Tn addition,
some authors have chosen to e the whole spot instead of punching a disk to further avoid inconsistencies in spot
wolumes, However, these approaches are not faithful 1o daily DMS sampling. reducing reproducibility, Moreover,
whether the location where the spot is punched influences the analysis leads 1o further debate in the licerature, For
instance, Ambach ¢t wl invessigated the impact of punching a disk in differens Jocarions of the spor and showed
thar the outer adges had higher concentrarions of some of the analyres analyzed in their work (177, Furthermore,
it was alse reported thar low HCT affecred the anulyuu! quannmnon of these -mlym. mmbumng previous
studies (12,16,17,92), M, Ingels ex wl. showed no significane diffe in yebroxyburyric acid (GHB)

&
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¢ sons when punching a disk on alternating locations of the spot, which is in agreement with other
works (54,511 Furthermore, the volume of samples yielding betrer results was found 1o be from 20 0 35 pl and
agrees with other reports in which HCT values influenced the accuracy of the analysis 116,52,551,

Another practice that usually contribures 1o great vaciability is adding the IS during DMS analysis, Some authors
choose to add rthe 1S directly onto the spotted marrix. while others add it during exteaction 11,20.35 40,500, In this
context, Mammets et ol investigased different means of adding the IS on paper and the influence of blood sporting
for morphine analysis (3. When the whole fleer paper was immersed in an impregnarion solurion containing
the IS, imprecision of less chan 6% wis observed even when punching different lacations of the spor, suggesting
15 was distributed uniformly on paper. This might aid in the search for berter precision and accuracy during
methad developmens, although the sethack with this strategy is the use of high of 1S. Furth the
work also shaws that pipesting and directly dropping the sample an paper results in higher recovery than using a
microcapillary, and o significant difference was observed when 10-70 pl of bleod was sported. Huwever, a higher
cancentration of the analyte was found when punching from the outer bordens compared with the center of the
spot [4]. Although the HCT effect was not assesied by the authors, their work pmvxdcd vakuable n:mlumdmgdlc

elucidation of which factors impact the analysis of dried matrices. The p of g and adding
the 1S mght impact significantly the ', . which shoald b: cliable and free d'bus upﬂ:mﬂv for forensic
purp Thaus, further investigations are 1' d to find optimal conditiony when warking with DMS,

Methods for the analysis of multiple classes of illicit substances
Together with the increased analyte stability, the simplification of overall sample preparation is another benefit of
using deed matrces. In addition, 4 great portion of the methods designed

o analyze drugs of abuse on DMS
artempe o optimize the analytical run by assessing differenr classes amulumomly The main advaneage of this
approach iy the teduction in time and resources, while efficiency is mainminead. Such methods are particulacly
suited 1o investigate polydrug usage, optimizing daily analysis and cases where licde information abour the patiear
w available, and facilivaring diagnaosis,

Sample volume

The usual volume employed 10 obtain a DMS varies from 5 o 10X i, although higher volumes have been ssudied
by some authors (%s/. This small amouns of sample suffices 1o identify and quantirate several subszances with high
accuracy and precision, For instance, Thomas e ol and Versace o2 @l were able to identify more than 15 drugs of
abuse with an automared method using valy 5 pl of DBS 1,51 Similarly, Ambach ez &l published & screening
method for 64 drugs of abuse, inchuding AMPs, SCAT and cocainics, with only 10 pl of DBS 113, In contrasr,
Kacargil 7 al quantitated some AMIS, cocinics and opioids with lngh invity, although needed a 100-pul DBS,

while the method proposed by Scoykova er all was limited for and required a 250-ul DOFS.

In terms of sensizivicy, all methods achieved scceprable Limirs of desiction (LOD) and limirs of quantification
(LOQ), while lincarity range was within clhinical concentrations (Tsble 1). Furthermore, despite the remarkable
results obtained, it is important 10 consider that volumes higher than 100 ul are not easily obrained by heel- or

finger-prick — or even by swab collection in cases where oral fuid & intended. M , the vol i on
paper will impact the drying time (16,20, The microliters used in DMS are considerably Jower thin th: volizmes
used in in-tube samples (5 ml), although methods that need higher vol lave an additonal step or limi

as samples will have to be collected by conventional means, with those naturally obtained DMS not being suited
for such analytical methods. These and other works are listed in Table 1 for comparison,

DMS extraction

After the biotluid s spotted on paper and dried, 4 sample preparation m:p must be performed prior to analysis as
with conventional matrices. However, the difference of using DMS i {of lnquld ples lics in the simplici
and straightforwardness of the process: the paper containing the spot is sub fin an extraction solvent cmhlmg
the migration of anulytes from the aq w0 the organic luytr (Figure 1), Hence, extraction dependds mainly on
the chemical properties of the substances of interest and mighe be achieved by employing different solvents or
mixmres that have affinity and /or sclectivity for the targer analyres, usually avoiding highly polar biomolecules,
such as proteins 42,411, After solvent-based extraction, the sample preparation step of DMS is usually followed
by cenurifugasion, evaporation of the organic sotvent thar was used for extraction, and reconstitution of the
dred analyres with soluri parible with the equif Fori ¢, the work devedoped by Ambach er al

104155/ 00-2021 0135 Sloanalysis (T pub wwad of poenl futune soeece qn\m.

39



Oried matrix spots in forensic toxicology  Review

¥ W

ARG A6 T IR0 | | MO DML OO Rl £ A Oy
SRR VP e daslsiaucing Y l-«!.!.!:&.a.: WAL ety VAd ey Gy ROy DO

ok

ey -

LS e

¥ v

e

1 IHOOD-JHL W PO ROSRADNISAS L 6 § T IHL SR ROy et
ML Suge sty W heanagburypals st s e
€1 SRy g sealon DAY eRuocund-di e DN penlpeg

poe sty g5 Senerpsaeth 0 ) DO ORINMD J0 IE] QD) sy : MaGEed T POy {-gggrigngfg‘a W AOL0- T W Sressvioadh v
@ty Y ISP DM AAMIods sie sgufabﬂas.ez S0 DA o sty ms::&.!.:v N0 YK 00 PN N P S400
gl W UNG SO0 PO (R0 SRL WOGRAR 10 SO A1) S 00 el T
Eiﬂls!g!ilzgg\iEGSIg%g 2000 o eodoac )

WRDITL A P &

el
el

9]

{tv)

sl

sl

"

S
LALE (34

rEZYY

0

sie

¥
SENNre
escr
WSS

Jo0e-ce

e s
FoaE

bl Wh ST

20007-0F

oo

Greoase oors

(2 4 w5z

EELEL 000044

00010

5T 00500

6S6TRL o5-To

ol08 r-s

- 19010 W0 w1

= 000I-ST WO

003

SR

Tty

1014
=

Ll

rrOL9 s

LA

for-ee
o

SE6R0

s
13 iy
Wies
CTVEERL

08
w08

|0%-01 Br-02

h?n.ﬂ

S-S

Klve

of o
isro

(84

rare

sl

riree
W
oL

stowe

59
5
W

559
eS8

osi-s

559

SRR SRS FiUE

o sec
o "o

o woo

24 583
180
s S8G

AL
w wmo

L3 saq

Husy Any -

s
e

b G-y Wrees

:-Sl.i...-!vt;-ialaoli..
Vev-a waudios 178 205
0i1 U 300 VINCH ML Ay

MOB-IML HOIHL JHL 120 D00 Wy
Teayios WOR YOI WA any

wan

UM Wi GET L3AN U3 200 el
W YO VIOW VNI WIIN ANy

st o
I2H D00 WO HLIN YON ANy
HORIONE MO0 THL
HOQ ML WO
o o Ay

Wy waydios ‘379 902
HOOI264L s 207 Yaw yman

WY DN 0N eydions 10 awa e
200 WON VION WNOW M3 ey

W3 siydia 057 U3 13 D 3Na
328 DOOVAN VIO VINGIN HUIN Y

SN 'LTH L0 D00 ey

Sdy ‘gt any

320 WOW VION WINOW RN WY
30378 200 YWON ‘ay
uABeagy L33 I29 HIIN AV

WON YION YNOW MAIN ANy
HOOD DML WO IHL

1 WS Susedow 0 TN 329 200
WOIN VAN VION VINGW L3N Y
Sah G DL WO

OO L el 300 WA wny
WY HOOX JKL 20

200 WO YION 'VINGW M1 vy

W9 surgtacw
328 D00 WON WIHOW HIIN ANy

10415500- 202140135

. fEute sCenoe g

40



Review  Fabes & Yonamine

Matrix spotting Extraction Centrifugation Separation

. @ e

GC or LC analysis

<Drying sohnts S
& ~Vorasing +Ae-dseitve anabtes v

Figure 1. Overview of dried matrix spot analytical pipeline, from sampling to analysis. Matrix spotting is achieved by either direct or
caplllary drop of a biofluid on paper. After dried, samgles undergo either (A) no'mnamaud ov {8) automated sample preparation, In
fully online automated systems, the DMS card is placed directly on the 4 ] 4 punching (Q)

DMS: Dried matrix spot, GC: Gas chromatography, LT Liquid (momnogupm

consisted of extraction with 500 pl of methanal (MeOH) and subsoquent vorrexing foe 15 min (531, Nexr, 10 pl
of McOH + HCl was added and the whole solution was dried under o niogen stream. The dried exaces
were redissalved with 100 3l of mobile phase and the solurion was injected into the LC-MS/MS. In conrrast 1o

d methodologies, Versace et al. developed an automared screening method for 22 substances, including
cocainics, opiokds and AMPs, using an online desorpeion procedure with a S-pl blood spot (4, In their wark, a
96-well plare containing the spoes was employed and the extraczon was achieved under 2 min with the addition
of 100 gl of MeOH. Then, still in the aurosampler, plates were mixed and injected into the LC-MS/MS system,
Furthermore, Gaugler er al reporzed a fully d method in which 28 substances were analyzed in boch
DBS and DUS with na human interaction whatsoever after placing the samples in the § der (e In their
mahnd cach nmplc took only S min of ol tme-to-result and i was possible to further npnmsu time by using
an posed in the same work. The use of this approach allows the screening of aver 1200
compounds in 3 20-min mn. in which AMPs, opaoids, cocainics, cannabinoids and even synthetc cannabinoids
were acsessed (Table 1). The most common solvenes used in DMS extraction are MeOH, acetonitrile (ACN) and
aqueaus buffers, although there are reports considening the limitations of using the buter, The maimn drawback iv
assoctated with the high polanty that results in extraction of undesirabl biomolecules 12 M the
volumes employed in the majority of methods did not exceed 1 mi and achieved high analyte recovery (Table 1),
Both automated and online extraction methods ate atsactive to any operatos, as they simplify cven further the
overall DMS extraction procedure together with the reduction of human cerors, although such approaches require

very costly [nvestment. Noewithstanding this, § methodologics have proven to achieve scceptable
sensitivity and recovery ble to their d counterparts (Table 1), Figure | gives an overview of the
main differences beoween automated and § sample processing

Direct DMS extraction versus traditional extraction techniques

The possibility of avoiding more complex or time-c ing extraction techniques surely is a benefir for forensic

analysis. However, it is impormane thas the resules are reliable considering they may be wsed in court. With that in
mind, same authors have carried oar comparative stdies berween traditional exeraction tech and direct DMS

104155/ 00-2021.0135
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carraction in order to evaluate their equivalence, For instance, Chepyala et al compared the exeraction of a spot using
a solution of ACN 10 a solid-phase extraction (SPE) and the screening method yicldad an average cecovery of 80%
for all analyres, high sensitivity and precision (121, Furthermaoee, Gorziza ef al. compared berween a direcr exomction
w0 4 WAX-S tips methodology 1451, Direct DOFS exeraction viebded higher sensitivity for all analyres associared with
high precision and sccaracy. Moreover, recoveries were very similar in both methads (580%); excepr BZE which
was berrer recovered from DOFS when directly extracred than by using WAX-S rips (82 vs 60%, respectively),
In addition, in WAX-S tips extraction. a higher marrix effecr (ME) was observed (2-90%), Altagether, these data
suggest that simple extractions suffice 10 achieve grear analyte recovery, levedy dismissing complex procedures,
sich as SPE, and reducing assaciated costs (Table 1), Other studies further ‘endorse these ﬁndlngs 19.31], Needless
10 say, direcs DMS extracion was simpler and faster than other nwethods with a simid pl on siep,
as hriefly described above, With this in mind, these compararive studies show thar the resp of both methad
employed for analyte extraction was similar and, therefore, could be interchanged (Table 1}

Methods slngulaﬂy anatyzlng speaﬁc dasses of illicit substances

In ethods designed le clasves of drugs of abuse, which have some advantages as
e mdlc,. i i L“p’umnednnpmﬁ:mdmﬂumdmhxwpmmdmpum
promising benefis. Wich this in mind, we will focus on such methods and their main achievements and particu-
laritics in the following sections,

Amphetamines
AMPlike substances ate a class of dbused chemicals mainty | of theit stimulant propertics and conimt of
difte synthetic ¢ ds, such as methylenedioxymethamphetamine (MDMA} and METH, This major

group with forensic i umm-nl hss been used illicitly for decades; however, only few author have developed methods
aiming exchisively ar this class. To the best of our knowledge, Janros er @l have published the anly two works we
could find in our extensive search of the lirerature. In their work, a method was developed in order 1o investigate
the concentrasions of some AMP-type deugs in whole bleod and on DBS, In the first work, only MDMA and
A-methylenedioxyamphetamine (MDA) were analyzad; although both methods were proven equivalent, as similar
concentrations were quantitated and extraction recavery did not differ, higher sensiciviry for both analytes was found
on DBS (4. Meanwhile, the second work showed thar cone ions found on both mammices were equivalent ay
well for AMP 2e. Funthermore, the comparison between both methods was acceptable in terms of ME, analyre
recovery and stabiliry, OF note is that the authors have reporeed stightdy less distincrive ME was observed on DBS
when compared with whole blood (Table 2), Neadless to say, kigher volumes were required to perform the analyrical
methad with whale blood than DBS (500 v 1% pl, respectively). For comparison’s sake, a quick literature survey
showed that methods designed for the determination of AMPs in liquid samples achieved similar sensisiviey and
recovery, further endorsing che relevance of the results obrained by Jantos e al (39,00 Even though such methods
yielded lower LODs and LOQs, the use of a simple and rapid approach, as the one propased by Jantas o al
with DBS instead of whale blood, Is stll valid, especially considering practical applications. For instance, the
concentrations of MDMA found in blood simples in casex of driving under the influence of drugs (DUID) ranges
from $0 1o 500 ng/ml. Thercfore, the DBS method would sufbice foe this application, Moreover, reporss indicate
that AMPy extract well from filter papety, therefore do not offer great challenges for methods with dried matrices,
even those that analyzed different drug dasses (20,55, %011,

Cannabinoids

Similar to AMPs, there is a pancity of warks focusing on the analysis of A9-terrahydrocannabinol (THC) and
mtabolites in methodologies designed specifically for this class, Tn facr, the only method we could find in the
lirerature was published by Mercolini er all w2 In their work, 2 usual sample preparation for DMS was carried
out: a 10-p) DBS was used and extraction was peformed with | ml of MeOH, folkowed by centrifugation, solveat
drying and redissolution with mobile phase for LC injection. The only particularity was that the deying of spons
was achieved by microwave mreatment (7040 W, 1. 5 min) instead of oom temperature, With this in mind, when

cnmpmngthuwwkmodm thodologi e binoids exclusively in liquid samples, it is pessible 1o
note imy particulasities, Finst, the sam ple vak ployed i usually higher and tbefnlkmngumcmn step
i considerably more comphex and time < ing than it is far DMS; second, these methods have achieved slightly
higher sensitivity: finally, and pechaps the main ¢ berween methodologies, was regarding the tasget analyres,
.tu.me SCRN0R Yo 1048155%00- 202140135
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more THC metabolines were evaluared using Bguid samples, such as cansabinol and bidiol (Table 2} 1268040
For example, the method of Piching e ul employed only 100 w1l of oral Huid. serum and urine, followed by a simple
analyte extraction. The only downsade is thar urine samples had o undergo hydrolysis, which is not needed when
uking DUS. Morcover, cannabinoids were analyzed even in swear samples with a similar extraction provedure i), In
contrast, Mercolini o @l only wed DBS and analyzed THC, 11-hydroxy-A9-rerahydrocannabinol {THC-OM),
and 11-Nor-9-carboxi- A -temahydrocannabinel (THC-OOOH), while the ather meeabolites were nor menrioned,
T'his leaves room for spesulasion about whether aztempas were made 1o inddude the remaining analyres and whesher
limitations complicared the analysis.

Cannabinoids have been described as moublesome during analyse extraction, which are limitations thar do
not seem to be 2 problem when using liquid samples, In the process ot'exmautg different drug classes from
filter papers in a single procedure, their chemical pose a § In this context, several
authors have reporeed not only low recovery of c.-umnbinnds from DMS but akw M of sensitivity in their
methods 111.26.46,40,5%411. On the one hand, Pablo ef 4l reporred that a low signal for THC-COOH was observed
in latter vials within the same run, which has ked the authors ro investigate the stability of these analytes, Dara showed
that this cannabineid is only mlalcfnt}hzftahdlg pmwdanpapuanddntdlul Orher authors have reporred
simmlar findings that could jusufy this limitaton when anal binosds on DMS 126,3%,6,57,611. On the other
hand, Mercolini et al shawed that THC, THC-OH and THC—COOH were stable on the spot after being stored
for 3 ths ar room temp with a recovery loss less than 10% compared with the mitial concentrations,
Funk when comparing plasna and DBS analysix, levels of all analytes were found to be equivalent for both
matrices 2. Cutiously, the authors reporting low stability of cannabinoids on DMS alo employed solvents for
extracting different chisse of abused substances in the same procedure (11263090, 410 In addison, Mercoling e el
aimed specifically a1 cannabinoids and achieved high analyte recovery i), Perhaps, the microwave treatment in
their work resulied in & fast-drying process and improved analyte stabiliy. However, some authors anribute the
exrremne lipophilicity of cannabinoid molecules # being responsible for binding 1o active surfaces or marrices, such
as ceflulose, which the filier paper is made ol resulting in poor extracton from the DMS twessae. Tn this conrest,
Stoykova e wl, described thar when developing 2 method o investigate drugs of abise on DOFS, THC could not
be detected unless a prerreanment (MeOH + HCL was performed. Furthermore, even when DOFS underwent
the pretreatment step, THC recovery was seill low {45%) bur detecrable, while all ather analyres had improved
recovery (2 70%) 1+ Therefore, it can be speculated thar seabiliry is nor the limiring facoor, bur the high affiniry
of cannabinoids for the mamix paper leading 1o poor recovery. Nevertheless, the lack of consensus associared with
scarce data makes difficult the understanding of the main causes respansible for the low extraction of cannabinoids

from DMS, The q is thaz professionals who yworkwnh&ricdmancuorimmdmmhpcdm
micrasampling mchnu;u: w analyze THC and menabolires sull need 10 be endightened abour strategies 10 overcome
this limitation: 1 her poins of consideration is thar Mercolini e o, applied 3 conversion facror n

udn:omth:mﬁumunfﬂ(?’ronamuxylm This measure was also adopeed by the group in other woks
and it will be discussed with details in the nexe sections 5.

Cocainics

Pethaps the first work ever d:tctmmmg drugs of abuse on DMS was pu.l:lhhcd by Henderson er ol in 1993 using
GC/MS as confirmation for radi y sereening, In their work, a quite complex extraction procedure was
used and BZE was the only analyte investiga ‘rzq.." h Sostioff er af. published 2 method for the same
analyte with a similarly compl ple p although higher analyte m;ovcry was achieved. The main
Lifference, however, consisted of the sy |lmv nse for analysis, as LC-MS/MS was chosen over a GC/MS

yielding higher sensitivity 171, Henderson ez af thien wsed this pre-csublished LC methodology in an epidemiclogy
study to investigate prenatal exposure to COC by analyzing the presence of BZE on DBS of newborng s, Mareover,
Alfazil and Anderson proposed a specilic COC method using DBS with further improvements in snalyte extraction;
however, 4 STE was employed aftee the deug was extracted from the paper in order 1o purify the extrace (191, Similar
LOQ was achieved by this methodology compared with previous works investigasing COC exposure using DMS
{Table 2). Nonethekess, Mercolini et af published 4 method aimed at desermining nor enly COC but also twa
metabolites on DBS, Also in the same work, DBS and serum extracsions were compared, which consisred of a
simple solvent-based extraction and 2 SPE, wq»cclively 1521, Analyre recovery both matrices was greater than 90%,
althaugh a theee- 10 fourfold increase in sensitivity s aducva! in serum (Table 2). They employed an acbirrary
carrection for HOCT variabiliry, thiss obraini i b the concentrations with serum and

B AL 4
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with DBS, The effect of the HCT on DBS analyss bs boen extensively discussed in other works, therefore we
shall not deail it here pzas,

Opposing 10 the use of spiked samples collected from living people in order 1o validate the methods and
perform the analysis, Mocewti e @l used authentic p em blood & d and provided impoetant dama for
discussion (1. The authors chose 10 use a fixed volume of 85 pl and the whale spor was used in order w reduce
analytical vaniabilities. The method was designed 1o analyze cocainics and achieved high sensitivity and specificiny;
haowever, precision for EMFE was not scceptable for intemarional guidelines, Interestingly. in ane case, blood samples
were collecred directly from the corpse at a crime scene and COC concentration was more than threefold higher
on DES collected at the crime scene than on DBS obeained by candiac blood during dutopsy. which the authors
arrmibuced ro possible environmenzal ination |3, Nevertheless, the method has proved 1o be suitable for
analyzing either whale blood or DBS, dcspme the HCT effect. The number of works propesing methods for
the analysis of COC and bolites are limited, however, the ones published so far have presenzed accepuable
sensitivity, selectivity and analyte recovery, with the linear mnge being within clinical concentrations {Table 2). In
addition, HCT effect, volume sporred and i of ing have been considered in these works. Altogether, DBS

has proved to be a good candidate for pplicationy involving analysis of COC and menabolites.
Opioids

Opioids are a cdass of therapeute pain rell (e, codeine) and also include heroin, a classic abused subwance,
These chemicals share morphine as a major meeaboliee, which is 1 prescription medication, Thus, the determination
of the intet fiary beroin metabolice 6-AM is fal to distinguish between the use of proxcription opisids from

hetoin. Garcia Boy of al. published 4 thotough investigation of morphine and 6-AM on DBS in which samples
underwene different deying tmes atdifferent temperatires (40 Trwas observed thae | hac40°C was sufficient w dry
the spots, while analyre decompasition remained at a minimum, Furthermore, cthyl acerae yielded higher recovery
than other seganic solvents, Still, extraction efficiency was iwolold higher for 6-AM than for morphine and no ME
was observed. The method presented high sensitivity and efficiency ar detecting both analytes in whole blood and
on DBS, while the concentrations found on these matrices were similar, Furthermore, 6-AM has a shorr half-life
and DBS improves its stability even at roam temperatire; thus, it is more feasible o use it over whole blood, as the
window of derection is wider reducing the chance of Blse-negarive resulss for heroin intake: This becomes especially
imporrant in cases where venous blood is nor available or when rime is crucial, such is the case of roadside screening,
The method developed by Garcia Boy e al also investigared the feasibility of wing DEBS over whole blood and
showed promising results, although only morphine and 6-AM were analyzed. Furthermaore, Clavijo of al analyzed
wwo other metabolites, morphine-3-glucuronide (M3G) and morphine-6f-glucuronide (MGG, in whole blood

AndonDBS mmp:nngbochnummwu In this case, water yselded higher analy y from DBS than odher

and were squival bath murri:a(>9’i%) while ME was not observed (Table 2) .
E\tnthougll lidars were acceptable for i | guidelines, che authors described a higher
wmmntyfnrmarphm:dnnfurdumhn bolizes ). | ingly. it has been reported that anticoagulants
can increase the concentration of some analyres, such as morphine, and thus are nor rec ded when analyzing

this substance [13], Pechaps, this was the case, considering plasma with EDTA was used and LOQ for morphine was
Jower (Table 2). Juin er af have also evaluated different extraction solvents for diffcrent conditions and conclucled
that water yields betteranalyte recovery fram DUS (99.4%), corroborating data from Clavijo etal umw In contrast,
Verplactse and Henton developed a fully automated SPE-LC-MS/MS method for the quanti

of opioids on DBS (551 Sensiesvity, linear range and recovery (>70%) sufficed for the intendad concentrations
on biosamples within a S-min ran, In addition, their method presented a high-throughput alternative capable of
analyzing a superioe number of samples over time than nonautomated methodologies, On the other hand, the
method could not distinguish heroin users from prescription medications, Clearly, the intended applications of
the authoes were o monitor the therapeutic use of opioid medicarions, Morcover. anather important drawback
faced during opioid analysis i redated 1o analyre suability (31,9), For example, lower sensivivity and recovery have
been reported for opioids in 10 other compoands analyzed by the same methodology, which scabilicy
investigations shawed signals of both morphine and 6-AM increasing over time 30, This could be the sime case
with cannabinoids. in which a method aimed ar this group of chemicals achieves bester results (Tables T & 2) w0,
The determining festures causing poor recovery of some opioids from DMS are still unclear and the investigations

carmied out so far could noe fully elucidate chis, thus additional are required. Nevertheless, it has heen
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aablished that the determinarion of morphine and 6-AM from whole blood and DBS are equivalent, therefore
could be applied in forensic cases.

Gamma-hydroxybutyric acid

A commonly abuwsed drug by reens and young aduln ar parties, GHB is also placed in alcobolic beverages of
unsispecting victims in order - facilitaze sexual sssauls, Thus, the imporance of analyzing this chemical is
imperative to aid this rype of ivestigation. Curiously, GHB was only addeessed in methods designed exclusively
for irs analysis and there can be different explanarions for this, as will be discussed in this section.

The first work analyzing GHB on dried marrices reported poor recovery due 1o the chemical properties of
the amalyte. With this in mind, an mgenions maneuver was adopted 1o bypass tha limitation, the ‘onspor
derivatizanion’ (u). Briefly, 2 denvarization solution was added to a vial containing the whole DBS o a punched
disk. followed by 5 mun of sonication. Nexr, the solution was mpomed and DBS was redissolved with 200 pl of
ethyl acetate, sanicated and centrifuged, Finally, the ! was d to znother vial, which was
injected into a GC-MS. By employing this strategy, analyte extraction was successfully achieved with accepeable
sensitivity and accuracy o). In the following yeass, the group has improved this methodology and a following
puhlmm by showed thae similar cnnomu:mom of GHB were found when analyzing whole blood and DBS,

fore being  relizble al ive 155,191 N Saracing ef wl. proposed a method for GHB analysis on both
DBS and DUS in whach the authors chose to use a capillary electrophoresss with a diode armay derector (CE-DAD)
instead of GC-MS as an alternative to derivatization procedures 1721, Indeed, high analyte recovery (>90%) and
Sower LOD and LOQ were achicved. Nevertheless, even with higher sensitivity than the methods of [ogels er wl., the
endogenous and therapeutic ranges were far superior and thus more than muup.!n for GHB analysis (Tablc 2) ),
Moreaver, although a SPE was employed, the extraction was faster because no derivati was

Although scarce, the works published so far show the potential of dried mnmoes in forensic i m\tungaunm where
GHE is suspecred, For example, in cases. of deug-facilitated sexual assanle (DFSA), some of the drugs used in
these crimes are naturally endogenous in low concentrations resulting in u challenge for toxicologists 1o properly
undertake investigations, which is the case of GHB. In addition, the report of the assaule is often delayed by the
victim, thus promp pling guar that the rarget analyres ame able o be idensibied within the window of
detecrion, In this contexr, the use of dried marrices. such as DBS, would avert these liminations and enable simple
and rapid blood colk:mon without a phlebocomist. Hence. police officers, for instance, could perform the sampling
upon suspicion. A dvantage of using dried marrices in these circumszances is thar a more discreer aleeration
in GHB concentrations is nlw:nui on DBS compared with 2 significant increase in whole blood aver time duc 10
impravement in analye stabilicy (33, 7.73). This parocular feazure regarding the stability of compounds on DMS
will be discussed in further sections.

New psychoactive substances
New psychoactive substances {NPS) emerged in the early 20005 and have dramatically changed the syntheric druy
market since then. According to the United Nations Office on Deugy and Crame (UNODC), over 120 countries
have reported at least one NPS in their territory and approximsately 950 substances have already been reported
worldwide 731 In this context, methodologies have been reported to determine NPS on DMS, For instance, Wang
et al. reported a simple analysis of 37 SCAT by LC-MS/MS achieving low LODs and LOQs for most analytes,
Interestingly, cven though recavery of analytes varied gready (12-104%), it was conchuded that ethyd acetate was the
best sobvent 1o extrace this class of sul o8 when compared with MeOH and ACN. In comparison, the method
developed by Ambach er ol yiddcd similar LODs and argered considerably more compounds. alchough it is only
plicable for seeening, this g fursher experi andd validation in order 1o be sited for quantitation 133,
Borh works used simple and fase wlnm-bascd extraction achicving high analyte secovery (Tables 1 & 2. Morcover,
Yan ef @l published a method for the quantitagon of S-methoxy-NA-diisopropyliyptaming (5-MeO-DIPT), a
synthesic psychedelic, on DUS. By aiming excluvively ar this compound, higher sensitivity was achieved compared
with acher works, while precision and analyre recovery were also within acceprable ranges (Table 2) (x990 Newdless
w0 say. this method is restricted for specific circumstances because it aims only at 3-McO-DIPT; however, expansion
af the methixd to encompass ather analyres is possible and aged, although would require revalidation. In a
similar work, Cunba # 2l aimed at the evaluarion of seven different NBOMes on DBS. The results achicved are
comparable 1o ather publications in terms of sensitivity, sccuracy and precision {Table 2} ),
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The number of wodks proposing analytical methods for assessing NPS on DMS is still scarce, Although grear
atrention has been given 1o these compounds in the last few years. the majority of methodologies chose 10 ase
fiquid samples, Farthermore, while SCAT usually draws mare attention for toxicologists mainly due to its high
popularity among drug abusers, other classes are negected, UNODC classibies NPS in nine diffesent groups and
only the SCAT group was extensively addressed. Meanwhile, only some compaunds of the phenethylamines and
srvpramines class have been assessed by the methods using DMS as far as we are concerned, By aiming 1o analyee
multiple compounds with different properties in a single run, several drawbacks are faced similar 1o with rraditional
drugs of abuse. Nevertheless, diffecent authors accomplished 1o develop methodologies with acceprable resulis for
screening and analysis of NS en dried marnices (Table 2). Thus, this approach is encouraged rather than focusing
ar a single analyte due 1o the inh characreristic of the ever-growing numbers of NPS.

Analytical instruments
The task of screening and analyzing drugs of abuse in biological samples, which is usually present in low concen-
trasions, is unc of the main goals of forensic laboratones and becomes even more challenging when only microliters

are avatlable. Thiy is the cise of DMS and such 2 | ion is only possible to overcome due to the existence
of lughly sensitive detection techniques, wch as GC-MS or LC-MS. Ho\mm. these types of equipment are
and skilled nevertheless, they provide very ive and sccurate results, esential for

forensic investigations. The ov:nll process of DMS analysis is uncomplicated: seill, ingenious sdaptations have
been developed in order to further facilitate these procedures, for example, the online and automated approaches
(Fgure 1) (11,40,44,55,74). By employing such techniques, it becomes possible 1o use 96-well plates instead of vials,
for instance, which grans high throughpur for massive toutine analysis, In additgon, the human handling of speci-
mens is limited 1o placing them on the autosampler, thus coatributing o reducing operaror errors and increasing
reproducibility. Furchermore, the more recent concept of direct elurion abw improves DMS analysis (73], The cand
is pu directly into the equipment eliminating the need for punching the spots and manisl exsraction (Figore 1),
Although it has not been applied 1w the analysis of drugs of abuse yer, reports show proasising results, such as the
increase in sensitiviry and elimination of the HOT effect v, Nevertheless, these serups wsimally require modified
instruments ins order o perform the online or antomared analysis, which are cxpensive and limic its acquisition and
further applicabiliny,

The majority of methods developed for drug analysis on DMS employed LC-MS systems, while only the minarity
used GC-MS or ocher instruments. This could be explained b,' the \mmllry oflnqund d'omlmrognphy zssocul:d
with the gain in sensativity, as suthors suggest [£1,25,490,81,43,67). M the requi of a d

step
s an important disadvantage of GC-MS-based amalysis; for example, 2 more complex DBS and DUS exvraction
with SPE followed by CE-DAD was faster and yielded higher sensitivity than 4 GC-MS method mamly because
no derivatization wa necessary [72]. Interestingly, in GHB analyss, the prevalence was GC-MS over LC: the
authors had reported several setbacks in order o analyze this substance using liquid chromarography, thus GC was
preferred (33,m,71,

Another particularity between the GC and LC systems i the ME, Although this challenge is only faced with
LC and not a problem for GC analysis. Jess ME was reporred whcn using DMS inseead of liquid samples (16,280,
This could be explained by the sampl that dried fergo which results in cleaner exsmacts
with less interferents. Nevertheless, not all works aimed at investigating this feature in their methods, thus data are
scarce {Tables 1 & 2), Hence, a more thorough investigation 1o understand the catical factars of ME on DMS 1
warranted.

Deespite the refevance of GC for the analysis of several compounds of forensic i ysuch a8 ethanol and GHB,
the use of LC systems was more explored with DMS, Furthetmore, evidence shows thar the agreement of resules
obuained by LC-MS with GC-MS systems are higher than 80%; thus, traditional methodologses for drug analysis
can be adapred o LC-MS systems, shoukd the chemical properties of the analytes allow (11,35, Tn addition, ather
eports demonsirate the mxmlungublc fearures of both systems and vlm lL—M.S/ MS yickds htghev spmﬁmy

and sensitivity than GC-MS, althaugh it 1ends o be more expensive (91,311, N er, ch
are preferred over | ys due 10 several limitagions, such as low specificity, sensitivity and aoﬁs-mmmy
bcmccn analyzes. Hence, it ins 10 the of w0 choose which instrument. rechnique and sample 10 we

") A3
P i on the |
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Volumetric absorptive microsampling
As discussed in previous sections, one of the main challenges of using DBS is the HCT effect. The volume occupicd
by red blood cells in whole blood leads 1o alterations of sample viscosity: henoe, the distribution of hlood on
paper wgether with the homogeneity of soluble molecules, such as the analyees of interess, will be affecred, Other
discussions have taken place regarding the volume of sample spotted on paper and how the spotting is performed, as
it has been shown to have an impact on some analytical paramerers 7e-74). In this conrext, a recent miccosampling
technique with the promi n( overcoming the main limitations of conventional dried marrices, sucll as DS, has
mn Asad 'nd (N l HY b'mwy('al Il = m 1 - . '~ M (VAMSY’I
le:hniquc consists of a plam: device with a hydrophilic polymer on one of the cads. This tip cnnnumng a porous
ial is capable of absorbing fixed ol of blood: thus, iz is nor influenced by the HCT and avoids the risk
nfm'unmphng. VAMS, th fi F the advantages of DMS techniques. while avoiding some of the main
limitations [ 9.

Even though, VAMS wis introduced recently to the scientific community, different applicitions have been
reported, for medications, proteins, drugs of sbuse. et For de, Mercalini e al published a srudy evaluan
the use of VAMS with :on\mnallamlo;ial matrices, such as blood, unneaﬂmlﬂuﬂlmﬂcplwn
investigate the applicability of this sp h with diffe ices, while dardizing other fe such ax
sample volume absorbed by the devicz. exposure time, drying time, best solvent for exm:dnn. stability, feasibiliry
for its use with drugy of abuse, etc. Only 10 pul of brofluid was uwsed and McOH was chosen as the best solvent
for extruction of the analytes thereby tested. For all wmples, an addition of 500 ul of McOH was followed by
simultancous ultrasvand agitation and voreexing, Next, the extraces were dried and reconstituted with 100 pl
of mabike phase for LC-MS/MS injection (w), Needless to sty, the ovenll sample preparation of VAMS i
similar to traditional DMS and studies have already showed both techniques are equivalent alternarives, 25 similar
concentrations of analytes on both (), The same is applied (0 accutacy, recovery and stabiliny studics, as analyres
were found to be moe stable on VAMS than on liquid sanples.

The overall characreristics of this technique have been discussad with derails ebsewhere and will not be sddrcssed
in the present review ). However, it i worth mentgoniog thar VAMS has gmwing porential in forensic cases for

combining the advantages of DMS while avoiding the nuin Timiations w-ws), A ion was also shown 1o be
possible and even a noved spray jonizan hnique was developed — the spange-spray lonization mi. [n this seaup,
a needle applies 2 high voltage disch ‘gx on the YAMS rip conmining the sample, which is pliced ar the

jon source, In the meantime, analytes are desarbed by a solvent flow forming a spray and entering the MS. This
approach is similar t paper-spray jonization, which has been eheganty reviewed elsewhers, and enables 4 myriad
of furure applications in the forensic wxicology (&),

Conclusion

The interest of the scientific community provided valiable dara showing thar DMS could be 4 plansible alternative
in the furensic wxcology to analyze drugs of abuse. While che main benefiz is she rmp of analyte stabaliry,
dusimpllﬁminnnfnmplingmdam}yumimmnlm ient and these methodologies are compatibl

with both gas and Liquid ch graphy. Nevertheless, a limitation of using dried muasrices is the HCT effect thar
can cause loss of sensitivity and increased variability, reducing precision. Moreover, thete bs a lack of consensus
regarding the means of spotring the hiofluid and adding the IS on paper, the tdeal wlume o spot and where
punch the disk thar will be wsed in anadysis, Further investigations are still required in order to ehucsdare the limiting
facrors of DMS and how to overcome them,

Future perspective

Considering over a century has passed since it was created by var Bang, the application of dried marrices in
forensic toxicology is somewlhat recent. Although toxicologists wolldmdc have pubhshcd rematkable findings
employing this technique to detect and quantisate illicic substances, the imp in forensic routine is still
modese. With the secent announcements of the WADA adapring DBS for drug testing in a global-scale evenr,
perhaps the landscape will change. Deied matrices are very promising and could being grear benehins, expecially
regarding averall sample stability allowing storage and transporeation for extended periods of time, while enabling
rediable analysis. As rechnology advances, swomation and higher analyrical efficency become more accessible,

ceruainly favoring the develop of methodologies with DMS. The experimentation of other bioftuids in the
DMS formar also conrribures to the develoy of this sampling technique, In regand o the main limitations
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48



Review Fabes &

Yonamine

of DMS, VAMS & showing even mote promising potential 1o overcome such drawbacks, while improving the
existing advantages. Furthermore, novel ionization wechnigues, such s sponge-spray ionizarion and desorption
elecorospray ionization, have showed 1o be particularly suitable for analyzing dricd marrices, thus facilisating even
further practical applications of DMS. Altogether, dried matfices have the potential to become protagonises in
different medical fields, including the forensic rexicology.

o Deied matrix spots (DMS) 18 o uenple and inexpersive technigue, which stiracted the sttention of different
professionals, ncluding toxicologists,

f » Ore of the main advantages of DMS is easy sampling and improved analyte stabifity, essential for forensic
purposes,

. Toxicologists have successfully spplied dﬁed matrices to the analysls of illicit substances, contributing greatly to

| the devel of this ling tech

« Despite of the promising fututesod DMS this technique is rarely imph § in authentic f ic routines,
which rmght change in the near future mndeﬂng World Anti-Doping Agency amomaed that DBS will be
ployed in the Olympi and Paralympic games of 2022,
* After years of studies and development of DMS techniques, the beginaing of its use in forensic routines could
finally be comming.
« Furthermora, the vol tr absorp mecr wling and cther mod Ization technigues, such as paper
spray, are suggestive of the further development of dried matrices approaches.

|
|
|
|
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Abstract

The present work dascrines & pacicsl spoication of Graen Analytical Toxicoiogy (GAT) duning the devalopmant of &0 eco-lrendly depevsive
liquid-4qud micicemaracton {DLUME) avakding tha use of highly soxc chlonnatod solvents that are cormmonly used in ths type of the technique
The purpese was 10 further consolidate GAT gudalnes duing method development This, 3 Tull method optimization using 8 mulliveriate s1as-
tical approach and validatian were performed To that end, synthetic cathinones (SCsl, one of the majar classes of new paychoactive substances,
Were the Larget anaktes due 1o ther relevance and duamica! divarsity, Furthermore, whote biood and unne samples were 1he matyioss of dwos
dua 1o thar dinical relevance. The sample preparation step prior 1o DLLME conssted aof praten precpitaton of whole blocd samples, whie
rine specimens ware centrfuged and divted with ulirapute water, Than, borsts bulfer, sodum chlotde and ethyl scetste acetonitrie wane
acdad and vortexed. Firally, vals ware centrifuged and tha crganic layar was transtarned 10 aisosampier vials, Svaparatad 10 drynass and resus-
panded with mobile phass prioe 10 infecton nlo the wtra-high peclormence liquid chromatograpiy—tanden mass spectronmetty system, Orce
optmeed, the proposed DULME was fuly validated: 0.2 and 1 nafmil as the limit of datection ang 1 and 10ng/ml. as the ima of quanteaticn Sor
wrine and blood samples, raspectively. The iinsar canpe veas estatilshed as 1-300 and 10-1,000 ngdmL for wrine anc blood samples, respectively
(r? 10,581, whie 1he bias a0d procison were wehin acoaptaok bmits C>80%). Tha matnx effect was of 1.5-260.2% and - 12 3-139 6%, whie
the recovery was of 274-60.0% and 13.0-65.2%: the process efficency rangad from 46 0% to 192.0% and 179% 1o 58.4% far whote blocd
and unine, respectvely Fnaily, the mathod wes apphad 10 real case aamplas as prood of appicadlity, Thus, 3 simpsa, dhesp and 1881 eco-Trendly
techniue 1o anahyze SCs n tva biclogice specimens weas descrbed,

Introduction

Qualsative and quantitanive analyses of illicit subssances i
biologscal fluids have applications for different purposes in
analytical toxicology, such as im human performance drug
testing where these substances can be used for altering the
athlete’s performance, m roadside drug testing to monmitor
drivers driving under the mfluence of substances or in post-
martem forensic toxicology to assist in death investigations,
In thar context, blood 2nd urine are convennional specimens
with which t 5 possible to establish the canse—cffect rela-
tionship and recent exposure. However, assessing drugs of
abuse in these biofluids is a challenging rask considering the
naturally occurring mresferents, such as cells, proteins and
phospholipids, In addition, highly potent drugs, such as the
new psychoactive substances (NPSs), are usually found at
low concentrations (in the order of picograms or nanograms
per milliliver] (1): thus, it is imperative to use a sample
preparation step that enables the detection of sach drugs
i biological specimens, To that end, solid-phase extraction
(SPE) and liguid-liqusd extraction {LLE} are well-established
wools that have been wsed for decades to analyze not only
drugs of abuse but also a myriad of other chemicals (2-6),

Nevertheless, as efficient as these techniques may be, they
do have limitations, especially regarding the use of large vol-
umes of samples and highly toxic solvents (2, 4, 5}, In this
context, alternative technigues have been proposed ta over-
come such limitations of classic SPE and LLE and improve
the averall process. For example, the solid-phase microex-
traction (SPME) is a miniaturized derivation of SPE, while
hollow fiber liquid-phase microextraction (EPME) and dis-
persive hiquid-liquid microextraction (DLLME) are ligquid-
based techniques considered miniaturized derivations of
LLE (7-9).

The growing interest in alternative tools for drug analysis
follows a trend that oogmated in the late 19%0s by Anas-
tas and Warner, Green Chemistry (10), This concept aims at
the use of more eco-friendly approaches m organic synthe-
sis and it recesved great attention, thus spreading this idea to
other felds of stience and onginating similar concepts. The
Green Analytical Toxicology (GAT) is one of such concepes
that were recently introduced and establish gusdelines for the
development of more environmentally friendly approaches
specifically for toxicological analyses, sach as Forensic Tox-
wology (11), Therefore, in the search for greener alternatives,
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these mniaturized sample preparation techniques are vala-
able tools that have been widely explored by different rescarch
groups. As toxicologists routinely have to detect or quan-
titate substances at low concentratsons in biological speci-
mens, finding a proper substitute for conventional extraction
rechnigues in order to meer GAT principles & not a simple
task.

Rezace and colleagues introduced DLLME in 2006 as a
promising alternative for LLE (9). In this technique, a dis-
persant is used 10 increase the contacr surface berween the
agqueous and organic phases. This dispersive agent, which
is usually an organic solvent, is misaible in both phases. In
contrast, the extracuon solvent 1 immiscible in the aqueous
sample (¢.g., blood or urinel, exactly like in LLE. Thereafter,
by adding a dispersant. droplets of the organic solvent are dis-
persed mto the agueous phase, thus forming a cloudy solution
{i.e., emulsion), As a result, the surface of contact is gready
increased facilitating analyte partitioning from the sample to
the organic , thus making this process faster
than LLE, Once the emulsion is formed, the organic phase
can be easuly collected after centrifugation. Among its main
advantages, DLLME is a fast, simple and imexpensive pro-

Sure that requires fow vol of organic solvents and
samples—all features aimed by GAT principles—thus, it is
comsidered preener than LLE. Furthermore, although vara-
tions of DLIME have been proposed 1o avosd the use of
organic solvents as dispersants, o hmitation yet to be over-
comu 15 the use of highly toxic chemicals, such as chlormnated
sofvents (8), These commonly used reagents in DELME pose a
serious threat 1o hoth the environment and the operator; thus,
theic eeplacement is strangly encouraged by GAT. In face, most
published methods using DLLME make use of chlorinated
solvents, such as chloroform (CHCL,) or dichloromethane
(12}, As a resule, the aim of the present seady was to develop
and validate a DELME entirely avoiding the use of such
highly toxic reagents to further encourage the search for more
eco-friendly alternanves during method development. Despite
that, it was demonserared in the present study thar it is feasi-
ble to adhere to GAT principles such as replacing n

Fabiris ot al.

Experimental

Standards and chemicals

All analytes and internal standards (IS8} were acquired
from Cenlliane Corporanion (Round Rock, TX, USA), The
stock solutions for all analyres were avalable ar 1.0 mg/mL
in methanol (MeOH), while for amphetamine-d, and 3.4-
methylenedioxymethamphetamine-d; (MDMA-d;) were ar
100 pg/mL in MeOH. The standard solutions were diluted
with MeOH o obtam working HONS AT CONCEnErations
of 10pg/mL. All standard solutions were stored in the freezer
at <20°C until use.

McOH, acctonitnle (ACN), ethyl acetate (EA), bexane,
CHCT,, tetrahydrof {THF), sodi borate (borax),
sodinm chloride (NaCly, ammoniam formate and formic acid
were purchased from Merck (Darmstade, Germany). All sol-
venes used i the procedures were high-performance liquid
chromatography grade, and wltrapure water was peoduced
using 3 Milli-QQ system (Millipore, Billerica, MA, USAL

Liquid chromatography-tandem mass
spectrometry conditions

Chromatographic analyses were petformed with 4 Warters
Acquity ultra performance liquad chromatography (UPLC)
system cquipped with an Acquity UPLC BEH C18 column
(2.1 mmx 100mm, L.7um). This system was coupled to a
Quartro Premier XE mass spectrometer (Warers Corporanon,
Milford, MA, USA). A buffer solution of ammonium foemare
1 mM wath 0.1% formic acid was used as Mobile Phase A and
MeOH with 0,1% formc acid as Mobile Phase B aca constant
flow rate of 0.35 mU/min and a column oven temperature at
40°C, The chromatogeaphic run time was 14,0 min with the
following gradient elutson: 0-2.0 mm, 10% B as the starting
gradiens; 2,0-8.5 min, 10-25% B; 8.5-11.0min, 25-100%
B; 11.0-11.5 min, 100% B: 11.5-12.3 mm, 100-10%E and
12.3-14.0 min, 10%B at the end of the run as post-run, The
chromatographic separaton of all SCs s shown in Figure 2.
Multiple reaction itoring (MRM) was used for all anal-
yses with three (ramitions for cach analvte, The mass spec-

sotvents that yield satisfactory resules, bur without sacrific-
ing cfficiency. Thus, a method to analyze synthetic carhi-
nones (SCs), one of the mase popalar groups of NPSs, was
propased.

The chowe of analyzng NPSs s plemty fold, First, the
nsing of these compounds in the early 2000s has drasti-
cally changed the lbicit driug market as they usually are
not under international control. These substances were sold
as altermatives for tradinional sabstances of abuse, such as
cocaine and b and have guned a greas deal of
arcention, In addition, the hundreds of chemically diverse
NI'Ss that floaded the drug market posed analytical chal-
lenges for forensic toxicologists. As consequence, existing
methodologses for drug analysss became obsolete and had
to be updated—or new ones had to be developed and vali-
dated in order to be fit for NPS assessment, In this context,
SC 18 a major group of NPSs with stumulant properties.
Figure | depicts the chemical structures of the 15 cathinones
mcluded in the present study. Hence, as these compounds
are still a challenge for law enforcement and forensic tox-
wologists, this study describes the development and valda-
tion of a green DLEME for SC i whole blood and urine
samples,

was equipped with an electrospray 10nization source
which operated in the pmmvc ion mode for all analyses, Other
TS spectr blished as follows: desol-
vation gas fow rame, !IDOUh cone gas flow rate, 200 L7h;
desolvation temperature, 450°C; source temperature, 120°C
and capillary voltage, 2 kV. The capillary voltage, collision

energy, miz used as quannifiers and qualifiers for
each analyte and retention times are dusplayed i Table L
Sample preparation

Prior to extracoon, both samples underwent a simple sample
preparason step. A 200l aliquot of whole blood was precip-
itared with 200 L of ACN, vortexed for 10's and cenerifuged
for 5 min at &,00¢ rpm. Then, the supernatant was transferred
to a thin glass vial in which the ACN was evaporated under
a gentle N, stream. On the other hand, arine samples were
centrifuged for 5min ar 4,000 rpm and dilured ar 1:10 with
ulerapure water, At this step, both samples were spiked with
warking solutions containing all analytes and ISs in order to
obram the desired concentrations.

DLLME procedure
After evaporation of the ACN from the supernazant of whole
blood m the glass vial, 200pL of ultrapure water, 100pL of
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0.1 M borate buffer pH 8.0, <60 mg of NaCl and 200,L of
a mixmure of EAXACN 1:2.5 were added, For urine samples,
200l of the previoasly diluted vrine was placed in a thin
glass vial, and 100pL of 0.1 M borate buffer pH 8,0, 60 mg
{4 10mg) of NaCland 200 4L of EA:ACN 1:2.5 were added.
Next, all vials were vortexed for 30 s to form a cdowdy salu-
won and centeifuged for § mn ar 6,000 rpm, and the organic
layer was ferred 1o an pler vial and evaporared
to dryness. Finally, SOpl of Mobile Phase A was used for
resuspension of the dried exrracts, and 3 il was injecred mro
the UPLC—tandem mass spectrometry system,
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Method optimization

Univariate and multivariate statisteal designs were used to
optimize the method, For univaciare studics, a two-way
analysss of vanance (ANOVA| was used, and experiments
were performed in triplicate. As for muitivanate desi
full or fractional factorial screenings (2% or 28 -1, respec-
nively) and central composite design |CCD) were used. In
both statistical approaches, significance was considered when
P<0.05, and the adjusted coefficent of determumation ()
obtained by ANOVA servesd to desermine the percent of data
variance explained by the model. All data were processed
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Figure 2. Oreamategraphic separanon of ol SCs The gradkent ¢lution waaed 1o acieve the separation of al wmalytes is escnted in the "Uguid

ChIomMatog sey -1ndm Mass spectromatry conditions™ secnon

using GraphPad Prism® 8, Sraristica® 10 and Minitah® 19
software,

Maeathod validation

The method was fully validated according ro the ANSI/ASH
Sr.nuhrd 036 Fmt Edition 2019 guide for method validation
in F Ti logy and supp i literature (13, 14).

Lincarity, limit of detection and limit of quantitation

The it of detecton (LOD) was defined as a decssion point
concentration in which SCs are usually found in biologi-
cal Ruids {1-7, lS 16). At this specific concentration, all
identification hould be met: ton tme and a
signal-to-noise rano of at lease 3:1 achieved in a minimum of
three different runs wath at deast three matrices from different
sources,

The limis of quanntation {LOQ) was defined as the first
point of the calibration curve for each matrix. ln order o
establish these values as the LOQ, theee samples from differ-
ent sources were analyzed m three different runs where all
identification and quantitation criteria were met.

Lincarity was established m a single run with six-point
calibration curves for each marrix, Both curves were per
tormed in quintuplicates for cach calibration poing, and the
coefficient of varmanon (CV) should be <20% for the first
and <15% for the other calilmmon points. A lincar regres-
won model was used, and ~ was =0.99 for all anulyus. In
addmon. Ieterascedasticity on concentration mngr was inves-

1, and the proper weighting factor was applied whenever
necessary,

Bias and precision

Bias and precision studies were pecformed by analyzing for-
tified specimens ar three guality control (QC) levels in trip-
licates for each level during five different runs. One-way
ANOVA was used to calculate combimed withinorun and
between-run precision, and resules are expressed as % CV.

Acceprance criteria for both within-rn and besween-run pre-
cision were CV < 20%,

Marrix effect, y and p efficiency

The mateix effect IME), recovery (RE) and process efficiency
(PE) were measured based on the work of Matuszewski et al,
(14). Briefly, three expenimental sets with three QU levels in
cach one were wsed. In Set 1, neat standards were simply
diluted m the mobile phase and mjected mto the instrument;
n Set 2, samples were spiked after the extraction procedure
and m Set 3, samples were spiked before the exeraction pro-
cedure, All sets were performed in quintuplicates at each QC
level, but for both Sets 2 and 3, each of the replicates was
collected from different subjects, Finally, absolute peak areas
were used for estmating ME (Set 2/Set 1), RE (Set 3/5er 2)
and PE (Ser 3/Set 1),

Toterference studics
Three different types of interference studies were performed
o assess the selectivity of the method, First, 10 blank spec-
mens, cach from different subjects, were analyzed with the
dcveluped method to evaluare the mterference of endogenous
ds. Next, ¢ exogenous substances that may
uuerfm: with the method, such as prescnption medicnes
and drugs of abuse, were analyzed by the method ar a con-
centration of 10pg/ml A solution containimg the following
substances was prepared in xhe mobile phane and injected

into lht Hnstrumment: ph ine, 3,4-
lunlly £ ¥ P h 3 4—umbylcntdmxym||v
e, fl X norﬂuoxcnnc. serrealine,

ummptyhne, ntmnmlme, iT pramine, mada-
xnlnm. nmanpam nordnumm. nx.wepum. flunitrazepam,
pa _.phznu as-

biral, b hml, harbitai, " A%.tetrah
cannabidiol, nnnahlml nm-‘)-urbux)sA"-mr.lh)druo.an-
nabinel, 11-hydroxy-A"tetrahydrocannabinol, cocaine, ben-
zoyleconine, cocacthylene, anhydroecgonine methyl eseer,
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Tabile L. MAM Transaons for A Amed SCs

Precursar Cone  CE "rodiost R

Analyre s (ovzl (V) v ons {m's)  min)

Cathimone 1500 pis 18 1048 252
1% 1167
10 774

Mechcarhinone 1639 18 10 1461 3ile
1% 130.7
1% 1047

Methylone 2081 24 10 1897 19§
20 159.7
] 17

Dimethylone 222.0 L) 16 1469 415
16 0.5
-+ Ti4

Methedrone 194.2 20 12 1759 538
2 160.7
26 457

Burykme 21220 20 14 2049 618
22 174.1
16 1307

Mephedrone 178.1 k2 1o 1601 6.85
28 1443
M 1026

Eurvlane 2359 24 12 2179 723
113 187.7
28 1733

4-CEC pAER | 2 4 1937 8355
£3 1588
26 1434

Pentzdrone 1919 28 £ 1738 .50
4 1318
2 nw.s

Dhburylose 2360 b2 12 nry 55
20 1876
40 1311

Noethylpentedrons 6.0 8 1 1746 461
.3 1453
28 129.8

Dipenrylone 250.0 18 22 1748 9.7?
26 1488
20 1349

N.etbydpentylone 502 b2 ] 1 5] 29 10,10
16 2022
30 173.3

Noethyfhepeedeane 1540 26 10 2161 1118
s 1459
24 .S

Ampherummned, 1412 1”7 n uso AR
" 124.1

MDMA, 1993 0 £} 1651 $33
N 1353
28 0w

miz: mass-ro-charge ramog CE: collision energys KT: eeresmon nmes 4-CEC
A-chhrocthesthimng,

morphine, G-Wlmorvhme. oodtme. caffcme. nicotine and
cotinine. Finally, conssdering ine-d; and MDMA-
dy were used as 155, it was lnmﬂptcd if any non-labeled
amphetamine-d, or MDMA-d; that may be present as an
impurity would mterfere with the analyres of interest, Thus, a
single sample was spiked with bath labeled 15s, while another
wits spiked only with the SC of imterest at the highest concen-
tration of the calibration curve, Then, samples underwent the
whole process of extraction and were injected into the instru-
ment. For the three interference studies carned out, no peaks
should be visualized in the analyre’s detection window,
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Figure 3. Comparisen of ohwnts for peoton prmceanon. Abeolse peak
A16as of gach SC are baing shown afier whole DCed Samples wera
pracpated wen AN or MeOH. No Statistenl dRrence was oearvwd
Dotwaan Both solvents |F >0 05

Carryover

After an mjection with all analytes at a ligh concentration
{1,000 ng/ml), 2 blank run was analyzed for the presence
of any peak of the analytes of nterest in ther respective
detection windows to confirm carryover. These runs were
performed i triplicate following ANSVASE Standard 036

recommendations,

Authentic samples

The study was approved by the Ethics Commirtees of both
the University of Sao Paulo and the Unrversity of Campinas
{CAAE: 464041218300 100671, Blood and urine samples
were collected at the Laboratory of Analytical Toxwology
from the Toxicological Assistance and Informarion Centre
located at the University of Campinas,

Results and Discussion

Protein precipitation in whole blood samples

Before optimizing the DLLME, the protein precipitation by
two different organic solvents was mvesagated i terms of
analyte recavery. As a result, ACN was compared with
MeOH and no statistical difference between these solvents
was observed (Figure 3), indicating bach reagents yield equiv-
alear analyre recovery, However, ACN was ¢hosen due ro its
hagher protein precipstation efficiency in a 1:1 ratio compared
10 MeOH, even though the latter is a shightly greener reagens
{17-191.

Extraction and dispersive solvent selection

The selection of Ivents was based on the most
common regents used in DLLME, affinity for the analytes,
solubility in warer and greenness (12, 17, 204, A full factorial
design with three and two levels for extraction and dispersive
solvents, respectively, was performed to screen possible com-
binations of organic solvents. The following mixtures were
tested: CHOL:MeOM, CHCLTHE, EA:ACN, EA:THE, Hex-
anc:McOH and Hexane: THF {Figure 4). The Parcto charr
0 Figure 42 shows that not only the extraction and dspersive
solvenss were significantly imporsant for analyee recovery, but
also the interaction between them. This information s more
evident in the graphs depicted in Figure 4b and ¢, which show
the combination of EA with ACN yiclding the highest analyre
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Figure 4. Investigabon of possibie sohent combeations dor DLLME. (a) The Pareto chart showeng i for the extmcton savent

{Facior A), dapersee solvect (Factor 81 and the nteracoon batween them (Factor AR 3% % confidence intervall . cl Interaction piots showing that EA
with ACN yeided higher ST recovery than the other combinatons of solvenits. (ch twowary ANOVA companng the EAACN muture ‘wish CCH, MaOH
Data o 0 b and ¢ are ropresentutive of af aalytos AP <0088, *P <005 **P <00 ***P <0001, ****P <0001

recovery compared to other mixtures. Afterward, a confirma-
tion stady of whether EA:ACN would stand oat in teems of
SC recovery when compared with CHCL:MeOH, a common
choice for DLEME, was carried out (12, 16, 21-23). Figure 4d
depicts the higher recovery of some SCs with the mixture
EA:ACN, while no statistical difference for the remaining SC
indicates sumhr recovery \‘llllﬂ. l!med on these findings,
EA:ACN proved to be a p ion to be used
in DLLME and thus was chosen for 1 mcthod optimization and
validation.

Surface response design

First, a CCD was chosen to study other vanables of the
techmique that could affect analyte recovery, This design con-
sists of a 2% factorial run, with 2k axial and center poines,
We assessed the volume (100=-300 L) and ratio (1:2.5-1:6)
of the EA:ACN mixture together with the pH nl mracnon
(6.0-10.5}, The resp of cathi and wis
considered since the sensinvity tor borh was the lowest among
all SCs {Figare 4d). While the volume of the EA:ACN maxture
was not significant for analyte recovery, the EA:ACN ratio
and the pH of extraction showed to be suatistically signif-
tcant (ANOVA, P<0.05) (Figure Sa and b), In this regard,
by plomng a dcsmhﬂuy surface graph, it is evidens thar the
pH v P for these SCs was around
8.0 anumr S¢ um.l d). Furthermore, in terms of the EA:ACN

ratio, the response increased as the ratio diminished, mdicat-
ing only EA should be uml Mcﬂhrk-ss. considering the
dispersive sol 15 fi I to the mascibulsty
of extraction solvent droplets into the aqueous phase in a
DLLME, ot was not feasible 1o use the extreme of this con-
dition (i.e., solely EAL Thus, the 1125 rano of EA:ACN,
respectivedy, was chosen as this value is sull in the red zone
of the wurface graph, indicating a good response, and was
close to the ratio lmir (a higher ratio would deceease the
response) (Figure Sc and d). The use of a dispersive solvent
s paramount for DELME and it is what mainly differenri-
ates it from LLE. As a result, increasing the volume of ACN,
the dispersive solvent used in the present technique would
alsy analyte partitioning to EA, thus improving ana-
lyte recovery; hence, the 1:2.5 ratio was chosen. Morcover,
ANOVA data of this CCD show a reasonable fic of the exper-
mental data (adjusted 72 2> 85%), indicating the proposed
madel was adequare to :xplnm the variabilities observed on
each factor studied. In this context, despite this caveat regard-
g the EACACN rano in which the indicated desirability by
the surface response graph was not feasible, this model was
well suited for the other variables studied herein (solvent
volume and pH),

Although there are reports of developed and v |
DLLME far SC, only few of them fully ovmnu:d r’lr tech-
nique with a multivariate approach. For example, Meng
et al. compared LPME with DLIME in regard 1o SC
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Figure 5. Ogtrnaston of DULME with CCD. i, b1 Pareto crwns exprassing the ratevancs of pH of exdracton and 1he EAACN o 1o 1he desred
retponne oyt recovry) with o 85% cordadwnce mtecval 128 Surfeos responss oot showng e volene af EAACK ditl no! allect soalyte recovery
In & statistcaly sgrificant ranner, whie SC recovery incrassad lowanng the pH <0.5 ledh il Surface responte gragh showng the maxmuem sakte
recovery m pH rangieg from 70 10 8.5 and as the EAACN ra80 reduces odl. ANOVA, P <0 05 adjusted +* > 95%

extraction using only a unwvarate opumization for differ
ent types of solventy in LPME (K. Furthermore, i the
technique proposed by Femandez et al., 4 thorough solvent
comparison was performed, albeit only chlorinated solvents
were included (CHCL,, dichloromethane, dichloroethane,
chlorobenzene, ethylene tetrachloride and carbon tetrachlo-
ride) (22). Notwithstanding that, they have alsa shown
that low dispersant volume provided better extraction of
methylone from oral fluid samples (22). In coatrass, Airado-
Roxdriguer et al. showed that inceeasing the volume of dis-
persive solvents yields a3 higher recovery of MDMA from
arine samples (24). In addition, 0 the univariate oprimiza.
von described by Ahmadi-Jowban et al. wsing ACN as a
dispersant, it was coocluded that low volumes of this reagens
prevent the formanon of a proper doudy solution, which i
paramount for DLLME, On the other hand, if the solvent
volume is largely increased, analyte solubility in the aqueous
phase increases as well, thus reducing extraction efficiency
(25). In that regard, Akramipour et al. showed similar find-
ings also wsing ACN as 2 dispersave solvent (26). Morcover,
similar 1o the CCD performed herein, Kabl et al. applied
this tool 1o study the rano of organic solvents in DLLME

for amphetamines and reported statstcal differences between
the mimmum and maximum volumes tested (50-150 and
100-250 ul. for extraction and dispersive solvents, respec-
tively); nevertheless, as satsfactory sensitivity was achieved to
extract the aimed analytes from oral fluid, they chose the 1:2
ratho of extraction and dispersive solvents (CHCL:ACN) (27).
These data support our Andings, as a narrow EA:ACN rano
10 work with was achieved (Figure 4). However, increasing
the volume of ACN to a 1:12.5 rano sutficed for the applica-
baliry of the methed. Altogether, elegant optimazanons have
been reported for DLLME, expecally for SC, and the resules of
the present study are consistent with data previously reported.
Nevertheless, the use of the EATACN maxture and a comparn-
son proving it is more efficient to extract SC from blood and
urine samples than CHCL :MeOH were shown for the first
nme (Figure 3d). This is especially important when method
development s ammed toward greener altermatives,

Another variable that merts discussion is the pH value
of the sample solution, considering it derermines whether
basic drugs, such as SC, are protonated or not. This influ-
ences the partitioning of the substance o the extraction sol-
vent and maght reduce the recovery efficsency of the tanget
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analytes. Previous works using DELME to extract SC and/or
other stmulants wsed pH values 10,0, with the excep-
tion of Fémandez et al, that used pH 8.0—although m ks
work apioids, cocainics and other substances were included
18, 16, 21-23 1. Among the variables studied, they showed that
medium o high pHl yielded higher extraction of methylone
(22). It is worth menuoning, however, that some of these
methods aimed at amphetammes as well—which have simi-
lar chemical structures to SCs, although some particularites
are observed. In addition, in methods for multiple dasses of
drugs, it is difficult to establish an opnmal extraction pH tor
all analytes, considering therr diverse chemical propertices. In
this context, the optimum pH value for SC extraction found in
the study was around 8,0 (Figure 4), although there were some
SCs that showed to be better extracted from slightly lower or
higher pH valises {data not shown), Henee, this pH proved to
be suited for all SCs included in the proposed method, and the
DLLME was thus fully optimized,

Method validation

The p thod was validated with linearity from | to
ll)()n;JmL for whole bood and 10 10 1,000 ng/mL for urine
samples (> 0.99) (Table [l}. In addition, the applcation of
the F-test to the linearity dara revealed method heteroscedas-
ticaty, whach was corrected by the application of 1/x® weght-
ing factor for all SCs. According to previous reports in the
literature that analyzed this group of NPS in blood and arine
samples, this hineanty range should suffice for most cases
(1-7, 15, 16),

DLEME s faster and usually yiedds higher analyte recove
ory lJnn LLE. In addirion, as this rechnigue is miniaturized,
low of samples and sol are used. These fea-
tures are in agreement wich GAT guidelines, makog DLLME
a pramisang techmque in that regard, Nevertheless, a com-
mon drawback when using low sample volumes is 1o achicve
the mtended LOD and LOQ, especially for potent substances
that are found at low concentrations in bilogical fluids, such
as SCs. In this context, solvents known to yicld satisfactory

Table B. Lincar fange ana Coethiciant at Decarmination 17%) Adusted with
Waghung Factor 10x for Ali SCs

Whale Bood Unine

Linesr 7~ (1 Lancar o

ramge  weightmg  range woghting
Ambyre togml)  faxror} Ing/mL| facrar)
Cathinone 1-100 09974 10-1,000 02939
Methcathmone =100 0.99%% 10-1,000 09997
Methylane 1-100 09967 10-1,000 09957
Dimethylome =100 09952 10000 09941
Metbedrone 1=100 0999} 10-1,000 09991
Burylome =100 09959 101,000 09947
Mephedrone 1-100 09972 1-1,000 09938
Euryloese =100 09961 10-1.000 09948
4LEC 1-100  0.9995 10-1.000 05959
Pentedrone 1=100 09955 10-1.000 0997}
Dibusylone =100 09932 10-1,000 09952
N-gthylpentedrone  1-1000 09908 1-1,000 09973
Dipentylome 1-100 09967 10-1000 09973
N-ehylpentylone 1=100 09928 10-1,000  0995%
N-cchylhopredrose 1100 09987 11,000 09971

4.CEC; $-chivenethearhimone.

Fabris et al.

results regarding drug extraction, such as CHCL,, are usually
chosen during method development. In conrrast, the DLLME
herem reported used no chlorinated solvents and achieved sat-
sfactory LOD and LOQ values when compared with previous
wuorks that analyzed SCs i blood and urine (1-5). The val-
ves established as LOD and LOQ for al! analytes were 0,2
and 1oL for whole blood and 1 and 10 ng/mL for urine,
respectively (Table 1), In addstion, only 200 pl. of the samples
and 2001 of the EA:ACN mixture were required, Odoardi
et al. achieved 0.2 and 1ng/ml for SC usng S00 pl. of whole
blood and 350l of CHCI:MeOH (21); Mercieca et al,
reported LODs of 1-2 and 2-10ng/mL tor SC ausing 2mb
of urine or blood, respectively, and 700 L. of CHCI;:MeOH
(163 Fischells et al. achieved 0.5 and 2 ng/mL as LOD and
LOQ, respectively, with 500 L. of whole blood and 3501
of CHCI:MeOH (231 Meny e al, achicved LOD and 1LOQ
of 1 ng/mL for methcathinone usang 1 mL of blood and urine
with 100l of roluene assoclated with 3min of sonicanon,
awulmg lht use ua' 4 duspersive solvent (8), Of note, the
ioned iques used larger volumes of barmful
chemicals in comparison to the DLLME herein described,
although similar LOD and LOQ values were achieved. Fur-
thermaore, as for other types of techniques, such as SPE, these
values are similur to those achieved by the proposed DLLME
(2-5, 15, 28}, Curiously, Khalilian and Ruuct coupled SPE
to DELME for the analysis of amph in pl and
urine (28), Needless 1o say, thes dure is time
more expensive and more complex than using solely DLLME,
In addstion, larger v af les {>1 mb) and organic
solvents were emploved, which goes ajtinst GAT princi-
ples {28). In contrast, Alsenedi and Morison developed an
SPME for amphetamines and SC using | mL of urine sam-
ples uchieving $-25 ne/ml as LOD and 25-100ng/mlL as
LOQ, showing an interesting alternative techmique to analyze
these substances (71, Taken wogether with data from previous
reparts, the LOD established for hlood ples provides a
reasonable window of detection m case the plasmanc con-
centranions of the SC are duni g. In ¢ as SCs
tend ro be more concentrared in urine samples, a higher LOD
s recommended o analyre these substances in this bolog-
ical fluid (Tables 11 and IV), Thus, similar to blood, rhe
LOD of 1ng/mL in urine also gives a reasonable window of
detection in cases where the concentrations are dimimishing
due 1o the tme of drog intake or the unne s diluted, As
for quantitative analyses, the LOQs established by the pro-
posed methed also prove to suffice for the intended parposes
(Tables 111 and IV).

The within-run precision of the method vaned from 2.4%
to 17% and 2.8% to 12.5% for blood and urine, respectively.
As for between-run precision, it varied from 3.3% o 18.7'%
and 3.7% o 18.2% for blood and urine samples, respec-
tively (Tables [l and [}, These values are accepted according
o international guidelines for method validasion in Forensic
Toxicalogy that recommend both types of preasion should
be <20% (13). The overall CV values were <10% for most
analytes at the three QC levels, However, some SCs at spe-
cific QC levels showed higher values (e, dimethylone at the
20-nefml QC for urinel; regardless of these few singulasi-
riex in CV, all were below the 20% limit {Tables [f and HI),
On the other hand, bias varied from -14.5% o 10% and
from ~154% to 10.7% for blood and unne, respectively.
The overall bias variability was 410% for most SCs aparr
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Table . LOD, LOA, Bas and Precsion O duing Ve for Wnale Binod Samples
Precmsam (%)
Analyte LOD (ng'mL) LOQ (ng/ml.| QC (oglml| Bias 1) Within run Berween run
Cathusone 02 1 2 49 ar =0
an L8 4.0 45
S0 4.1 42 AR}
Methcathinone 0 1 2 =20 4.5 5.2
an 8.9 ER) i3
b1 4.0 a6 53
Methylone 0.2 1 2 ~14.8 X ]
an 0.7 24 42
X0 6.8 sa AR
Dissethybone 02 1 b1 29 7.0 157
a0 02 27 36
L0 -6.5 53 4
Methedrane ([S3 1 2 -1.8 A £7
an 2.5 5a 45
50 1.8 55 7
Burykine 0z 1 2 -3.5 LR 91
an 38 28 41
Ko 42 24 4.2
Mephedrone 02 1 2 4.0 99 x2
40 47 2 44
80 -1 L7 52
Eurybane nl 1 2 -2.0 6.3 99
a0 47 EA | 62
0 0.8 45 &5
4-CEC 0z 1 a 0.7 78 73
an S0 T LX)
B 22 71 xs
Pentedrons "z 1 2 -23 6.6 ax
40 78 73 69
R0 24 59 6.2
Dbty loee 02 1 2 0.2 6.4 6.7
40 S0 T4 5
R0 -4.0 54 55
Neothipentedrone (12 1 2 24 1.2 ne
40 04 ya 3
0 ~1.A 72 75
Dhpentybane 02 1 2 -14 [ 68
40 54 8.6 Th
50 a4 (54 72
N-othytpentylone 02 1 Pl 0.7 6.5 67
40 a6 10.2 L8
80 0.2 6.9 e
N-etbyihmpredrone 0.2 | b 78 153 e
40 10,0 17.0 165
L 04 126 e
ALEC dchlamethoathinome,

from some exceptions: for example, methylone had ~19.5%
at QC of 2ng/ml. and N-ethylpentedrone had 15,4% ar QC
of 800 ng/ml (Tables 1 and I}

ME, RE and PE were perf d ding to M. ki
et al., and the rosults are shown in Table V (14), The over-
all ME ranged from 1.9% to 260.2% and from -12.3% to
132.6% for whale blood and urine, respectively. Curiously,
expressive values of ME were observed for some SCx, espe-
cially in whole blood, In contrast, these values were lower in
urine samples, which indicates thar the unme dilution in a 1:10
ratio prior to extraction could have contributed to decrease
the interference exerted by marrix constituents. There are
some cases of intense ME for some SCs described in the liter.
ature, bug pot as much as the values found wirh the DLIME
presented in this study. Odoardi et al., for imstance, reported
ME ranging trom 73% 1o 110% m whole blood, while the
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work of Fisichella et al. showed 80-104% of ME in the same
matrix (21, 23). Nevertheless, despite these unusual findings
regarding the ME, criteria for bas and prumun were sl met
(£20%) ding to validan especiully at LOD
and LOQ values (Tables 1T and IV}, Furthermore, in terms of
RE, values varied from 27.4% to 60.0% and from 13.0% to
§5.2% for whole blood and urine, respectively; the PE vared
from45.0% 1o 192.0% and 17.9% 10 $8.4% for whole blood
anmd urine, respectively {Tables IV and V). The overall analyte
recovery was low compared to another DLLME reported m
the literature (8, 212231 nonetheless, the LODs and LOQs
achieved with the present method are fit for puepose.
Interference studies performed by extracting 10 blank sam-
ples, a blank sample spiked only with [Ss or analyres and
direct analysis of 4 pool ¢ ly used sul e
{prescriprion mesdications and druv of ahlm) showed no
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e Fabris et al.
Table IV. LOD, LOQ, Bas and Precsion Obtained ourng Mathed Valdation for Urne Samgpies
Procivion | %)
Asulyre LOD Ing/ml) LOQ (ng/ml) QC ing'ml) Baas %] Witk 2 un
Cathinooe 1 1o 0 78 1n.? 1.0
A0 83 LR 8.0
200 14 N | 0.
Methcathmone 1 1o 20 0.7 &3 pfed
00 9 b LR
B0 4.2 6.2 9.9
Metbydone 1 10 b1 -4.4 0.6 98
i X0 7. 104
0 73 &8 8.7
Dimethylons 1 10 21 -0.% 6.5 18.2
00 -7 18 37
xn -1& $40 s
Methedroee 1 10 20 -3 &0 .7
00 49 54 7.2
¥ 23 L4 7.5
Batylose 1 1 2 -2.5 29 49
A0 4 93 1.5
X 6.7 79 XS
Mephedrone | 10 20 -3.5 (3] LR ]
400 PR} LR ma
son -33 52 8.3
Eutylome 1 10 20 =27 5.8 49
o 1.5 &0 7.3
¥H) -i4 54 53
44FC ! 10 20 17 5.9 64
400 =146 70 FA |
00 -7 2.0 1.6
Pentedrone 1 10 20 14 6.0 7A
400 ~72 £y "=
800 -114 98 12.5
Diboeylone 1 10 n -0.7 L LA
400 440 44 7.3
Ll -1.2 49 43
N-cthylpentedrone 1 1 20 in 107 106
400 ~144 24 122
00 -154 104 13.3
Dipentylone | 10 20 0s &l 54
400 -0.2 6.7 92
LU 03 60 71
N-ethylpentyleme 1 1n 0 =240 4 55
4400 15 7.3 97
®O0 04 72 6.5
N-tthylheptedeooe | 10 m 99 109 e
400 -54 4 99
B =94 115 1.3
4 CEC: chbococtboarbamme,
interference by these endog OF exog P 1l were only able to be identified m the specimens. This find-

in the analyte’s retention times. Thus, the absence of inter-
fermg peaks proves the selectivity of the method for the
amed SC.

Finaily, the applicability of the method was tested in nine
authentic samples collected at the Laboratory of Analytical
Toxicology (Table V1, In blood samples, N-ethylpentylone
and dibutylone were found ar 8.91 and 3.57 ng/ml, respec-
tively, As for urine samples, it was only possible to quanti-
tate N-ethylpentedrone i one of the samples {3440 ng/mL),
while SCs were found below LOQ on the remaining sam-
ples (Tabde V1), Although some reports i the literature
show thar these substances can be found at concentrations
>1ml, this was not the case for the authentic samples
amalyzed i this study (4, 6, 7, 15). In fact, the opposite
was observed as most urine samples were below 1LOQ and

ing could be explamed by the lare intake of the drug by the
users betore sample collection, this resulting in low conaen-

of the sub in the urine. In contrast, it could
also mean recent intake of the drugs with the low levels repre-
sentmg early excretion of the substances, provided that these
specimens were collected at a toxicological center Tn addition,
SCs are known not to be stable in aqueons samples, hence
degradation could have occurred, although all samples were
stored at =20°C prior to analysss (29, 30}, Drug concentra-
tion in wrine samples may fluctuate depending on the time of
sample collection, level of patsent hydranion, renal disorders,
ete., resulting in dilution or concentration of metabolites. Dif-
ferent factors could explain the low levels of SCs found in
the urme samples analyzed by the method. In any case, vur
findings are in agr with ¢ avons of SCs found
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Table V. ME, RE and PE Vdues for Al SCs in Wrale Bicod (Topt and Urine {Bomom) Samples
ME (%} RE (%) PE (%)

Analyte Low Med High Low Med High Low Med High
Cathusone &40 128.6 178.0 274 £ 324 5.0 876 90.1
Methcathinone L0 MY 203.3 3 EL R EER 66 98.8 104.5
Methylone 4Ly 4.5 202 ESL] a0 88 6.7 (74 464
Dimethylone 16,5 $5.2 373 465 589 513 n7 9.2 0.4
Mechedrane 84 26 59.1 323 0 348 o 9.9 5.1
Hurylone 42 293 176 40.3 S1a 442 %41 6.7 20

»L0 168.7 2158 3%h ax0 40,1 ha1 128.9 126.5
Furnykone 422 411 252 98 548 ans 6.7 8.8 9.7
A4-CEC 108.6 189.0 2193 369 f4.2 7 Y 156.6 1423
Pentedeone 269 201.7 2506 422 5746 493 8.9 1737 1729
Dibatylose 27 164 1 ELE ] 78 0.2 449.6 67, 1
N ne 1086 201.5 260,2 429 a0 553 894 181.0 1920
Digentylane 411 6.3 143 428 59.1 0.2 64 747 574
N-ethylpeneylone 248 15,3 45 40.5 §6.7 513 $0.5 653 $36
Necthy thepeedmne 1143 1185 %64 352 s 481 75.8 1191 89,7
Cathimone 2.1 s 0.8 RSN | 254 213 4.2 269 56.3
Methcathinone 9.1 8.6 122 7. 16.% 130 30 17 76
Mechylone -6.5 -123 34 408 ERX EEN ] 382 31.2 2.7
Diethylone X ~L& 10.7 sa.l 54 300 £33 isa LR
Methedrane 0l 7.5 AN 386 £V 8 | 302 3.6 20.7 57
Burykne -3.2 -8.8 3.4 49.0 ara 9.8 s 8.7 3R

182 23 M2 40.9 2% 29 483 89 39.2
Eurvlone 18.2 18 N2 22 a3 408 $5.2 a6 4%
ARG 14.3 PR “h 9.1 42 20.6 a7 .7 iLs
Pentedecne 8T 20.3 1527 194 213 154 e 280 LERY
Dibutyloss a9 -L7 0.0 551 a8.3 49.1 s s LEA
Neethylpentedrone 182 200 1396 6.8 214 174 4.7 25.6 aLs
Dipentylane 5.7 -1 .0 552 432 407 8.4 432 434
Neethybpentylone -24 -48 0.8 54.8 as.7 45.2 33.5 43.5 454
Nty thepeedrone 224 a8 5.6 442 239 268 $42 0.2 33.7
4CEC: 4-chlonceshcathinone.

Table VL Rarsults of the Authentic Casn Serples Analyssd by the Proposed
DELME

Samples Analyte LCoocenrrarson (ng'ml.}
Postsanem bood

m Noettlpentylone 891
02 Dby lose 347
Urine

i} Methyloae <LOy
D)3 Neoethipentedoone <LOQ
03 Nethylpentedrone 34.40
04 N-ethybpencedrone L0
0 Disethylone <O
05 Neethyipencyhone <LOQ
o? Methyline <L0OQ

in urine sampks reported by previous works. In addirion,
considering no authentic specimens analyzed were above lin-
ear range, validarion of dilution integrity was not necessary
{2,6,7, 16).

The proposed DLLME was fully optimized and validated
for SC in whole blood and urine samples. Although inten-
sive ME and medium-to-low analyte RE were achieved when
compared 1o previous works, this method proved o be fir
for its purpose. M ver, a ble ber of SCs were
included, of which Nethylheptedrone was reported for the
fiest timse, Thus, the focus of the techngque was SC analyss,
other ¢ ds of this NPS group can be easily

included, if necessary. Finally, this study serves the purpose
to showcase the development of a green microextraction
technique thar can be a valuable tool for routine analyses.

Conclusions

In the present study, we described the development, opti-
mization and validation of 2 DLLME for SC using greener
extraction solvents than the commonly employed with this
technique, Acceprable LODs and LOQs for all 15 SCs in both
balogscal samples were achieved, and the apphcability of the
methad was proven with the analysss of real case samples.
In addinon, a practscal illustratson of exploring greener alter-
natives during method development in toxicological analyses,
according o GAT wils pmwdcd Thus, a simple and inexpen-
sive mini technigue thar uses low volumes
of samples and Jess toxic salvents was proposed,
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ABSTRACT

eh éold u!mll md-ml&ulm-dmnlnhmdhnndm&dh.hly
wmmhmm&tndlmh o sample of Sologiaal .
crackl sep peior to d mnalysis. Alch efficient chalques have been proposed

um-mumamxnxmwymmmm:mmmnwunmm

O - wich a5 Geeen Analytical Texbeakogy. This work ssis deseribes for the fine time the wse of switchable hydre
Bwitchabie Nydsophilicty sdvens philicity solvest-hased hoaogenoss lgeid-Tiguad microestrsction (SHSHLLME) for syaehetic cannablnoiss, This
Green analytical weiokegy --yunlaﬂ-qulhmnphmhl;hhmwmnhm&thyﬂmML
substanows that can e either watermis g 1 their pe Thus, by simply
adjuting the pH of the system, thes SHS can h' eedd an mr-d-n m A rnll optimsation study inchuding
medsuuvduzdmwms,m—nduum salting-owt effect, med extraction time was performed
The op p d of p the p of 300 4. of plasma with 300 44, of scetonimrile
i by P of the organic solvent wnder Ny stream; nddition of 500 ub of the pro
tosated DPA, DFAHCT {6 M) (120, v/vk sddition of 500 w4 of NaOH {10 M), sad Noally ceserfugation and
evaporation. Valldation results showed desermanation coefficikents = 099 for the 0.1-10 ng/mL Moo range;
0.01-0.08 sg/ml as Hosit of desertion; 0.1 ng/ml. as Boasir of quants y andl imp were wichin
accopuable raeges; matrix effect, recovery, ummmﬁ_-mulas.nmwm-u
1B.5-148.4%, reapectively. The SHS-JLLME herein demribed was fully aptimised prosiling stistactury ee-
coveriox of 31 yyaeh hinotds a1 low cone irieg oaly 300 il of plaema In addition, the
ldiiummdum-dmadnuhnm-u-mhbkmhmlymlwmlndmﬁ
analysis
1. Introduction Suhwmmn (NPS). A total of 1162 have boen reported so far and aro
e ding to thelr ph logical effects oe chemical strue-
h hincdd agonist s [SCRA), or ssmpdy synthetic t\le
mubhol&,wmﬂmc)mhdudlnlhe!mnmmlhesmlnfum These symthetic substances thar mémic the effecss of A-9-tesrahy-
ding the enxd blsold systemy |12 In the eurdy 2000 5, deocannabinol (THC) are anificlally added 1o herhs and sold to drag
bowever, lhur symthetic compounds were found In the (Hicit druy users as dlemnnvu 10 cannabes, sithough lhhh- no( been the ooly
market with the first reports dating to 2008 with JWH-U18 in Austria ¥ d (5,60 In addi ds by
and Germany (7). This was the beginning of an waprecedented phe- mdhmuwzgwdhﬂﬂumnwmd
momenon that eventually floodad the (licit drug markes with huadred b and ch | variety. Up to December 2022, 224 SCHA were
of novel chemicaly, which were scon named New Paych being d by the Earopean Undon Early Warning System and this
* Coaresponding mathoe.
Emat oddress ol bnmd wep b (AL Fabeis)
Irrpee Sdod org 10 TUHTA/ ) Jpba X001 1155
R d 2 May 2% ived In revised form 5 July 2028 Accepred 14 July 2023
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I.As  existing leglislation and can be legally commercialized - reason why they

mew compounds continne to appear in the drug markes, slight to moce  are also referred to as “legal highs™. This chemical complexity makes it

AL Feboie st al

growp has been amang the most detected NPS in the last decade |4

ved, a8 difficult for professionals and analytical methododogies to keep

haye been ob

in their ch

drastic ch
shown

lnn: 1. Due to sach differences, NPS tend to circumvent the up-to-date to deal with this threat. Thus, with the increasing number of
o F

hilnotds covered by the methnd

of all synthets

(hemical

Fig. 1.
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m\d:hmknllydkmnmmmﬂmdmgd:lmdldngmme
devel of new analy chniques suited 10 analyze such sub-
stances i warranted.

The d of aiming to SCRA an biolog:
hlspedmmnhublodwls!,m[wl plasma [ 10,11, arine
(11 1%), oral Auid {15 Iul.-ndhdrlw‘nj,havebmuwmdtn
lhakmd.mnpl:, P s datory for analy and

prior to analysis. In fact, this is the main challenge
m;mchtlmtdmadmﬂudwdddmwdmpd
abese on bickag s y SCRA due to the low concen-
trammnnhqaeﬁmndmoduudwﬂhmtﬂxmplmty Thus,
solid-phise extraction [11,15] and Tiquid-liquid extraction (LLE) (6,17
100 have been the traditions] ssmple preparation procedvres for drug
nnalysis in decades, which have also been applied for SCRA, However,
these t«lmmm have many dlmmmalhnun of altermatives

3 * +
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— /\/ NN N
”“ Iemarete 30q

Pig. 2. Principle of SHS-HLLME, The SHS is moved with » proton donor
h llKJl)nMdnnodddm.-mngnwk g human plasma. The

h\!m d and d (111, For i huds using
n.,, aolld-pbm llu micro-solld-phuise with
larly i poly (141, dispersive liquid-Bquid micro-

exteaction mu.us:nu-l.ormxm peecipimation [4,12.13] o the
lysis of SCRA on bictogical sp bave been repaned. Never-

theless, although such al are an Impi t, they still have
shartcamings, such a8 using hazard B i (ehlarof

I e1c.), large sample val (>soouu.nndmumqgnpunlvu
reagents or devices. These p are d d by the growing
trend of finding more Ily friendly als dulm;

Wdtvcbmun@ulupauhdhamhmml

Toxicalogy (GAT) (211,
The use of switchable hydrophilicity sof (5HS) has been pro
pmdlnzolofatheanmlnndmybmnﬂll:l These SHS are
lecules with poar palarity but can b camplesely water bl
bymnplymdtlm!bepunﬂhuym This change in polarity occurs
doe 1o the pr or dep ion of specific functional groups i
their chemical str e.g. amidines and amines. The switchable
hydrophilicity salvent-based s liquid-liqud microextraction
(SIS HLLME) makes use of that chemical feature to extract non-polar
from aq; les, such as drugs of abuse and pharma-

ceuticaly from biological specimens (20 171, Briefly, the SHS is mixed
wnh-:mnuud-ddwlmm»m;v:mafmmlnlhzwm

of the SH5 s h making it ble with the
plasma sample. Finally, addlllnndl base (NaOM) deprotonaes the SHS
making It once again hydrophobic and Smmiscible 1o the sample; as a conse
quence, It is possible 1o coliect the orgasic layer (rom the vial. SHS. HCE mixture
of the switcable bydrophilisity solvent with HOI (Le. protonsced SHS).

All analytes snd Internal standands (85) were nogairod froe Cerilliant
Corporation (Round Reck, Texas, FUA) The stock solutioes woto
available a1 1.0 mg/mi, while for JWH-210-OH-d5 was at 100 pg/ml.
Fuoe validation, the standard were dluted and 4 pool containlng
all analytes at 1 pg/ml was prepared. Nine different concensratians, 0.6,
1.2, 1.5, 3, 4.8, 6, 30, 48, and 60 ng/ml, were then peepared from this
poot and used to fortify blank plasma samples to obtain the calibration
curve and quality controls (QC). All solutions were diluted i methanol
and stoved at - 20°C.

2.2 Hquid ch prephy-tandem mass s

g

A Waters ultra.§ liquid ch graphy (UPLC) Acquity
System  equipped with an  Acquity UPLC BEH Ci8 column
(2.1 mm « 100 mm, 1.7 ym) was wsed for all analyses. This system was

pled to a Quattro Premier XE mass spectrameter (MS) (Waters Coc

&

protonates the amino groap of the SHS mak it pusitivel

mmallmingpd-lmmmchnhymm Induuue.
the SHS is hydrophilic and forms a miscible sol with

samples, such as urine or plasma, Tbmﬁu.wmmzwnfnnlc
Tayer and extract sub with low p y, i base i then added in
excesy enongh for the hydroxyl sroupa w0 eewtralize tho peotons, in-
crease the pH, snd consequently deprotanate the SHS, In its neutral
state, non-polar Inseractions sre favored lestend of hydyogen boexds, thas

pocation, Milford, MA). Mobde phase A was ammonium formate (pH
3.1, 1 mM}formic acid (999:1, v/v) and mobile phase B was methanol-
formic acid (999:1, v/v). The method was kept at a constant flow rate of
0.2 mL/min with column oven temperature at 40 “C. The chromato-
graphic gradient was as follows: indtiadly, 10% of B for 0.5 min, ramp to
70% within 3.5 min, which was kept for 2.5 min; second ramp to 100%
of B within 2 min, which was kept for another 2 min. Initial conditions

the SHS has a hydrophobic behavior and is | ible in the ag were i 1 min and kept for 1.5 min to re-equilibrate the system.
sample, forming a twodayered system (Fp «1 Although the The method's run time wax 13 min and 7.5 gl of the extracts were
SHS-HLLME techalque & h recent, few ap have been  injected.

ported and it is already idered o p _,pun 1 ive for The muitipbe i [MRM) upprosch was used for all
sample prep |28;, Therefs SHS.-HLLME merits lytes with three ithony for each compound and the MS was
funhumﬁegmappmdmamhuqnemumiymdmlame pernted in positive i ol The electrospeay capillary voltsge

first time and describe {n this article the full aptimization and validation
cing 31 e

¥ Ly

2. Materials and methods
2.). Chemicals and recgenes

All resgents were of analyticsl or HPLC grade, Methasol, acetoni-
trile, chiorofoem, toluene, hexane, ethyl scetate, dipropylamine (DPA),
N Nimethyleyclohexylamine (DMCHA), sodium chioride (Nacl). Iy~
drochlaric ackd (HCD), sodium hydroxide (NOH),
and formic acid were mm:hued from Merck (Darmsiadt, Germany)
Ultrapure witer was producod using & MIULLQ system (Millipoee, BilL-
erica, Massachusens),

71

wiss sel 10 2,5 kV, desolvation gas low rate to 1100 L/, cone g low
ot to 200 L/, desolvation temperature (o 450 °C, and source tem-
perstisre 1o 120 °C, The capillary voltage, eollision eneryy, snd m/s
transitions wsed s quantifiers and qualifiers for each analvto, and
retention tmes are displayed in Taoc 51,

2.3 Sample preparation

The
tatioa wnd i) SHS-HU.MP I«Mlqua

1 of two steges 1) progein procipl-

231, Prosein precipisarion
Theoe hundred of le were udded 0 & 300 5l
aligaar of buman plasma to obtaln proteln precipiratons. In addition,
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40 ul. of the pool of analytes and 20 uL of the 1S were added 10 each vial
to cbtain the intended concentrations. Then, vials were vortexed for
10 5, centrifaged (5 min at 6000 rpm), and the supernatant was trans.
ferved to a thin glass vial in which the acetanitrile was evapocated under
a gentle N, streans at room temperature.

232, SHS HLLME cechmique
Onee the acetonitrile used for protein precipitation was evaporated,
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’

within.run and b
ucodﬁ:mdmdm(cw

2.5.4. Marrtx effect, recovery, wpm:meﬂhmq

The ME, RE, and PE were N di et al.
1290, To that end, hmmmmdhmmdﬂuulwm
In set |, peat standards peepared in mobile phase A were analyzed. In set
Z.blnkphlu les were ed and the analytes were added to
the

were d and are

'y

500 L of 3 DPA-HCL (6 M) (1:1, v/v ) mixture were added to the |
and briefly vortexed until complete miscibility of the SHS (= 2 5). Next,
S00 pl. of NaOH (10 M) were added, vortex for 5% and 2 min later
mﬂmhsmamw Finally, the orgamic lsyer wos
ferred to vialy, evap | 1o dryness under No stream
At room ded with 50 pl, of mobile phsse A

el

> 4

24. Method optimization

Tw ¥ bysis of V. {ANOVA) winn used for unsvanate
analysis and a factarial screening 2* followed by 3 central composite
design (CCD) were uved for multivariate statistical analyses, In both
statistical approaches, significance wis considered when p < 0,05, as for
multivariate analyses, the sljusted coeficent of o innte

P 1 under Nz stream, and injected into
ﬂwmmmhnla.hhdphﬂ-mpl:smﬁmﬁdbdmm
extraction procedure. For all sets, five replicates of each QC level were
uged, while each blank sumples used for sets 2 and 3 were from different
dooors. The M was calculated by dividing set 2 by set 1, RE by dividing
sel 3 by set 2 and PE by set 3 by set |

255 Selectivity

The sl y of the hod wis d with theee different
nppeoaches, Fiest, ten blank plasma samphes from different subjects woere
ennmd and nnalyzed by the method 1o assess the presence olcocmon

obtained by ANOVA served 10 d

explained by the madel, All data were processed using GraphPad Prism ¥
& and Stntistica® 10 software.

2.5 Method validation

The was 1 for the g of 31 SCRA in plasmas
samples sccording 10 the ANSI/ASE standard 036, 1st Edition 2019
wuide for method validation in Forensic Toxicology, and supporting
Fterntare {29,007, Therefore, linesrity, Hmit of detectivn (LOD), limit of
quasntitation (LOQ), bias, precision, slectivity, carryover, matris effect
(ME], recovery (RE), and process efficiency (PE) wene the paramneters
evaluaced.

251, Linearity

The lincar mnge encompasses the plasmatic concentrations In which
SCRA are usuadly found |71, To determine the Mnearity, five cali-
bratlon curves each d of six loes were freshly pre-

pared and analyzed oo the sume day. Each concentration was peeparsd
wsing fortified blank plasma samples and the linear regresston was
accepted when r* > 0.99. In addition, beterascedasticity weighting was
applied whenever necessary.

2.52. Limit of detection and limi¢t of quanritation
1‘omabllshd|el.00v.|luu fuﬂﬂcdhhnlnnplumdacmmg
i y tested. Plasma from three different
dmunmmplvyedmmmnpmdm’bdlty The LOD for each an-
alyre was then determined as the coocentration capable of providing
signal-to-ovise ratio of, at Jeast, 3:1 with vanations in the retention
dmmlmecdhl;~&05-lnlnaddmcu.lhemﬁonldmdnerm

for each analyte shoukl be . with higher
The LOQ estublished for all analytes was the first concentration of
the calitration curve, To establish this value as LOQ, three samples from

foterf, Next, neat standards of
mpnp-mllnmnhﬂephmAuuloowml mmmlmnnd
(B d Into the The deugs analy wero
ine the p of data vari P pe 2 {amph ethaenphy 34-
S hanad SR & 2 et huienadi NG
cathinone, methcathinone, hyl dimethylooe, hedro
busylone, mephed ylone, 4-chlocoethoath e
dibutylane, N-eshylp 3 dipentylone, N-thylpentylanc, a0d N
cthylheptedrane), binotds (THC, bidiol, and binol

cocalndes  (cocaine,  benzoylecyonine, comdnylmc -nd anhy-
d:uqanlne muhyi enu). ,' ids {

" a :

traline, amiriptyls i ine, and desiy
bumdlnq'dnu (mlholnm. nitnup-n, nordarepam, oxazepam,
flunitrazepam, bromazepam, alprazolam, dmmpam.uddimpuu).
barbiturates . (phenobarbital, barb and
others (caffeine, nicotine, and cotinine). I‘mlly. a8 JWH-210-0H-45
was used o 1S, the presence of non-labeled malecules (e JWH-210-
OH) 20 impurity or product of degradation was assessedl, To that end,
o blank plasma ssmple was fortified only with the labeled 1S (IWH-210-
OH-d5) and another only with the SCRA aimed by the method, Samples
were then extracted and analyzed by the method. Foe the three inter-
ferenve studies described above, no interfering peaks sbould be visual-
ined in the analyte’s detection window.

2.5.6. Carryover

The earryover effect was gared by analyzing theee
blank injections after a 10-fold higher concentration (100 ng/mi) was
nnalyzed. There showkd not be any analyze signal in the blank injections.

3. Results and discussion

3.1, Preliminary experiments

mzﬁmzxpdmnpuinnmdhthhsmdywu;hmﬁtdn
h suited 1o SCRA in plasmsa that would

different donors were analyzed on three different days with freshly
prepared calibrstion curves, The identification and quantitation evali-
ated were: bias { = 20%), precision (> 804%), signol-to-nose ratio (>
F1), and retention times ( + 0,05 min),

253, Ries and precidon
The evaluation of bigs and p was | prep

< "

also fit GAT guidelines [ 211, With that in mind, DLLME seemed a good
candidate, for @ is simphe, Fost, and efficient. Thus, o screening of
Commean orgunic wlvema used for cunpabinoid extraction was per-
formed and as expected, the of chl thanol (1:3, v/v)
yielded the best recovery for moss analyies (71 ‘k] In the samse exper-
liemt, however, the SES-HLLME was akso inctuded In the comparison.

thxm&wqwaphmnmmm:mmmfaw
fed 1o achi the and analyzed on five
ditferent days with o freshly prepared calibeation carve for cach run,
Blas shoauld not excead + 205 and precision should be - 80%. Bath
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The tochaique was perd i wsing two SHS with basic praperties (DPA
and DMCHA) and simultaneossly compared with DULME in tesms of
analyte recovery, The oaly Du.us mlxmn m provided bcuu ro-

than that of charof | was de(1:3,
v/v) for APINACA (24%) and ACHMINACA (49%). In contrast, when
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d with DIAME und SIS-HLLME. Each vadue repeesents the relacive recovery of each mivture compared 10

Mnmu.ﬁmnmmmvmmwmmmmmm.;;m:mmmmmum“
meshanol were achieved. SHS-HLIME hw was performed with & SHS.HO (6 M) (L1, v/V) solition for both SHS, DPA: dipeopylassine: DMCHA. NN-

dimesdyiciclohesylamine.

SHS-HLLME was employed with DPA, of JWH-210, API-
mmmum:nwnmm 423%, and 175M
better than DLLME, resp Betrer wore also observed
MMMMMW(M) and ACHMINACA (100%) (5, 1)
This prediminary finding suggested that SHS-HLLME could be & good
candidate for the aimed purpose. Interestingly, data published by Xu and
colleagues agree with these findings as they compared DULME with
SHSHLLME, and showsd that both ylelded stmilar analyte recovery
125]. However, althuugh these minkaturized techmiques are fasz, cheap,
and sinsple 10 perform, DLLME has more disadvastages, €.§. more steps
are involved and higher volumes of more toxic solvents are commoaly
wsed. Bt is also worth p g out that chiorafi shu:lyhmnhm
nnd its we is ngly d d fi Idefines |11 ] With
mmmﬂ.mdmddmhvmmemd%m-n
sample preparation for analyzing SCHA in plasma samples.

A following experiment was carried oot to coafinn which SHS would
wock better for the target analytes. As shawn in 1. a, the

volumes of DPA-HC and NaOH (7 4b and ¢). Both these factoes wero
then studied in a CCD 1o find the optimuam volumes that would yiekd the
best response, 1.0, analyte recovery. For all SCRA analyzed, the most
Important fsctor was the voleme of NaOH and op wern
nchieved with 400600 y. (11 4d and ¢). hnddldnn.hrmmnlbc
vohmcoluMHawukn ! the highest anal

chieved with vol fﬂnmuwwﬂﬂ.umﬂl(ng -MIM

)
The addition of salts, such as NaCl, also known as salting-out effect,
aa tmprove the extraction of drugs from blological samples by reduciog

thelr soluhility in the aq phase. sly published
Mhnmdhd:hddngwdmh&lﬂ-ﬂum-ndnhmﬁm
positive impact on analyte recovery (25 27 12 This was also observed

hﬂupmwutuddhghhﬁdﬁm«wmmdmd
Scahﬁupluunmpluﬂu 4blndc).MlﬂNnOllilndddw
trigger SHS dep: ion, HCl s dized 8 H70 and NaCl It

sing DMCHA yielded statistically significant higher recoveries foe 5flo-
oro EDMB-PICA, PB-22, MDMB-4en-PINACA, APINACA, and ACHMI-
NACA, while DPA was only better for 4.cyano MMB-BUTINACA. This
could be explained by the higher hydrophobicity of DMCHA compares!
0 DPA (LogP = L9 and L&, respectively), which represents it has »
higher affisity for non-polsr substances, such o8 the symibetic cannabi-
naids herein stodied. However, except for the sforemsentioned SCRA,
both SHS yicdded similar recoveries for most of the aimed analyvtes
(p = 0.05), Hence, DPA was chosen 10 favar analytes with Jower (-
wonsities, such a 4-cyano MMB-BUTINACA (Fig 4a), As a resalt, this
experiment confiems thet SHS-HLLME can efficiently exteact the aisoed

Lyves from plasma los at low 11 ng/ml), thus the
techalque was further optimized to Improve (ks elfickncy.

3.2 SHS-HUIME optimizsation

Far the optimization study, foar conditions that could significantly
bmpair snnlyte recovery wore identified and screened in o lull factorial
sereening 2*. As the type of SHS was 1 I o P it
wts not included Ia the preseat soreening (7 4a). Thes, the volumes of
the DPA-HCIH(E M) T, v/v) mixtare and NaOH (10 M) (200-500 wl, for
both solstians), addition of NGl (60 my), and extraction time {0-5 min)
were d. The only My significant varlables were the
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is plausible to mummmmmﬁwm
wmmenhmwdmulhnhﬁdhmlnpmm
SHS-HILME. Another factor that was not relevant for SCRA recovery
wass the extraction time (V¢ 1b and ¢). After NaOH is added, different
times have been idered for analyte and phase separation
(0-10 min) (0025 27,00, Based on such reports, we evaluatesd up to
5 min of extraction time but oo statistical difference wis observed in
overall SCRA recovery (T <b and ). This coudd be explained by the
infinitely large surface srea between SHS and sample, making the
tramssfer of analytes to the arganic laver very lust, Altogether, both these
ke the sechnigoe simpler and fastor, a4 no sddition af salt
is nqulm‘l and analyte extraction hoppens quickly.
in o the pr the vall of DPA-HC! and
Nuoummmmmiylmmum foxr the technigue, of which
higher vol d avalyte ¥ (Fig 4d and o). As mare
muw&w-ﬂmeMwmmm
mnknnmmwhnmmwdmmm&mm
could explain the higher anakyt chleved when a comb
ormaonuunlhomnnm-umummlwmmm
hand, high volumes of DPA-HCI (> 300 pl.) combened with low volumes
of NaO# (< 300 L.} do not suffice for triggering the pH switch and §18
deprotonation. thevefore was incompatible with the technique. Thos,
500 L. of each solutinn was chosen. [t is worth mensioaing that such
I s noton i i asit ds to only 250 L of DPA
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Fig. 4. Opcimization of the SHS-HLLME. Comgarson borween analyte recovenes yielded by two differess SHS (AL Pareto chans showing the siguificant vanables

nosong those soroened s the Faceoeinl Sereening (B and ©). Surface response graphs of the significant varlables thar were idestified In the previoes sxperimont
vodumes of DPA-HCT wad NeOH, indicating the vptisum condition for SCRA extraction (1D and E). Two-way ANOVA followed by poat-hoc Tukey Tt was used for

graph A (" p < QG5 *** p < 0001 **** p « Q00 ), while bars crasaing the ved line indicste p < 0,05 in grapi B and C SHS: switchable hydvophilicity solvess;
DA digeupy bamiee; DMCHA: dimethylhesylamine
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Table |
Validation nesules for 2l analytes covered by the proposed SHS-HLLME
Anslyte LOD (ng/mil) LOQ (ng/rmd ) Linear range [ Mias (W) Berprrocisian (%)
iy bry/mi Wirkin-res Betwesnrun
AN 22 008 ol ol 02 g2 130 147
un 3 nn na
L iy a4 03
A-cymne VNS HUTIXACA uo LAl LA L 02 “ 1“2 18a
L " 12 174
L1 14 ra s
ABFUBINACA onus w )10 3 2 s .
on T ae 70
nn 45 we ns
ADB-FURIATA nos n el 0l o L) nA
ny 1 51 73
L1 “ LE} 28
A RNACA nos ol al-1a 01 e ) 1n4
oM pS ) 11 56
no e n? 73
4-tlvam MOMRB-BETTICA nm o ar-m na 43 %7 na
ns 7 105 s
a0 “ [ ¥} s
ABFINACA s w w10 02 2% "Hy 1an
ns % 1w 1
L1 ] na Th
4 (o MDME SATTINACA any m LR L na “w A 100
o8 = L} 22
an s “h 65
ADBAen FINVCA o ol -1 02 46 P2 5
on 1 ne oy
L1 s s 102
SN FURNACA o ol ol n3 2T 1%y 120
UL} 34 7 L1
80 " Wb 57
S Mourn MOMBFNACA 0ns n o110 0l &5 &0 ki
ns 34 an 56
LE] 15 41 a
= tHoom EMB-PINACA om ol ar-10 0l -1 0 na
ue T a5 4“7
L vy 19 55
Sfluom EDME-19CA nos ol 0l ul -6 &0 as
us i n2 ra
an bS] u? 7.4
AM 2201 00y ol @10 a3 L8 49 73
on 19 68 w7
80 an “ &1
JWH 015 om ol a1 02 s a5 134
08 s L] 109
a0 b N ) 138 141
mn um wi o1-10 5] 33 “0 e
nn a4 ua no
L " s s
ROSA4 om ol ol n2 o7 54 »
os 53 “l 55
L o8 123 128
MEMBSen-INALA um ol a1 oz 3z a0 LR
on as n: mni
L] (B} 7 93
Rt Rl ns n LR L) n2 Te L 120
un L %4 nry 152
Hn 40 an 2
Jwnoty nm w -0 nz2 w7 123 151
an 1.0 “o 123
L 1B} 65 s
JwH.20s uos L] o1 ni &7 n: 133
L] 0 9 13
LU 2t 92 14
& (luam AMUTINACA nm o al-1a 02 oy L &4 i
on 43 192 ne
"o R LR 7
Jwiiami om nl e nz 0 "s 174
ns “t e 124
"o 49 1 153
Jwnazz (] w o1-10 na . 125 17
un a“ 53 LX)
80 nas wa 0%
Cotrnand 10 next puge )
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Table 1 (contimed )
Analyte LOO (ng/md) LOQ Cont/1ed) Linesr rammpe Qc Blas (W) Stprrocision (W)
(ag/mL) (2 rel) f— »
Jwiane [ [} al-10 0z " 101
[} “r 120
no s FETY
2O CHMONTZIN nny " ale na on 144
un i ar
80 4z “l
hsa 008 [¥] al-1o 02 P 144
un (X} 1
an 4 A
W1 s ol a1 02 e (RN
on 12 b
Mo “w 5h
AFNACA nos w 0110 u2 124 10
s 43 15
(1 0 an
ACIBSINACA nos (3] a0 uz (%] 121
ny 3 101
L4 i wr
IWHATS s (] LERT 02 % "
on 7 108
un 47 110
LOD: bimis of detection: LOGr lmit of quamitation: QC: quality controks.
lhth siderably less | dous than othes sol ‘nnd lasmatic concentrations of SCRA (911 . Therefore, the linear range
m I i ey chloroform and tob 24]. nllemMM-o.l lowmnlwm.mﬂvdy

nmmmmmuﬁmmnummmm
producing Hz0 and NaQl, also contributing to the greenness of the
techmigue.

3.3 Method validation

&b ™ L

(Tabie 1) In addition, a d o lack of b
ndumhcﬁhhumd&&ahlhwdﬂnmwmhﬂ
analytes providing £ > 0.99. As for LOD, the Jowest concentration was
aimed,  thus  the values ochieved varied  among  analytes
(0.01-0.08 ng/mL) {Tuble 1), Based on available Nterature, these vakues
showld suffice for detecting SCRA in plssma when not possible to
quantitate [9.117,

Linearity, LOD, and LOQ were ing to
Table 2
ME, 1L, and PL yalues for the synthetic cannabinosds at each QU Sevel, ME: matrix effect; 1 recovery: FE: procens efficency.
Analyre ME N RE (%) LA
Lorw Madsum Tegh ow Madtiven Wigh Lo Medim Wigh
ae na w2 a4 «ar w9 L 28 w0
o2 RELY as a9 “wox “a a3 my wn
ns 1z 12 aa o @ LTy 4on o7
aa " .y a7 o2 wa 1209 ey wny
548 “ne 1 »o e »a na 52 Y
513 e 534 5l “l anr "y 6 a9
oLs 630 oLa aaz as “ws "na ary 02
na or.s (55 ) as ae “A e 0 LIS
613 528 e Qs s Qs o e wma
a5 e M4 “i no w0 e AL 3
Llg o a8 “a «7 .l o1 409 »a
L 1294 155 s s w5 "%y w2 91
B4 ELS ] s o3 ar oo e bt ] ra
LAY 1 ®o s My a2 "o LA 02
w7 738 (%4 o9 o9 w0 4 049 0.7
T2 aRe «as ©.2 oy 1A Mo 04 65
735 L 3] o5 518 “o «s me 80 “0
145 1y 0% 55 as Qs 58 60 0
1 “ e sl ate 4o 504 456 40
s 1015 an aan L LY “ws ns nr Wl
2. 6 02 “o 2 @4 ma k0 e
mwe 623 M me os as Lad 742 w3
ws ] s w7 “©s w3 "o oa "
e Ll ©oA ae “s “o9 s w50 Ll
76 L) “o “@s i) <l L) mn wr
a0 2 ay 5.7 & 5 e nn wo
a4 BN 143 a2 »nr “z e m wno
B -5 %N me e “s ma %) ma ma
AFINACA - an A3 ns o “n »ne wa ma
ACHNENACA 1855 1210 mae ne e wi RELE) i ™a
JWHATS 21 30 523 Mo 326 »a 620 5858 5T8
The foor the low, medi atsd high QC leveds s 0.2, 08, and 8 sg/ml, respectively, ME: satrix effoct; ILE: recovery. PE proces efficiency.
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mmnuunpu- the procedure described could be

-L_

different days by analyzing the three QC levels. The with
was higher than 85% for all analyres, which is rep ‘hyCV-:lsm
(Vatle 1) As for between-run peecision, there were anly 3 analytes with

lriple samples simultancously. In
mplrnm.:h:SllSHMplwmedhﬂelnhhﬂwmhnmeud

CV values > 15%, 4.cyano MMEB-BUTINACA, JWHAOBL, and JWH- 175
(18.8%, 17.4%. and 11%, ively). In the y of
the method was 2lso high for all analytes (> 90%), with the exceptions
being JWH-122, JWH-210, and APINACA with biases of 11.8%, 10.6%,
and 124%, respectively (Tabile | Thus, even though the between-run
imprecision and bias were > 15% nnd £ 10%, respectively, for three
of the mmaly A by the method, these are still within accepeable
Fimits, indécating the technique has satisfactory accurncy and prevision
for the intended purpose.

Thwe ME study showed that most SCRA were affected by intense ion
enbancement (> 50%), especially  ADB-FUBIATA, S-luaro EMB-
PINACA, JWH-073, and ACHMINACA with values = 100% (Taule 2
Curlously, sanlytes with high chemical similarity and eluting very
closely were affected with considerably dilferent ME, such as 5-flaro
MODMB-PINACA (= 0.4%), 5-flucro EMB-FINACA (= 129,4%), and 541
oe0 EDMB-PICA (= 78.1%) or also APINACA (= -50,5%) and ACHMI-
NACA (= 121.0) (Tables 51wt 23 On the other hand, RE was between
367 and 56.7%, and PE ranged from 18.5-148,4% (Tub 2). Alchowugh
the ME observed In the peesent study was intense for some of the almod
SCRA, it did not lmpact bias and precision, hence is in agreesnent with
valsdatsan guidelines |10 tn addition, tntense ME for SCRA has been

d elsewhere with other (4], In the lasz step of Inter-
mmeM.MMMWhhwmm
dows and curryover effect was observesd. Thus, the method proved to be
mlculv:hllhedmcdm:dknngmmtnmtfmn

and

Mpmofofappl.ﬁubﬂity. the method memployed m-lnlyuone
authentic sample from a known user of d the

1

hd

o 1

fewer pipetting steps. In addition, the LODs rep d for the
mmmmnwknngedlmmawmo.dbwdwmmzzm
was the ooly analyte included in both works (0.09 ng/ml against
0.03 ng/mi, achseved by the SHS HLLME) (1ulic 1) (81,

As for DLLME in SCRA analysss, we have found only two works, In
meﬁmm.wlnalmdmutdwhokbloodmdaso.d.of
chlocoform-methanol (1:2,5, v/v) as and d
respectively [ 7], In this screening method, 70NPSfmmdmuuum
were included, bot the LODy achieved for synthetic cannabinoids were
inferior {> (L2 ng/mL) to those obtained by the SHS-HLLME berein
described (10l 1), On the other hand, Tamai et nl, repoeted a DLIME
for the analyais of 6 SCRA in oral Muid sing 500 pL of sumple followed
by protein precipitation with 1 ml of acetossitrile | 101 Although the
technkque wis highly sensitive vieldiag LODs of 0.002-0.021 ng/ml.,
chlomlorm wis used as solvent, [n when taking the

included in both methods into the LODs achieved
anMmlkumo\«L(ﬂldhlaijlﬁtDﬂMEnWby
Tomal et al., JIWH-O73 (0,021 ng/mL) and JWH-019 (0,018 ng/ml)
(Tabie 1), Indicating thar the SHS-HLLME could also ho a valuablo
technique to analyxe oral fluld (161, In terms of simplicity of hnndllug.
HIME lmd SHS-HLIME can be what equival Far P
ly published articles show the use of dry ke In SHSHLUIME
whkhmhemvuuwludpmumnmmtulvmhlmy 27,42
123 This can be easily overcome by using basic solutions, such as NaOH,
to change the pH of the system, thes improving reproducibility 12326
J41. In cantrast, DELME by default requires maore steps, e.g. the addition
of the and disp d buffer sob NaCl, and
even water and peotein precipitation in some cases |7 (0], Hence, these

A diet

o,

mdum:mm&aulwmumwmwjm
Ianngnn ton of using sy A repre-
from the authenbic sample is p d in
'\xvmmbmﬁmthnbenmhodmbeuudfwrdmplc
anakysis,
We presented a full optimeeation followed by validation of the pro-
posed SHS-HLLME resulting in o technique suited to efficiently detect

(v

hnsques could be used as alternatives to exch other allowing the
simplest and most effective 1o be chasen.

To our knowledge, SHS-HLIME was mostly used in the analysis of
food and urine, while only one other work has applied it to plasma
samples [21]. As a result, the use of a protein precipitotion step was
necessary andl this was achieved by the addition of an organic solvent.
Althoagh efficient, noetonitrile peeded to be removed through evapo-
mtion prior to the extraction itself (Socnon 29) and this additional step

and quantitate 31 syntheti hinoids at low The
present method requires only 300 pL of plasma samples, which con be
cansidered a Jow volume If compare with other woecks. For example,
Hwang ond co-workers described o micro-solid-phase extraction to

et

ix lak and time ing. In that regard, Schweid et al. have re-
ported an interesting alterative by using zine sulfote for protein pre-
cipleation (pstesd of arganic [ 251, This approach & this

ovaporation step and the tine sulfate is not incompatible with the

fon ax neganic are, This should be taken into considec-

anatyze SCRA using only 180 pl of plasma [10]. However, the
can be phex and time Itxg for it has more steps thas the
SHS-HLLME repoeted hereln and requires over 7 min of only voetexing
and sonication, In addition, 300 ul. of toluene were used 10 extract each
sample and only LODs sbove 2 ag/ml were achleved, Although the
mtmmnmmummu-m such drawbacks as

atson for futwre applications of SHS-HLIME, especially for ssmples that
roquine proteln precipitation.

The number of published methods for SCRA analysis in blood-related
matrices are scarce, These specimens, wm as phm are panicularty
relevant In cases of acute v or studies, for

using hlghly lutc devices, and having o example, lunﬂdlunmmuhﬂkmmhi;nlt have been shown 1o be
1 pipeline are not in with GAT guided holl. ducing a great ber of bolites that
I‘Jl.hcmlulmlmdhmmpmpuednh@dymﬂﬂve hv:wbe‘ | “‘Inudu g5 112]. Hi , new sub

analytical method In which an LLE was developed and validated to
unalyze 27 SCRA on serum samples (9], Briefly, 1 mL of samples were

lmcnnﬂlndylmn&:mdmmlhe&qmrkmm&epmm
Meniiy such  blotransformation  prodects  Is  comples  and

extracted with 1.5 mL of o bexancethyl acetate (99:1, v/v)
mixed for & min, and centrifuged for another 20 min, The reported LODs

! Mam&mmsmmmu\demml

N 2

ranged from 0.01 to 2 ng/mL and were similar to the values achieved
with the SHS HLIME reported in the present wark, especially for the
SCRA included in both techmi JWH-210 (0.07 ng/mL). JWH-200
(0.05 ng/mly.  JWHO19 and RCSS (003 ng/mL); JWHAO73,
JWHAOS1, JWH-122, RCS-4, AM-2200, and AM-2233 (0.02 ng/mL)Y;
and JWH-015 {001 ng/mL) {Table 1) Nl. Adsmowicz and Yokarcxyk
bave published 2 method for the oll43dm;sofabwe.-hd\
ndnded4SCRA.Tbesmple, P isted of precipitation of
200 pL of Blood with 600 ul of scetonitrile added 50 pL. st 2 time with a
10 s-vortexing after ench addition. Although the approach af using oaly

77

I: ¥ d, hence y ,.,thcpuu‘oulnpnuulsiu
blood oc plasma can that | until more
on metabolites (s avallable. Overall, the SHS HLIME described in the
present work can be a valuable tool in that regard, especially if

idered that a compound belonging to the new rging SCRA group
called OXIZIDs was inchuded in the method 5 05] Cfalides 50, 1 and 2
This shows that the technique reparted berein can be wsed for synthetic
cannahinoids in general and has 3 potential application for those that
nppear in the illicit drug market in the future.
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4. Conclusions

The SHS HLIME technique s somewhat recent and only few appli-
cations have been reported. This woek described the first application of
this SHS-based extraction for the analysis of synthetic canmabinoids on
plasma samples, Method optimization showed that only 250 uL of DPA
were required for 300 wl. of plasma to achieve satisfactary sensitivity.
Moreover, the salting-out effect is dismissed and amalyte extraction is
achieved in extremely short times, making SHS-HLIME simpler and

S’ of Phormoceticel and INoeedion Aselysts 34 (X211 ) TS5A8

(63 T4 Mucdrigans, WP Soaa, L de Mebe Barbaoe, | & Carvalan Pocxv, LI,

S M, M Yorserbae, J L Comta, Syndhesic consalinoldd toceposs aguo bis pealie

W sabaeed papery wtend o Beandian priwees. Sorevts Tuskul @ (1) L2030

ax,

N Odwattl, M. P dratin, FE Smmmadin 5. Sirse fonel, Ligh thnsighgns somesivy

o e eyt himetise astsssrres | M| = wbesbs Sboen] by DLUNS extrortioer aml

UMPLC S analpai 1 Dleamtont. B Adel Toetind. Maasted Ll Sl LIO0

(SRR SN

o Adssomiie 8 Tobetzayh, Bangis and el socesting (wieedan e 142 lew
by ol SO (BRIE R aper TN,

lh- Vent_ Aaal 8 (V] {20100) d52-HeT,

199 W Sowamil ¥ Asrwwnter, Avedysis of 0 spveirthc smssdataoih In s by Thgust

faster than DLIME. Although some limitations still need to be addressed
such as solvent evaporation, this SHS-based technique is a promising
eco-friendly alternative for drug analysés, incloding the major NPS
growg of synthetic cunmabinoids.
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Anobwica Chividor Acxy LI07 (AGM) I4ZWT

weethiod s provided exvellent smple cleasup, tio buitg o stnple ant eflicent tool for salcologion] wppli-
calives (hual s i agreement with the geinciples of sistaisalie Gemisry,

1. Introduction

In the esrly 20000, the New Psychoactive Substances (NPS) begon to
ucomexﬂlndnkmmdvuwmﬁnﬂdwd&m
and thus 1 A the basdscape of the illicit drug nsarket
Yhnewvdthemnhm*ﬁndhmh:lrlludhﬂddmkwr
choactive sul such as ansph i and lysergic acid dieth-
ylamide (1SD). However, s a result of chemical modifications, the
potency of thess new da nnight be by higher [1-2). In
addition to that, NPS are commonly sold mixed with otbws drugs aml

also patible with jonal drugs of abuse, which are still yele-
vant [1]

Among the large ber of works prop 15 apps hes to analy
NPS and clossic drugs of abuse in biological ples, some also
wtduumemvkwmnhlhuwﬂolnthmxdm[lﬂ 13 This cae
be lsshed, foe | by choosing less & i Zanic sol-
vents, g smple vodume, p dex simad

neousdy, Mhmmuﬂm««-cmmpdo(
developing muore eco-frieaxdly mothododogies in analytical chemistry apnd
taxicology Biss been a trend n recent years that can rely on guldefines

migm e ln-dwmnny consumed by drug users. Unwirtingly taking established specifically to that end [14,15], En thar regasd, liquid-phase
¥ can yesult in severe Intoxication o¢ even miercexuaction (LPME) & a fine example of n grees alternative

death [3- -| Over 15 years after the beginning of his ph  law ch. P 4 by Pod Bjergasrd and in 1999,
Icologists, and ather peof ! anmllbdngdnl munmmdmnmmwmmu

o

lesiged with the evergs of hetesog
5 nmm ‘mwthalmdldmgmknm
example, by November 2023, the total number of NPS repocted to The
United Nations Office on Drugs and Crime worldwide accounted for
1230 [1,3).

To face the NPS threat, the analysis of biological specimens i crucial
ndmlnhndﬁon-ktoxleolm However, tome NP'S are found at low

4

" g

mb les due to their high potency and thus
rqumlheueo(eﬁcmu extraction techmiques combined with highly
sensitive apalytical instruments §2,0,0]. In fact, liguid ehromatography

pled witly s i y (LC-MS/MS) has been one of
the instiuments of choice for that purpose. In addition, although several

able to avest some of its Umitations, sach as the high volumes of sample
and org that are froquently d [13,146,173.

In 2013, unndnp:mnoll!u!ml%wd]phuumpmpm
posed by Gjelsiod et al. named parallel artificial Nqusd
exuaction (PALME) [15]. lnhhinmm.mo%wdlphmmﬂnmdln

llel but the p ple of LPME jes (Fiz 1) Basic or acidic
lytes are d from ag sample, through z thun liquid
b of a few microli of arganic solvent, and intn aqueocas

ncceptor. l'mmml.ly PAIM!lllomdm:tmlmlmcmof
aliost 2 Tl King the it more effi-
dml.mdolhlghlhro«;lwul. I addition, this setup is amenable to
nummnumx :n! both sample and arganic wlvent volumes are sub-

extraction technigues have b«n proposed 1o amlya NPS in Nood. W, msking PALME o hadle § 10 con-
wrine, ani other biological ap " new P e A I hollow-fikre LPME, which has been -ppl.lpd in didferent
appearing in the drug market, sdopting these = thodok or m ity preds (9272

developlng now ones is often required [7-10]. These !«hlqun mut be

®

‘Basiccompound | Neutral

PALME & aleondy considered a green sample peeparation approach

Accopior phase
I e

Ackdie

Fig. 1. Mustration of PALME setup and the principle of extracting basic annlytes. Firnt, e doour solithim is sdded i the wells of e donur plaie wnd (e SLM

Aividial

A

in pripeted uido the membmane in e acveplo pliie. Then, The Lao

werrplor plale. Finally, » lid is placed 1o peevent eviporation of the SIM (A). Ouce this setup is

arr Died togrihes ndu- seceplue solution is added s (he wells of (he

Ay are ferved froe 1he dunce (0 the woerplor

1herd

phisse wmater agitution, Le. wslyte cxtmction. For the extspetion of leede ssdatunces, (e dosor pluse & m.pchrtl OF w Dhases ardder] 1o an wgioneis saiple, sl as
Mud or plasrma, e hﬂp Twosie: wrabyles s their nertrsl stutie A hydnphobic orgamic sodvmnt i e o SEM b0 scrvn ae o harrier 1 chumged commgeamda. The acdic

Hagidt mnnlnnr
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3. "

but we suught to make It even g % the

used as suppocted liguid membrane (SI.M) with more eco ﬁimdly al
tematives withous sacrificng oveml! efficiency. Essential otls (EO) are
hydmpbbtc (ontmu‘ued phnl extracts that have been previously used
m g LPME [11,17]. The main advantage
nlmlubOhthendmadhm:dhbothduopmmdlhemvi
romment With that in minxl, we exploced the efficency of usng there
matural extracts a3 SLM m PALME in a method aimed at different classes
of druge of nbuse, Including NPS {71y, 7). This coneeptual article de-
wcribes the developenent of tlsis idea

2. Experimental
2.). Chessicals aml reagents

Acotenitzile, foric aeid, and ammontum forsate of HPLC grade
wore pmthand from Mesek (Dnmumk. Gmnmyl Clirie achd, sodivn
byl dins hicub beayl octyl ether (NPOE),
clhuyl uh-r, dodecyl acetaze, arxd ulnﬂ)hmlm (TOA) weew purchase!
from Mesck (Danustadkt, Germany). The EO were parchased from
differens hiands: cedar wood, clove, Eucalypius radinne, lavender, lemon,
lemon-grass, lime, peppermint, rosemary, anid smart & sassy were par-
chased from dOTERRA Internattonal, LLC (Pleasant Growe, UT, USA);
clove, Eucalypou globules, and peppermint were purchased from Sio
Essencia® (mhuh&uﬂ],m:mdhnnddwm
was purchased from LASZLOO (Minas Gernis, Brazil). Ultrapure water
(resistivity 18,2 MQ am, total crganic cubon (TOC) < 5 pph) was ob-
nhndnuuaMﬂll—Quym-(MﬂBpomBsﬂ«m.M:\.m)

All amalytes and were acguired from Cerilliant
ummeRmk‘Txm)ndmnanJIOuumL‘
unll(l)ulml. o Tespectively, Annlymm:rupdn«wdhdyu
mhmnmoﬂ-ﬂ.lo tlauk il

mﬂm.:‘ by lenedi ph i (Mmm.ads.mb
m (m); ynth i hy3
Mudmu but)-loua, phixt P d thyl] A
‘,_.' \ . payehadali ISD&?.S
PUAR RIS 4 (DOC), 2,5-dimvethoxy-4
thybusi 'x'_“' ,U.‘ SR DU AR (Ml. 2

(l(z(&:hlaw—zs—dmuhamhmyllmlwm)numyllphvnl
(25C-NBOH),  2{{(% lmmz.sdmhut)phcuﬂhyl)nmmhne&yl)
phenol (Z5B-NBOH), 2.4(2-(43odo-2,54 hoxyph v
methyilphenol (251-NBOH), and 24((4-Ethyl 2.5

e tholl

Anabmion Cliévkor Ak £X0T G30M) S4ZWT

suppart for the SLM were used. mwnsm-ummaasmnmo
man of pore size and i 1 di e hy. A lid provided by
ﬁemn&cmamundmnﬁreummxmo‘dww
lutions during the procedure. This same setup was described previously
(Fig 1) [ 25,20]. Once assembled, the PALME setup was placed ou a
ThermoMixer® C (Eppendocf® 95382000023, Hamburg, Germany) for
agitation.

¥ar the extraction procedure, 100 pl of NoOH 25 mM were pipetted
in1o the dowor wells in the dosor plate, Then, 150 uL of plasma aliquots
previowsly spiked witls the analytes were added to each well Next, 3yl
of the unast & sassy EO wwiw added 1o each of the PVDF filters (o vty
e SLM, ansed the two plates wetw thee saadwiched tagethor, Finally, 50
Hl of citric acid S0 M was pipetted into the acoeptor wells in the
ncceptor pdate, a lid was placed, and the system was kepe for 120 min
usder 500 rpm of agitation, Owce the extraction was fnished, the
were saply transh Jet vial, and 7.5
.u.wuuwnmu-musmsm

200, 110

2.4 LC-MS/MS

All analyses were petformed using an ultra-performance LC-MS/MS
leatrument. The LC was an Acquity System equipped with an Acguity
UPLC BEH €18 colusnn (2.1 men » 100 mm, 1.7 pm) and the MS was 4
Quattro Premier XE moded, both from Waters Corposation (Milford, MA,
USA). Ammeonium formate (pH 3.1, 1 mM) was used as moblle phose A
and acetonitrile as mobde phase B, both containing 0.1% of formic ackd
(v/¥). The method was kept at o constant flow rate of 0.3 mL/mins with
column oven tempesature at 40 'C. The chromatogrmphic gradient was
as follows: imitially, 10% of B was kept for 2 min, folSowed by a ramp to
200 within 5 min, and a secomd ramp to 100% of B within 3 min. Then,
the initinl conditions were restored i 0.5 min aod kept for 1.5 min to re-
Nuiﬂhutkmwﬁbulmﬂmﬁmdﬂmﬁebﬂmﬂ

P | n pos jon mode with electrospray capillacy voltage

-aru!.slv,delvaﬁonp-ﬂvwnnhIlnouh.m-wnuwnhb
200 L/h, duohaimlnmumtolso C.u\lmwm
120 °C. The P P h waos wsed and the
specifie conditians 1o each analyte e dupbmd Its Talde 51,

2.5 Methexd optisization
ﬂnmlisnder‘ app wig used for both

aminojmechyljphenol (25E NBOH); syahuasca alkalosds: N N-dimeth

yltrypsamine (DMTL hntmalme (HML). bnmﬂne (HMN). and mmh)'

drohmrmine mﬂl). 'v

flubromozolam, 1l and mhmnns of thess stock

ﬂummmpondkrepumummd validation studies. All
Jutions were in methanof or e and stored at - 20 °C.

22 Sampies

Both blunk and authentic humsan plasma samples used in this work
were provided by the Lab ¥ of Analytical Toxicology from the
hmodomlAm:mnll-fw-nimOumehmdnttheUmvu
vty of Camapi were collected in blood collection tulses
conuinhgwmmdsuheqmly centrifuged (5 min a1 3500x2) w
allow plasma separation, Plasma ssmples wore then stared at 20 °C
befare analysis. The use of luman specimens in the present sudy was
npproved by the Ethics G of both the Uni y of S50 Pavlo
ad the Usdversity of Campinsas {CAAE: 464041 21.8:300).0067),

23 Sawple prepayrmtion procedury

A 96-well donor plate of polvpropylens with 0,33 ml wells from
Agilent (Santa Clars, CA, USA) and a 96-well aeceptor plate fioen Mil
Fpore (Béleries, MA, USA) with palyvimytidens fBueeide (PVDF) as

84

and sty mlydaoﬂlnun«ﬁmmdunm:
tractional factorial sereening 27 and o central camposite design (CCD)
were wsed. Significance was cossidered when p < 0.05 and the adjusted
coeflicient of determinarson obeained by Analysis of Varlasce (ANOW\)
served to d the p af data lalned by the
MMMMWMWGAQWM.: 8 and Stais-
tica® 10 software,

2.6 Merhod wilidarion

The ANSI/ASE standord 036, 1st Edigon 2019 gusde for method

m K Toxicology was used with the following param-

eters d ltnnnf‘ (LOD}), limit of quantitatios

[LOQ), l ) y, aod carryover. The matrix

effect (ME), ucvm'y (lz).nud meﬁoe-ty {PE) study was per
formed according to Maotuszewski et al. [29,50].

Hdast

m

261 Calibrarion model

Thtlhunmwasumdhnnncnﬂnﬁuswﬂhﬁverqh
cates, Het & ighting (1/x) was applied and the linear
regression was acceptable when the coefficient of conelation (1) >
0.99,

262 LOD ond LOQ
LOD wan expetinsestally detwmined ax (e lowest concentiation



AL Febric o al Arabmioa Chivikos Acxy L0 (20M) 34207

Pryedetos
AyE s v

|
s

A 7

-ONT s e o - - Ch e oo AN e 2Gl w e

prs

V424 7 7

- - - e e Cexmo

G

Fig. 3. Camparisoe between EO and other anganie solvents us SUM. e mess of Ve alwolute peak wress is shown (n - AL Tweo-mway ANCYA with post e Tukey
Tt waes 1owol 1 dmmlbﬂmrmwmqpmp P oo AAG v amart & vy “p < D] v st & soay. (lnve B ﬁunlh‘a-muﬂ clowe A1 Fum
dicinea Jebiins = fromn LANZLOR, Eoesdyping globedoe 5k from Niobswsai ) pepp 1 froem i prppermin A1
froom AGTERNA Intcrmmtionsl: \I.M: m-ﬂni tguid mesmhrane,

capable of providing a signal-to-wotse mtio above three with retention 263 Accuracy and tmprecizion

times 20.05 min, LOQ was st as the first concentration of the colibra Theee QC levels were analyzed with a freshly prepared calivration
tion curve by analyzing theee ples from (iff donots on three curve on five imdependent days, The und mmprecision of the
dhfferent days with freshly prepared calibraticn curves, To d hod were then considers) ptable when +20% and <20%,

LOQ, all identifieation and quantitation critetia should be mot: acowacy respectively, Accuracy was reported of bias and imprecision wea
(£200), impeecision (<20%), sigaalto-poi o (>1001), and olen- uxpresed sz coeflicient of vadation (CV) for both withinrun and
tioe tmes (£0.05 min), between-run impeecisions,
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¥ig. 4, Optimization study of the KO-haswed PALME horwin proposed. A, 1L, sod (aen Panta chars rpresenting she statiascally sgnifican varialiles bn the
fewethonsl farverind sereening (hars eroscing the md Hoer po< 105, 0, B and 1 v anfuce responee graphs showing the optimmm combilnation (red aroas) of the
o i this Ogore legend, the render bs referred e the Welt version of this sicde )

stitistiondly seznifionnt vrdatdes. (For intrrpretion of the relveroces 1o
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Table 1
Linwweity, LOD, LOK, socnmary, and mpmacioon erailis.
Arwdyoe WO (k. ) 1OQ g ml ') Callbrntion moecee gl ') Liovearity (") QC gl ') Riwe () [ingreeision (%)
Witkin e Terven net
B o 1 1-lw 0 2 s Lt 1ns
- ~4.3 ny 128
L 14 e 7y
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-» e Hu an
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e 3.2 an 9
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L -3 i 72
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- an 7 Wi
W SN " "9
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. L L 105
L an a3 B3
Netlpparodue A5 1 1-10 0.8 2 an 1na 104
- -14 5 i
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- &3 26 A7
L 52 an w7
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» 21 ne w3
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Table 1 (conttmmd )
Arvdyw WOk ') 0Qng el ') Callbeion e (g ok ') Lmeany () QUlmg el ') Mhe (W) Ligeeebion (%)
Within ren Terwren nen

- an 120 e
" -8 70 03

Dvectibumerndmy A2 1 1-100 near 2 o 134 M3
- ) na FPTS
" &6 0o 71

Flrsdyewecdass ars 1 110 509 2 0z 113 M0
- “1.4 B8 “n
" -3 65 o

Prdsvesmon et o 1 11w s 2 w 0w 10
- -1 o na
" -22 n2 =l

Fosbei a2 1 1 1m 050 2 e 154 n5
- A% TR pVE]
" i 14 1

LN Tl of detoction; LOQ: Tmle of quantitation; QC: quality evmirol.

264, ME, RE, and PE
The ME was the caleulated ra2io b post-spiked with
ml taly jecti RE was caleulated as the ratio between sgriked
wlu with post-spiked extracts, and PE was obtaine]
g the ratio b splked plasma samples with neat apalvie
hjoeuonlm].

265, heermediane ngeecision for EO

Five blank plasnas samples were spiked at oach of the thiee QC levels
and extracted stmultaneously with three different barches of the smarnt &
sassy EO, Thsesunplswueannlyndlmumohmﬂn and between.

batch imprecisions. Values atable when <20% [1 1,
2]
266, Seloctivity
The pn-m of common a:dogum- substances and exogenons
g was studied] 23 p i To that end, ten blank

plasma samples from different subjects were extracted, and neat stan-
dards of common substances were directly njected into the &

3 Results and discussion
3.). Selection of FO as lquid sessbwane

In o flrss set of expesiments, fourteen differess EO were tested o

liquia b The model analytes wete amp (fowr com-
pounds), synthesic cath ¢ ipounds), ayah tkalolde
{fosar poanis), paychedelies (aine pounds), designer b it

P (four pounds), and K Thesw were sedected to
represent a wide range of compounds m terms of mobecular welght
135.2-413.3 g/mel), polarity (1.23 < log P < 4.06), and bastelry (4.02
< p¥a <10.20) {Vable 42), In addition to the EO, extractions were also
mmm&dobqlmn.mdﬂhnylm&lmmd
son, os these are pure syntheti iy used for LEME
(Fig. 2) Interestingly, fumﬂtdlbcaubwmcedm the EO were
more efficient than the synthetic solvents but nooe were highly efficient
for all the mosle] annlytes. The reason behind that coukl be plenty fold
Foc example, thve composition of the SIM i= known to pday o major role
on tion efficiency, as It affects mass transfes from the donor to

andd analyzed by the method {Tabis 53). In both studies, no mterfering
peaks should be visualized in the same retention times s the target
aalyles,

ncceptor compartment. Thus, the presence of chemicnls in the SLM that
allow farmation of jonic, hydrogen bond, nnd == intecoctions, are likely
to impact anslyte recovery {31). EO are comprised of multiple nataral
camposinds that have hydeogen-bond donoe or acoeplor grougs amd

Table 2
M, BY, and 1 wnloes
Arwdyte ME (W) RE (%) N
o Medbars igh Taw Mo Wgh Liw Metian Vigh
e " ua (LN A o L8 ) " s ™
Metlonerpdiwbercion naA "1 (LU wa na ohe ey i e
MOMA W "o He 0 I8 S A 7.7 LR
Methrbooe 4 s wn oh 720 ma 514 =Y )
Neyhedoo w11 “uo (ST 721 Lol Als s ™l ads
Pemtedrene ASH o [1LZN 6.0 e R R HS ey L
N ettt pesmedine w2 s "2 L2 A e LI Rl Ant
1w 1008 "7y wHo 2 ket oo s 700
[T e nen [ . e 4z0 s e anl
(E2EY g %9 12 oA ™ azn ws ES | e
Fetantlin WL o7 LG GA RS oG w s n
o R 1087 uea A ! L A (B8] 82
s WAas 1L [SLA WA L2 LX) 3 s 480
wl was 101.2 [LLoAY i o A0 w7 7 594
Xk i 1184 2 "y e LA war ) w9
SN L] "o L na Tt T "a 725 o
=0 Nmon “an 180 nwn wna (3 ] G 75 mae
RN WA 100K maz s R L M7 9us "l
Hawpweacdarn His 1046 [SUE} =a A "2 s M w7
Fedrmeimmbon Hion 1nan s 2046 253 ra ns »a LM
Poivsdenn 0 11K 1o nh MHa 0 S n: na

M ki oot WES rewnnery; PE: procves ofliciemey,
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Tuble 3 (consmnd )
Avwdyve, Qg mil ') eapeechdon (%)
Withim bovch T
2 1na oy
w0 2% FTY
an a2 13
Bt
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"0 124 150
a0 3] (2]
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A ne 1an
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1 1 1rs
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Table 4
Moal s sacples sonlyned by the proposd sebalg
Savjirs Avelvir Cmecrrmmtion Cog il ")
o Mylons ny
@ X ettrripentodroos mn2
« X othypersyions 34
o~ oNT b
mH S14
linve ot
[y m
o bt L0
™ w3
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M 06
o DNT i
i A
A 124
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LOQ: Tierit of qpeanntllntion,

aromacic ritgs, hence directly affecting the interaction between SLM
and target analytes [37-34], In addition to those chemical lateractions,
different classes of drags of abuse were used 2s model amalytes (Fig 2
and Takle 52). Thus, the result of combining a complex SLM composiztion
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Fig. 5 AGREEpewp ssessment of the KO-based PALME proposed in the
present woek. The valie i the fnnes vide reprosents the svendll score of the
technige (0-10) Kah of she ton panvmeters cvnlistod ane placed sevmd the
tmver carrlo s the lomgth of ench criterinn represents the wiight o the Gl
sevre The darker the grevm tones i oach of the sen erierin, cliser bo the desived
st ainalie perfir L (e interpe ol e peferences 1o cdour in this
Gegur= legend, the sewter bs refeed to the Welb veesbon of this aticls )

1t di

to extract different groups of drugs with b
mediolmnhmmemuhmmﬂa!mumzxmmnemhxy
obeesved In Fig A To plnpoint how each EO constituent might he
nmsmﬂ)wmmm.msezomolemluwoddhnmwbe

déed in isolated or in & {55). Foc the present work, the
mtmm&mymumdmmmmumm

Aradioa Chivdor Acxy EI0] (A0M) 4EWT

the final stage. At 120 min, equilibrivm was still not¢ obeained. Thes,
compared with LEME using synthetic organic solvents as the liquid
membrane {11,720 24], the extraction kinetics i the cutrent EO- based
systens was relatively slow. This was Hkely attributed to the highes
viscosity of the smart & sassy EO.

The extraction recoveries were also affected by the concentration of
bmemlheumple \smnhvm Pz 4Eand P, the extiaction efficiency

| upon ing the of NaOH in the sample
This ks not typical for LPMB with pure synthetic Haald membeanes and
Iidicates that high bevels of NaOH affectvd the chemical stability of the
BO-based liguid | Most p . basic hydralysis may
explain this obsevation amd may also explain why the EO liquid
membrane camnot be ueed for very long extriactions. Therefare, 10 mM
N2aOH wae selectad for pH adjustisent of the samgple.

Extroction recoveries increased with increasing sample volame up to
150 pl. Above this level, the convection in the sampde was toduced
despite stroag agittion and the extraction efficlency decreased (1'ly. 1D
and F), This observation was in accosdance with previous studies | 15,19,
221 In addition, the performance was not affected by the additon of
mA to the hquld b Most pr ¥, natual of the

¥ ipes and. thered I ef

fmwuobtw\ed with TOA [19.22,24,32 34].
In a separate set of experiments, NaOH and formic aad were
placed with b and citric ocid. The two latter sub
mumluhnmdousmdpm[m] 1hemuln-uummnnad
in Fig 5t in 1 G , recoveries with sodium
be:mbommehwthuwhw doe to pH. For most model
analytes, extractions with citric acid and formic acid were comparable,
but for the four desigoer bemodigiepines, the green alfernative poo-
vided improved extraction recovery, Thesefare, in the final method,

NaOH nnd citric nckl were selected

[

it

3.3. Merhod valtdarion

The calibeatson curves ased foc all the analytes ranged from 1 o 100
ngml ' with £ > 0.99 (1 251e 1), This range was chosen as a compeo
mase bazed on the typical plasma concentrations of the drugs covered by
the method [4,5,10,11]. I'heat;hlhb-dlﬂl”ornwnamlyla\-.nd

smulinneous of all compounds and, therefore, was
as described below,

P

On

»

32

of op ]
Bagad! on previcus works, the sample pH, acceptor pH, sample vol-
axmmon tate, amd extraction time were considered the msjor
e 1 sddition, TOA was added fu the Hqusd

mbmnn 1o suppoess scandary interactions with the solid supp

bemOlmd(lSumL whlelheLOQwamwlunl. for all
composmds {Table 1) Although the model analytes wece not
exhaustively, the LOD were tomannhk to thuse obtnlnal in mmlm
PALME setups for mﬂltylnne, P , 2C-E, dexck
i , and Mk 1 21 'll.'l'htm.although the current work
uind an w-hu-d liquid nﬂnbmne and slower Kimetics were observed,
detection ol guantification Limits were not seclomsly affected,
Thae y and fion of e method were alsa withis

e -
A En

mweghiane [16,19 4], Theredore, the concentration of TOA was
considered an importnt operational parameter as well. In tosal, Alx
wunman were Anrludd in this ﬂm primsization step. The It
! weas pert g the of

base in the sample (10-100 mM), the concentation of ncid In the
acceptor (10-100 mM), sample volume (100-200 uL), percentage of
TOA added to the liquid brane (0-5%), ag mate (300700
rpm), and time (5 120 min). The cutcome of the optimization experi-
menits i3 summarized i Fip 4
The agitstion time was the most imp

d by the ol base in lhempk. sample wlume 2|
percentage of TOA (Fiz 4A-C), The concentration of acid im the acceptor
wae critical caly for the designer berzodiazepines (Viz +C). These
compounds are extremely weak bases and, therefore, required stromgly
acidic conditions in the acceptor {Tabis £2),

After this screaning step, & OCD was perforimed to find v optimun
extraction conditions, Extraction recoveries increased with increasing
wxtactson tme up to )20 min Extractions for 100 min were also testel
Bt thwese failed duw to sability issues with the BO Bquid smenbeane n

PP

&l

90

prabie lmits Dlished Lid idelines, that is +200% asd
<m, respectively (Table | and Section 25.3) ["‘l The ME study
I d 0o bon sapp nes enh =20%, which is n agree-
Isent with prevsous studies that demonstrnte PALME provides excellent
sample clean-up (Takie 2) [19,22,26,97]. n addidon, despize the sow
Kisetics observed, the RE values were high for most model analytes. As
tor the poorly extracted compounds (RE < 60%), the LOD achieved
suffices for the application to real case samples (120l 2). Thas, the
technique showed to be efficient even for the amalytes with poor
recoveries,

In a final validation step, extroction with BO from different peo
dection batches was tested. This was based on the fact that 20 are plant
extrocty, and their compesition may yary depending on several factor
incloding the harvest, season, and extroction cooditions [72 4] Ina
new set of expetiments, smast & sasey EO of different batches were ac-
quired anil evaluated in terms of intermedinte precision [1 1], As shown
im Table 3, the lmpeacision for most of the analytes was < 15% a1 the
e QC levels, A closnt investigation of these results pevealed that the
older EO battle included in this exp win responsdtle for pro-
declmg the Nigher walows observad in the between-biuteh impeecision.
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Table &
Comparisem of the propoassd FALME method with pervioms apgphicanons,
[ETCTRT T M Arreptoe Evtrm thon Aalyies RE(%)  ME(MW) Nl
oy N P N (rrsnn)
DouLofNeolt @0k ol 2l of dBeryleflex  Fomme wond = Petbarbor, haboprrsbed, acbmbons. aisd [T 1%
20 M [ 2 erriptyie
125 pb of 1K 115 of 2 b of diseeyl ethen NiL, 2 - w pivhn, & e, diclohy fliekipeot Heam o - (8]
0w [P Ibpenfin, aed goaifibyoxd
TISPLUENENT 13580l 4 ploof lesadec e Fummle ochil 120 Fh Ll el 1 o oM 1T
400 e oM
115l f B 4l NH, 25 uN
250 mM seqrent yllmzorse
1250 of 125 a0l 23550 of Zacmeew  Trifhaces - el ek toe, 4wl d 2m (18]
+ 15w penw acvtic sead casendte
Boflor 50 M 1T M
SULOTNE 125k of 5l of dederst Foenbe il 120 My, 4 Fhanwsipletniie, peedions, A4 &5 117 (31
A uMm hen e - 1S TOA M Meethy tramntbony iy onaberuees, ety
Thulof N 150 4 uf Clivmiyietiybptperadive, 6.02-wmstmpveyyll s
-~ oM whobe I i . ethibypleniid
hiood methylerediry 2 susorndane
2000, hmnme-deagonlly, med AN
AOpLaf Nkl s A o doderyt Voomke svd " Krtrgedon, bnasgedn, dickoferine, snd s ma
oM o« 1% T 2 Miwbipeofen
oo NH, 2w Qretingine wnl mautr ipeyfine RAR ] = m
i ackl
W M
NSEblod Nl 125 )80l 5k of dodeyl Pewiie s 120 i o - T w113 1N
A0 M [ sovtane ~ 1% 104 M " hirh i rth X
.l st
130w 100l 2o wd 150 oL wf “w i e, B desdih b -1 &7 13
hangdany whob diboxyl ether (103 & DAMSO 4 pan, dick eiaclan,
bufles SO0uM  Léwd T Joewse wid o il dasn, 1)
00 M o s, chmonandany, kirnany
(rany fonaova Nchemant by Minaepes
T Tant, andpidrm, s angrich
NS 125080l 4 L of dodet Fuemie mctd “w OOy e, Ty e, (e lagoe, 7.5 125
WM [T e 1N TOA a2 ke LR eyl vensbalanine, wiel
Mipsnetise
T2 b it 125l S gl o eyt etlee Puesaie sl 120 0 hwose cimrpuamsehs |dorgo wwel o idingeninm oG (]
50 1 e [Veras =t e il WM er Twrdscliia)
Nal20tn 300 v w10
s nM
T25p0 0t Ml 1258 0f 8 b of (B! eflew 10 ok gl " Arvgletmnibie, neeanghetmiie, sod MOMA ) =MuG ()
0 M becost DR LY Joenss wid 20
nilk "M
(L8] Water 4 of | Ol N 1 Sowman sl sthd ety bpbosphemic e, sty 1o - (Q0) ]
aanplos meird, spchabooyl vann acid, and wdsty)
ey tphogulomis werd
Drogs of 1Y WOt Al of n Oetanol LU 120 Saman ackd, st mestid phiosptinde acid, sartn - - (B8]
LX) e bl cpehobeayd santn oo, aod isdary)
ety lpdsoaplamar weal
140 pL ot 100 af 5k of dodoeyt DA aund » Repaglinide waAnl et e
phampatr [ woetaw - 1% TOA foemue neid
Sodlow B0 N o aM
12051
100ULef Nl 15080l 3Ll BO Chrke o 10 120 2% ek doggs of Alwse WA ML T
A uM [ uM work.

“Arvepine volurme was SOUL Il net sperificd. BO: oaenting oil; SEMC sopporsed Danid monbeso JE: socovery: ME mstrix effoct; TOX: irinetylwsine DEHE: 2-di{chy)-
ey T} phosphee; DISC drod bood spat; DNSO: Dimetiy ] wnlfoxide.

Nevectheless, all values were <20% and, therefore, within el horough evaluation of different arpects of the sample preparation
Limits by vadidati idelines [29) In tusion from thi experi procedure [79,39)

the extiaction performance with diffurent hatches of BO vasied (0 same T this woek, the focus was on teplacing pure synthetic sol wsed
extent but is avoidable by usiig the same batels Jor series of extiactions, I PALME with g L1 Thwe use of b Jo 1 [EF)
Thix comlil be antiuted 1o ey of stabidity of the compounds present in sample prepagation durw is eval 1 by criterion 2 in AGREEprep
the EO, As shown i Fle 5, this parameter was considered highly gieen. Tn

Ag a fisal proof of the applicability of the proposed techsique, seven combination with othes features, sich as usiiag only 150 pL of plasma
real case samples wese analyzed and the yesults are displayed in Table and veplacing formic acid with clmic acld, the overall score was slightly
P | ln comparisoen to po waorks (Fig. 5) [35), In contrast, the

24 G lowest scares cbanived in this evaluation were selated to sample peep
by e aratton placement (1), reusabliity of the macerials (3), lack of automs
purpose thon {7), and type of analytical strumentation (9). Some of these four
m"_‘_w..“' n‘.'um.;r.m“m“::m-:-l.:‘: limitations are easier 1 address than others. For example, the liquid

wvaluated. The AGREEprep appeosch was chusen for It allows o s not reusable (3), but the technique performed in this study
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s zmenable to automation [27,40,41] (7), aod other Instrument can be
dfumnly-["o.:l](ﬂ This dllustrates that PALME is indeed
green and & can still be explored to fusther
ml-nlheenvhnmenh“moddthhudmlqm_

3.5. Feaslbilicy of PALME for rouine analysis

mmnwk,wu:mm-wmmrumxmnudu-m
for1 of drugs of abuse by patients. With the
mhgmb«d?l?s.lhuhlbunanubhwmmmwunm
hbo(mddln;,mh ! To adkdress such cases, n
sample p q Mnﬂwaotbundhlouldmgs
ddmaMNPSumnmLMmthhtxh_thdwbe
fast and simple allowing the rapid analysis of urgent cases. The overall
extraction of basic drugs of abuse from plasma samples wusing the heretn
proposed PALME proved to meet those I asitis dered

Arabioa Chivor Acxy L0 (XEM) 34207

macket.

CRediT authorship o oy

Aunuhhmwnnn; mkdmwm orl;iml
s Visabinsin, Ve, iy, ivere

& oditing, Viswalization, Formal analysis, C lehnm

Lewre Oiestad: Writing - m&odiling,hn;ru Giardano Novak
Rossi: Temources, Jaime E.Ceeilio Hallak: Resources  Rafoel
i dos S Jose Luiz Costa: Wilting - review &

q a

sngle-step procedure [15], In adidition to that, this xetup allows the

mﬂmmmudva%mphwuumlkmhr
with e rontine

Another important feature that Imu-ﬂo: Immo-lbﬂmylo

of a n routine analy

minimizes hoimarn haodliog further wuplwym the arsalyrical pep-nm
In theis regard, LPME ation bas been rep d, alihough such ap-
proaches tend to require soplisticared systems [42,42]. In contrse,
PALME i simspler by defauls nnd so are the automated systems 27,40,
L3 memrmmpmmdummxmka

1, the act ge of being ble to beings
mwmmmmmmrmmm 0Of note,
PALME automstion woull meet even closer today's standards of envl-
roamental consclousoess {Fig. 5) [11].

In combination, the fast and simultapecus analysés of almost a
bundred samples makes PALME a valnable tool not caly for cases of drug
consumption. Table  summarizes previously published articles using
PALME for different applications. In terms of donor phase composition
(NaOH) and extraction time (120 min), the technique described heretn
uses parumetess similar to otiver works, In contrast, this study stands out
m terms of acceptor phase and SLM by replacing formic acid with atric
achd and completely dizmiming the use of ir ol a3
respectively, Momeovwr, nioet studies have focusand an medicatians, such
os antidepressants and anti-inflammatory drugs, while coly few bave
mvestigated PALME for the asaldysis of drugs of abuse and inchuded
fferent classes ot even NPS (Tabie 5),

Aol

4. Conclusion

I this conceptusl wock, a0 EO-hased PALME 1o extioct model sas-
Bvies from plasma samples was explored, A 1otal of 29 illicit substasces

were chosen due 10 their i | red and beterogy
chemical properies.

Among sll SIM rested, llunm&u-yzowhhmm-dahm
far all conspound d by the method. W, d to pure
lymhndcnlvmthumhadhuhrmmymﬂunghm

R sired for the appl
Nluyoflﬂ:mnhodmnnlmumnﬂlmvdhrnumnlymm
the noes that were pootly extraceed.

Importantly, the natural variobslites of the smart & sissy BO wese
nlxo comsidered during this study and were foued not to impoct the
amalytical of the medh . results suggest that EO
bottles shoudd be used for series of experiments, as extinction efficiency
might decrease over tinee likely due to stability sssues.

Prom an ecofriendly perspective, using only 3 ul of EO 150 L of
rungle, atric ackl 35 accepror, and being able to simultanecosly estrart
wp 10 96 samples makes PALME a valuable toal for toxicological snalyses
ially idering that the techni is 0t for different classes of
emwmﬁ Thhm-up-tkuh'ymuwmmuhcuMles
sosnario in which povel drugs e constantly appesring in the dlicit drug
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An efficient and green method for the analysis of synthetic =
cathinones in whole blood using 96-well electromembrane
extraction and LC-MS/MS

André L. Fabris *, Frederik A. Hansen", Mauricio Yonamine *,
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ARTICLE INFO ABSTRACT

Humelling $alitor: Vs Zove Eloctromuembrune extraction {EME) is o misisusized txchaique in which churged molecales are
; '-'k | from Winlogicul ples, through o poroas ‘ inde un v lution. This

prrocess accurs in the presence of an eleceric field tat enablies Increased m-lyu nx-wcry in ahort

mmm“’"" extraction times. Stdies ure belng carrfed out w establish il

Now pryicoscive: s ibatancey far different groups of compounds based e thelr phystachemics] properties. 1 this wink, pre-

LC MS/MS establiched gencete liguid by fur the gion of basic p fa were tested usbag
syathetic cothinoses within o wide log ¥ range as husic mindel analytes. Fise, fod oe-
ganke sobvents for the chosen unalytes were evaluated In bevmm of recovery. The best candidates
wiere included in an optimizative study with uthey el EME comli (valtage, i
i, und ugitation rute), Al unalyses weee perfonmed using o UPLC-MS/MS with the multiple re-
wction ing mude. 2-Usx wis chawens i the Bquid memturane providiag the bt

extuction efficlency In combinstion with 40 V, 35 min, und 725 rpm. Vaulidstion showed
> 0.99 in the 1-500 ng/mb. rumge, securacy of £ 12%, imprecision of <199%, 1 ng/md as limir
of quontitation, 0.1-0.5 ng/mE o Hmit of detection, mutrix offect 97-118%, and recivery
63-110%. Amang the generic liquid membranes studied n this work, 2-Undecanone was the best
:hmhxlkmmahuumm:m Righ recoveries and low matx effeces were achieved, thus

% the applicabilisy of ded generic Hquid menshranes in the 96-well plate
sctupumlwllhwﬁnlehhodnmplawbndh@t rate s further establishing FME as an
actual sample preparation technlgue for routise analyses that could be further explored in a com-
mlul iunnnl.

1. Introduction

Synthetic cathinones (SC) are a group of substances structurally redated to cathinone, a naturnl compound found in the Khat plant
(Catha edufis). The first SC was found on the illicit drug market in 2005 but new cathinone derivatives are still emerging. Recent data
from the United Nations Office on Drugs and Crime show that more than 70 § C have been reported yearly since 2014, In 2022, the

* Corresprmting wettor. Degaationt of Mamacy, Dsivorsty of Oslo, Blivdesn 0316, O, Sirway
£ il acdresss oot oo s (EL Sestad)
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seizure of large quantities of SC in Burope has raised the concemn of these compounds playing a mnjor role in Burope's stimulant mar-
ket (Europesy Monitoring Centre for Drugs and Drug Addiction, 2023),

SC have become well-established in some European drug markets due to their psychoactive properties (Euiopesn Momtaiing
Centre for Devags and Diuy Addiction, 2027). With similar effects to known drugs of abuse, such as amph ine, they are frequently
sold as replacements for these stimulants. Howeves, different substitution pattemns in the core structure of cathinone result in oumer
ous SC of unknown toxicological properties (Fig. 1) (Soares e ol , 2021), In addition, SC are also often used as adulterants of stimulant
products resulting in the inadvertent use of these mixtures of drugs (Europoan Monltoring Centie for Dougs and Drug Addiction,
2029}, Tn combination, these factors increase the risk of overdoses and deaths, especially in groups with a high prevalence of SC
abuse, such as clubbers, high-tisk diug users, and treatment entrants (Europenn Moaimoning Centiv foe Dougs and Drug Addiction.
2015}, Interestingly, some 5C have more adhesion from users and continue on the drug market even after belng listed in curvens legis-
latlon (European Monitoring Centre for Diags and Diug Addiction, 2023), On the other hand, new compounds with novel chemical
structures ase constantly created and introduced (nto the drug market to be sold as legal replacements for controlled substances. In
addition to this dynamic flow, these drugs are Mmhwhddhmdnommhp.mmmombmtﬂm}yﬂedm
o&ndhdtomnlyulbezmhlnnmmbiologhnl sces is of g “,

i aiming ot mmdtﬂ‘m 1 i have been proposed (Lau ot ol 2020;
Niebel et al., 2030; Aldubzvm ecal, 202.').Som¢ mrh have also umupbd to fit lhe Green Analytical Toxicology or Green Sample
Prqmuﬁon paspeﬂire(de Paula Mel:rllcs etal, 2003; Lopes Lotente ef al, 2022). Liquid-phase microextraction (LPME), microsx.
t, and disg e liquid liquid microextraction are examples of miniaturized nedmlqusﬁuluwebeenm

posedh(hal regard (P.th etal, .\oz:r Bavlovic Plakackova et al,, 2022; Vardal et al, 2017; da Cunha et al., 2020; Lesne ot al,

Fig. 1. mma&m“hmmmuulwmnrm of cub with the peoitions where
oo b it sensd Do veet) e okl mew demvanives, e STAE sl tondes are the cnthi il I thils stwdy % % the dvervany of this group
n(!rli.(mlnmzmmnnﬂhMmmwmmﬁwththmwwmdmuMJ

2
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2023), The main advantages of using these formats are reducing the volume of samples and organic solvents conswmed while improv.
ing simplicity and costeffecti . H , a major setback with these new techniques is the kack of commercial equipment for
their actual implementation in routine laboratories.

Electromembrane extraction (EME) is a form of LPME that makes use of an electric field to impi fer. Since it was in-
troduced in 2006, EME has been explored in different applications and formats {Clelsiad et ol 2007). For instance, setups using hol-
low fibers, flat membranes, micro-chip technology, and 96-well plates were described 1o extract medications, drugs of abuse, etc,,
from various samples (Eibak «t al., 2012; Vardal et al,, 2018; Gjelstad 1 al., 2015; Cristule et al, 2013; Ramos Payon et al., 2018;
Hong et al, 2022), These approaches wete also summatized in some interesting teviews (Alevovic «1 ol 2016, 2010). Recently, a
commercial deviee for EME based on conductive vials was made available (Skaalvik e ol 2021, 2023, 2023%; Schlles o ol
20230). This is a milestone for this sample preparation technique and brings it ope step closer to routine implementation. Neverthe-
less, efforts to make EME simopler and move proctical are still being made,

The 96-well phm format is a ptomhlng candidate because it offers higher throughput and less sol P can be
achleved pared to the ductive vial-based setup, The single-step thres-phase extraction pm\dp!oofBMEannMimhh
configurntion (Yibak et al . 201 4). Briefly, charged analytes are transferred from an aq sample h a hydrophobs
liquid membrane, into an ag P duti ﬂunpplntinno‘melmﬁddi.d"mntheuun‘erdchu;ldmnlunlu

ds the P lution. For ple, extracting basic compounds, such as the SC, is achievable by acidifying the sample and
using an acidic acceptor solutian (Fig. 2) (Skaalvik =t al, 2021, 20232, 2029k Schuller =t al., 20230; Schidller et al., 20235). Finally,
clean aqueous extracts can be directly injected into an LC.MS instrument. In that regard, EME is highly selective to small ionized com.
pounds, thus it offers great sample clean-up of matrix components, such as salts, proteins, phospholipids, ete, (Baviavic Plskackoys et
nd., 2022; Skanlvik et nl, 2021),

In theory, EME is applicable to any ionizable compound but this task is challenging when multiple analytes with a range of chemi-
cal properties are to be extracted simultaneously. As EME has recently b cially available and is now an sctual alterna-
tive for green and sustainable routine analysis, pre-established generic extraction conditions for specific groups of substances are be-
(g proposed (Zhou et b, 2007, 2024). These recommendations are mainly based on the log P of the target compounds. 1n this work,
pre-established conditions 1o extract basic compounds were tested in the prototype 96-well plate format. SC were chasen due to their
Incrensing relevance in toxicology. This class of drugs of abase has basic properties and compounds within a wide lipophllicity range
were considered. This study aimed to eval the applicability of genesic liquid membrane recommendations in this protatype 96-
well EME setup. Additionall d 1 ditions were previously d ined for pl. ples, thuss this study
alsa evaluates the compldhﬂuy and pﬂfmnu in whole blood.

2. Methodology
2.1. Chemicals and solvents
A inm fi 2-Nitrophenyl octyl ether (NPOE), 2-Undecanone, and bis(2-Ethylhexyl) phosphate (DEHP) were purchased

from Sigma-Aldrich (St. Loais, MO, USA). Thymeol (Thy) and 6-Methylcoumarin (6 MC) were from Merck {Darmstadt, Germany).
Formic acid (LC-MS ginde) was purchased from VWR (Radnor, PA, USA). uw(uemmmmmgoom)mma
from Honeywell/Riedelde Haén™ (Seelze, Germany). Cathinone was obtained from USP, 4 theathi 4-Methyl N.N-
dimethylcathinone (4-MDMC), bk-MDEA, dimethylone, N-butylpentylone, and o-Pyriolidinobutiopbenone (a-PBP) were obtained
from Cayman Chemical Company. Eutylone was purchased from LGC Standards, metheathinone from Sigma, and mexedrone, 4-

Chioroetheathinone (4-CEC), mephedrone, 4-Chlorometheathinone (4-CMC), 3-Methylmethcathinone (3-MEC), N-ethylpentedione,
u-PynoMinopendoduophenom (a-PVT), w-Pynolidinopentiophenons (a-PVP), N-ethylhesedione, 4-Fluoto-a-
Py “dlmpcmi 4 FaPVP), and «Pymolidinotsohexanophenope (a-PiHP), methcathinone-d3 ond e-

pyrrolidin b 48 (a-PVP-d8) were purchased from Chiron AS,

¥ v

Fig. 2. Principle of EME i the 96 well plate setup. Fird, sauples ate placed 10 the bortoss condutive plase, The oeganbe savent is then pipetrod 0so the pooss
inernlemies i (he mooepor solothon by mdied b e wells of the togp plase. Flually, (he comafictive B whih the nucs s pdacend o top of the soropaor plete wid the sysen
I8 oonmer tosd b e uqﬂy s (e edentaiee fledd can be created. For the estranion of tasic onmponmsds, mnt- walgrane towarshs the acorptor sedtion whene the rsth
ode bs placed. 104" p | bt conipotmde A dep o acidic comgoumds; N; neutral
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2.2. Samples and warking soduti
Human blood samples were supplied by the Blood Bank of Osto (Oslo University Hospital) and stored at =20 *C befote use, All
stock solutions were diluted into working solutions using the doanor phase as diluent (250 mM formic acid).

2.3. EME procedure

The EME setup was pesformed as previousty described (1ibak et al,, 20545 Sehtdler ot 0l 20230 Schidller ot al,, 202:3b), In a labo-
ratory-bullt 96-well format, extractions were performed using a conductive stalnless-steel 96-well plate and a MultiScreen-1P filter
96-well plate from Merck Millipore (Carmigtwahill, Ireland) as donar and acceptor, respectively. A labaratory-built conductive stain-
less. steed lid with 96 rods was placed on top of the acceptor plate and served os the cathode (51 2). This setup was agitated during ex-

ctions with a Vil 100 agitation sy from Heidolph (Kellheim, Germany).

The specific extraction conditions were as follows. The donor phase consisted of a 1:2 dilution of whole blood:buffer (v/v); that is
120 gL of whole blood, 100 pl of 250 mM formic acid, 10 pL of a pool of analytes, and 10 uL of the pool of internal stondards, with a
final volume of 240 pl. Both analytes and internal standards were prepared in solutions of 250 mM formic acid, The suppotted liguid
membrane (SLM) was created by pipetting 3 pL of 2-Undecanone directly onto the filter and the acceptor phase consisted of 50 pL of
100 mM formic acid. Once the plates were put together, the conductive lid was placed on top and the setup was connected to a power
supply se¢ 10 40 V (model ES 0300-0.45, Delta Elektronika BV, Zierikzee, the Netherlands), The system remained under 725 rpm of
agitation for 35 min,

2.4, Instrumentation

All analyses were performed with an Acquity UPLC coupled to a Xevo-TQ triple quadrupole (Waters, Milford, MA, USA). The chra-
matographic separation was achieved on a Kinetex Biphenyl column (2.1 x 100 mm, 1.7 pm; Phenomenex, Torrance, CA, USA), Mo-
bile ph Auand B isted of lum fc (10 mM, pH 3.1) and MeOH, respectively, at a flow rate of 0.5 mL/min, The gra-
dient was as follows: 0,2-0,3 min, 10-25% B; 0.3-2.8 min, 25-20% B; 2.8-3.5 min, 30-45% B; 3.5-4,0 min, 45-100% B and kept for
another 0.5 min; 4.5-4.6 min, 100-105 B and kept far another 0.9 min. The injection volume was 0.8 pl and the column was kept at
60 °C for the entire 5.5 -min run.

The mass spectrometer operated with positive electrospray ionization and multiple reaction monitoring was used. A capillary volt-
age of 0.5 kV, ion source temperature of 150 °C, cone gas flow of 300 L/h, and desolvation gas flow of 1000 L/k at 500 "C were usad.
The MassLynx 4.2 softwate from Waters was used to process all data, The specific MS conditions of the analytes studied herein are
summarized in Table 51,

2.5. EME optimization
A Box-Behnken design was performed considering the relevant variables for fon efficiency on EME, The SLM, voltage, ex-
traction time, and agitation rate were chosen based an initial tests and previous stadies (Shanlvik of ol 202, 20230, 20290, Schuller
et al., 20230; Schuller et al, 2023h, 2023¢; Schillley et ul., 20238; Zhou et al., 2023; Honsen of al , 202143 Rye et al., 2021), In total,
the combination of these four conditi lted in 34 experi that were performed in triplicate, From the obtained results, pre-
dictive models were constructed using multiple linear regressi ssisted by analysis of vari (ANOVA), and applied for the de-
ination of aptimal EME p ting: Iysis was pesformed using Design Expert 13 (Stat-Ease Inc., Minneapalis,
MN, USA)

2.6, Method validation

Validation was performed according to the ANSI/ASB Standard 036 for method validation in forensic toxicology (AAFS Standosds
Hoard, 2019) and supporting literatuye (Matusaewoki ef al 2000)

2.6.1. Limit of detection, limit of quantitation, and iinearity

The linearity range was based on relevant concentrations commonly found for SC (Lau ot al, 2020; Fabuis of ol 2023;
Atlsipwies. 2021), The calibration model for all analytes was considered acceptable when the coefficient of correlation (1) > 0.99.
For h dasticity correction, 1/x weighing was applied. The limir of quantitation (LOQ) was then selected as the lowest concen-
teation of the linearity range and was defined when both accuracy and lmprecision exiterin were met (= 20% and 520%, yespec-
tively). The limit of detection (LOD) was estimated from scalar dilutions starting at the LOQ and was consédered acceptable when sig-
nal-to-nolse ratio 31,

2.6.2. Accuracy and imprecision

For the evaluation of accuracy and imprecision, four sets of quality controls (QC) were assessed with freshly prepared calibration
curves on five different days, Within-run and between-run imprecisions were then calculated by ANOVA considering all expertiments
and are expressed as coefficlent of varlation (CV). The minlmum requirements for v and lmprecision were varl af +200%
and <209, respectively.

2.6.3. Analyte recovery and matrix offect
In this study, three different groups were considered: |) neat analyte injection, 1)) samples spiked pre-extraction, and il{) samples
spiked post-extraction. This expertment was performed In quintuplicate, whereas each replicate was o sample from a different donor
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(Matuszewskl et ol 2003), Intesnal standards were added post-extraction in groups i and i, so the relative area could be considered
for all analyses.

The estimation of extzaction recovery (RE) was calculated at the QC levels as the ratio of groups ii by ii. Similacly, the matrix effect
(ME) was calculated as the ratio of groups iii by L Results for RE and ME are expressed as percentages.

2.6.4. Selectivity and carryover

Ten blank samples from different d were simull Iy d and analyzed by the method to eval the p of
endogenous interfering compounds. Additionally, a pool :onninln; common exogenous substances at the concentration of 1-24 pM
wu lnjeded and analyzed by the pmpmed muhod. This poul connlnu! bupmwrphtne clonazepam, alprazelam, cocaine, ben-

morphine, I, nitrazep pam, N-desmethyl diazepam, oxazepam, zopi-

clou:. mlptdmg amphetamine, mm-mphmmne, 3,4 Methylenedioxymethamph ine, delta 9-tetrahyd binol, and phos-
phatidylethanol 16:0/18:1,

Carryover between injections was investigated by monitoring chromatograms of blank injections after the highest calibration
standasds.

2.6.5. Stability of processed samples
The respons from twelve extracted samples run at the start and end of 8 sequence of 96 samples were compared (o controls to ver-
ity If the time difference would influence the results

3. Results and discussion
3.1. Selection of the liquid memsbrane

The eathinone analogs included in this study have Jow o moderate polarity (1,18 < log P £ 2.65) (Table 52). Extrocting these
compounds simultaneously can be complicated due to this wide polarity range.

In o first set of exy NPOE and 2-Und were tested as the first choices of liquid membranes. These are recom-
mended to extroct analytes with polarities within the Jog P mange of 2.2-6.4 and 1.0 to 5.8, respectively (Zhou of al | 2023) In addi-
tion, some modifications ta NPOE have previously been described to increase the extraction efficsency of mare pelar analytes. For ax-
nmple, the addition of the fonic carrier DEHP and the mixture of 6 MC and Thy have widened the extraction window of NPOE
(Skaalvik et ol 202315 Schiller et al | 2023¢; Honsen et al., 20214). These additives improve the mass transfer of highly polar com-
pounds from the sample to the ptor for increasing their affinity to the SLM (Hansen et al |, 2021 a; Hansen ot al., 20210) Thus, the
xtype i ions and hydrogen bond propersties of these additives have been demonstrated beneficial for the ion of
polar basic compounds. Therefore, these dmna(h'el wete alto included in the first assessorent of SLM candidates,

Extractiots were carrled out for 30 min but the voltages had to be adjusted based on the properties of each liquid membrane.
NPOE and NPOE +1% DEHP were move stable and thus 100 V could be applied, In contrast, 2-Undecanone and a 1:2 (v/v) mixture of
6 MC:Thy (1:2, molar ratio) and NPOE (NPOE + 6 MC:Thy) produced higher curtents ( >50 pA per ssmple), thus lower voltage was
wsed (60 V) (Skanlvik e al., 2022b) Schilller er al., 2023a). This was based on previous studies that established 50 pA per sample as
the recommended limit in EME (Hanson o1 ol 2020}, Higher currents pegatively affect extraction performance due to electrolysis
that cause bubble formation and drifts the pH in both the sample and acceptor (Zhou et al. 2023, 2024; Hapsen et ol 2000)

Interestingly, SC in the lower log P range were not efficlently extracted with NPOE alone, and adding DEHP did not improve this
outcome. On the other hand, adding 6 MC:Thy to NPOE significantly improved the recoveries, reaching similar values to those

hieved with 2 Und alone (=>553%) (Fig. 1), These findings are in agreement with previous data showing that NPOE is not
very efficient for basic compounds of moderate polarities {1.0 < log P < 2.0) but can be improved with additives in the SLM (Skeslvik
etal, 2023b; Schiiller et al, 20230; Zhou et 2l 2023; Hansen et al | 2021 1), In contrast, 2-Undecanone alone efficiently extracted all
the SC from whole blood samples. This also b previots data that recommends using this liquid membrane instead of NPOE

for compounds with log P ranging from 1.0 to 5.8 (Zhou 1 al, 2023)

3.2, Optimizing EME conditions

A Box-Behinken design was performed to optimize operational parameters with both NPOE + 6 MC:Thy and 2-Undecanone, Typi-
cally, exhaustive extractions in EME are achleved In under 60 min (Skanlvik ot al., 2021, 20250, 20230 Schuller ot al, 20234
Sehilor o al, 2023 Rye er al, 2021), The extractions in the previous experiment (Section 1 1) were carvied out for 30 min and
modmue roeo\vms were achieved, thus similar extraction durations were considered for optimization (20-40 min). After a few ex-

¥ high tion efficiencies were found to be sustained at lower voltages than previously used. The voltage
mxgeoftheopﬂmhadmnudywu therefore set to 30-50 V. mkunhpnmmcm included was the agitation rate (400-1000 rpm),
which is impestant for facilitating mass fer in the sample and

After perf ig the experi mmwwmmmmmﬂummumm-mmm
high.lycnmelmd tolb:avaugeol’allScmmwmuwmﬂﬂummddhmmemxmdmwhmm
settings. For subsequent modelling, the response variable was thus defined as the average recovery of all SC, and model terms were
tuken as significant for ANOVA p-values < 0.05. Details on the model statistics are provided in Supplementary information (Tables 53
and S4). Flg. 4 shows the effect of the four patameters on average SC recovery.

For both SLMs (NPOE + 6 MCThy and 2-Undecanone), the agitation rate was the most mportant factor for extiaction recovery
followed by the voltage, and extraction time 1o o lesser extent (Fig ).

w
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With 2-Undecanone as SLM, the optimal agitation rate was reached ar around 800 rpm and increasing the agitation rate beyond
this value caused no major gain in analyte recovery (1'is. 4), Interestingly, agitation rate Impacted the extraction move drastically
with NPOE + 6 MC;Thy as SLM, as recoveries close to zero were achieved at 400 rpm pared 1o exhoustive e rtions achieved at
1000 rpm (= 90%) (Fig. 4). In contrast, 2-Undecancne at 400 rpm provided recoveries of about 608, and ncveasing this value only
slightly improved the extraction efficiency (=80 %) (Fig 4). These differences in extinction efficiency between SLM may be associ-
ated with the higher viscosity of NPOE 4 6 MCThy pared to 2-Und

The voltage and extroction time also played a relevant role in extraction efficiency, altbough these effects were secondary to the
agltation rate. The effects were also independent of agitation rate and type of liquid membrane, however, an interaction cecurred be-
tween voltage and extraction time (Fig 1) At shorter extraction durations (for example 20 min) the optimal voltage was 45 V, while
at 40 min the optimal voltage was d 35 V. This interaction may be explained by the effects of electiolysis and pH changes in the
acceptor solution, which are expected to be more promi for both inc ing voltage and time. The highest efficiency was obtained
at 30-40 V for 35 min

Both Hguid membranes studied ln this optimization step were able to provide high predicted recoveries (= 50%) for all SC almed
to include in the method (Tuble 1). This could be achieved with different combinations of the variables included in this optimization
study. From the model, NPOE + 6 MC:Thy was predicted to be slightly more efficlent, however, preparing the mixture of NPOE +
6 MC:Thy requires mixing three components and may innoduce variability into the method. Comsequently, 2-Undecanone was pre-
ferved for the sake of simplicity. The optimum extraction conditions defined for validation were 2-Und as SLM and 40 V for
35 min. Agitation was set to 725 ypm, which is the nearest instrument setting to the pradicted optimum of 800 rpm.

3.3, Method validation

The EME technique was validated after optimizing relevant ex i it The validation results are summarized in Toble
2, and the conesponding chr ginms of the p ds at the LOQ cancentration can be found in Fig. 5.
The calibration range was defined as 1-500 ng/mL to fit all cathinone derivatives ¢ 1 by the hod. The resp was linear

to all analytes with ¥ > 0.99. The 1 ng/mL concentration in blood sulfices to analyze quantitatively most cases involving SC and was
thus established as LOQ. On the other hand, LOD wos established as 0.1 ng/mL for all analytes, except for 4-CMC with a LOD of
0.5 ng/mL {Table 2).

The accuracy and imprecision study showed blas was = 12%, within-run CV £ 18%, and between-tun CV < 199, Overall values
were considered aceeptable according to validstion guidelines, RE for all analytes wese within 79%-117%, except for metheathinone
(63-73%), and ME ranged from 97 10 117% (7able 2). Finally, no peaks of Interfering compounds were observed in the reteation

100



AL Fobeis e ol

SIM: 2-undecanane

SIM: NPOE + 6MC:Thy

Fig. 4. Surface plots of the
NPOE + 6 MC:Thy) For onch por, the Gaetin Sar i st displaprol Wins set 1o its optiesim vibie

Average SCrecovery

1 Voltage (V)

-

SC

y (2 axia) as a fi

A Time (min)

Sasssitalie Clasbary and Mormocy 55 (X024 M4

of A: Timne, B: Veltage, C Agitation rate, sad D: SIM composition (2-Usdecanoss of

Table 1

Prediction of extvstve recoveries lassd oo opebssbaation ea
Aualyies Predaciod IE (%)

NPOTA6 MG Thy 2 Undocmom

Cathinem HS )
ik MDEA (1) "
DHinethyhone w "%
Mestheativinoe L &7
Meneshrons w e
4 CRC (L) *
Pty bome o w
Mugherirone w L
4 L w
4 brovmemst bt hinone (i) w
4 MEC (L0 -
4 MOMC o m
" e e -
N ethiglperidione (L) 100
w v o i
" vy W w7
N-etliyliexedem 1 -
APamvy e o
N burylpestyione o3 96
w i (1] o

RE: peruvory.

times of the SC Included in the method indicating ble selectivity. Carryover was not observed in blank samples after high coa-

centration standards were injected,

The proposed method was suecessfully validated for all targee SC, although high CV (215%) wos observed for some analytes
{Table 2), Nevertheless, these values are still within acceptable limits (AAFS Standards Board, 2019), Additionally, LOD and LOQ val-
wes achieved with the 96-well plate setup described herein are in agreement with other wocks that propose methods to analyze SCin

101



AL Fobein e ol Sasttnnldr Chasbry and Mormocy 55 (0024) M4
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Sssunacy of validation results.
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blood samples (Lau ot ul, 2020; Fabris ot al., 2023; Hong et al, 2022; Odoard! et ul,, 2015). These validation results demonsmrate that
the EME described herein fits the Intended purpose,

The recoveriea achieved were >75% for all SC herein studied, except for metheathinone. Thus, exhaustive recoveries could be
achieved for most compounds (1'abie 2). In addition, ME values were < 2086 for all target SC, indicating excellent sample clean-up.
This finding is in agreement with previous works that reported LPME- base techniques such as EME providing high selectivity for jon-
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a-PiHP
a-PVP-d8
Eutylone
a-PVP
N-ethylhexedrone
4-CEC
” Mexedrone
& N-ethylpentedrone
4-CMC
3-MEC
Mephedrone f
VMﬂhuthinono-ds
- ‘Metbcathinone
»
1% e e m U am im0 dw e oam e aw e e am am e Uee ™

Pip- 5. Chromastograams of the SC incuided i the ssethod ar LOQ {1 ng/ml)

izable compounds while avoiding the extraction of interferents that cause intense ME, such as phospholipids {Saviovic Piskackovs ot
[ Skanlvik et al , 2021).

No evidence of sample degradation was observed during o series with 96 samples. The difference in tesponse at the end of the as-
say was on average within 165 of the respoase at the start. This experiment shows that the 96 well plate setup proposed in this work
can be used ar i3 maximum capacity with no significant impact on the vesults oves the tinwe required to inject all extracted samples.
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3.4. Prectical application of the praposed EME method

Comparing the EME p d in this work with other methods aimed at analyzing SC in biological samples highlights the advan-
tages of the technique. For example, Hu et al. described an electromembrane microextraction-assisted fluorescent moleculagly im-
printed polymer to detect SCin wrine samples (Ho et il 2020). In this work, analyte recovery was lowes and the setup was not high-
throughpat, thus Uimiting the application of this technigue (n ts current state, Similarly, Hong et al, presented an EME system to ang-
Iyze 5C in whole blood and urine samples but using o diffevent setup (Hong ot ul, 2022). Although decent recovery values were
achieved for the analytes included in the study, the EME system was ot high-throughput, which faces the same limitation of applica-
bility in lab ries with large routine casework.

For simplicity purposes, protein precipitation is frequently used to clean up biological samples prior to instrument injection. Cam-
paring our EME to a method analysing a range of NPS, including SC (Giorgetri ot al., 2022), EME requires less vol of samples and
hazardous organic salvents than protein precipitation. Additionally, the workflow with EME is simple and involves the extraction of
the analytes into aqueous solutions, which are injected directly into LC-MS, The protein predpitation method, on the other hand, in-

volved multiple operati including solvent evaposation and titution to make samples compatible with LC-MS. Finally, while
protein precipitation mainly rem proteins, EME many more endogenous components and provides a very clean sample
for LC-MS analysis. A detailed fsom b the EME pu d in this work with the mentioned protein precipitation proce-

dure for SC (Cumyem et ol, 2(‘&9] is provided in Table 3.

3.5. Greestess scove

Estimating the environmental impact of an analytical technique has become redovant in vecent years, Wojnowski et al, have pro-
posed an evaluation tacl to assess various steps of the sample preparation procedure: AGREEprep (Wolnowskl et al,, 2022), With this
approach, it is possible to attribute a scove to the proposed method providing a ol dication of its I impact. The
greenness score of the EME performed with the prototype setup herein described Is depicted in Fiy G

The greenness score ranges from 0 to 1, where the extremes yepreseat the worst and best performances, respectively. The score of
the EME developed in the present work was of 0.77 and is thus considered very good (Fig. 0) (Woinowski e al, 2022). The lowest
scares were attributed to sample preparation placement (1), reusability of the materials {3), lack of automation (7), and type of ana-
Iytical instrumentation (9), which should be addressed in future works. Overall, the scove obtained with the proposed EME is similay
to those obtained in other studies with the same techni d ting this p ,Fsetupmceulbedemnndsu"uhmmnlyﬂcn!
labotatories in terms of environmental impoet even moughhmmuepan still be improved (Skoalvik et al | 20234; Schuller ot ol
a0A3a),

4. Conclusions
lnIhhvmti.apmlutype%wellplm!lnphtMwnuzdmsmdymeapﬂlcmndmuqddmmm:ohaﬁcmm
pounds. Cathinone analogs were ch as model b due to their increasing relevance in toxicology and whole

blood was the sample of choice as it is the preferred matsix in forensic toxicological analysis.
Bared on the log P of the target compounds, NPOE and 2-Undecancne are the first choices of SLM, However, wzing NPOE alone
was not efficient for extacting SC with moderate polarity. This limitation was overcome by the addition of additives thar improved

Tuble 3
Conrguarinces of TME i predeim precipitae s fire et i it whele Mool

§3711 Protein grediplintion

Sample volsme Sooegde volume

120 L. of winle bleod 500 pL. of wiode tiood

Salvest, chemicals, and gos per sumple Solvent, chemicals, and gas per sample

Undecanone, 3 L Acetonitrile, 1650 yl

Fonuie ackd, 1 4L Foenube achd, 1 pl
Nitrogen gas

Pietograms and signal words 5 3 Pictogramm and signal words x 4

Warsiog x |, dweger x | Dager x 2

Pipetting x Pipetting x 5

Operations Operations

Exaraction Velexing

LEMS Crmmnfagation
Evapocation
Teromstitution
LCMS

Cleansp Cleanup

Fuspbatguls Preseine

Pristeiin

Lipss

Kals

Neweral sutetances

Acidic sebmtanirs

"
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Fig. 6. AUREEpewp growmmess scorw dl.lu mw hllan nnly I\l uvrnll scoow v sl W cinche i thwe vondoe, Asvmseal e crcde woe e 10 orilerie el
e bry theie (sample prrey ¥ lalicy, wid srssability of matesisds; waste; sier ooy of e
sanple; saniph why and Ry § pc-uau.du proparal i for 1y wh g o oy, resp wy)

the applicability of NPOE to compounds with log P < 2. In contrast, 2-Undecanone adone sufficed to achieve high recoveries, dismis-
ing the need for any modifications o this liguid membrane. This is in agreement with the recommended polaxity range for this SLM
(1.0 £ log F < 5.0). After optimizing other relevant EME conditi the technique was sfully validated In this prototype setup.

This work served to illastrate the proctical application of 1 ded EME cond| to new pounds. Hence, generic liquid
membranes can be used for novel applications with slight adj or modificati Additionally, these ded extraction
conditions were previously determined for plasma samples, thus this study also d d the patibility and performance in

whole blood (Zhou et al., 2023, 2024; Hanaen ot al., 20210; Hansen et al., 20210, 2021b). Although a small group of SC were included
in the present work when compared to all SC that have at one point been a part of the intemational drug market, 2-Undecanone

proved to be efficient in ex ing these P ds within a wide palarity range, indicating other cathi derivatives can be eas-
ily included. Thus, the successful application of this single-step exnnmun ina :lmp&a setup using pre blished ded ex-
traction conditions brings EME one step closer 1o being tinpl d in i by i3, providing the possibility of greener and
mote sustainable sample preparation in forensic toxicology, I following works, it would be advisable to perform comparison studies
between this 96-well plate setup and the ially available conductive vial format to closely evaluate the performance of both

¥ with generic memd Such studies should cotmlbule nol unly to the analysis of drugs of abuse in bislogical samples but
also 1o paving tho way to make EME an established ple prep tive for routine applications.
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9. CONCLUSOES

Quatro técnicas de extracdo destinadas a analisar as NPS em amostras
biolégicas foram desenvolvidas, otimizadas e validadas no presente projeto de
pesquisa. As classes das catinonas sintéticas, canabinoides sintéticos e
fenetilaminas foram focadas devido sua relevancia em territorio nacional.
Entretanto, outras drogas de abuso também foram incluidas em alguns destes
estudos, por exemplo a cetamina, anfetaminas, LSD, dentre outros. Durante a
execucdo do presente trabalho, os principios da GAT foram levados em
consideracdo e aplicados sempre que possivel. Assim, alternativas mais
sustentaveis foram apresentadas, como substituicdo dos solventes clorados em
DLLME por misturas menos nocivas, 0 uso de técnicas miniaturizadas, que séo
mais econémicas e usam menos de 300 uL de amostra, a completa substituicao
de solventes organicos por 0leos essenciais, a implementacdo de uma técnica
de microextracdo pela primeira vez no Brasil (PALME), dentre outros.

O projeto desenvolvido contribuiu com a difusdo dos conceitos da GAT, tanto
proporcionando técnicas para serem utilizadas e adaptadas bem como
exemplificando a aplicacdo destes conceitos no desenvolvimento de métodos.
Além disso, as metodologias aqui apresentadas podem ser ferramentas Uteis no
controle das NPS no Brasil e em outros paises, visto que os trabalhos estédo

disponiveis em revistas cientificas internacionais.
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11. ANEXOS
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sociais de usuarios, globalizag8o e efeitos das politicas de saude e seguranga publicas implementadas no
pais (EvansBrown e Sederov, 2018). Contudo, o fendmeno do surgimento das novas substancias
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