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RESUMO

Globalmente, a Cannabis continua sendo a droga de abuso mais consumida, com prevaléncia anual variando entre 2,6 € 5,0 %, es-
timando-se uma populagdo consumidora estavel entre 119 e 224 milhdes de usuarios. A constatagdo do consumo de drogas estd inserida
na area forense, na detecgao e acompanhamento no ambiente laboral e, apresenta-se como ferramenta para o profissional de satde no
monitoramento do tratamento do dependente quimico. Neste trabalho, apresenta-se a avaliag&o dos niveis da droga excretada na urina a
partir de uma metodologia analitica desenvolvida para investigagdo simultanea e rapida da presenca de tetrahidrocanabinol (THC) e seu
principal metabdlito, 11-nor-9-carboxi-A9-tetrahidrocanabinol (THC-COOH), em usuérios da droga, utilizando a resina de troca aninica
Dowex® e cromatografia liquida de alta eficiéncia acoplada a espectrometria de massas em série (CLAE-EM/EM). A partir da aplicagdo
do questionario sécio-econdémico constatou-se um padrao de poliusuéario entre os entrevistados, com idade média de 38,22 anos e com
renda de até 4 salarios minimos. Em 33% dos pacientes, o THC-COOH foi detectado acima do valor de corte estabelecido por diretriz
americana. Os resultados permitiram tragar o perfil do usuario assistido na instituicdo de salde e avaliar as concentragdes urinarias do
metabdlito nos voluntarios participantes.

Palavras-chave: Cannabis; Dronabinol/analogos & derivados; Cromatografia Liquida; Resinas de Troca Inica.
INTRODUGAO

Aproximadamente 6,6 % da populagdo mundial, com idade entre 15 e 64 anos, ja fizeram uso de alguma droga ilicita. A toxicode-
pendéncia implica em consequéncias negativas tanto para o dependente quimico quanto para a sociedade. O impacto do consumo, em
termos monetarios parece substancial, podendo colocar um pesado encargo financeiro para a sociedade, em cifras que giram em torno
de US$ 200 a 250 bilhoes, cerca de 0,3 a 0,4 % do produto interno bruto global. Contudo, apenas um em cada cinco usuarios que neces-
sitam de tratamento pelo abuso de drogas efetivamente o recebe. Estima-se que 99.000 a 253.000 mortes no mundo, em 2010, estavam
associadas ao consumo de drogas. A Cannabis e suas preparagdes continuam sendo a droga mais consumida no mundo. Dados do ano
de 2010 apontam para uma prevaléncia estimada de 2,6 a 5,0 % da populagdo adulta consumidora da erva, representando 119 a 224
milhdes de usuarios. As preparacdes mais comumente utilizadas sdo a popular maconha e a resina, também conhecida como haxixe.'
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Governos, empresas privadas e outras organizagdes tém
implantado rigoroso programa para desencorajar a utilizagdo da
droga e acompanhar os casos de abstinéncia. As implicacdes in-
cluem desde a perda do emprego, licenca para dirigir, multas e até
prisd0.2 A substancia psicoativa da Cannabis, o tetrahidrocanabi-
nol (THC), também estd incluida na lista de substancias proibidas
pela Agencia Mundial Anti-Doping, pelo inquestionavel prejuizo a
salde dos atletas.®

A deteccdo do uso de Cannabis depende, principalmente,
da dose utilizada, da sensibilidade do método de andlise, da for-
ma de preparo da droga, via de administragéo, duragdo de uso
(agudo ou cronico), da matriz escolhida para analise, do pH e das
variagdes interindividuais do metabolismo. A alta lipofilicidade do
THC e sua afinidade pelos tecidos, em especial o tecido adiposo,
altera seu padrédo de distribui¢éo a todo o tempo. O THC penetra
rapidamente em tecidos vascularizados, entre eles: figado, cora-
¢ao, rins, pulmdes, glandulas mamarias, placenta, musculos, entre
outras, apresentando baixos niveis plasmaticos. O THC sofre uma
alta reabsorgéo tubular resultando em baixas concentragdes dessa
substancia na urina, porém, 20 a 35 % do THC é eliminado, espe-
cialmente, como metabdlito inativo 11-nor-9-carboxi-A9-tetrahidro-
canabinol (THC-COOH) que, conjugado com o &cido glucurdnico,
tem sido identificado como maior produto de biotransformagao em
muitas espécies, incluindo o homem.*

A Substance Abuse & Mental Health Services Adminis-
tration (SAMSHA) recomenda um valor de corte de 15 ng.mL" de
THC-COOH na urina para um resultado ser considerado positivo
para uso de canabinoides. Na urina 0 THC-COOH nao ¢é elimina-
do monotonamente e sua concentragdo pode flutuar, o que leva a
obteng&o de resultados positivos ou negativos por alguns dias, de-
pendendo do periodo em que houve a coleta. O THC também pode
ser detectado na urina e sua presenga indica 0 consumo recente
de preparacbes de Cannabis, evidenciado em estudos controla-
dos com voluntarios recebendo doses conhecidas de THC, que
esta substancia é detectada nas primeiras 5 horas apds 0 consumo
da droga.®

Normalmente os imunoensaios sdo realizados preliminar-
mente nos programas de anélise de drogas, contudo, em fungéo
de sua baixa especificidade, estes testes podem gerar resultados
falsos-positivos ou falsos-negativos, o que requer a utilizagao de
técnicas confirmatorias como as cromatogréficas, preferencial-
mente acopladas a espectrometria de massas, para a identificagéo
inequivoca,? tendo em vista que questdes juridicas, de salde e so-
cial podem estar atreladas a liberagdo de um laudo com resultado
positivo para a presenca da droga.

A proposta deste trabalho é avaliar as concentragdes de THC
e THC-COOH na urina de pacientes usuarios de Cannabis assisti-
dos em um hospital psiquiatrico no Rio de Janeiro buscando tragar
um paralelo entre as informagdes advindas dos voluntérios e o0s
achados laboratoriais, correlacionando com as informagdes farma-
cocinéticas da droga. O método analitico aplicado, desenvolvido
no Instituto de Pesquisas Biomédicas do Hospital Naval Marcilio
Dias (HNMD), para analise simultanea de THC e seu metabdlito
acido inativo, THC-COOH, utilizando no processo de extragéo uma
resina de troca aniénica seguida da analise por cromatografia i-
quida de alta eficiéncia acoplada a espectrometria de massas em
série (CLAE-EM/EM).

METODO
Reagentes

Hidroxido de sodio, carbonato de sodio, acido férmico, for-
miato de amonio, resina Dowex® Cl 1x8 200-400 mesh e acetato
de etila foram obtidos da Sigma Aldrich (St. Louis, USA); bicar-
bonato de sodio, acetonitrila HPLC e hexano foram adquiridos da
J.T. Baker (USA); metanol HPLC de J.T. Baker (México), e &cido
cloridrico da MACRON. A &gua utilizada nas analises foi obtida do
sistema ultrapurificador GEHAKA. Gas nitrogénio foi fornecido pela
Air Liquid (Brasil).

Padroes

Os padroes certificados de THC (1,0 mg.mL""), THC-COOH
(100,0 pg.mL") e o padréo interno THC-COOH-d, (100 pg.mL")
foram adquiridos da Cerilliant Corporation (EUA). Cada padrao foi
submetido a diluigdes sucessivas em metanol para obtengéo das
solugdes de trabalho na concentragéo de 1,0 ug.mL™" .

Desenho do Experimento

O projeto de pesquisa foi submetido e aprovado pelo Comité
de Etica em Pesquisa da Instituicdo que assistia os usuarios. Os
pacientes consumidores de Cannabis internados e os assistidos
no ambulatério foram esclarecidos quanto ao escopo do trabalho
e, posteriormente, convidados a participar de uma entrevista onde
os objetivos e a metodologia da pesquisa foram apresentados. A
leitura do Termo de Consentimento Livre e Esclarecido (TCLE) foi
realizada com o voluntario para exposicdo dos riscos, beneficios,
grau de sigilo, entre outros, e os interessados em participar e o
pesquisador responsavel assinaram o documento autorizando a
coleta do material biolégico.

Foi aplicado um questionario para obtengao de informagdes
socio-econdmico e padréo de consumo da droga. As urinas dos
pacientes usuarios de Cannabis, foi aplicado o método desenvol-
vido e validado para andlise de THC-COOH e THC, utilizando na
etapa de extracdo a resina de troca anionica Dowex® Cl.

As amostras de urina foram coletadas em recipientes apro-
priados para acondicionamento da matriz biolégica, identificados
e armazenados a 4°C para envio ao Laboratério do Instituto de
Pesquisas Biomédicas (IPB), onde foram acondicionadas em ultra
freezer a temperatura de -20°C até a realizagdo das analises.

A uma aliquota de 1 mL de urina dos pacientes foi adicionado
50 pL de solugéo de THC-COOH-d, (padréo interno 500 ng.mL").
A amostra foi submetida ao procedimento de hidrélise, pela adigéo
de 100 uL de solucdo 10 N de NaOH. O sistema foi incubado, com
aquecimento em banho-maria a 60 °C, por 20 minutos. Apds res-
friamento, as amostras foram adicionados 3 mL de solugéo tampao
bicarbonato 0,1 M. A amostra, com pH entre 12-13, foi adiciona-
da lentamente no cartucho contendo a resina de troca aninica
Dowex® Cl, previamente acondicionada com 1 mL de metanol e 1
mL de solugéo de 25 mM de formiato de aménio (pH 6-7). Apds o
carregamento, a resina foi submetida a lavagem rapida, com 1 mL
de solugdo 25 mM de formiato de aménio e 1 mL de solugdo 25 mM de
formiato de amdnio/ACN (80:20, v/v). Finalizada a etapa de lavagem a
resina foi seca sob vacuo por 15 minutos e eluida com 1 mL de solugéo
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5 % (v/v) de &cido férmico em acetonitrila, por duas vezes e 1 mL de he-
xano/acetato de etila (1:1 viv). O solvente residual foi removido do sistema
com auxilio de vacuo por 2 minutos e 0 eluato foi seco a 40 °C, sob fluxo
de Nitrogénio. Apos a secagem do solvente de eluigdo, as amostras foram
ressuspendidas em 200 L de fase mével na condigdo inicial do gradiente
de 50 % (v/v) fase Affase B.

CLAE-EM/EM

O sistema cromatografico utilizado foi um cromatégrafo liquido de
alta eficiéncia 1200 Series Agilent Technologies (Waldbronn, Germany)
acoplado a um espectrdmetro de massas sequencial APl 3200, AB
Sciex, (Singapura); A separacdo foi realizada em uma coluna croma-
togréfica Kinetex C18, com dimensdes 50 x 2,1 mm, 2,6 pym, marca
Phenomenex (USA) com fluxo de 450 pL/min, volume de inje¢éo de 3
L e temperatura do forno da coluna de 20 °C, totalizando 10 minutos
de corrida cromatografica. Como fase movel utilizou-se um gradiente
de fase A, solugdo aquosa 0,1 % (v/v) de acido férmico e fase B, solu-
¢a0 0,1 % (v/v) de &cido formico em acetonitrila. O gradiente foi iniciado
com 50 % de fase B, aumentando linearmente até 95 % em 5 minutos,
quando entéo se iniciou a diminuigdo da concentragéo da fase B, line-
armente até se alcangar 50 % em 8 minutos de analise. Esse valor foi
mantido por 2 minutos para reestabilizagao das condigdes cromatogra-
ficas iniciais.

No espectrémetro de massas (EM) o monitoramente de reagdes
mdltiplas (MRM) foi realizado em dois periodos. No primeiro periodo de
tempo, de 0,0 a 3,5 minutos, 0 EM operou no modo negativo para ana-
lise do THC-COOH. Os parametros de fonte utilizados nesse periodo
foram: temperatura do gas de secagem a 700 °C; voltagem do capilar
de ionizagéo -4500,00 V; pressédo do gas 1 (N,) 50 psi; presséo do gas
de secagem (N,) 40 psi; presséo do gas curtain (N,) 12 psi; Presséo do
gas DAC (N,) 3 psi; PD -55,00 V; PE -7,50 V e press&o do CXP 3,0 psi.
A voltagem do detector foi de 2300 V. No segundo periodo de tempo,
de 3,5 a 10 minutos, 0 EM operou no modo positivo para determinagéo
do THC. Os parametros de fonte para o periodo final foram: tempe-
ratura do gas de secagem 700 °C; voltagem do capilar aplicada para
ionizagdo 5500,00 V; pressdo do gas 1 (N,) 50 psi; pressé&o do gas de
secagem (N,) 40 psi; pressao do gas curtain (N,) 12 psi; presséo do
gas DAC (N,) 3 psi; PD 61,00 V; PE 10,00 V e pressao do CXP3,0 psi.
Avoltagem do detector foi de 2200 V. Os ions precursores monitorados
foram: m/z 315 [314 + H]" e m/z 343 [344 — HJ referentes ao THC e
THC-COOH, respectivamente. Para 0 MRM utilizou-se transigdes apre-
sentadas no Quadro 1.

Quadro 1: Precursor e ions produto e suas respectivas energias de colisdo (EC).

Identificacio Peso Molecular Transigio
EC
Massa Q1 (Da) Massa Q3 (Da)
THCCOOH 1 2450 -34
3430
THC:COOH 2 344 2990 -1507
[M-HJ
THC-COOH 3 1910 -26.50
THC 1 18930 31
3150
THC 2 315 1230 37
[M+H]"
THC 3 93,0 33

RESULTADOS E DISCUSSAO

O estudo obteve um total de 27 participantes, porém, apenas 21
amostras de urina foram colhidas. Apesar de n&o oferecer resisténcia
verbal a coleta, os pacientes apresentaram justificativas para ndo reali-
za-la, como sono, falta de vontade de urinar, etc. Aamostra era coletada

pelo préprio voluntario em frasco fornecido no momento da entrevista.
Néo foi observada a necessidade de realizagéo de coleta assistida, vis-
to que, a utilizagéo dos espécimes bioldgicos tinha o objetivo principal
de aplicagdo da metodologia desenvolvida, sem implicagdes forenses
que justificassem a aplicagdo desse procedimento.

O levantamento dos dados fornecidos, através da analise do
questionario aplicado, evidenciou o consumo de alcool em 79,3% dos
entrevistados, representados em sua maioria por homens (62,9%). A
faixa etaria entre os usuarios era de 38,22 (desvio padrdo=11,7 anos)
e 81,48 % dos individuos se declararam brancos, com renda familiar
entre 0 e 4 salarios minimos. O perfil dos voluntarios é apresentado na
Tabela 1.

Tabela 1: Descrigdo do perfil sécio econémico dos individuos entrevistados.
IDADE, ANOS: MEDIA (D.P) 38,33 (11,7)

GENERO (%)
HOMENS 62,9
MULHERES 37,03
ETNICIDADE (%)
BRANCOS 81,48
NEGROS 11,11
PARDOS 7,41
RENDA FAMILIAR EM SALARIOS MINIMOS (%)
0al 29,63
1a3 333
3 ou mais 7,41
N#o informaram 29,63
VINCULO HOSPITALAR (%)
INTERNADOS q13
AMBULATORIO 32,3
BEBIDA ALCOOLICA (%) 79,3

*N = 27 individuos.

Apesar de tratar-se da droga mais consumida no mundo,' os vo-
luntarios assistidos neste hospital psiquiatrico ndo tratavam da depen-
déncia de Cannabis, mas sim, de outras drogas, em especial o alcool
e a cocaina, definindo um padrao de poliusuario para o consumo de
drogas, conforme ilustrado no Grafico 1.

= cocaina
= crack
= cocaina/crack
opio
= cocaina/MDMA
= cocaina/crack/MDMA

m cocaina/MDMA/LSD

Grdfico 1: Drogas consumidas entre os usuarios de Cannabis entrevistados.

No Brasil, em 1998, ja era sinalizada uma redugdo no nimero de
internagdes relacionadas & dependéncia de Cannabis, de 83% em
1991 para 39% em 1998.° Apesar de um tergo dos usuarios de maconha
apresentar dependéncia da droga,” ndo existem dados estatisticos que
subsidiem a real situagéo relacionada ao tratamento da dependéncia da
Cannabis no Brasil e, isso provavelmente, esta associado as modifi-
cagdes do padréo de consumo pela oferta de outras substéncias com
grande potencial destrutivo, que tém merecido maior aten¢éo das autori-
dades, a exemplo da cocaina e, em especial, 0 crack.

Em 33% dos pacientes, 0 THC-COOH foi detectado acima de 15 ngmL",
valor de corte estabelecido por SAMSHA, e 23 8% apresentaram resultados abak
X0 do valor de corte, porém, dentro do limite de detecgéo calculado para o méto-
do de 3,25 ngmL". Dos pacientes que apresentaram valores de THC-COOH
urinérios acima de 50 ng.mi1, 50% deles estavam em regime ambulatorial de
acompanhamento, portanto, continuavam consumindo a droga, justiicando os
altos niveis do metabdiito. Os resultados séo apresentados no Quadro 2.



Quadro 2: Auto- relato dos usuarios versus os niveis de THC-COOH urinarios
dos voluntarios.

Identificacio Idade | Quantidade e | Internado Quantidade consumida e THC-COOH
frequéncia tempo do dltimo consumo  furindrios (ng.mL™")*
de consumo antes da coleta de urina
KMO0408112012 25 Ixdia Sim Nio soube responder ND
CKM010811201 20 3xdia Sim Nio soube responder 3,50
2
CM0604102012 24 12 a 15xdia Sim 12-15 cigarros. H dois dias 15,53
M0105062012 51 2 a3xdia Nio 2a3axdia 977.89
MC0115082012 47 3 a4xdia Sim 3a 4 vezes. Ultimo uso ndo 65,02
respondeu
MC0326072012 42 2 a3xdia Sim 2 A 3 vezes por dia ao acordar 21000
¢ dormir. Ultimo uso ndo
respondeu
CM0426072012 22 4xdia Sim 4x dia 131,39
CKMO011206201 30 2xdia Nio Diariamente a I més atras. 22,71
2 ultimo més ndo usou.
Consumiu a | dia atras
CM0719072012 26 3xdia Sim Ultimo uso no soube 12,57
responder
MC0219072012 50 1 xdia Sim Ultimo uso néo soube ND
responder
M1002082012 48 1x dias Sim 3xsemana 49,63
alternados.
CM0218102012 54 0,5xdia Sim Somente 1/2 cigarro por dia- 14,73
alguns tragos. Ultimousoa 3
dias
CM0418102012 44 1xdia Sim Ultimo uso a 7 dias. ND
CMKO031810201 32 2x semanal Sim Menos de Ix por semana/ ND
2 ultimo uso a uma scmana
CM0209082012 47 4xdia Sim 4 ou mais vezes. Ultimo uso a 10,04
2 dias
CMO0109082012 34 20xdia Sim 20X didria. Ultimo uso ndo 13,56
soube responder
CMO0102082012 55 1x semana Nio 1 més atras. 1 cigarro 102,93
CM0211102012 19 2xsemanal Sim Finais de semana 2 cigarros ND
CMO0511102012 27 2xdia Nao Nao soube responder ND
CMO111102012 24 Ixdia Sim Nio soube responder ND
CKM020208201 45 Ixdia Sim Nao soube responder ND

*ND=N&o detectado.

Alguns voluntarios que reportavam consumo diario, em média de
2 cigarros, apresentaram valores urinarios de THC-COOH abaixo do
valor de corte preconizado por SAMSHA. Na pratica, a intermiténcia de
eliminagdo do THC-COOH na urina dos voluntarios em abstinéncia e,
conforme esperado, ndo segue um padréo definido. A janela de detec-
¢&o do principal metabdlito do THC varia em aproximadamente 3 dias,
podendo chegar a semanas, e ainda flutua entre resultados positivos
e negativos durante o periodo de interrupgdo do consumo da droga.®®
Muitas dessas diferengas, provavelmente, estao relacionadas a grande
variabilidade interindividual, dose consumida, periodicidade, condictes
de hidratacéo do individuo e a dificuldade de se obter informacdes mais
fidedignas de consumo que podem esbarrar em questdes éticas.

Na Figura 1 é apresentado o cromatograma de uma analise de
urina proveniente de usuario de Cannabis, onde s6 foi constatada a
presenga do THC-COOH. Entretanto, 0 THC n&o foi detectado nas
amostras dos voluntarios, contudo, este era um resultado esperado,
pois a presenga desta substancia € um indicativo de consumo muito
recente da droga, detectavel por até 5 horas nesta matriz biologica.®
Como 80,9% dos pacientes estavam em regime de internato, portanto
em abstinéncia, a possibilidade da detecco do THC era improvavel.

A utilizagdo da urina, uma matriz universalmente aceita para ana-
lise de drogas, exibe para os canabin6ides uma janela de deteccéo
longa, quando comparada as outras substancias ilicitas. O THC, devido
suas caracteristicas lipofilicas, na ocasido da abstinéncia, ¢ liberado
para a corrente sanguinea dos compartimentos de depésito corporal,
em especial, 0 tecido adiposo, e excretado na urina, como THC-COOH,
de maneira intermitente, por até semanas.® Dessa forma, o monitora-
mento seriado € necessario para avaliar a excregao do principal meta-
bolito do THC, ampliando sua janela de detecgao.

A tomada de uma Unica amostra de urina ndo pdde refletir o real
perfil de eliminagédo do THC, através da excregao do seu principal meta-
bolito. Concentragdes de THC-COOH abaixo do valor de corte, durante
a abstinéncia, foram observadas e sdo esperadas, de acordo com os
dados da literatura.® Apesar do inconveniente, 0 monitoramento seria-
do, passa a ser uma prerrogativa para utilizagao da urina como matriz
bioldgica que exibe uma longa janela de para o consumo de THC.

0O valor de corte é estabelecido com a finalidade de evitar a ocor-
réncia de falsos resultados positivos provenientes da inalagdo passi-
va a fumaga.® Nao existem diretrizes brasileiras que definam critérios
como valores de corte em amostras de urina para analise de canabindi-
des, portanto, as referéncias sdo normatizagdes internacionais, como
SAMSHA, que estabelece valores de 15 ng.ml, como critério de acei-
tacdo de um resultado positivo. Contudo, em condicdes reais, a fumaca
de THC ¢ incapaz de produzir niveis na urina tipicamente observados
em usuarios. As concentragdes maximas encontradas em individuos
n&o usuarios expostos foram de 7,8 ng.mL* e 7.3 ng.mL", em 6 e 14
horas, respectivamente.

Preparagdes da droga com altos teores de THC, como a sinse-
milla, estdo disponiveis nos EUA e Europa com valores de 11,5% e
13% da substancia ativa, respectivamente."> No Brasil, ndo existem
dados suficientes, mas estudos preliminares realizados pelo Instituto
Criminalista da Capital Paulista, apontam para niveis de THC na maco-
nha apreendida com teor de 5,7%, sugerindo que os produtos de alta
poténcia ainda ndo chegaram ao pais.™ Dessa forma, seguir normas
internacionais para determinar valores de corte parece um contrassen-
S0, pois a fumaga inalada nos EUA e Europa, por conter altos teores de
THC, devem prever uma exposicéo passiva a uma maior quantidade da
substancia, o que ndo parece ser realidade no Brasil. Isso é refletido,
diretamente, nos resultados obtidos dos voluntarios pesquisados que
reportam consumo cronico, com valores detectaveis do metabdlito, po-
rém abaixo do valor de corte preconizado por SAMSHA.

Por esta razao, faz-se necessario ampliar a discussdo sobre 0s
valores de corte utilizados no pais, para 0 uso de Cannabis e suas
preparacdes, e adequé-los a realidade através de uma investigagéo
estruturada para avaliagdo do teor de THC na droga disponivel ilegal-
mente no territorio brasileiro e, assim, fornecer dados que subsidiem
uma proposta para alteragdo desses referenciais para as concentra-
¢Bes urinarias de THC-COOH.

A utiizacgo do cabelo como matriz para andlise de drogas tem ganhado
importncia nos Ulimos anos. Contudo, apesar das vantagens apresentadas
em se frabalhar com uma amostra bioldgica que ofereca a possibiidade de
avaliar um historico e/ou monitoramento do consumo das substancias interindi-
viduo,* para os canabindides, a andlise desta matriz & controversa para provar
0 consumo, visto que, somente com detecgdo do metabdlito € possivel fazé-o
€ este possui pequena incorporagdo nesta matriz, além das divergéncias apre-
sentadas em resultados de cabelo negativo e urina positiva.™
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Figura 1: Cromatograma de amostra de urina de usuario de Cannabis.

CONCLUSOES

O presente estudo permitiu tragar o perfil socioeconémico do usua-
rio de Cannabis assistido em um hospital psiquiatrico no Rio de Janeiro e
avaliagdo das concentragdes de THC-COOH em amostras de urina dos
voluntarios pela aplicagéo de metodologia desenvolvida no IPB-HNMD.

Apesar do reduzido numero de participantes, pelas dificuldades de
acesso a esta populago, foi possivel observar o padréo intermitente de
eliminac&o urinéria da droga, confrontando os auto-relatos dos pacientes
e 0s achados analiticos, confirmada com as informagdes disponiveis na
literatura especializada. Desta maneira, foi possivel iniciar uma discusséo,
mesmo incipiente, sobre os valores de corte utilizados para concentragbes
urinarias de THC-COOH praticados no Brasil.

Aimplantagéo do rastreio analitico, dentro das politicas institucionais
de combate as drogas, fomeceriam informagfes mais consistentes para
subsidiar uma proposta de valores de corte urinarios mais adequados a
realidade brasileira. Deste modo, diminuiria a vulnerabilidade dos laudos
emitidos com valores de referéncia laboratoriais importados, auxiliaria na
reducdo da incidéncia de resultados falso negativos nos programas de
acompanhamento do usuario, além de contextualizar as respostas aos
questionamentos relacionados & exposicao a fumaga da droga.
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ABSTRACT

Cannabis remains the most widely consumed drug of abuse in the world. With annual prevalence of consumption between 2.6 and
5.0 %, that represents an estimated consuming population of 119 to 224 million. The reasons for determining the use of drugs of abuse
is embedded in forensics, detection and monitoring of consumption in the work environment, and as a tool for health professionals in mo-
nitoring the treatment of chemically dependent people. This work presents the evaluation of the levels of the drug excreted in urine using
an analytical methodology developed for the simultaneous and fast investigation of the presence of tetrahydrocannabinol (THC) and its
major metabolite, 11-nor-9-carboxy-delta-9-tetrahydrocannabinol (THC-COOH), in urine of drug users, using anion exchange resin anionic
Dowex® and liquid chromatography tandem mass spectrometry (LC-MS/MS). Starting from the implementation of socio-economic survey
found a pattern of multiple drugs users among those interviewed with a mean age of 38.22 years and earning up to four times the minimum
wage. In 33% of patients, THC-COOH was detected above the cutoff value established by American guidelines. The results allowed to pro-
file the user assisted in the health and evaluate urinary concentrations of the metabolite in the participating volunteers. The results allowed
starting a discussion about urinary metabolite concentrations in patients on abstinence and the cutoff values practiced in this country.

Key-words: Cannabis; Dronabinol/analogs & derivatives, Chromatography, Liquid; lon Exchange Resins.

INTRODUCTION

Approximately 6.6% of worldwide population, with age between 15 and 64 years, have already used some kind of illicit drug. Toxic dependency
implies in negative consequences both to the chemical dependent and the society. The impact of consumption, in monetary terms, seems to be substantial,
which may input a heavy financial burden to the society, in figures around US$ 200 to 250 billion, around 0.3 to 0.4% of global domestic product. However,
only one in each five users that need treatment by drug abuse effectively receives it. It is estimated that 99.000 to 253.000 deaths in the world, in 2010, were
associated to drug consumption. The Cannabis and its preparations continue to be the most consumed drug in the world. Some data from 2010 point out
for an estimated prevalence of 2.6 to 5.0% of adult population which is consumer of the herb, representing from 119 to 224 million users. Most common
preparations which are used are the popular marijuana and resin, also known as hashish.’
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Govemments, private companies and other organizations have im-
planted a strict program to discourage the use of the drug and to follow-up
abstinence cases. Implications include loss of employment, driver’s licen-
se, fines and amesting.? The psychoactive substance of Cannabis, the
tetrahydrocannabinol (THC), is also included in the list of prohibited subs-
tances of the World Anti-Doping Agency, by its irefutable damage to the
health of athletes.®

The detection of Cannabis use depends on, primarily, the use which
was used, sensitivity of analysis methods, form of drug preparation, admi-
nistration way, duration of use (acute or chronic), matrix selected for analy-
sis, pH and inter-individual variations of metabolism. The high lipophilicity
of THC and its affinity by fabrics, especially to adipose tissue, changes all
the time its distribution pattern. THC quickly penetrates in vascularized fis-
sues, among them: liver, heart, kidneys, lungs, mammary glands, placenta,
muscles, among others, showing low plasma levels. THC suffers a high tu-
bular reabsorption resulting in low concentrations of this substance in urine,
however, 20 to 35% of THC is eliminated, specially, as inactive metabolite
11-nor-9-carboxi-A9-tetrahydrocannabinol (THC-COOH) that, conjugated
with glucuronic acid, has been identified as major product of biotransforma-
tion in many species, including the human being.*

Substance Abuse & Mental Health Services Administration
(SAMSHA) recommends a cut value of 15 ng.mL-1 of THC-COOH in urine
for a result to be considered as positive for use of cannabinoids. In urine,
THC-COOH is not monotously eliminated and its concentration may fluc-
tuate, which results in achievement of positive or negative results for some
days, depending on the period in which collection was performed. THC
may also be detected in urine and its presence indicates the recent con-
sumption of Cannabis preparations, evidenced in controlled studies with
volunteers receiving doses known as TCH, that this substance is detected
in the first 5 hours after consumption of the drug.®

Normally, the immunoassays are performed in preliminary basis in
drug analysis programs, however, as a function of its low specificity, such
tests may generate false-positive or false-negative results, which requires
the use of confirmatory techniques such as chromatography, preferably
coupled to mass spectrometry, for unequivocal identification,? in view of
legal matters of health and social which be linked to release of report with
positive result for the presence of drug.

The proposal of this work is to evaluate the concentrations of THC and
THC-COOH in urine of patients users of Cannabis in a psychiatric hospital
in Rio de Janeiro, seeking to set out a parallel between information from
volunteers and laboratory finding, correlating with pharmacokinetics infor-
mation of the drug. The applied analytical method, developed in the Institu-
to de Pesquisas Biomédicas do Hospital Naval Marcilio Dias (HNMD), for
concurrent analysis of THC and its inactive acid metabolite, THC-COOH,
using a resin of anion exchange in the extraction process followed by analy-
sis by liquid chromatography of high frequency coupled with serial mass
spectrometry (LS-MS/MS).

METHOD
Reagents

Sodium hydroxide, sodium carbonate, formic acid, ammonium forma-
te, resin Dowex® Cl 1x8 200-400 mesh and ethyl acetate were obtained

from Sigma Aldrich (St. Louis, USA); sodium bicarbonate, acetronitrile
HPLC and hexane were obtained from J.T. Baker (USA); methanol HPLC
from J.T. Baker (México), and chloridric acid from MACRON. Water used
in analysis was obtained from ultra purifier system GEHAKA. Nitrogen gas
was fumished by Air Liquid (Brazil).

Standards

Certified standards of THC (1.0 mg.mL"), THC-COOH (100.0 g.mL")
and intemal standard THC-COOH-d3 (100 pg.mL-1) were obtained from
Cerilliant Corporation (EUA). Each standard was submitted to successive
dilutions in methanol for achievement of work solutions in concentration of
1.0 ugmL?".

Experiment Design

The research project was submitted and approved by the Research
Ethics Committee of the Institution which assisted the users. Consumers of
Cannabis who were hospitalized and submitted in outpatient clinics were
informed about the scope of work and, afterwards, invited to participate of
an interview where the objectives and research methodology were presen-
ted. The TCLE (Free and Clarified Consent) reading was performed with a
volunteer for explanation of risks, benefits, degree of confidentiality, among
other, and interested participants and responsible researcher signed the
document authorizing the collection of biological material.

It was applied a questionnaire for achievement of socio-economic in-
formation and consumption standard of the drug. Urine of Cannabis users
was subject to application of method developed and validated for analysis
of THC-COOH and TCH, using in the extraction stage the anion exchange
resin Dowex® Cl.

Urine samples were collected in proper recipients for packaging of
biological matrix, identified and stored in 4°C for submission to Instituto de
Pesquisas Biomédicas (IPB) Laboratory, where they were packed in ultra
freezer in temperature of -20°C up to the performance of analysis.

To rate of 1ml of patient urine, it was added 50 L of THC-COOH-d?
solution (intemal standard 500 ng.mL-1). The sample was submitted to
hydrolysis procedure, by addition of 100 pL of solution 10 N of NaOH.
The system was incubated in water batch at 60°C, for 20 minutes. After
the cooling, samples were added with 3 mL of bicarbonate buffer solution
0.1 M. The sample, with pH between 2%, was slowly added in the car-
tridge containing the anion exchange resin Dowex® Cl, previously added
with 1 mL of methanol and 1 mL of solution of 25 mM ammonium formate
(pH &7). After loading, the resin was submitted to quick flushing, with 1mL
of solution 25 mM of ammonium formate and 1mL of solution 25 mM of
ammonium formate/ACN (80:20, viv). After the end of flushing stage, the
resin was dried under vacuum for 15 minutes and fractioned with 1mL of
5 % (viv) formic acid solution acetonitrile, for two times and 1 mL hexane/
ethyl acetate (1:1 viv). Residual solvent was removed from the system with
support of vacuum for 2 minutes and eluate was dried at 40°C, under flux of
Nitrogen. After drying of fractioning solvent, the samples was re-suspended
in 200 L of moveable phase in the initial condition of gradient of 50 % (V/v)
phase A/lphase B.

CLAE-EM/EM

Chromatography was carried out by a high efficiency liquid chroma-
tography system 1200 Series Agilent Technologies (Waldbronn, Germany)



coupled to a sequential mass spectrometer APl 3200, AB Sciex, (Singapo-
re); The separation was performed in a chromatographic column Kinetex
C18, with size 50 x 2,1 mm, 2.6 um, brand Phenomenex (USA) with flux
of 450 pl/min, injection volume of 3 uL and fumace temperature of the
column in 20 °C, totalizing 10 minutes of chromatographic running. It was
used a gradient of phase A in the moveable phase, water solution 0.1 %
(viv) of formic acid and phase B, solution 0.1 % (v/v) of formic acid in ace-
tonitrile. The gradient was initiated with 50% of phase B, linearly increasing
up t0 95% in 5 minutes, when it was started the decrease of concentration
of phase B, linearly up to reaching 50% in 8 minutes of analysis. This value
was maintained for 2 minutes until re-stabilization of initial chromatographic
conditions.

In mass spectrometer (MS), the multiple reaction monitoring (MRM)
was performed in two periods. In the first period of time, from 0.0 to 3.5
minutes, the MS operated in negative mode for analysis of THC-COOH.
The source parameters used in this period were: temperature of drying gas
in 700°C; voltage of ionization capillar -4500.00 V; gas pressure 1 (N2) 50
psi; pressure of drying gas (N2) 40 psi; pressure of curtain gas (N2) 12 psi;
Pressure of DAC gas (N2) 3 psi; PD -55.00 V; PE -7.50 V and pressure of
CXP 3.0 psi. The detector voltage was 2300 V. In the second period of time,
from 3.5 to 10 minutes, the MS operated in positive mode for ascertainment
of THC. The source parameters for the final period were: temperature of
drying gas in 700°C; voltage of capillar applied for ionization 5500.00 V;
gas pressure 1 (N2) 50 psi; pressure of drying gas (N2) 40 psi; pressure of
curtain gas (N2) 12 psi; Pressure of DAC gas (N2) 3 psi; PD 61.00 V; PE
10.00 V and pressure of CXP 3.0 psi. The voltage of detector was 2200 V.
The precursor ions that were monitored were: miz 315 [314 + HJ+ e m/z
343 [344 — HJ- referring to THC and THC-COOH, respectively. To the RMR,
is was used transitions presented in the Frame 1.

Identification Molecular Weight Transition
EC
Mass Q1 (Da) Mass Q3 (Da)
THC-COOH 1 245.0 -34
343.0
THC-COOH 2 344 299.0 -15.07
[M-HT
THC-COOH 3 191.0 -26.50
THC 1 193.0 31
315.0
THC 2 315 123.0 37
[M+H]
THC 3 93.0 38

Frame 1: Precursors and ions product and its respective energy of collision (EC).

RESULTS AND DISCUSSION

The study obtained a total of 27 participants, however,
only 21 urine samples were collected. In spite of not presen-
ting verbal resistance to collection, the patients presented
justifications for the non-performance, with sleep, absence
of will to urinate, etc. The sample was collected by the volun-
teer in a flask furnished at the time of interview. It was no ob-
served the need to perform assisted collection, in view that,
the use of biological specimens had the main objective of
application of developed methodology, without forensic impli-
cations which could justify the application of this procedure.

The survey of furnished data, by analyzing the applied
questionnaire, evidenced the consumption of alcohol in
79.3% of the interviewed, represented in the majority by men
(62.9%). Age range between users was about 38.22 (stan-
dard deviation = 11.7 years) and 81.48% of individuals decla-

red themselves as white, with family income between 0 and
4 minimum salaries. The profile of volunteers is presented in
the Table 1.

Table 1: Description of socio-economic profile of interviewed individuals.

AGE, YEARS: AVERAGE (D.P) 38.33 (11.7)
GENDER (%)
MEN 62.9
WOMEN 37.03
ETHNICITY (%)
WHITE 81.48
BLACK 1111
PARDOS 7.41
FAMILY INCOME IN MINIMUM SALARIES (%)
Otol 29.63
1to3 33,3
3 or more 7.41
Without information 29.63
HOSPITAL RELATION (%)
HOSPITALIZED 770
OUTPATIENT CLINIC 323
ALCOHOLIC BEVERAGE (%) 79.3

*N = 27 individuals.

In spite of being the most consumed drug in the world, 1 the assisted
volunteers in this psychiatric hospital did not treated of Cannabis depen-
dency, but treated other drugs, specially alcohol and cocaine, defining a
standard of poli-users for drug consumption, as illustrated in Chart 1.

= cocaine
= crack
= cocaine/crack
opium
= cocaine/MDMA
= cocaine/crack/ MDMA

m cocaine/MDMA/LSD

Chart 1: Drugs consumed among interviewed Cannabis users.

In Brazil, in 1998, it was already signaled a reduction in the num-
ber of hospitalizations related to dependency of Cannabis, from 83%
in 1991 to 39% in 1998.6 In spite of one third of marijuana users is pre-
senting drug dependency.7, there is no statistical data which subside the
real situation related to the treatment of Cannabis dependency in Brazil
and, probably, it is associated to modifications of consumption standard
by offer of other substances with large destructive potential, which deser-
ves more attention of authorities, for instance, in relation to cocaine and,
particularly, the crack.

In 33% of the patients, the THC-COOH was detected above 15ng.
mL-1, cut value established by SAMSHA, and 23.8% presented results
below the cut value, however, within the detection limit calculated for the
method of 3.25ng.mL-1. Among patients which presented values of uri-
nary THC-COOH above 50ng.ml-1, 50% of them were in outpatient re-
gime of follow-up, then, they continued with drug consumption, justifying
the high levels of the metabolite. The results are given in Frame 2.

Some volunteers who reported daily consumption on average of 2
cigarettes had urinary values of THC-COOH below the recommended
cut value by SAMSHA. In practice, the intermittency of elimination of TH-
C-COCH in urine of volunteers in abstinence and, as expected, does not
follow a set pattemn. The detection window of the major metabolite of THC
varies in approximately 3 days, reaching up to weeks, and still fluctuates
between positive and negative results during the interruption period of drug
consumption.#¢Many of these differences are probably related to the large
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inter-individual variability, dose consumed, frequency, hydration status of
the individual and the difficulty of obtaining more reliable information about
consumption that can run into ethical issues.

Frame 2: Selfreport of users versus urinary THC-COOH levels in volunteers.

Identification Age | Quantity and | Hospitalized Quantity consumed and Urinary THC-
frequency of time of last consumption (OOH (ng.mL")*
consumption before urine collection

KM0408112012 25 1xday Yes Did not know how to answer ND
CKMO010811201 20 3xday Yes Did not know how to answer 3.50
2
CM0604102012 24 12 to 15xday Yes 12-15 cigarettes. Two days 1553
ago
M0105062012 51 2 to 3xday No 2to 3 axday 977.89
MC0115082012 47 3 to 4xday Yes 3 to 4 times. Last use did not 65.02
answer
MC0326072012 42 210 3xday Yes 2TO 3 times a day, when get 71000
up and go to sleep. Last use
did not answer
CM0426072012 22 4xday Yes 4x day 131.39
CKMO011206201 30 2xday No Daily 1 month ago. Did not 221
2 use on last month. Consumed
1 day ago.
CM0719072012 26 3xday Yes Last use did not know how to 12057
answer

MC0219072012 50 1 xday Yes Last use did not know how to ND

answer

M1002082012 48 Ix alternate Yes 3xweek 49,63

days

CM0218102012 | 54 0.5xday Yes Only 1/2 cigarette per day - 14,73

some puff. Last use 3 days
ago
CMO0418102012 44 1xday Yes Last use 7 days ago ND
CMK031810201 32 2x weekly Yes Less than 1x per week / last ND
2 use one week ago
CM0209082012 47 4xday Yes 4 or more times. Last use 2 10,04
days ago
CM0109082012 34 20xday Yes 20X daily. Last use did not 13.56
know how to answer

CM0102082012 55 1x week No 1 monthago. 1 cigarette 102.93
CM0211102012 19 2xweekly Yes Weekends 2 cigarettes ND
CM0511102012 27 2xday No Did not know how to answer ND
CMO0111102012 24 Ixday Yes. Did not know how to answer ND
CKM020208201 45 Ixday Yes Did not know how to answer ND

*ND = Not detected.

Figure 1 shows the chromatogram of a urine analysis from user of
Cannabis, which was only detected the presence of THC-COOH. Howe-
ver, THC was not detected in samples of volunteers, however, this was an
expected result, since the presence of this substance is indicative of very
recent drug use, detectable for up to five hours in this biological matrix.5 As
80.9% patients were in hospitalization regime, therefore, in abstinence, the
possibility of detection of THC was unlikely.

The use of urine, a matrix universally accepted for drug analysis, dis-
plays a window of long detection for cannabinoids, when compared to the
other illicit substances. Because of its lipophilic characteristics at the time of
abstinence, THC is released into the bloodstream of compartments of the
body deposit, especially adipose tissue and excreted into urine, as THC-
COOH, intermittently, for up to weeks.® Thus, sequential monitoring is ne-
cessary to evaluate the excretion of the key metabolite of THC, increasing
its detection window.

Taking a single urine sample might not reflect the actual elimination
profile of THC, through excretion of its major metabolite. THC-COOH con-
centrations below the cut value, during abstinence, were observed and are
expected, according to the literature.9 Despite the inconvenience, sequen-
tial monitoring becomes a prerogative for use of urine as a biological matrix
displaying a long window for consumption of THC.

The cut value is established in order to avoid the occurrence of false

positive results from the passive inhalation of smoke.® There are no Bra-
zilian guidelines defining criteria such as cut values in urine samples for
analysis of cannabinoids, so the references are intemational nomms, as
SAMSHA, establishing values of 15ng.ml-1, as criteria for acceptance of a
positive result. However, in real conditions, the smoke of THC is unable to
produce levels in urine typically observed in users. The maximum concen-
trations found in individuals which are not exposed users were 7,8ng.mL"
and 7.3ng.mL",in 6 and 14 hours, respectively.”

Drug preparations with high content of THC, such as sinsemilla, are
available in the USA and Europe with values of 11.5% and 13% of the ac-
tive substance, respectivamente." "2 In Brazil, there are insufficient data,
but preliminary studies by the Instituto Criminalista da Capital Paulista,
indicate levels of THC in marjuana seized with a content of 5.7%, sug-
gesting that the products of high-power have not reached the country yet.”
Thus, following intemational standards to determine cut values seems to
be counter-intuitive, because the smoke inhaled in the USA and Europe,
containing high levels of THC, should provide a passive exposure to a lar-
ger quantity of the substance, which do not appears to be reality in Brazi.
This is reflected directly in the results of surveyed volunteers who report
chronic consumption, with detectable amounts of the metabolite, but below
the recommended cut value by SAMSHA.

For this reason, it is necessary to enlarge the discussion on the cut
values used in the country for the use of Cannabis and its preparations,
and adjust them to reality through a structured investigation to establish the
content of THC in the drug illegally available in Brazilian territory, and thus,
provide data that support a proposal to change these references to the uri-
nary concentrations of THC-COOH.

The use of hair as a matrix for drug analysis has gained importance
in recent years. However, despite of the advantages presented in working
with a biological sample that offers the possibility to evaluate historical and
/ or monitoring the consumption of inter-individual substances interindivi-
duo, 14 for cannabinoids, the analysis of this matrix is controversial o prove
this consumption, since only with detection of the metabolite it is possible
to do so, and it has little incorporation in this matrix, besides the differences
presented in results of negative hair and positive urine.™

CONCLUSIONS

This study permitted us to trace the socioeconomic profile of the
Cannabis user assisted in a psychiatric hospital in Rio de Janeiro and
assessment of concentrations of THC-COOH in urine samples of volun-
teers by applying the methodology developed in IPB-HNMD.

Despite the small number of participants, the difficulties to access this
population, it was possible to observe the intermittent standard of urinary elimi-
nation of the drug, comparing the self-reports of the patients and the analytical
findings, confirmed with the information available in the specialized literature.
Thus, it was possible to start a discussion, even incipient, on the cut values
used for urinary concentrations of THC-COOH practiced in Brazil.

The implementation of the analytical screening within the institutional
policies against drugs would provide more consistent information to support
a more appropriate proposal of urinary cut values to the Brazilian reality.
Thus, it would diminish the vulnerability of reports issued with imported la-
boratory reference values, would help in reducing the incidence of false ne-
gative results in the user accompanying programs, and would contextualize
the answers to questions related to exposure to drug smoke.
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Figure 1: Urine sample chromatogram of Cannabis user.
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