Oral Fluid as an alternative matrix
In workplace drug testing:
which drugs at which cutoff
concentration?
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addiction / abuse relevant substances

drugs of abuse

A

therapeutic drugs

"Nature drugs”

defined by narcotic law

- Amphetamines / designer-
drugs

- Heroin

- Cannabinoids / THC

- Cocaine

-LSD

- GHB

- 3-Keto-Amphetamines

- Methadone

- Buprenorphine

- Dihydrocodeine

- Barbiturates

- Benzodiazepines

- Opioids, Analgesics
- Antidepressive drugs
- Neuroleptics

- Anaesthetics (Propofol, Ketamin)
- Diuretics

- Anabolic steroids

- Psilocybine
- Meskaline
- "Spice"

- Atropine

- Muskarine

- Myristicine

- Scopolamine

- Kratom/Krypton
- Khat (Cathinon)
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Zaleplone
Methylphenidate
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Psychedelics 4 PEA Stimulants )

5’ -substituted NBOMe series Cathinones . .
tryptamines o i Piperazines
. Related to: 2C-x series 5C-x series Related to: methcathinone, . .
Related to: bufotenin S cathinone, amphetamine, Related to: piperazine
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Cannabinoids - methamphetamine

Functionally related to naturally occurring cannabinoids including THC

4-FA 3-FMA
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MDPV (3,4-methylenedioxypyrovalerone)

O
O CH3

General structure of a cathinone derivativ
showing substitution patterns

O Rﬁ R]

R* R? RS R* RS Name

H H H H H Cathinone
Methyl H H H H Methcathinone (ephedrone)
Methyl Methyl H H H N,N-Dimethylcathinone (metamfepramone)
Ethyl H H H H N-Ethylcathinone (EC)
Methyl H H Methyl H Buphedrone

Ethyl H 4-Methyl H H 4-Methyl-N-ethylcathinone
Methyl H 4-Methyl H H Mephedrone (4-MMC; M-CAT)
Ethyl Ethyl H H H Amfepramone
t-Butyl H 3-Cl H H Bupropion
Methyl H| 3.4-Methylenedioxy H H Methylone (3k-MDMA)
Ethyl H | 3.4-Methylenedioxy H H Ethylone (Bk-MDEA)

Methyl H 4-Methyl Methyl H Butylone (3k-MBDB)

Methyl H 4-Methoxy H H Methedrone (Bk-PMMA)

Methyl H 4-F H H Flephedrone (4-FMC)

Methyl H 3-F H H 3-Fluoromethcathinone (3-FMC)
{pyrrolidino} | {pyrrolidino} H H H a-Pyrrolidinopropiophenone (PPP)
{pyrrolidino} | {pyrrolidino} 4-Methyl H H 4-Methyl-a-pyrrolidinopropiophenone (MPPP)
{pyrrolidino} | {pyrrolidino} 4-MeO H H 4-methoxy-a-pyrrolidinopropiophenone (MOPPP)
{pyrrolidino} | {pyrrolidino} 4-Methyl Propyl H 4-Methyl-a-pyrrolidino-hexanophenone (MPHP)
{pyrrolidino} | {pyrrolidino} 4-Methyl Ethyl H Pyrovalerone
{pyrrolidino} | {pyrrolidino} 4-Methyl Methyl H 4-Methyl-a-pyrrolidino-butyrophenone (MPBP)
{pyrrolidino} | {pyrrolidino} 4-Methyl H Methyl 4-Methyl-a-pyrrolidino-a-methylpropiophenone
{pyrrolidino} | {pyrrolidino} | 3.4-Methylenedioxy H H 3,4-Methylenedioxy-a-pyrrolidinopropiophenone (MDPPP)
{pyrrolidino} | {pyrrolidino}| 3.4-Methylenedioxy | Ethyl H 3,4-Methylenedioxypyrovalerone (MDPV)




Which immunoassays (urine) are available?

-- Amphetamin and derivatives (!?)
-- Barbiturates

-- Benzodiazepines e

. . -- Propoxyphene
-- Cocaine (Benzoylecgonine) B
-- Methadone or better EDDP VeI EoNE
-- Opiates
-- 6-Monoacetylmorphine T .
- Cannabinoids (THC-COOH) - hreyelic Antidepr.
-- Tramadol e
-- Buprenorphine
-- Fentanyl B _
- "Spice" Ethylglucuronide
-- LSD

-- Ethanol



Immunoassay drug testing and urine spls.,
problems:

-- iInternal dilution! Creatinine dependent cutoff?!

-- adulteration! sampling under supervision
-- cutoffs: group tests not standardized: accreditation!
-- Xreact.: false positives / false negatives

-- Increasing no. of different drugs,
new drug classes



European Laboratory Guidelines for Legally Defensible
Workplace Drug Testing - Version 1.0, EWDTS 2002

Appendix E
Recommended maximum cut-off concentrations for Screening Tests
appropriate for [country]

Screen Test Cut-Off Concentration (ng/ml)
Amphetamine group 500
Benzodiazepines group 200
Cannabis metabolites 50
Cocaine metabolites 300
Opiates (total) 300
Methadone or metabolites 300
Barbiturates 200
Phencyclidine 25
Buprenorphine or 5
metabolites

LSD or metabolites 1
Propoxyphene or 300
metabolites

Methaqualone 300

These recommended cut-off values may be subject to changes as
advances in technology or other considerations warrant identification
of these substances at other concentrations.

Cut-off levels for substances not indicated in Appendix E will need to
be agreed with the customer taking into account the performance of
the assays to be used.



European Laboratory Guidelines for Legally Defensible
Workplace Drug Testing - Version 1.0, EWDTS 2002

Appendix F

Recommended cut-off concentrations for confirmation tests

appropriate for [country]
Confirmation Test

Amphetamines

Amphetamine

Methylamphetamine

MDA

MDMA

MDEA

Other members of the amphetamine group
Benzodiazepines

Temazepam

Oxazepam

Desmethyldiazepam

Others members of the benzodiazepine
group by agreement with the customer.
Opiates (total)

Morphine

Codeine

Dihydrocodeine
6-Monoacetylmorphine 10

Cannabis metabolite

(11-nor-Ag -tetrahydrocannabinol-9-carboxylic
acid.)

Cocaine metabolite (benzoylecgonine)
Methadone or metabolites

Barbiturates group

Phencyclidine

Buprenorphine or metabolites

LSD or metabolites

Propoxyphene or metabolites
Methaqualone

Cut-Off Concentration (ng/ml) (Total)

200
200
200
200
200
200

100
100
100

300
300
300

15

150
250
150

25

300
300



Problems in drug of abuse testing:

-- new substances, immunoassays do not cover
no data on abuse pattern in different regions, different
patients groups, different settings (WDT, prisons etc.)
-- urine: diuresis!, supervision, metabolites
-- matrix saliva (oral fluid)
- no dilution problems but sampling problem (which device)?
- easy supervision of sampling
- only parent drugs needed!(???), easier method deviopment?!
-Acl eanerfi matrix: easier met

but: which analytes at which concentration?

Develop a sensitive LC/MSMS method for OF
which can be easily adopted to changing requests.

Compare to routine urine drug testing in different settings
Here: patients in opiate maintenance therapy



How do drugs get into (mixed) saliva (oral fluid)?

-- oral contamination

-- from blood by passive diffusion across cell membranes
-- active secretion

-- filtration

\/
factors influencing S/P-ratio:

-- pKa of substance (acidic-alkaline?)
-- lipid solubility

-- protein binding

-- molecular weight
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screening for drugs: comparing OF-blood-urine

mixed Oral Fluid = saliva + gingival crevicular fluid + nasal secretions
+ mucosal transudates+ regurgitated gastric secretions

Oral Fluid Blood (Serum, Plasma) Urine

non invasive invasive supervision needed: privacy!
drug conc. low-high drug conc. low drug conc. low-very high
spl. vol. low spl. vol. low spl. vol. low-very high
adulteration difficult no adulteration adulteration possible

excretion influenced by
urinary pH,drug concentration
influenced by (intentional?!)
drinking.

pH-change during -
collection process may
influence Saliva/Plasma-ratio

mostly parent drugs parent drugs mostly metabolites



screening for drugs: comparing OF-blood-urine

Oral Fluid

oral contamination from
smoking,intranasal or peroral
consumption

correlation with impairment
could be possible

screening methods,
collection methods,
collection devices
not fully established
and validated
Adsorption!?

A+B sample?

collection device closed
Nno contamination

Xerostomia

Blood (Serum, Plasma)

correlation with
impairment possible

Urine

correlation with
impairment impossible

screening methods,
collection methods,
collection devices
established

really standardized??

urine beakers can
be contaminated

"not able to..."



Saliva Collection System (SCS) pH 4.2
Greiner Bio-One

4 m| Saliva Extraction
Solution (SES)

contains non-toxic yellow T

food color and buffer salts !

| or 50 Saliva vacuum

| % 11 collection tubes
" contains stabilizing
i " Agents ; A+B sample!

e
|
' U
&R 9 R

Sailva Collection Beaker 1 a3b

with integrated saliva transfer
device



Saliva sampling with the Greiner Saliva Collection System:

Step 1

Rinsing of the oral cavity with
Saliva Extraction Solution for
2 minutes




Step 2:

Spitting of the extracted
oral fluid into the Saliva
Collection Beaker




Transfering of the extracted
saliva into the evacuated
Saliva Collection Tubes

always A + B sample!

Advantages:

-- quick (Xerostomia!), standardized time

-- acidic pH during collection keeps
pH difference to plasma

-- acidic pH: 6-AM, Cocaine, Zopiclone
etc. are stable

-- agueous matrix: less ion suppression,
rapid SALLE possible



EWDTS draft guidelines for oral fluid

03/2011

THC:

Cocaine + metabolites:
Opiates (Morphine):
6-Acetylmorphine:
Methadone:
Buprenorphine:
Amphetamines:
Propoxyphene:
Barbiturates:
Benzodiazepines:

confirmatory cutoffs

THC:
Cocaine-metabolite:
Opiates (each):
6-Acetylmorphine:
Methadone:
Buprenorphine:
Amphetamines (each):
Propoxyphene:
Barbiturates:

Benzodiazepines (each):

screening cutoffs

10 ng/mL
30 ng/mL
40 ng/mL

4 ng/mL
50 ng/mL

5 ng/mL
40 ng/mL
40 ng/mL
60 ng/mL
10 ng/mL

2 ng/mL
8 ng/mL
40 ng/mL
4 ng/mL
20 ng/mL
5 ng/mL
30 ng/mL
40 ng/mL

not mentioned

10 ng/mL

high cutoffs:
correlation with impaiment ?!



Original Article Table 1 Cut-off concentrations for drugs detected by ELISA

. * :
Replacement of immunoassay by LC tandem mass spectrometry for Drug/drug group ELISA" (ugll) ~ SAMHSA (1g/L)
the routine measurement of drugs of abuse in oral fluid Opiates 10 40
KR Allen’, R Azad’, HP Field" and DK Blake? 'gg(f;z'hr:f;e ;;Zlgfhe 2g ;g

Methadone 5 —
Benzodiazepines 1 —
Abstract

*Concentrations allow for a 1 in 4 dilution of oral fluid in collqcting
device buffer. TSAMHSA initial screening test cut-off concentration.

;l\ddresses Background There is increasing interest in the use of oral fluid as the matrix for
Departmant of Clinical Biochemistry, Leeds the detection of drugs of abuse which requires the use of sensitive immunoassays

Teaching Hospitals, Britannia House, to achigve the iow detection limits required. The use of liquid chromatography linked
;""”'5"52 dLé'ﬁﬁfysﬁﬂ G\zgr'ﬁg;m UK to tandem mass spectrometry (LC/MS/MS) is explored as a possible replacement
App ' ' for immunoassay in screening for drugs of abuse in oral fluid samples.

Table 2 Cut-off concentrations for drugs and drug melabolites

varrespondence

Methods Oral fluid samples collected from 72 subjects attending an addiction S
EA.rmﬁ ﬁﬂ-ﬁ; allen@leadsth.nhs. Uk clinic were screened for cpiates, cocaine, methadone and benzodiazepines using detected by LC/MS/M
) ’ o both enzyme-linked immunosorbent assays (ELISA) and LC/MS/MS. The latter - * 1

analysis used a short gradient elution with individual drugs detected by multiple Druwme‘abome LC/MS/MS (,u. gIL) SAMHSA (ﬂglL)

reaction monitoring using tandem mass spectrometry. Results between the two

methods were compared qualitatively using the cut-off concentrations defined by 6-MAM 1 4

the ELISA assays, Morphine 20 40

Results  With regard to the ELISA assays which show group specificity, LC/MS/ Codei 10 40

MS detected the presence of 8-monoacetylmarphine, momhine or dihydrocodeine odeine

in all but two of 49 samples posttive for apiates. Of 55 samples positive for DHC 10 40

benzodiazepines by ELISA, all but two were confimad by —_

LC/MSMS. Overall, LCMSMS compared favourably with ELISA for detection of Methadone 3

specific drugs or their metabolites in the case of morphine, methadone and the EDDP 05 -

cocaine metabolite benzoylecgonine. Many of the discrepant results between the . 5 8

two assays were a result of samples with drug concentrations near fo the cut-off Cocalne

-~ concentrations and the imprecision of these assays at very low concentrations. Benzoylecgonine 5 8

Conclusion LC/MS/MS offers a more flexible, specific and sensitive atemative to Diazepam i -

the screening of oral fiuid samples for drugs of abuse than ELISA. A wide range of . i _—

drugs and metabofites can be detected from a single sample injection. Nltrazepam

Ann Ciin Biochem 2005; 42: 277-284 Nordiazepam 1 -
Temazepam 1 —
7-aminonitrazepam 1 -

6-MAM, 6-monoacetylimorphine; DHC, dihydrocodeine; ;DDP, 2-
i i sthylidene-1,5-<dimethyl-3,3-diphenylpyrralidine. '.Ooncentrat:ons allow
Ann Clin Biochem 2005 ; 42: 277-284 for a 1 in 4 dilution of oral fluid in collecting device buffer. 'SAMHSA

confirmatory test cut-off concentrations.
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Clinical Chemistry 55:11
000-000 {2009)

Drug Monitoring and Toxicology

Simultaneous Screening and Quantification of 29 Drugs of
Abuse in Oral Fluid by Solid-Phase Extraction and
Ultraperformance LC-MS/MS

Nora Badawi,” Kirsten Wiese Simonsen,' Anni Steentoft,’ Inger Marie Bernhoft, and Kristian Linnet'”

BACKGROUND: The European DRUID (Driving under
the Influence of Drugs, Alcohol And Medicines)
project calls for analysis of oral fluid (OF) samples, col-
lected randomly and anonymously at the roadside
from drivers in Denmark throughout 2008-2009. To
analyze these samples we developed an ultra perfor-
mance liquid chromategraphy—tandem mass spec-
trometry (UPLC-MS/MS) method for detection of 29
drugs and illicit compounds in OF. The drugs detected
were opioids, amphetamines, cocaine, benzodiaz-
epines, and A-9-tetrahydrocannabinol.

METHOD: Solid-phase extraction was performed with a
Gilson ASPEC XL4 system equipped with Bond Elut
Certify sample cartridges. OF samples (200 mg) diluted
with 5 mL of ammonium acetate/methanol (vol/vol 90:
10) buffer were applied to the columns and eluted with
3 mL of acetonitrile with aqueous ammonium hydrox-
ide. Target drugs were quantified by use of a Waters
ACQUITY UPLC system coupled to a Waters Quattro
Premier XE triple quadrupole (positive electrospray
ionization mode, multiple reaction monitoring mode).

RESULTS: Extraction recoveries were 36%-~114% for all
analytes, including A-9-tetrahydrocannabinel and
benzoylecgonine. The lower limit of quantification was
0.5 pe/kg for all analytes. Total imprecision (CV) was
5.9%~19.4%. With the use of deuterated internal stan-
dards for most compounds, the performance of the
method was not influenced by matrix effects. A pre-
liminary account of OF samples collected at the
roadside showed the presence of amphetamine, co-
caine, codeine, A-9-tetrahydrocannabinol, tram-
adol, and zopiclone.

concrusions: The UPLC-MS/MS method makes it
possible to detect all 29 analytes in 1 chromatographic
run (15 min), including A-9-tetrahydrocannabinol
and benzoylecgonine, which previously have been dif-
ficult to incorporate into multicomponent methods.
© 2009 American Association for Clinical Chemistry

Recently, oral fluid (OF?; saliva) has been investigated
as a sample for drug-of-abuse testing, especially for
testing in the workplace and testing individuals sus-
pected of driving under the influence of drugs (I ). Sub-
stances can be detected in OF for short periods of time,
typically 12-24 h after consumption. OF is therefore
suitable for detecting recent drug use, e.g., for roadside
testing (2 ). A major advantage of using OF instead of
blood samples is the noninvasive nature of the collec-
tion procedure and the ability of nonmedical personnel
to collect OF samples. Furthermore, OF can be col-
lected under direct observation, which makes it diffi-
cult to substitute or adulterate samples.

OF is produced by a number of specialized glands
and consists of about 98% water and trace amounts of
proteins (normally present in plasma) in addition to
electrolytes (1). The pH of OF is typically 6.7 with a
range of 5.6--7.9. OF pH affects the concentration of
drugs. Several studies have investigated the detection of
drugs in OF, as recently reviewed by Drummer (3).
Most of these studies focused on detection of amphet-
amines, cannabis, cecaine, and opiates.

Because only a limited amount of OF is available
for drug analysis, it is crucial to have a multicomponent
method with a low detection limit for sample analysis.
Gunnar et al. reported a multicomponent method that
uses GC-MS with fractionated solid-phase extraction



GBO, SCSpH 4.2
14 substances

direct injection of
20 pL sample into
LC-MS/MS!



