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Abstract Various aspects concerning the practical appli-
cation and forensic interpretation of data obtained by
saliva drug testing and drug monitoring from the skin sur-
face are discussed. Basic information on the composition
of saliva and skin secretions and their particular transport
mechanisms, as far as known, are given. For drugs of
abuse secretion into saliva is suggested to be by passive
diffusion and to depend on lipid solubility, pKa, plasma
protein binding and on the pH of saliva. Drug molecules
from blood are considered to reach the skin surface by
various routes such as by sweat and sebum as well as by
inter- and/or transcellular diffusion. The role of the stra-
tum corneum as a temporary drug reservoir exceeding
positive drug findingsin urineis outlined. Current data on
opioids, cocaine metabolites, cannabinoids and ampheta-
mines detected in saliva and on the skin surface are re-
viewed. Aspects of collection, processing and analysis of
the samples for implementation in roadside testing are ad-
dressed. The requirement of test sensitivity covering the
broad concentration ranges and the importance of test
specificity bearing in mind that the parent drug isthe main
analyte present in those specimens is stressed. Theoretical
and practical findings on frequently abused drugs are dis-
cussed with regard to the possibilities and limitations of
drug monitoring from saliva and perspiration to support a
suspicion of actual or recent drug administration.

Key words Roadside testing - Actual/recent drug
administration - Drug monitoring - Saliva - Perspiration

Introduction

The use of illicit drugs presents a vast number of associ-
ated dangers to public health especially with regard to
road traffic. The rigorous prosecution of drunken drivers
in Germany has resulted in a decrease in acohol-related
accidents since the 1990s [54]. Alcoholic fetor oris al-
ready indicates alcohol consumption and as intoxication
increases, neuropsychiatric symptoms can be recognized.
The breath alcohol concentration can be easily determined
on-site [43] but the situation is different for drug-impaired
drivers as specific symptoms are less obvious and can be
difficult to diagnose without the support of monitoring
biological specimens[43]. Even in the last decade, politi-
cians and police authorities started to take a high interest
in the identification of an impaired driver more easily by
means of roadside screening tests and called upon the
forensic scientists to offer non-invasive sampling tech-
niques and suitable screening methods for on-site drug
testing.

In the meantime unconventional specimens for the de-
tection of drugs of abuse have become very popular dueto
the commercial availability of devices for routine collec-
tion as well as of simple test kits. Therefore, perspiration
and saliva were strongly promoted and promised to offer
excellent possibilities to clarify suspicion and to detect re-
cent or actual drug administration. However, considering
the physiology and biochemistry of drug excretion in these
biological materials as well as analytical data, consider-
able information is already present to elucidate these de-
mands and to comment upon the hitherto existing at-
tempts concerning roadside drug testing.
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Biological data on drug monitoring in saliva

Sdliva is an agueous glandular fluid with a low protein
content. Saliva production occurs in 2 stages. firstly, a
fluid isotonic to blood is released by the acinus cells of the
salivary glands, which is subsequently rendered hypotonic
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Fig.1 Passive diffusion of drugs from blood into saliva modified
according to [25]

by reabsorption of sodium ions [24]. The saiva/plasma
drug concentration ratio (S/P) primarily depends on the
transfer mechanisms by which drugs pass from blood into
saliva. For drugs of abuse, the possible route is suggested
to be passive diffusion (Fig.1) [25]. Passive diffusion is
governed by:

* the molecular mass

* the gpatia configuration of the drug molecule
* its binding propertiesin blood and saliva

* itslipid solubility and degree of ionization.

Therefore, the main analyte in salivais predominantly the
parent drug [55, 65] and drug concentrations might be de-
pendent on the pH value in this body fluid. The relation-
ship between the salivalplasma drug concentration ratio,
pKa, pH and binding is expressed by the equations of
Rasmussen/Matin [45]. The pH value of saliva ranges
from 5.8 to 7.6 while the pH value of blood remains fairly
constant. For example, if the low binding of cocaine (pKa
8.6) to plasma and saliva components is not considered, a
decrease in pH value from 7.6 to 5.8 will result in an in-
crease in salivalplasma drug concentration ratio from 0.65
to 37.5 [50]. The concentration of benzoylecgonine con-
taining both acidic and basic functional groups (pKa
2.25, pKa, 11.2) is thought to be unaffected by the saliva
pH [56]. In addition to the physico-chemical properties of
the drug molecule, its concentration in the saliva is de-
pendent on the salivary flow rate, which is under physio-
logical control and strongly influenced by external and
emotional stimuli [25]. A circadian rhythm of salivary
flow rate had been observed [24]. Other factors influenc-
ing the salivalplasma ratio of a drug are arterial-venous
fluctuations [23, 24], reabsorption of the drug in the buc-
cal cavity aswell as the elimination kinetics of the partic-
ular drug and the effects of additional drugs present.
Mixed saliva is only one component of the material
collected from the oral cavity, which always contains ep-
ithelial cells, crevicular fluid and, possibly, food or drug
remnants. This fact is linked to some additional and im-

G. Skopp and L. Pétsch: Roadside drug testing

portant factors in saliva testing. For example, the concen-
tration of tetrahydrocannabinol, a substance which is
largely protein-bound in blood [73] is expected to be very
low in saliva, based on the passive diffusion model. The
surprisingly high amounts of tetrahydrocannabinol found
in saliva samples imply that drug molecules are se-
guestered in the mucosa of the oral cavity during smoking
[52]. This also applies to orally and nasally administered
or inhaled drugs which are transiently stored in the oral
cavity [6, 11].

Due to large differences within individuals, saivary
excretion is generaly of little quantitative importance, al-
though arelatively constant saliva/plasmadrug concentra-
tion ratio for some drugs e.g. theophylline, phenytoin, car-
bamazepine, diazepam, primidone, quinidine, ethanol and
caffeine has initiated some interest in the use of salivafor
therapeutic drug monitoring [25]. The salivary excretion
of illegal drugs has been studied far less systematically.
An overview on drugs of abuse detected in saliva was
given by Schramm et al. [55] and current data on opioids,
cocaine, cannabinoids and amphetamines are briefly re-
viewed below.

Findings on illegal drugs detected in saliva
Opioids

In 1974, Gorodetzky and Kullberg [20] analyzed saliva
samples by radio-immunoassay after single intravenous
doses of 5-10 mg heroin hydrochloride/70 kg. Using
60 ng morphine equivalents/ml as the criterion for a posi-
tive result saliva samples tested positive during 1-2 h af-
ter dosing and morphine equivalents were detectable in
plasma for 2—4 h. During chronic administration, the de-
tection window in saliva had increased to 34 h after the
last dose. Heroin, 6-acetylmorphine and morphine were
readily detected by GC/MS in saliva following parentera
heroin administration [19]. Jenkins et al. [31] described
the excretion profiles of smoked and intravenous heroin
which was detected in saliva 2 min after administration by
both routes. After smoking, higher concentrations of the
parent drug occurred, which were detectable 2—-24 h after
administration. Intravenously given heroin was detectable
for approx. 1 h, and morphine for approx. 2—4 h using a
detection limit of 1 ng/ml. Cone [6] reported the appear-
ance of heroin and major metabolites in saliva samples
and in plasma after 12 mg heroin hydrochloride was in-
troduced nasally. Saliva concentrations of heroin were
highly elevated over plasma concentrations for 1 h and
were detectable for 4-8 h in saliva and plasma. Drug-in-
duced effects had disappeared when drug levelsin sadliva
and plasmawere no longer detectable. Intramuscularly in-
jected morphine (10, 20 mg) peaked in saliva after 0.5 h at
about 10-37 ng/ml and was detectable for 24 h at a sensi-
tivity limit of 0.6 ng/ml for the radio immunoassay used
[7]. Peak concentrations (< 546 ng/ml) in saliva after oral
administration of 60 mg codeine phosphate were observed
at 1-3 h. Codeine could be detected with the Drugwipe
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Table1l Opioid salivalplasma

concentration ratio (S/P), con- Drug Experimental studies Eﬁgﬁ?e testing

centration range (ng/ml) and .

detection time after dosing SP ng/ml time

from experimenta studies . .

mentioned in the text, and Heroin . 0.02- 0.9 6 — 30 2 m|n_—4 h -

(ng/ml) [52]. — no data avail- Morphine 0.1 -35 0.6~ 37 <24h 311

able Codeine 20 - 6.6 0.6— 546 <36h -
Dihydrocodeine 25-175 30 —-1400 <24h -
Methadone 0.5 10 200 24h 642

equipment, however, numerous false negative results
were obtained [40]. The saliva/plasma concentration ra-
tios found for codeine were highly variable ranging from
2.0t0 6.6 [55]. While Cone measured about the same con-
centrations of codeine in saliva and plasma [5], Sharp et
a. [57] found a considerably higher concentration of
codeine in saliva than in plasma. Variable saliva/plasma
concentration ratios > 2.5 have recently been established
in a pharmacokinetic study after orally administered dihy-
drocodeine by HPL C/fluorescence detection (unpublished).
Methadone has been detected in mixed saliva after acute
and chronic dosing [44]. The saliva/plasma concentration
ratio was found to range from 3.0-10 [6], and was only
0.51 in astudy where subjects rinsed their mouth with wa-
ter prior to saliva collection [33]. The most important data
on opioid findings in saliva are summarized in Table 1.

Cannabinoids

In 1984, Peel et al. [49] reported on cannabinoid detection
in salivasampled from impaired drivers by amodified im-
munoassay procedure with alimit of detection for cannabi-
noid compounds of 10 ng carboxytetrahydrocannabinol
equivalents/ml. Positive findings were thought to be due
to the presence of the acid metabolite as well as to tetra-
hydrocannabinol and its primary metabolite being se-
guestered in the oral cavity during smoking. In addition to
tetrahydrocannabinol [32], cannabidiol and cannabinol
have been detected in saliva after smoking by thin layer
chromatography using dansyl chloride for visualization
[22]. Although saliva concentrations of cannabinoids great-
ly varied and seemed to depend on various factors such as
frequency of drug administration, smoking habits, the
content of tetrahydrocannabinol of cannabis products and
the time interval since last administration, a positive blood
level was found to be accompanied by a positive salivare-
sult [21]. After smoking a single cigarette containing
1.75% or 3.55% of tetrahydrocannabinol, detection times
of cannabinoids in saliva by radio immunoassay were on
average 6 or 10 h [27]. When GC/MS was used for the
identification of cannabinoids from saliva samples, nei-
ther carboxytetrahydrocannabinol [27, 52] nor 11-hydroxy-
tetrahydrocannabinol [27] was detected in any sample, in
contrast to Schramm et al. [55], who reported the detec-
tion of small amounts of carboxytetrahydrocannabinol,
11-hydroxytetrahydrocannabinol and cannabidiol inasin-
gle saliva sample by LC/MS. Although the presence of

Table 2 Cannabinoid saliva/plasma concentration ratio (S/P),
concentration range (ng/ml) and detection time after dosing from
experimental studies mentioned in the text, and findings from
roadside testing (ng/ml) [52]

Compound  Experimental studies Roadside testing
ng/mi
S/P ng/ml time
THC 0.1 -2 5-1000 4-14 h <30
11-OH-THC 0.06-0.1 trace — —
THCCOOH — - - not detected

Cannabinol and cannabidiol were occasionally detected
—: no data available. THC: tetrahydrocannabinol, 11-OH-THC:
11-hydroxy-THC, THCCOOH: carboxy THC

tetrahydrocannabinol metabolitesin salivais still unclear,
drug metabolism of sequestered tetrahydrocannabinol
may also occur in the oral cavity [74]. Saliva/plasma con-
centration ratios of tetrahydrocannabinol vary over awide
range (Table 2) [28, 55]. As a result of high individual
variability, the correlation of saliva levels of tetrahydro-
cannabinol from a single test with behavioral and physio-
logical effects was assumed not to be significant [27]. In
contrast, Menkes et al. [46] reported that subjective intox-
ication and heart rate were significantly correlated with
the log of salivary levels of tetrahydrocannabinol.

Amphetamines

The oral route of amphetamine administration enabled de-
tection by thin layer chromatography [67]. When absorp-
tion was complete the saliva/plasma drug concentration
ratio was relatively constant and averaged 2.8 [71]. Wan
et a. [71] reported on saliva amphetamine concentrations
exceeding plasma concentrations by a factor of 2-3, in
contrast to Smith [60], who observed that the amount of
amphetamine in saliva measured by radio immunoassay
was similar to that in whole blood. Elimination was pH
dependent and abuse of amphetamine was detectable up
to 48 h following last abuse [71]. The same detection in-
terval has been reported for methamphetamine [13].
M ethylenedi oxymethamphetamine, methylenedioxyethyl-
amphetamine and methylenedi oxyamphetamine were a so
detected in salivain aforensic study [52]. The high num-
ber of false positives by immunoassay (42%) as evi-
denced by GC/MS reanalysis of saliva samples was as-
sumed to be caused by food containing phenylalkylamine
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Table 3 Amphetamine salivalplasma concentration ratio (S/P),
concentration range (ng/ml) and detection time after dosing from
experimental studies mentioned in the text, and findings from
roadside testing (ng/ml) [52]
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Table 4 Saliva/plasma concentration ratios (S/P) of cocaine and
cocaine metabolites, concentration range (ng/ml) and detection
time after dosing from experimental studies mentioned in the text,
and findings from roadside testing (ng/ml) [52]

Compound Experimental studies Roadsidetesting Compound Experimental studies Roadside
ng/mi testing

S/P  ng/ml  time SP ng/ml time ng/ml

Amphetamine 28 2040 <50h <30 Cocaine 0.36-9.74 <1927 2min—24h ca 4000

M ethamphetamine —  trace <50h - 10d,

MDA, MDMA, MDEA —  — - < 16000 32{30“'0

—: no data available: methylenedioxyamphetamine, MDMA: Benzoylecgonine ca 0.4 <122 <24h -

methylenemedioxymethamphetamine, MDEA: methylene- Ecgoninemethyl - <135 <24h -

dioxyethylamphetamine

compounds such as tyramine, which highly cross-reacted
in the amphetamine assay [52] (Table 3).

Cocaine

Excretion of radiolabelled cocaine in saliva has been in-
vestigated by Inaba et al. [29] in 1978 and Peel et al. [49]
reported on cocaine detection in a saliva sample from an
impaired driver. The presence of cocaine in saliva was
confirmed by GC/MS [9, 66], and non-stimulated saliva
contained substantially more drug than stimulated saliva
[34]. More detailed studies following different adminis-
tration routes revealed benzoylecgonine, ecgonine methyl
ester and, after crack use, anhydroecgonine methyl ester
to be present in saliva samples [31, 42]. Nevertheless, co-
caine was the predominant analyte identified in saliva
samples after a single dose [34]. After intravenously ad-
ministered cocaine, highly significant correlations of saliva
cocaine to plasma cocaine concentrations were observed
in stimulated, mixed saliva samples [66]. The high vari-
ability in saliva excretion during the initial phase after
drug administration has been attributed to pH effects [8].
In this study, a close relationship was observed between
cocaine saliva levels and cocaine-induced behavioral and
physiological effects. After oral administration of co-
caine, subjective rating of intoxication and euphoria cor-
related with salivary cocaine concentration, but stimulant
effects till persisted when salivary levels had returned to
pre-cocaine levels[63]. After a40 mg dose of intravenous
cocaine hydrochloride, cocaine levels in saliva peaked at
237-1843 ng/ml after 10 min and declined to an average
of 29 ng/ml after 5 h [8]. When cocaine was smoked or
administered intranasally, elevated saliva/plasma concen-
tration ratios were found in the early period after drug ad-
ministration, which was attributed to drug contamination
of the oral cavity [31]. After smoking 40 mg cocaine base,
salival/plasma concentration ratios remained elevated for
about 1 h and thereafter, were approximately equivalent to
the particular ratios present after 44.8 mg intravenously
administered cocaine hydrochloride. The average detec-
tion time of cocaine in saliva was 7.4 h after smoking
compared with 8.5 h after intravenous application, while
cocaine was detected in plasma for about 4.0 h after

ester

— no data available

smoking compared to 6.3 h after intravenous injection
(Table 4).

Prolonged occurrence of cocaine in saliva has been de-
tected by immunoassay up to 5-10 days following absti-
nence, possibly due to the longer haf-life of cocaine
metabolites and the storage of the parent drug in body
compartments [34]. In chronic abusers, unmetabolized co-
caine could be measured in salivaby GC/M S assay during
the first 24 h after drug intake [7]. During this time, sub-
ject scores for cocaine craving and depression signifi-
cantly correlated with the cocaine saliva concentration.

Aspects of collection, processing and analysis
of saliva samples

Saliva can be collected by expectoration, a method which
may certainly lead to unpleasant situations in roadside
testing and therefore cannot be recommended. An over-
view on commercialy available saliva collection devices
with absorbing materials was given by Héckel and H&
necke [25]. Most advantageous for on-site testing seems
the use of the Salivette (Sarstedt, NUmbrecht, Germany)
which consists of a stoppered centrifuge tube and an insert
containing a cotton wool roll. The absorbing material is
left in the bucca cavity where it absorbs a sufficient
amount (1-2 ml) of salivawithin 30-60 s and the fluid is
usualy collected by centrifugation. To simplify this pro-
cedure for roadside testing, theroll istransferred to a5 ml
disposable syringe, soaked with saline (0.9%, 0.5-1.0 ml)
and fluid is collected upon squeezing.

At present, avery limited number of one-step dip-and-
read, nonisotopic assays are available for on-site drug
testing. All of those tests have been developed for urine
screening and are less suitable for the detection of the par-
ent drug for the antibodies are designed to drug metabo-
lites and only poorly cross react. Additionally, the cut-off
levels of the assays meet the requirements for urine con-
centrations resulting in poor sensitivity for saliva testing.
Bogusz et a. reported on findings of urine and saliva sam-
ples collected from cocaine body packers [3]. Urine sam-
ples were clearly immunochemically positive using 300
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ng benzoylecgonine equivaents/ml as the cut-off, whereas
examination of saliva revealed negative results. At pre-
sent, an immunological screening for opiate or cocaine
abuse may be performed using tests with considerable
cross reactivity to the parent drug such as Frontline dip-
sticks (Boehringer, Mannheim, Germany) or a multi-drug
panel such as Triage (Merck, Darmstadt, Germany). Us-
ing the Triage panel, the membrane in the detection cup is
moistened by 1-2 drops of 1% Triton X 100 (Sigma,
Deisenhofen, Germany) to aid chromatography without
interfering with antibody binding. For later confirmation,
an aliquot of the remaining eluate or an additionally col-
lected sample may be processed and analyzed by GC/MS
according to routine procedures for blood or plasma spec-
imens [18, 47, 72]. Identity can be established by several
PCR systems if questioned [51]. The omission of mouth
rinsing prior to sampling and an additional wiping of the
buccal area will enhance the probability to detect drug
consumption, especially when drugs of abuse have re-
cently been smoked or administered by the oral or nasal
route.

Biophysical data on transdermal drug excretion

The initial observations on outward transcutaneous drug
delivery date back to 1844 when Valentin [68] verified
quinine in perspiration fluid. The presence of various
drugs on the skin surface has been reported, including am-
phetamines [16, 30, 36, 64, 69], cocaine [1, 4, 10, 58, 59,
61, 62], opioids[10, 26, 37, 38, 40, 48, 51, 58] and phen-
cyclidine [12]. Although it is poorly understood how non-
volatile chemicals exit the body through the skin, poten-
tial pathways for drug molecules to reach the skin surface
arevia (Fig.2):

* perspiration and / or sebum

* intercellular diffusion aong the cell membrane complex

« transcellular diffusion and/or transport by the keratino-
cytes.

The passage of drug molecules from the skin capillaries
into perspiration can be considered a passive diffusion
process which is governed by the same factors as the se-

Fig.2 Potential pathways for drug moleculesto reach the skin sur-
face

217

cretion into saliva. The elimination of a substance via se-
bum is delayed for many days asis the transcellular diffu-
sion and transport by the keratinocytes. The rating of the
importance of these different routes still remains contro-
versial. Additionally, drug binding to various skin frac-
tions [70] and reabsorption of drugs from the skin have
been observed [15]. Therefore, a continued presence of
drugs on the skin surface results in the time period when
blood or urine levels are aready undetectable [4]. From
these observations and on the basis of the current know-
ledge the following conclusions can be drawn:

» The material collected on the skin surface, i.e. perspira-
tion, consists of various constituents and originates from
various sources.

» The main analyte found on the skin surface is predomi-
nantly the parent drug.

* In single drug consumption a time lag exists. The time
interval between drug consumption and detection on the
skin surface depends on the nature of the particular drug
and on the sensitivity of the analytical method used.

* In chronic abusers, drug molecules are permanently pre-
sent on the skin due to the temporary reservoir of the
stratum corneum.

Findings on forensically relevant drugs in perspiration
Opioids

In 1942, Oberst detected morphine in skin excretion [48]
which was later confirmed by Ishiyama et a. [30] and
Balabanova and Schneider [1] and Balabanova et a [2].
After heroin abuse, heroin and 6-acetylmorphine but little
morphine was found in perspiration samples as evidenced
by GC/MS analysis [17]. Further opiod-type substances
including codeine [37, 40], dihydrocodeine [59] and
methadone [26] have been detected in skin excretions. Af-
ter opioid administration, perspiration contained prefer-
ably the parent opioid and lipophilic metabolites. Except
for methadone, virtually all data on drug species and their
concentrations in perspiration were obtained from experi-
mental studies on healthy persons at single doses and low
dosage. Recently, a solid phase enzyme immunoassay on
microtiter plates for drug testing perspiration has been de-
veloped with a cut-off concentration of 10 ng morphine
equivalents/ml [17]. Fogerson et al. [17] reported that sin-
gle doses of less than 20 mg intravenously administered

Drugs reach the skin surface via:

A sweat
B sebum
C intercellular diffusion

along the cell mem-
brane complex

D transcellular diffusion
and transportation by
the keratinocytes
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Table5 Opiate concentrations (GC/MS) in skin swabs (skin area:
25 cm?) from opiate-related fatalities (n = 8) [59], and in perspira-
tion patches from patients treated with constant, but individually
different doses of methadone (0.4 — 1.2 mg/kg, n = 8) [58]

Drug substance Concentration (ng)
per skin swab (25 cm?) or

perspiration patch (14 cm?)

6-Acetylmorphine 62—14090
Morphine 3-20325
Codeine 13- 2050
Dihydrocodeine 90— 2725
Methadone 47— 1431
2-Ethylidene-1,5-dimethyl-3,3- 3~ 57

diphenylpyrrolidine

heroin hydrochloride produced no positive result within
24 t0 48 h using a perspiration patch for collection and the
particular immunoassay for qualitative detection.

In opiate-related deaths, a wide range in drug concen-
trations was observed from skin swabs, and a relationship
to acute, subacute or chronic drug abuse could not be es-
tablished [59] (Table 5).

Cocaine

Cocaine findings on skin have been reported by Smith and
Liu [61], Cone et al. [10], and Schneider and Balabanova
[53]. After intranasal administration of single doses of 50
or 126 mg cocaine hydrochloride using a band-aid collec-
tion device, Burns and Baselt [4] concluded that even a
single dose of cocaine can be detected in perspiration
stains for up to 7 days, but the concentrations found
showed no correlation either to dose nor to time of use. In
a controlled study, Cone et al. [10] detected cocaine in
skin excretions 1-2 h after dosing by GC/MS and peak
concentrations within 24 h after administration of the
drug. Cocaine appeared in an apparent dose-dependent
manner and intrasubject variability was suggested to be
low, in contrast to intersubject variability. When chroni-
cally used, cocaine was found in stimulated perspiration
by radio immunoassay up to 6 days after abstaining from
the drug [2]. Benzoylecgonine and ecgonine methyl ester
were aways identified in small concentrations in cases
where relatively high concentrations of cocaine could be
measured in the particular samples, the concentrations of
ecgonine methyl ester exceeding those of benzoylecgo-
nine [59].

Evidence of crack abuse was possible by GC/MS iden-
tification of anhydroecgonine methyl ester [39]. Kidwell
et al. [35] screened cocaine in skin swabs from a univer-
sity population. Controlled experiments showed that co-
caine could remain on the skin for about 3 days after ex-
ternal exposure. From these results they concluded that
cocaine concentrations > 15 ng per skin swab would ap-
pear to indicate either recent use or exposure (Table 6).

Recently, Spiehler et al. [62] presented a modified en-
zyme immuno assay involving microtiter plates for analy-
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Table6 Cocaine and cocaine metabolite concentrations (GC/MYS)
in skin swabs (skin area: 25 cm?) from fatal cases of drug abuse
(n=4)[59]

Drug substance Concentration (ng)

per skin swab (25 cm?)

Cocaine 5002925
Ecgonine methyl ester 45— 750
Benzoylecgonine 1- 725

sis of cocaine in perspiration with a cross-reactivity for
cocaine of 102% relative to 100% for the benzoylecgo-
nine calibrators and a cut-off concentration of 10 ng/ml
cocaine or benzoylecgonine equivalents.

Cannabinoids

Reports on cannabinoid findings from skin swabs or per-
spiration patches are rare. In pilocarpine-stimulated per-
spiration samples, cannabinoids were detected by radio
immunoassay ranging from 19-456 carboxytetrahydro-
cannabinol equivalents/ml [2], while Ehorn [14] used a
highly sensitive GC/MS/MS assay for identification of
tetrahydrocannabinol in perspiration stains. In addition to
tetrahydrocannabinol, the 11-hydroxy-metabolite was
present in skin swabs [59], while other cannabinoids or
metabolites were not detected by GC/MS. Similiar find-
ings have been published by Kintz et a. [38] who ob-
served concentrations of 4-38 ng of tetrahydrocannabi-
nol/patch from perspiration patches applied to drug
abusers (Table 7).

Table 7 Cannabinoid concentrations (GC/MS) in skin swabs
(skin area: 25 cm?) from fatal cases of drug abuse (n = 6) [59]

Drug substance Concentration (ng)

per skin swab (25 cm?)

0.5-15
trace (< 1.0)
not detected (< 0.5)

Tetrahydrocannabinol
11-Hydroxy-tetrahydrocannabinol

Carboxy tetrahydrocannabinol,
cannabinol, cannabidiol

Amphetamines

In 1972 the detection of amphetamines in human per-
spiration as well as in stains on clothes worn next to the
skin after administration of 2025 mg L-dimethylamphet-
amine hydrochloride was reported by Vree et al. [69].
M ethamphetamine and its major metabolite amphetamine
were found in perspiration samples, whereas metham-
phetamine only was detected in saliva by GC/MS [64].
N-Methyl-1-(3,4-methylenedioxyl phenyl)-2-butanamine
(MBDB) and 3,4-methylenedioxyphenyl-2-butanamine
(BDB) were excreted into perspiration with an increasein
concentration during the first 36 h following a single dose
of 100 mg MBDB in one subject [36]. In skin patches an-
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alyzed by GC/MS the peak concentrations were 44 ng
MBDB/patch and 23 ng BDB/patch. Recently, an enzyme
immunoassay was modified for analysis of methamphe-
tamine from perspiration with an optimum cut-off con-
centration of 10 ng amphetamine equivalents/ml [16].

Aspects of collection, processing and analysis
of perspiration samples

Recently, an immunological test kit was investigated for
perspiration samples and road side testing [59]. Drugwipe
is a pen-sized test strip based on an immunological tech-
nique. Itissimply to apply and results are available within
2-3 min. For the detection of opiates and cocaine, cross-
reactivities of the antibodies satisfy the demands for skin
testing, however sensitivity seems poor [59]. The anti-
body of the Drugwipe cannabis system preferably reacted
with carboxytetrahydrocannabinol and its glucuronide (= 25
or 10 ng of the pure substance), but the test kit failed to
detect tetrahydrocannabinol [59].

Although, recently modified enzyme immunoassays
for detection of cocaine, heroin and methamphetamine
abuse in perspiration samples[16, 17, 62] seem to be both
specific and sensitive, handling of microtiter plates is not
considered to be suitable for roadside testing. The use of
ion mobility spectrometry (IMS, Barringer, Canada) is
thought to be more sucessfull due to increased sensitivity
and the possibility to detect the parent drug. In a prelimi-
nary study, abuse of heroin and cocaine could always be
detected in cases tested positive for 6-acetylmorphine and
morphine or cocaine by GC/MS (unpublished). Sample
collection can be simply and quickly managed by wiping
an appropriate skin area with a cotton wool roll from a
Salivette system moistened with 70% ethanol, preferably
on the sternal or axillary regions to avoid environmental
contamination as far as possible. The skin swabs can be
directly blotted onto the filter pads. Before in situ analy-
sis, it is recommended to dry the pads with a hair-drier.
For later confirmation, the cotton wool rolls can be stored
frozen until GC/MS analysis by routine procedures. A
skin swab collected by a cotton wool roll aways contains
superficial dermal cells allowing identification of the par-
ticular person [51].

Concluding remarks

Perspiration and saliva samples can be easily collected
and processed to be measured in situ. However, in con-
trast to urine testing the assay used for both perspiration
and saliva must be based on the detection of the parent
drug. A large concentration range in perspiration and
saliva samples has already been observed for all drugs of
abuse [10, 52, 59]. Therefore, the sensitivity of the test
system seems to be most crucial. The use of ion mobility
spectrometry covers both sensitivity and specificity but
requires advanced equipment and special handling. Cur-
rently, enzyme immunoassays on microtiter plates are
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available, exhibiting an adequate cross-reactivity to the
parent drug. For on-site testing however, a dip-and-read
test for rapid and easy screening should be favored with-
out the need of an automatic analyzer and special storage
or handling conditions. At present, a simple and easy as-
say serving al the purposes mentioned above is not com-
mercially available.

Besides the technical demands, saliva and perspiration
show completely different drug excretion patterns. The
skin acts adrug reservoir and even in single dose applica-
tion, there is a considerable time delay until the drug mol-
ecules will appear on the skin. Provided that environmen-
tal exposure could be excluded, skin testing may identify
a substance abuser, but seems less appropriate to detect
recent or actual drug administration.

Saliva can be regarded as an in vitro model for trans-
membrane transport and may therefore give information
on the particular drug at the location where it exerts its
pharmacological action. The theory and the results of a
limited number of studies involving heroin and cocaine
suggest that saliva concentrations are highly correlated to
physiological and behavioral effects [6, 8, 31, 63], which
favors saliva for estimation of recent or actual drug ad-
ministration. Besides Rohrich et al. [52], detailed experi-
ences of saliva testing from a roadside survey including
2235 specimens have been reported by Krtger [41]. With-
out extensive cleaning of the oral cavity prior to sampling,
the collected salivaisin equilibrium with the oral mucosa,
which has high local drug concentrations when drugs
have been orally or nasally administered or inhaled, such
as amphetamines, cocaine or cannabis. Oral drug seques-
tration in the early stage of drug abuse will even enhance
its detection provided that specific and sensitive tests are
used. In future, efforts have to be made to develop simple
and appropriate test kits for roadside drug testing and to
evaluate their applications under controlled conditions as
well as under redl life situations. Meanwhile, any indica-
tion of a possible actual impairment due to drug con-
sumption should result in a reliable analysis of the blood
sample taken from the particular driver.
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