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ABSTRACT

Accurate and objective drug use assessment is needed to ensure appropriate and adequate
treatment. However, it is limited by COC’s illicit nature. The objectives were to: a) corroborate
use status by urinalysis and hair analysis of proximal and distal ends b) correlate avg [COC] &
[BZ] in 1.5cm sections to the correspending self-reported COC use c¢) evaluate the clinical utility

of the hair test in neonates. Admitted Adult Users: Hair analysis confirmed historical COC use

and characterized historical use patterns, where urinalysis was ineffective. Analysis of hair
clippings at each end confirmed use in 95% of the participants. Qualitatively, sectional analysis
(1.5cm sections) corroborated reported use patterns in 53% of participants. Quantitatively, the
relationship between average [COC] & [BZ], and the average reported use over the full length of
the hair shaft was weak but significant (COC Rho = 0.34; BZ Rho = 0.42). Confounders
including ethnicity, natural hair colour, cosmetic hair treatment, and external contamination
weakened the correlation. Darker coloured hair, particularly black hair, incorporated more COC
& BZ, despite reporting the use of substantially less COC. Whereas, blonde hair incorporated the
least COC, supporting a significant role for melanin in COC incorporation. Also, higher [COC]
& [BZ] were observed in women, in those who did not treat their hair, and in those who were
Black. Although external contamination can be significant, coanalysis of COC & BZ provided an
indication of systemic COC burden. Neonates: 192 samples were referred to HSC. 55 (30%)
were positive, 5-fold higher than the rate in a Toronto population study (p < 0.001) and [BZ] was
2-fold higher (p=0.0001). Hair analysis confirmed clinical suspicions of fetal exposure to COC

in s subgroup of heavy COC users, who are probably at higher perinatal risks.
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1 INTRODUCTION

In the metropolitan area of Toronto surveys continue to indicate low levels of cocaine (COC) use
in the general population. The reported rates remain stable at approximately 1% of Toronto
adults (1998) and 3% of Toronto students (1997). Use of crack cocaine is reported by fewer than
1% of adults and 2% of students. Use of COC and crack is more prevalent among street youth
and based on the reports of outreach workers in Toronto, crack COC is the most popular drug on

the streets (Toronto Research Group on Drug Use, 1999).

The percentage of treatment clients citing COC as the major problem of abuse has increased over
the last decade. However, during the last period for which treatment statistics can be compared,
1995 and 1996, the percentage of clients reporting COC as the major problem of abuse remained
fairly stable — 26% versus 24% (Toronto Research Group on Drug Use, 1999). Similarly, in
treatment clients under 26 years of age, the percentage of treatment clients citing COC as the
major problem of abuse remained stable at 29%. While the number of clients in treatment for
COC use has not changed significantly, the number of inquiries to the provincial treatment
registry from physicians, agencies and users themselves increased by approximately 24 percent
between October 1997 and September 1998 (Toronto Research Group on Drug Use, 1999).
Although this is not a direct measure of prevalence of COC use it is yet an additional surrogate

measure that suggests that COC use continues to be a challenge in Toronto.

For those entering treatment programs in Toronto, COC ranks second to alcohol as the most
frequently reported drug of abuse, however, in young clients COC continues to be the primary
problem of abuse (Toronto Research Group on Drug Use, 2000). Adlaf reports that student drug
use rates increased between 1993 and 1995. Upto 2.5 percent of students reported using COC in
the previous 12 months in 1995 compared to 1.5 percent in 1993 (Adalf et al., 1996).

The prevalence of COC use during pregnancy varies among urban centres, socio-economic and
demographic classes, and ethnic groups. It has been estimated that 10 to 45 percent of women

cared for at urban teaching hospitals in the United States use COC in pregnancy (Volpe, 1992;



Osterloh and Lee, 1989). A prevalence study of COC use during pregnancy, conducted

between June 1990 and December 1991 in three Metropolitan Toronto hospital nurseries (1 inner
city and 2 suburban), found 37 of 600 (6.25%) infants tested positive for COC (Forman et al.,
1993). In Metropolitan Toronto there has been a steady increase in the newborns affected by
maternal drug use, from 11 in 1986 to 99 in 1996, almost a 10-fold increase (Toronto Research
Group on Drug Use, 1997).

[n order to develop effective strategies to prevent/discourage COC use and intervene with
treatment programs, there is a need to understand the factors that influence COC use including
those that are biological, social and environmental in nature. This would include understanding
the type of drug use, frequency of drug use and the circumstances that result in drug use. Given
the illicit nature of drug of abuse, accurate and objective assessment of the drug use is limited

and requires the use of a range of measures.

Many circumstances necessitate accurate assessment of use status and use history, including

situations involving:

medical/clinical cases;

- addiction treatment cases;

- legal cases;

- probation cases;

- forensic cases;

- occupational health and safety cases; and,

- children’s health and welfare cases.

Currently the measures employed to assess use status of substances such as COC fall into two
categories: 1) self-reported use through structured interviews and, 2) measurement of COC
and/or metabolites in various biological tissues. There continues to be a need to couple self-

reported information with the information obtained from an objective biological test.
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Determining a (semi)-quantitative relationship between these two measures further develops

our understanding of how these tools can be meaningfully and appropriately utilized.

1.1  Cocaine - Pharmacology and Toxicology

Since this study focuses on COC, an understanding of the biochemical basis of detecting COC
and its metabolites in biological tissues is required. The following is a brief discussion of the

pharmacological and toxicological properties.

COC, benzoylmethylecgonine, is a potent ester-type local anaesthetic belonging to the tropane
family of natural alkaloids derived from the leaves of the coca plant, Erythroxylon coca (Figure
1). COC has vasoconstrictory properties and also acts as a central nervous system stimulant
having psychomimetic properties that may produce distortions of perception which may give rise

to hallucinations and psychotic behaviour (Benowitz, 1993).

As a local anaesthetic, COC acts by slowing or disrupting neural transmission by blocking the
fast sodium current of sensory neurons. At higher concentrations, such as after an overdose,
COC can affect the cardiac action potential by slowing conduction and impairing contractility of

the heart (Benowitz, 1993).

When acting on the central nervous system as a sympathomimetic, COC blocks neuronal uptake
of catecholamines and 5-hydroxytryptamine. By blocking the reuptake of noradrenaline and
dopamine by catecholaminergic axon terminals, COC intensifies the effects of neuronally

released catecholamines and results in central nervous system stimulation (Benowitz, 1993).
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Figure 1 Chemical Structure of Cocaine (COC)

COC is available as a salt, cocaine hydrochloride, or as a base and is most commonly sniffed and
smoked but is also used by intravenous injection. The base is smoked because it vaporizes when
heated and does not decompose, as does the salt. The base is commonly referred to as “crack”
COC reflecting the cracking noise it makes when heated. Crack is made by mixing cocaine

hydrochloride with sodium bicarbonate.
1.1.1 Pharmacokinetic Properties

In humans, the absorption rate and the onset of effect will vary with the route of administration.
COC, a weak base (pK, = 8.6), crosses cell membranes quickly entering the circulation and
subsequently the brain very quickly (minutes) after inhalation or intravenous injection. Figure 2

illustrates peak plasma concentrations occurring within 30 minutes of administration. Euphoria



occurs within 6-11 min (Jones, 1990). The bioavailability of smoked COC can range from 60
to 70% and depends on the skill of the smoker in using the COC delivery device (Cone, 1995;
[senschmid er al., 1992).

Figure 2 Plasma COC levels after dosing by different routes

MEANS: TEN SUBJECTS

ROUTE & DOSE

—e— |V-0.6 mg/kg

—— SMOKED-100 mg base
--=- NASAL-2 mg/kg
- ORAL-2 mg/kg

-----

180 240 300 360 420 480
MINUTES AFTER DOSE

0 60 120

(Source: Jones, 1990)

Comparatively, absorption from insufflation and oral dosing is slower with peak plasma
concentrations rapidly increasing for the first 20-30 minutes, and peak levels occurring at 60-120
minutes after administration (Jones, 1990). The maximum euphoric effects occur before peak
levels at approximately 15-20 minutes post-insufflation. The relative bioavailability for both
intranasal and oral routes ranges from 30 to 40 percent and the remainder is eliminated by first

pass metabolism (Benowitz, 1993).



The volume of distribution ranges from 2-3 L/kg with the highest concentrations being found in
the urine and kidney followed by brain, blood, liver and bile (Jeffcoat et al., 1989, Ambre et al.,
1988). COC diffuses across the blood-brain barrier easily (at peak levels the brain to blood ratio
is 4:1) and since plasma levels fall rapidly, the COC ratio can increase up to 20 within 1-2 hours
post-exposure (ratio > 10 is most seen in overdoses) (Spiehler and Reed, 1985). BZ does not
cross blood-brain barrier as well and in overdoses a ratio of 0.36 is observed. BZ ratios of 1-1.5
suggest chronic accumulation from prolonged use or exposure for more than 8 hours previously
(Spiehler and Reed, 1985).

COC and its metabolites cross the placenta and pass into breast milk (Chasnoff et al., 1986 and
1987; Graham et al., 1989; Klein et al., 1992). In vitro perfusion studies in human placenta have
demonstrated that COC transfer across the placental barrier is greater than that of BZ. In
addition, COC retention by the placental tissue is greater than that of BZ, 32 percent of the
perfused dose versus 12 percent (Simone C et al., 1994). Therefore, the placenta may serve as a
depot for large amount of COC, offering some degree of fetal protection after bolus
administration and fetal exposure may be prolonged by placental retention and subsequent
release of COC and BZ. Variability in placental handling of COC and BZ may therefore

determine fetal exposure to these agents.

COC and BZ have been found in neonatal urine, meconium and neonatal hair (Osterloh and Lee,

1989; Ostrea et al., 1989; Graham et al., 1989).

The metabolic scheme of COC is illustrated in Figure 3. COC is rapidly and extensively
metabolized by enzymatic and non-enzymatic hydrolysis, <5% is excreted unchanged in the
urine (Benowitz, 1993). Plasma and liver cholinesterase hydrolyze COC to the major
metabolites ecgonine methyl ester, EME, (32-49%) (Inaba, et al., 1978) and BZ, (29-45%) (Fish
and Wilson, 1969; Stewart et al., 1979; Ambre, 1985). The activity of these metabolites is much
less than the parent compound. A small percentage (2.6-6.2%) of the parent compound is
converted to an active metabolite, norcocaine (NOR), by n-demethylation (Inaba er al., 1978).



When COC is consumed together with alcohol, COC is transesterfied by a liver esterase to
ethylcocaine (cocaethylene), at least or more equipotent to COC (Dean et al., 1991). When COC
is smoked, the heat pyrolyzes COC to other chemicals including benzoic acid and

anhydroecgonine methyl ester (Martin et al., 1989).

The plasma clearance of COC averages about 20-30 ml™.min™ kg™ (Ambre ef al., 1988). The
COC elimination half-life, after intravenous injection, averages 1-1.5 hours (Jeffcoat et al., 1989;
Ambre et al., 1988) and can be as long as 5 hours after nasal administration due to absorption
over a longer period from the nasal mucosa and/or the gastrointestinal track (Benowitz 1993).
The elimination half-lives of the two main metabolites, BZ and EME both exceed that of COC
and are 7.5 and 3.6 hours, respectively (Ambre, 1985).

1.1.2 Clinical Complications and Uses

A range of medical complications associated with COC abuse have been reported and include
cardiovascular, central nervous system, respiratory, metabolic, reproductive, fetal, neonatal, and
infectious problems (Benowitz, 1993). COC can produce effects such as increased blood
pressure, vasoconstriction, and pupillary dilation. COC has long been recognized as a substance
that causes a number of adverse effects including insomnia, irritability, depression, chronic
fatigue, impaired memory/concentration, paranoia, and headaches. COC also exhibits highly
dependent properties (Benowitz, 1993). COC use in pregnancy has been shown to be associated
with increased perinatal and neonatal risks (Forman et al., 1993; Zuckerman ef al., 1989; Frank
etal., 1988).

COC is used therapeutically for its potent local anaesthetic and vasoconstrictory effects,
primarily in the nose and throat, prior to procedures such as bronchoscopy or during nose and
throat surgery (Verlander and Johns, 1981 as cited in Benowitz 1993). COC has also been used
for corneal anaesthesia. More recently, COC has been used in combination with tetracaine and
adrenaline, “TAC” solution, which has been advocated for use as a topical anaesthetic for repair

of minor dermal lacerations in children (Foley et al., 1994; Benowitz, 1993).



The maximum safe adult dosage of intranasal COC is 80-200 mg (4 mL of 5% COC solution)
(Sheen as cited in Ellenhorn and Barceloux, 1997). This safe range is quite large due to a
number of factors introducing variability. Some of these factors include the relative purity of
COC (adulteration common), the form used, the route of administration and the interindividual

variation in metabolism.
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1.2 Confirmation of Cocaine Use

1.2.1 Self-Report

The illicit and psychomimetic properties of COC introduce inherent limitations associated with
the accuracy of self-report information. Self-reported illicit substance use has not proven to be
an accurate measure of exposure (Feldman et al., 1989; Mieczkowski et al., 1991). The accuracy
of the recall will be dependent on the context and circumstances surrounding the collection of the
self-report information. For example, a jail detainee is less likely to admit to using COC given
the potential for untoward legal ramifications. Meiczkowski and colleagues (1991) found that
over 70 percent of an arrestee population underreported COC use. Similarly, a pregnant woman
who has used drugs and/or alcohol during pregnancy (Feldman et al., 1989) or an employee
using drugs on the job are not likely to report illicit drug use given the implications related to
custody, successful employment and/or continued employment. On the other hand, an individual
enrolled in an addiction treatment program may provide a more accurate report having
acknowledged the need for treatment and often with assurances that legal action will not be

taken.

The uncertainty associated with the accuracy of self-reported use information is the basis for the
interest from the scientific, legal and regulatory communities in developing an accurate and
objective biological test that provides more accurate information on the type and historical

patterns of substance abuse.

1.2.2 Biological Markers
Biological markers have the ability to corroborate or refute self-reported drug use information,
avoid the limitations associated with recall and can be used in a qualitative and a (semi)-
quantitative fashion to characterize drug use. There are various types of biological markers that
have been explored for use in detecting substance abuse including:

- blood;

- urine;

- hair;

- meconium;



- saliva;

- amniotic fluid; and,

- perspiration.

11

Table 1 highlights the major advantages and disadvantages of key biological markers. A

discussion of relevant issues related to each marker follows Table 1.

Table 1

Summary of advantages and disadvantages of various types of biological

Biological
Marker

Advantage

Disadvantage

Blood

Urine

relatively easy, non-invasive
specimen collection

analytical kits readily
available

analytical methods well
established

easy, non-invasive specimen
collection

analytical kits readily
available

analytical methods well
established

cut-off levels are well
established

cost — low

reflective of recent drug use
- limited by biological half-
life, therefore, historical use
profiles not possible

increased risk of transmission
of infectious diseases

reflective of recent drug use
— limited by biological half-
life, therefore, historical use
profiles not possible

specimen collection can be a
source of embarrassment

small specimen collection
window

specimen can be manipulated
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Biological Advantage Disadvantage
Marker
Hair - easy, non-invasive specimen - hair treatment and colour
collection may affect quantitative
- specimen cannot easily be analysis
evaded accumulated drug levels are
- historical use profiles arc low, therefore, sensitive
possible analytical methods are
- sensitive methods have been required
validated for use in adult possibility of external
and neonatal hair contamination
- large specimen collection cost — high
window
- drug remains embedded for
the duration of the hair
shaft’s life or until cut
Meconium - reflective of drug use in latter small specimen collection
half of gestation window (first 3 stools)
- non-invasive specimen increased probability of false
collection positives - dependant upon
analytical method used
amount of drug found
diminishes significantly
with each stool — sensitive
assay required
Saliva - easy, non-invasive specimen drug levels are low,

collection

therefore, more sensitive
analytical methods required

possibility of external
contamination

reflective of recent drug use
— limited by biological half-
life

minimal risk of transmission
of infectious diseases




13

Biological Advantage Disadvantage
Marker
Amniotic - reflective of drug use - historical use profiles not
Fluid throughout gestation possible
- at delivery, non-invasive - small specimen collection
specimen collection window when specimen is
taken at delivery
- collection of specimen during
gestation extremely
invasive (i.e.
amniocentesis)
Perspiration - easy, non-invasive specimen - specimen can be manipulated

(Sweat) collection reflective of recent drug use
— limited by biological half-

life

1.2.2.1 Blood
Blood are useful in providing an indication of recent drug use. Sample collection is relatively
easy but is somewhat invasive. As is the case whenever blood is collected and manipulated the
risk of infectious disease transmission increases. Analysis of COC and COC metabolites in
blood is typically done using gas chromatography (GC) and gas chromatography coupled with
mass spectroscopy (GC/MS) because of the specificity associated with these analytical
techniques. Blood samples must be preserved appropriately (fluoride or another esterase
inhibitor) to avoid enzymatic and alkaline hydrolysis (Jatlow, 1988). Collection of blood for
analysis of drugs of abuse can often be coupled with specimen collection for other laboratory

tests.

1.2.2.2 Urine
As in the case of blood, urinalysis provides an indication of recent drug use. Given the ease of
collection and its non-invasive nature, urine screening has become well established and has

evolved to an automated system(s) for many drugs of abuse.
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Urinalysis remains the most common, first-line method for mass screening. The analytical

methods for urinalysis are well developed and analytical kits are commercially available. The
analytical methods vary and include enzyme multiplied immunoassay techniques (EMIT), thin
layer chromatography (TLC), radioimmunoassay (RIA), mass spectroscopy (MS) coupled with
high performance liquid chromatography (HPLC) and gas chromatography (GC). The method
detection limit will vary with the greatest sensitivity generally associated with GC. Urine is not
useful in informing the assessment of drug use over an extended period of time because it is
limited by the half-life of the drug being analysed. Urine specimens can be manipulated such
that COC use is not detected.

1223 Hair
[t has been known for some time, as evidenced by the studies involving various metals (i.e.
cadmium, arsenic, manganese, lead, mercury) and nutrients (i.e. zinc), that hair can
nonuniformily accumulate xenobiotics along the hair shaft and provide a historical use profile
(Carbone et al., 1992; Frery et al., 1993; Koons and Peters, 1994; Cox et al., 1989). Hair has
emerged as a biological marker able to reflect gestational exposure and historical adult exposure
to environmental chemicals and drugs of abuse. Hair analysis has been applied in forensic,
occupational and perinatal cases (Graham et al., 1989; Forman ef al., 1992; Smith and Liu,
1986).

Recently, hair has been considered as an alternative biological tissue for the detection of drugs of
abuse such as COC, opiates, and amphetamines (Balabanova and Homoki, 1987; Balabanova et
al., 1987; Nakahara et al., 1991; Cone, 1990; Goldberger et al., 1991). In many cases it is
preferentially considered over urinalysis because of its ability to provide a larger window of
detection and its ability to provide an indication of use history. As the hair shaft grows, COC and

BZ are sequestered in the matrix of the shaft forming a longitudinal record of use.

COC and BZ have been shown to embed in human and animal hair and appear in detectable
levels approximately one day after intranasal COC ingestion of 0.6 mg/kg (Henderson et al.,

1996; Jurado et al., 1997). The appearance rate of other drugs, such as morphine and codeine in
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human hair, has been reported to be approximately 7-8 days (Cone, 1990). Animal models

show a rapid appearance rate where COC and BZ and peaked 24 hours after a single dose of
COC administered to rabbits (Jurado et al., 1997).

In some cases, if COC is used very close to the time of obtaining the hair sample, the results of
the hair analysis may not be positive for drug use. In 1992, Forman et al. reported that 0.75 % of
neonates exposed to COC in utero (4 cases out of 37 positive cases) were not detectable using
hair analysis (Forman er al., 1992). This compared well to a comparison of self-report,
urinalysis and hair analysis in addicts enrolled in 2 methadone maintenance treatment program
where one case (0.9 %) was negative upon hair analysis and positive upon analyzing urine
(Magura et al., 1992). Higher rates of false negatives have also been reported. Tagliaro and
colleagues analysed the hair and urine of 812 people with a history of COC use. COC use was
confirmed in 38 of the cases, however, 5 (13%) were negative for COC in hair but positive in

urine (Tagliaro et al., 1997).

Although the mechanisms of transport into hair are not well understood, it appears that
incorporation rates are dependent on the hair’s physical and chemical properties such as: melanin
affinity, lipophilicity, membrane permeability, etc. (Forman er al.. 1992). Hydrophobic drugs
tend to concentrate in the medullated sections of hair (Kalasinsky et al., 1994). The hydrophilic
drugs tend to be less prevalent in the hair altogether, which correlates with the postulate that
these drugs are less likely to leave the more hydrophilic blood. Hydrophobic drugs such as COC
and heroin in the parent form are more likely to leave the more hydrophilic blood stream for a
more compatible hydrophobic medullated hair. The COC:BZ ratio in hair has been qualified at
10.5 in adult hair (Nakahara et al., 1992). However, in newborns, the ratio is much lower,
probably due to the fact that newborn hair is nonmedullated, and thus less COC and more BZ

will concentrate in the hair.

External contamination of hair is an issue that is especially relevant and challenging in the case
of COC use. Given that COC is commonly used in its “crack” form, airborne COC can deposit

on the hair shaft externally posing a challenge in determining the amount of COC used.
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Therefore, a systemic indicator of COC exposure, such as BZ, becomes particularly important

such that it can be distinguished from externally deposited COC. BZ has been consistently
unmeasureable in studies of volunteers exposed to airborne COC vapour in unventilated settings
and in beaker studies exposing hair to high levels of COC in aqueous solutions (Koren et al.,
1992). In addition, when subjecting hair exposed to airborne COC from vapour deposited in an
unventilated setting to a washing regimen COC was effectively removed. Whereas, when hair
exposed to COC systemically was washed prior to analysis BZ was detected where COC was not

measured.

1224 Meconium
Metabolites formed by the fetal liver may be excreted in the bile and deposited in meconium.
Analysis of meconium (first 3 days stool) has emerged as a useful tool to assess gestational
exposure to illicit substances for as early as 17 weeks gestation (Ostrea et al., 1992; Ostrea et al.,
1993; Callahan er al., 1992; Johnson et al., 1994). Because it is not normally excreted in utero,
meconium allows for the determination of exposure over approximately the latter half of
gestation. Although meconium is an easily collected tissue, it is disadvantageous in that there is
a small collection window, 1-3 days, and analytical difficulties leading to false positive results
have been documented (Lewis et al., 1995; Steele et al., 1993). Levels of COC metabolites may
be measurable in the first three stools but, the concentrations decrease significantly with every

stool (Ostrea et al., 1989).

1.2.25 Saliva
COC and its metabolites BZ and EME have been measured and quantified in saliva after oral and
intravenous administration. COC was found to be the predominant analyte (Kato et al., 1993;
Thompson et al., 1987). Saliva is easily obtained through non-invasive and relatively safe
measures. The method of collection (i.e. stimulated saliva conditions) can have a significant
impact on the concentration of COC and it metabolites (Kato ef al., 1993). Because the drug
concentrations are lower than in other tissues such as urine or serum, the analytical methods

employed need to be more sensitive (Kato et al., 1993).
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1.2.2.6 Amniotic Fluid

Assessment of COC exposure throughout pregnancy has been done by analyzing amniotic fluid
collected at delivery and/or resulting from an amniocentesis (Moore et al., 1993; Jain et al.,
1993; Ripple et al., 1992). The appearance of a drug in the amniotic fluid is usually delayed
after a single dose to the mother, and the concentration in amniotic fluid gradually increases.
Peak amniotic fluid concentrations usually exceed the concentrations in maternal and fetat
plasma. The delay in appearance usually suggests that a major source of drug comes from the
fetal urine (Szeto, 1993).

When collected at delivery, this biological tissue is easy to collect but the collection window is
relatively small. Amniotic fluid is useful as a qualitative measure in determining whether or not
COC was used during pregnancy. Quantitative analysis to determine a historical exposure

profile is not possible.

In cases where amniocentesis is done for other clinical indications, analysis of amniotic fluid for
evidence of COC exposure, if circumstances indicate, may allow for early intervention measures
that prevent or mitigate potential adverse fetal and neonatal effects that may result from illicit

substance use during pregnancy.

1227 Perspiration (Sweat)
Drugs of abuse have been identified in sweat including methadone, amphetamines, morphine,
COC and phenobarbitol (Burns and Baselt, 1995). A single 50 mg dose was detected for up to 7
days after use with COC the dominant analyte and BZ made up less than 10 percent (Burn and
Baselt, 1995). In a study that administered single doses of COC, Cone et al. found that COC
appeared in sweat within 1-2 hours when the COC was smoked or sniffed. When the COC was
taken intravenously the COC appeared in sweat with 30 minutes of administration. Peak levels

were observed within 24 hours at a dose as low as 1 mg (Cone et al,, 1994).
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Hypotheses and Objectives

[t was hypothesized that urinalysis would not be able to confirm COC use in most of the
participants given that former COC users were included in the study. This is based on the
fact that COC has a short half-life, 1-1.5 hours (BZ = 7.5 hours). COC remains
detectable in adult urine for as little as 8 to 12 hours after use (TLC or EMIT). BZ
remains detectable for 48-72 hours (TLC or EMIT) and 90-144 hours (RIA). EME is
excreted in the first twelve hours after COC use (Ambre et al., 1984).

Alternatively, it was postulated that hair analysis could confirm the reported COC use
status. COC, and its metabolite BZ, are detectable in hair as early as one day after COC
use, but more conservatively within 3-4 days, and remain embedded and available for the
duration of the hair shaft’s life. Where urinalysis is unable to confirm COC use, hair
analysis can be used to corroborate or refute reported COC use, whether it is current or

former use.

Recognizing the potential for confounding factors, it was hypothesized that a relationship
between the amount of COC and BZ and the self-reported use information can be
elucidated in a qualitative and semi-quantitative fashion. This is based on the fact that
COC is not uniformly distributed along the hair length of shaft. Therefore, sectional hair
analysis can be used to explore the dose-response relationship between the reported COC
usage and the amount of COC and BZ measured in the hair sections that reflect one
month’s hair growth. Factors including hair colour, treatment, and ethnicity that can
potentially influence the amount of drug, relative to the ingested dose, that will

accumulate in hair.

In a clinical neonatal setting, it was hypothesized that the use of the hair test, in cases of
clinical suspicion but negative urine test would yield a substantially higher rate of
positivity than expected in the general population. This was based on the fact that BZ has

been routinely measured in neonatal urine but due to BZs short half-life many exposed
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fetuses have negative urine test. After developing, validating and applying the neonatal

hair test in 1989 (Graham et al., 1989) to establish the prevalence of use in the Toronto
area, physicians, hospital nurseries and social welfare agencies have increasingly

requested analysis of neonatal hair.

The specific objectives that result from each of the above stated hypotheses are as follows:

- to corroborate the reported use status by measuring COC metabolites first in urine, then
in hair (root and distal ends)

- to correlate average COC and BZ concentrations in 1.5 cm hair section to the
corresponding self-reported COC use

- to evaluate the clinical utility of the neonatal hair test

- to establish sensitivity of the neonatal hair test in validating clinical suspicion of in utero

COC exposure



2 METHODOLOGY
2.1  Confirmation of Self-Reported Cocaine Use in Admitted Users

2.1.1 Participant Recruitment and Use Assessment

As part of an ongoing phenotyping study conducted at the Centre for Addiction and Mental
Health (CAMH) located in Toronto Ontario, 61 Current or Former (within the past 2 years) COC
users were recruited through advertisements in local community newspapers and through the
clinical rehabilitation program at the CAMH. The inclusion and exclusion criteria for the study

participants are outlined in Table 2.

Table 2 Inclusion and Exclusion Criteria for the CAMH Phenotyping Study
Inclusion Criteria Exclusion Criteria
- Males or females (18-70 years) - In lifetime, ever met DSM-III-R (criteria for
- Signed consent psychoactive substance abuse or
- Currently or in the past 2 years meet DSM- dependence) for opiate dependence
ITII-R for psychoactive substance abuse - Known sensitivity to dextromethorphan
or dependence for COC oriental, i.e. Japanese, Chinese

- The index drug (COC) must be the primary
substance of abuse or dependence

At the time of recruitment, participants completed an extensive questionnaire and provided a
urine sample for analysis. The questionnaire inquired primarily about the nature of their COC
use. Information about the use of other drugs of abuse as well as tobacco and alcohol was also

obtained. Refer to Appendix A for a sample copy of the questionnaire.

A urine sample was required for the purposes of confirming COC use. Urinalysis is limited by
the biological half-life; therefore, another biological marker capable of providing confirmation of
past use was sought. Hair was chosen as a suitable biological tissue capable of providing an
indication of past COC use. There was an attempt to contact all original 61 participants that had

provided a urine sample. However, only 38 (62%) agreed to provide hair samples for analysis.



Ten control hair samples were also collected from adults working in the Clinical
Pharmacology and Toxicology laboratory at the Hospital for Sick Children. All controls
reported never using COC.

2.1.2 Specimen Collection, Specimen Assessment and Extraction Procedures

2.1.2.1 Urine
Urine specimen collection, assessment and extraction were conducted by the CAMH.
Participants provided urine samples upon providing informed consent. The urine was analysed
at the CAMH laboratory following the Standard Operating Procedures for the analysis of COC
using Thin Layer Chromatography (TLC).

2.1.2.2 Hair
The interviewer collected hair when the participants returned upon recall. The hair sample was
cut as close to the scalp as possible with scissors in the area of the posterior vertex of the parietal
region. The proximal end was marked and secured with a small piece of tape. The sample was
placed in an envelope and sent to the Clinical Pharmacology and Toxicology laboratory at the
Hospital for Sick Children (HSC) in Toronto. At the same time that the hair sample was

collected, the interviewer obtained detailed self-report use information (g/month).

The hair sample was prepared for initial analysis by taking Smm clippings from both proximal
and distal ends. Approximately 2-5 mg of hair was weighed out using an analytical balance
(Mettler AE 100, Fisher Scientific). The weighed hair samples were then sonicated (Branson
2000) for 30 minutes in ImL methanol and incubated overnight at 45°C while continuously
shaking. On the following day the methanol extract was pipetted off the hair sample. The hair
was washed of any residue with an additional ImL of methanol. The extract was then dried
under a gentle stream of nitrogen gas at 35°C. The sample was then reconstituted in 100 pL of
phosphate buffered saline (PBS).
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The hair sample was not washed to remove any externally deposited COC prior to extraction

because coanaylsis of parent drug and metabolite, COC and BZ, was being conducted. Refer to

the discussion about external contamination in section 4.2.1.2.2.

2,13 Measurement of Cocaine and Metabolites in Urine

2.1.3.1 Analytical Procedure
The analytical method used to detect COC, and its metabolite EME, was Thin Layer
Chromatography (TLC). Refer to Appendix B.1 for a brief discussion of the principles of TLC.
The detection limit for this assay was 1 pg/mL.

2.14 Measurement of Benzoylecgonine in Hair

2.1.4.1 Analytical Procedure
The analytical method used to detect COC and BZ in hair was radioimmunoassay (RIA). Refer
to Appendix B.2 for a brief discussion of the principles of RIA. 5 mm clippings of the proximal
and distal ends were analyzed for BZ using the commercially available RIA kit, Abuscreen™
RIA for Cocaine Metabolite BZ (Abuscreen™, Roche Diagnostics, 1987). The Abuscreen™ is
based upon the competitive binding to antibody of 121 radiolabeled BZ and unlabeled BZ, in
proportion to their relative concentrations. Antigen present in the specimen competes with

labeled antigen for limited antibody present.

The Abuscreen™ kit was developed to analyze urine, however, it has been validated for use in
hair analysis (Graham et al., 1989). When 2 mg of hair is used, the sensitivity of the assay in our
laboratory is 5 ng/mL, corresponding to 0.25 ng BZ/mg hair at a confidence level greater than
99%. COC and two other metabolites, ecogonine hydrochloride and EME, cross-react to a small
extent (1000 ng/mL of each reacting as 12, 29 and 2 ng of BZ per milliliter). There is a 4% cross-
reactivity with COC. More than 50 other drugs of abuse were tested at concentrations as high as
10000 ng/mL and found not to cross-react with the RIA (refer to Abuscreen package insert in
Appendix C for a full listing of compounds tested).



23
The analytical procedure was as follows. 25 pL of the reconstituted sample was measured out

along with 25 pL of all positive and negative (zero) reference controls. 100 pL of 125]_BZ and
100 pL of Anti-BZ (goat) were added to 25 pL of the zero, each positive reference control, and
each specimen. All samples were incubated at room temperature for at least 30 minutes and then
250 pL of the second antibody (donkey) was added. After incubating at room temperature for at
least 10 minutes the samples were centrifuged for 10 minutes at approximately 10000 RPM
(Beckman, Microfugel2). For each sample, the supernatant was decanted, drained, blotted and
counted in a gamma scintillation counter (1282 Compugamma CS, Fisher Scientific) to obtain
counts per minute (CPM). The CPM obtained from each unknown specimen was compared with
the CPM obtained for the positive reference controls. All control and specimen samples were

prepared in duplicate.

In order to determine the concentration of a given sample a standard curve was prepared for
every analysis. The standard curve was plotted using the logit transformation where the resuits
are expressed as a percentage of the distribution observed in the zero. logit b = log,. [(5)/(100-6)]
where b is the proportion of 'I-BZ bound expressed as a percentage of that in the negative
reference control. CPM values for all positive reference controls and specimens are converted to
percent radioactivity bound, %B/Bo (equation 1). Positive reference controls were plotted on
semilog paper with %B/Bo on the ordinate and the concentration (ng/mL) on the abscissa. A
curve of best fit was obtained by least square regression analysis using the Excel program,
version 5 (Microsoft Corporation., 1994) which runs on the IBM computer. Values were plotted
on the standard curve and the concentration of the specimen was obtained. These values were

then corrected to ng/mg hair, based on the mass of the hair.

%B/Bo = B/Bo x 100 equation |

Bo = CPM for the 0 ng/mL (negative reference control/zero) — average CPM of blank
B = CPM for the positive reference controls or specimen — average CPM blank




Once the analysis was complete, the results were reported to the CAMH for use in the
phenotyping study.

2.2  Temporal Accumulation of Cocaine and Benzoylecgonine in Hair of Admitted Users
Sectional analysis, 1.5 cm sections, of the 38 hair samples was subsequently done with the
purpose of examining the relationship between the reported use of COC (dose) and the amount
of COC and BZ measured (response). The sectioned hair samples were analysed for both COC
and BZ.

2.2.1 Participant Recruitment and Assessment of Self-Report Information

As outlined in section 2.1.1, 38 hair samples were collected from Current or Former (within 2
years) COC users. At the time of hair sample collection, the participant completed, for a second
time, the questionairre that was originally filled out when urine was taken. At the time of hair
collection, the participant also provided a monthly account of their COC use for as far back as
they could remember, expressed in grams per month. The interviewer also assessed the
reliability of the self-report information qualitatively as a) reliable, b) unreliable or c) fairly
reliable. This subjective assessment of reliability was based on the subjects response to the
questionnaire and the degree of thought that went into the responses. For example, there were
subjects that were rated as “reliable” because they were able to associate the amount of COC
used to their income and pay period or another significant event in their lives. Because of the
subjective and unstandardized nature of the reliability assessment, no further analysis of the

information was conducted.

2.2.2 Specimen Assessment and Extraction Procedures

Each participants hair was cut in 1.5 cm sections, representing of an average of one month's hair
growth (Saitoh, 1969). At this time the colour of the hair was noted along with any other
significant characteristics that could potentially affect the amount of COC or metabolite
embedded in the hair such as the presence of gray strands or damaged strands that may indicate
some form of hair treatment. Colour was qualitatively assessed by examining the uniformity of

the colour along the length of the hair shaft and comparing to the investigators hair colouring
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which was dark brown. Any drastic colour changes along the length of the hair, indicative of

colour treatment, were noted.

The extraction procedures for COC and BZ in each sectioned hair sample was identical to the
procedures used for the analysis of the proximal and distal end clippings confirming COC use.
Refer to section 2.1.2.2.

223 Measurement of Cocaine and Benzoylecgonine

The measurement of BZ in the sectional analysis was identical to the analysis of BZ in the initial
screening (proximal and distal ends). BZ was measured using the commercially available kit,
Abuscreen ™ RIA for COC Metabolite BZ (Abuscreen™, Roche Diagnostics, 1987) adapted for
use in hair. Please refer to section 2.1.4.2 for the details.

COC measurements were conducted using the commercially available kit, Coat-A-Count™

for
COC metabolite in urine (Diagnostic Products Corporation, Los Angeles California). However,
instead of the BZ positive reference controls provided with the kit, in-house COC hydrochloride
references (1-500 ng/mL) were used. The antiserum used in this kit has a much higher affinity,
70-fold, for COC than BZ (refer to package insert in Appendix C). Also, a listing of the COC
related compounds and isomers that have been tested for cross-reactivity can be found in
Appendix C (i.e. cocaethylene and 1-norCOC have been found to cross react). This method has

been validated for use with hair samples.

The Coat-A-Count™ procedure is a solid-phase RIA wherein 125}_|abeled BZ competes for a
fixed time for sites on an antibody. Because the antibody is immobilized (coating on the inside
of the tube) to the wall of a polypropylene tube, simply decanting the supernatant suffices to
terminate the competition and to isolate the antibody-bound fraction of the radiolabeled BZ.
When 2 mg of hair was used, the sensitivity of the assay was found to be 0.5 ng/mL which
corresponds to 0.025 ng COC/mg hair. The cross-reactivity with BZ was 0.5%. The kit is highly
specific for COC and BZ, with an extremely low crossreactivity to other drugs.
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The analytical procedure is as follows. 25 uL of PBS was added to a non-coated, non-specific

binding tube and a coated negative reference control tube. 25 pL of the positive reference
controls and 25 pL of the patient specimens were measured and added to each coated
polyproylene tube. 1.0 mL of '*I-BZ was added to each tube, vortexed and incubated for at least
2 hours at room temperature. Each tube was then decanted and all visible moisture was

removed. Tubes were allowed to drain for 2-3 minutes and then they were counted in a gamma
scintillation counter for 1 minute to obtain the CPM. When the results were calculated on a
logit-log calibration curve each negative reference control, positive reference control and patient
specimen was corrected for non-specific binding and the CPM of each specimen was compared
with the CPM obtained for the positive reference controls. All control and specimen samples

were prepared in duplicate.

224 Statistical Methods

Analysis of the distribution of the average self-reported COC use and the average COC and BZ
concentration indicates a non-uniform distribution. Therefore, non-parametric statistical
methods were used in the analysis of relationships amongst the various parameters. The
Spearman Correlation Coefficient was used to assess correlations and the Mann Whitney U and
Kruskal Wallis test was used to assess differences within the stratified groups. A level of p <

0.05 was considered to be significant.

2.3  Clinical Utilization of the Hair Test in Neonates in Toronto

2.3.1 Specimen Referral

From October 1991 and April 1995 samples of neonatal hair and in a few cases, adult hair, were
referred to our laboratory at the HSC in Toronto for analysis of BZ. Our team solicited none of
the samples. Rather, physicians, hospital nurseries, clinics and social welfare agencies referred
the samples to the laboratory. None of these cases were samples obtained for research purposes
and in all cases they were provided as a result of clinical suspicions of maternal use of COC
during pregnancy. In all cases, the test was explained to the parents or legal guardians. Four
neonatal control samples were obtained from staff of the Clinical Pharmacology and Toxicology
department at the HSC. None of the controls had a history of exposure to COC.



23.2 Specimen Assessment and Extraction Procedures
The specimen assessment and extraction procedures for each referral was identical to the
procedure used for the analysis of the initial hair screening (proximal and distal ends) and in the

sectional analysis (section 2.1.2.2).

External contamination is not considered an issue with neonatal hair because even external
deposition from amniotic fluid is still reflective of intrauterine exposure. The fetus swallows the
amniotic fluid at a rate of 0.5 L/day (Seeds, 1981), moreover, bathing in it causes toxins
circulating in the amniotic fluid to reach the fetus via the transdermal route (Baselt et al., 1990).
Because of the low keratinization, fetal skin is readily permeable for exogenous substances
(Luck et al., 1985).

233 Measurement of Benzoylecgonine
The analytical method used to measure BZ in neonatal hair was identical to the method described

in section 2.1.4.1.

All analyses were performed in duplicate.

234 Statistical Methods

The proportions of positive results indicating COC use in this cohort was compared to previously
published population based studies (Forman et al., 1993) using the Fisher exact test. Mean BZ
concentrations between the cohort and the population-based cohort (Forman et al., 1993) was

compared by the Mann Whitney U test.



3 RESULTS

3.1 Confirmation of Self-Reported Cocaine Use in Admitted Users

3.1.1 Measurement of Cocaine and Metabolites in Urine

Using TLC, urinalysis was conducted on all 61 participants originally recruited. The results
were negative for all participants, therefore, the COC use status remained unconfirmed for all
61participants.

3.1.2 Initial Hair Screening - Participant Characteristics
Table 3 presents the characteristics of the 38 study participants recalled to provide a hair sample.
Therefore, 62 percent of the original participants agreed to provide an additional biological

sample and complete a detailed drug use questionnaire.

Appendix D contains the complete data set for all 38 subjects. The majority of participants were
adult Caucasian males (79%) and Former COC (55%) users. Only 10 percent of the participants
used a single type of COC (2 IV only, 2 crack only). Use of all three types of COC (IV, crack,
and powder) was reported by 58 percent of the participants. The majority of participants also
reported using alcohol, tobacco and anxiolytics/tranquilizers, 30 days prior to the interview and
completion of the questionnaire. Use of substances such as cannabis, barbiturates, other

stimulants and opiates was not uncommon.



Table 3 Characteristics of Participants that Provided Hair Samples (n = 38)
Mean Age 34 +/-7.6
Sex (%)

Male 79
Female 21
Cocaine Use Status (%)
Current 40
Former 60
Ethnic Origin* (%)
Caucasian 89
Black/Asian 11
Use Type (%)
Injecting (IV) 71
Smoking (crack) 92
Snorting (powder) 87
Use of Other Substances in 30 days prior to interview and
completion of questionnaire (%)
Cannabis 34
Barbiturates 42
Anxiolytics/Tranquilizers 58
Stimulants (other than cocaine) 21
Opiates 24
Alcohol 58
Tobacco 95

* 3 Black, | Asian, 34 Caucasian

3.1.3 Initial Hair Screening: Measurement of Benzoylecgonine in Hair (Proximal and
Distal Ends)

Table 4 lists the BZ concentration in the Smm clippings taken from the proximal and distal ends

of the 38 participants that were recalled and agreed to provide a hair sample. In this initial hair

screening, 36 of 38 (95%) participants had measurable BZ levels in their hair. The BZ

concentrations ranged from 0 ng/mg hair to 68 ng/mg hair (mean = 9.30; median = 3.49; SEM =

2.32).
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The self-reported COC use corresponding to the proximal and distal ends ranged from 0 g/month
to 56 g/month (mean = 13; median = 6; SEM = 2.49). There was no significant relationship
between the BZ concentration measured in proximal and distal ends and the mean self-reported
COC use, corresponding to the proximal and distal ends (Spearman Correlation Coefficient,
Rho=0.23, p = 0.1696).

Refer to Appendix D for the specific measured BZ values for each participant and the

corresponding reported COC use.

The results for participants #16 and #31 were below the analytical detection limit for BZ.
Subsequent sectional hair analysis for participant #16 (section 3.2.1) was negative for COC and
BZ in all sections, thereby corroborating the initial BZ analysis of the proximal and distal ends
and refuting the participants claim of current COC use.

Upon sectional hair analysis of participant #3 1's hair, there was no BZ detected, however, COC
was detected in three of the four sections. Table 4 presents the results of the sectional analysis
for participants #16 and #31. The hair sample for neither participant exhibited any evidence of

treatment. Refer to section 4.1 for a discussion of these findings.

Table 4 COC (ng/mg hair /section) for participants #16 and #31!
Participant # Section A Section B Section C Section D
16 0 0 0.032 -
31 0.08 0.13 0.23 0

TBZ values for both participants, in all sections were below detection
Zanalytical detection limit

Ten negative control samples were analyzed for COC and BZ. When using the Coat-A-Count™
kit for COC analysis, the results are considered negative, or in the range of non-specific binding,

if the percent bound is 90 percent or more. Only one sample was less than 90 percent bound.
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The COC concentration in the adult controls ranged from, 0.009 to 0.403 ng/mg (average =

0.123 ng/mg, £2SD = 0.246 ng/mg).

When using the Abuscreen™ kit for BZ analysis, the results are considered negative when the
percent bound is greater than the percent bound for the lowest positive control sample. All 10

negative control samples were negative.

3.2 Temporal Accumulation of Cocaine and Benzoylecgonine in Hair of Admitted Users
In the following sections, the results of the sectional hair analysis are presented. The data set
was stratified in order to examine the influence of a range of factors on the dose-response
relationship --the incorporation of COC and BZ in hair is related to the self-reported use history.
The potential influencing factors are physiological and genetic, behavioural, and environmental
in nature and include use status, use type, natural hair colour, evidence of treatment, ethnicity

and gender.

The variables examined in the following sections include 1) COC concentration 2) BZ
concentration, and, 3) self-reported use. In a few instances an index of clearance was examined.
This can be considered an index of incorporation where the higher the value, the lower the
amount of COC or BZ incorporated into the hair shaft. The index of clearance was calculated by
dividing the average reported use by the average sectional COC and BZ measured along the full
length of the hair (DOSE/CONCENTRATION).

In addition, the issue of whether there is a detection threshold for COC and BZ incorporation

into the hair shaft was examined.

3.2.1 Measurement of Cocaine and Benzoylecgonine in Hair - Sectional Analysis

Table 5 presents the average COC and BZ levels measured in the sectioned hair of the 38
participants. Hair length ranged from as few as two sections to as many as 21 with an average of
eight. The average reported use (g/month) ranged from 0 to 58 g/month (mean = 16; median =
10; SEM =2.86). The average COC and BZ concentrations ranged from 0.01 to 1353 ng
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COC/mg hair (mean = 68; median = 4.08; SEM = 37.05) and from 0 to 52 ng BZ/mg hair

(mean = 4.62; median = 1.21; SEM = 1.58), respectively. The calculated Spearman Correlation,
comparing the average COC and average BZ concentrations with the average reported use over
all the sections, was significant at a level of p <0.05 (COC Rho = 0.34; BZ Rho = 0.42).

A qualitative assessment of historical use patterns was done for each participant by examining
the trends along the full length of the hair shaft for a) the reported use, b) the COC
concentrations and c) the BZ concentrations (Table 6). Segmental hair analysis was able to
corroborate self-reported use patterns in 20 subjects (53%). In 4 subjects (11%) the self-reported
pattern of use was refuted and in 14 subjects (37%) the historical use pattern remained
unconfirmed.

Qualitative assessment of historical use patterns was also used clinically in child welfare cases

dealing with custody issues (section 3.4).

The COC:BZ ratio was examined for each section and for the average COC and BZ measured
along the length of the hair shaft. These calculations are presented in Appendix E. The overall
mean COC:BZ ratio was 8.8 with a minimum of 1.1 and a maximum of 63.1. This range in
consistent with COC:BZ ratios reported in the literature which are typically cited as ranging from
5-10.



Table 5
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Sectional Hair Analysis - Average COC and BZ Concentrations measured in 1.5e¢m sections over the full

length of the hair shaft
Participant # | Number of Sections ~ Average reported use (grams  Average [COC] - sectioned  Average [BZ] - sectioned (ng
COC/month) (ng COC/mg hair) BZ/mg hair)
17 24 2.8 0.6
2|14 35.0 79.5 7.8
319 1.8 1.8 1.1
415 6 74.7 1.2
516 26.0 112.5 6.0
6|14 57.6 414.7 18.4
7(11 15.9 246.6 19.9
8|21 24 4.0 25
915 1.0 4.8 0.9
106 7.0 29 1.1
11 (4 34 6.9 1.8
12|17 52.5 2.6 0.2
1317 9.7 15.4 0.9
14 ]2 25 24.8 2.8
154 10.0 1353.1 52.1
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Participant # | Number of Sections  Average reported use (grams Average {[COC] - sectioned  Average [BZ] - sectioned (ng
COC/month) (ng COC/mg hair) BZ/mg hair)
3314 2.0 5.7 0.5
34 |3 10.0 11.0 1.2
3516 0.8 3.2 0.2
366 12.7 4.1 3.6
37| 18 29.4 3.0 1.4
38|21 49.1 0.8 0.4
Mecan 8 16 68 4.6

shaded area - at or below the analytical detection limit

*although the average level is below the analytical detection limit, the measured value in the third section was not below the detection limit therefore the average
value was not considered below the analytical detection limit (see Table 4).



Table 6

Assessment of trends in reported COC use, COC concentrations and BZ

concentrations along the hair shaft.

Participant #
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BZ
decrease
decrease
decrease
decrease
decrease
increase
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease

no change
decrease
decrease
increase
decrease
decrease
no change
decrease
decrease
decrease
decrease
increase
decrease
no change
decrease
no change
decrease
decrease
decrease
decrease
decrease
decreasc
decrease

cocC
decrease
decrease
increase
decrease
increase
increase
decrease
decrease
decrease
increase
increase
decrease
decrease
increase
decrease
no change
decrease
decrease
increase
decrease
decrease
decrease
decrease
decrease
decrease
decrease
increase
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease

USE
decrease
no change
decrease
decreasc
decrease
decrease
no change
no change
no change
increase
increase
decrease
decrease
increase
no change
no change
decrease
decrease
no change
no change
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
decrease
increase
decrease

Assessment
corraoborate
unconfirmed
unconfirmed
corroborate
unconfirmed
refute
unconfirmed
unconfirmed
unconfirmed
unconfirmed
unconfirmed
corroborate
corroborate
unconfirmed
unconfirmed
corroborate
corroborate
corroborate
refute
unconfirmed
corroborate
unconfirmed
corroborate
corroborate
corroborate
corroborate
refute
corroborate
unconfirmed
corroborate
unconfirmed
correborate
corroborate
corroborate
corroborate
corroborate
refute
corroborate

36
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3.2.2 Self-Reported Use Status

At the time of interview, 40% (n = 15) of the participants reported being Current Users of COC
and 60 percent (n=23) reported being Former Users. The first proximal 1.5cm section (root end)
was examined for the presence of COC and BZ to corroborate or refute each participant’s

reported use status.

COC and BZ were unmeasurable in 2 (5%) and 16 (42%) participants, respectively. In current
and former users, two participants were negative for both COC and BZ. By examining the BZ
results, analysis of the first hair section confirmed the reported use status in 25 (66 %) of the
participants, positive BZ in current users and negative BZ in former users. Refer to Appendix F

for an outline of the participants that were positive or negative for COC and BZ.

Table 7 compares self-reported COC use with measured COC concentrations and BZ
concentrations when stratified by use status, Current or Former Users. The mean average use was
slightly greater (not significant) in Former Users, 19.1 g/month (SEM = 4.4), compared to 12
g/month (SEM = 3.01) in Current Users.

In Former Users, a Spearman test found a significant relationship between the self-reported use
and the BZ concentrations (Rho = 0.428). In Current Users, a Spearman test found a significant
relationship between the self-reported use and both the COC and BZ concentrations (Rho equals
0.63 and 0.76, respectively).

A two group analysis (Mann Whitney-U) of Current and Former users found a significant
difference in the COC concentration (p=0.0353) and BZ concentration (p = 0.027).
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Table 7 Summary of descriptive statistics: Use Status

Mean average Mean average COC Mean average BZ
Reported Use concentration (ng/mg)’ concentration
(g/month) in hair (ng/mg)’ in hair

Current User* |12 129.7 8.4

m=15) (1-40) (0.01-1353) (0-52)

Former User 19.1 27.6 22

(n=23) (0-57.6) (0.1-414.7) (0-18.4)

'p <0.05 — Mann Whitney U
2yalues in brackets denote the minima and maxima

323 Use Type

Table 8 presents the breakdown of the various forms of COC that were used by the participants.
The majority of participants, 58%, used all three types of COC; IV, crack and powder. Of those
using only two types of COC, it was more common to use crack and powder (26%) than to use
any other combination. Only 10% of the participants used a single type of COC.

Table 8 Breakdown of the types of COC used (n = 38)
Use Type Number of Participants (%)
IV only 2(5)
Crack only 2(5)
Powder only 0
[V and Crack 1(3)
Crack and Powder 10 (26)
IV and Powder 1(3)
IV, Crack and Powder 22 (58)
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Given the varying combinations in the forms of COC used, a Kruskal Wallis analysis was

conducted consisting of the following groupings:

- [V and crack

- crack and powder
- [V and powder

- IV only

- crack only

- [V, crack and powder

No significant differences were observed between the six groups for any of the variables COC

concentration, BZ concentration and reported use.

324 Natural Hair Colour

The natural hair colour of the 38 participants was examined to assess whether there was
differential accumulation of COC and BZ in different coloured hair. The hair colour was noted
when preparing the hair sample for analysis and was compared to the investigators dark brown

hair.

Hair colour was classified into four groups; brown (n = 10), dark brown (n = 15), black (n=9)
and blonde (n=4). A Mann Whitney U analysis of the brown and dark brown groups found no
significant differences in the average COC and BZ concentrations. Therefore, participants with

brown and dark brown hair were grouped together and compared to the black and blonde groups.

Table 9 compares the self-reported COC use with the measured COC concentrations, BZ
concentrations and the index of clearance for COC and BZ for the three hair colour groupings;

black, brown and blonde.
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Table 9 Summary of descriptive statistics: Natural Hair Colour
Mean Mean average Mean average BZ Mean average  Mean average BZ
average coc concentration COC clearance clearance
Reported Use concentration (ng/mg) in hair (g/month (g/month
(g/month) (ng/mg) in hair ng/mg) 2 ng/mg) in hair
in hair

Black® | 6.1 183 8.9 0.4 3.1

(e=9) |(0-15.9) (0.1-1353) (0-52) (0-0.9) (0.2-8.1)

Brown | 19.6 36.2 3.6 189 234

(n=25) | (1.7-57.6) (0.01-414.7) (0-25.6) (0.1-360) (0.96-276.6)

Blonde | 16 73 1.1 17.2 36.2

(n=4) |(2.2-49.1) (0.78-24.8) (0.2-2.8) (0.1-62.6) (0.9-122.6)

'p <0.05 - Kruskal Wallis

Zclearance, an index of incorporation in the hair shaft, was calculated by dividing the average reported use
by the average sectional COC and BZ measured along the full length of the hair
(DOSE/CONCENTRATION).

Svalues in brackets denote the minima and maxima

Although the black hair colour group had the lowest mean average reported use, 6.1 g
COC/month, the highest mean COC and BZ values were observed in this group, 183 ng/mg and
8.9 ng/mg respectively. Conversely, the blonde hair colour group had a mean average reported
use comparable to the brown hair colour group, 16 g/month, but the COC and BZ concentration
were the lowest of the three groups, 7.3 ng/mg hair and 1.1 ng/mg hair respectively. The brown
hair colour group had the highest average reported use but the average COC and BZ
concentration, 36.2 ng/mg and 3.6 ng/mg, was less than the black hair colour but greater than the
blonde.

Significant Spearman Correlation’s relating the self-reported use with the COC and BZ were
observed only in the black hair colour group with coefficients equal to 0.88 and 0.91
respectively. In blonde hair, the coefficients were 0.4 for COC and 0.2 for BZ. In brown hair
the coefficients were 0.33 for COC and 0.29 for BZ.
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The measure of accumulation of COC and BZ, referred to as the index of clearance, was

calculated to be the lowest for the participants with black hair, 0.4 and 3.1 g/month,
ng/mg

respectively. A Kruskal Wallis analysis found a significant difference between the three hair
colours for the index of COC clearance (p = 0.0144). The index of COC clearance was much
higher for the brown and blonde hair colour groups, 18.9 and 17.2 g/month,

ng/mg
respectively. Although the three groups were not significantly different in the index of clearance
of BZ, a similar trend was observed. The blonde hair colour group had the highest clearance
rate, 36.2 g/month, compared to 3.1 (black) and 23.4 (brown).
ng/mg

3.25 Cosmetic Hair Treatment
As described in section 2.2.2, the hair specimens were subjectively analyzed for evidence of hair

treatment such as hair colouring. Only six participants exhibited evidence of hair treatment.

A Spearman Correlation relating the self-reported use with the COC and BZ concentrations was
significant in the group without any evidence of treatment (Rho = 0.39 and 0.57 respectively).
Upon statistical analysis, a Mann Whitney U test of the two hair treatment groups found no
significant differences in any of the variables analysed. A summary of descriptive statistics can
be found in Table 10.

Table 10 Summary of descriptive statistics: Cosmetic Hair Treatment
Mean average Reported  Mean average COC Mean average BZ
Use (g/month) concentration (ng/mg) concentration (ng/mg)
Treated' 13 6.3 1.6
(n=6) (2-53) (2-25) (0.2-3)
Not Treated 16.6 79.5 52
(n=232) (0-58) (0.01-1353) (0-52)

‘values in brackets denote the minima and maxima
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3.2.6 Ethnicity

As presented in Table 3, 34 (89%) of the participants were Caucasian, three were Black and one
was Asian. Given the small sample sizes of the Black and Asian groups, correlation’s comparing

the self-reported use with COC and BZ concentrations were not done.

A summary of descriptive statistics can be found in Table 11. No significant differences were
found between the three ethnic groups for any of the variables analysed. The average COC use
was highest in Caucasians. The mean average COC and BZ levels were highest in the Black

group.

Table 11 Summary of descriptive statistics: Ethnicity

Mean average Reported = Mean average COC Mean average BZ
Use (g/month) concentration (ng/mg) in concentration (ng/mg) in
hair hair
Caucasian' | 17.1 68.2 4.6
(n=34) (0-58) (0.01-1353) (0-52)
Black 9 87.5 7.4
(n=3) (1-16) (5-247) (0.89-20)
Asian’ 0.13 0.4 -
(n=1)

'values in brackets denote the minima and maxima
Zonly one participant in this group therefore, there are no minima or maxima

3.2.7 Gender

As presented in Table 3 more than three quarters of the participants were male (n = 30). The
reported use is comparable in both genders. Although the COC and BZ levels were higher in
women, the differences observed between genders were not significant. A summary of

descriptive statistics can be found in Table 12.
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Table 12 Summary of descriptive statistics: Gender

Mean average Reported Use Mean average COC Mean average BZ
(g/month) concentration (ng/mg)  concentration (ng/mg) in
in hair hair
Male' 16.1 28.6 3.1
(n=30) | (0-58) (0.01-415) (0-26)
Female | 15.6 215.2 10.5
(n=8) | (1.849) (0.78-1353) (0.22-52)

'values in brackets denote the minima and maxima

3.3  Threshold for Cocaine and Benzoylecgonine in Hair

The presence of a threshold was investigated by examining the average COC and BZ
concentrations over the full length of the hair. In addition, the first 1.5cm section was analysed
because confounding factors would least influence this most proximal section. Figures S to 8
illustrate that, although there are some participants that showed measurable COC and BZ levels
with a zero reported use, there seems to be a threshold at approximately 0.5 — | gram per month.
As expected, the COC values fluctuate more significantly than the BZ concentrations.
Participant #6 and #15 had extremely high levels of COC and BZ; therefore, the figures were
done omitting participants #6 and #15.
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Figure 7 Average BZ concentrations (ng BZ/mg hair) — Section A

Panel A: All Participants - Section A
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34 Clinical Utlization of the Hair Test in Neonates in Toronto

Between October 1991 and April 1995, 192 neonatal hair samples and 13 adult hair samples (4
of which were mother-infant pairs), were analysed. Four negative control samples were also
analysed. All four samples were negative (below the analytical detection limit) for COC and BZ
with mean concentrations of 0.07 and 0.049 ng/mg hair respectively (2 times the standard
deviation equals 0.123 and 0.043 respectively).

Of the neonatal hair samples provided for analysis, 10 did not contain sufficient hair to analyze
for COC metabolites. Fifty-five (30%) of the remaining 182 were positive for the BZ (Table 13).
The majority of the samples, 72 percent, were sent from hospital nurseries and clinics. The
remainder were sent from social welfare agencies and private practice physicians. The measured

values for each referral samples can be found in Appendix G.

Table 13 Source of Referred Neonatal Hair Samples

Referral group # of samples referred # of within group Overall
samples positive (%)" percent
positive’
Children's Aid 17" 9 (56) 5
Hospital Nurseries | 138 36 (27) 20
Primary 22° 6 (30) 3
Physicians
Unknown 15! 4 (29) 2
TOTAL 192 55 30

'One sample was NSQ Six samples were NSQ  *Two samples were NSQ
*Calculation of the number of positive samples does not include the NSQ samples

Although the overall percent positivity was 30 percent, referrals from social welfare agencies

were associated with higher rates of positive tests.
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When neonatal BZ concentrations in this cohort with the BZ levels observed in positive cases

in population-based study in Toronto, significantly (p = 0.0001) higher levels were observed in
this cohort-- 4.37 + 12.5 ng/mg/ hair versus 1.82 + 7.08 ng/mg hair. Refer to Appendix G for a

table outline the specific concentrations observed.

Eight (67%) of the 13 adult hair samples were positive. One of these adults was referred on two
separate occasions to determine if the results of the hair analysis corroborated the reported
tapered use. Analysis of the proximal segment of hair showed a 33 percent decrease in the
amount of COC in the hair on the two separate occasions (from 0.75 ng/mg to 0.28 ng/mg). Of
the 4 mother-infant pairs 3 were positive in both maternal and neonatal hair, whereas, the single

negative pair was negative in both maternal and neonatal hair.
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4.0 DISCUSSION

4.1  Effectiveness of Hair Analysis in Confirming Cocaine Use

All 61 participants from the CAMH initially reported using COC within 2 years of the time of
recruitment. The use of TLC, a relatively insensitive toxicological screen (detection limit = 1
ug/L), to measure EME in urine was not able to confirm COC use in any of the 61 participants.
Although TLC has been widely used in toxicological screening for drugs of abuse, more
sensitive methods such as EMIT and RIA have been validated and have become widely used.
Unless COC was used 2-3 days prior to urine collection, TLC would not likely confirm COC use
in study participants. The degree of sensitivity is low and the biological half-life of EME (3.6
hrs) is shorter than the half-life of other COC metabolites such as BZ (7.5 hrs).

The use of urinalysis as an initial screen to determine very recent COC use is appropriate under
certain circumstances. However, in this study given that some participants reported being former
users, it would have been more efficient to forego urinalysis in favour of using a biological tissue

with the capacity to reflect historical exposure and therefore, able to confirm past use.

In the case of the initial hair screen, BZ analysis in clippings from the proximal and distal ends
of the hair shaft of the 38 recalled participants confirmed COC use in 36 participants. Therefore,
where urinalysis was not able to confirm COC use, hair analysis was 95 percent effective (refer
to Table 14). These participants were polydrug abusers and of particular note is that 42 percent
of the 38 participants reported using barbiturates, compared to 0.6 percent of clients entering
treatment in Toronto (Toronto Research Group on Drug Use, 2000).

Table 14 Urinalysis using TLC compared to hair analysis using RIA (clippings from

proximal and distal ends)’

TLC - Urinalysis
Positive Negative Total
RIA - Hair | Positive 0 36 36
Analysis | Negative 0 2 2
Total 0 38 38
"Only the results for the recalled participants are presented
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Despite the insensitive nature of TLC, even a more sensitive urine test would not have been able
to confirm COC use in as many of the participants as was possible with hair analysis, especially
since more than fifty percent of the participants reported being former users. However, in
clinical settings urinalysis remains the most cost-effective analytical method for the purposes of
initially screening patients for drug use. In cases where the weight of the historical and clinical
evidence suggests drug use, a negative urinalysis test can be followed with hair analysis to
confirm drug use. Section 4.4 discusses the clinical use of hair analysis in cases of suspected

neonatal exposure to COC.

Hair analysis was not able to confirm COC use in participants #16 and #31. Participant #16
claimed to be a current user of 3 grams/month at the time of hair specimen collection. Sectional
analysis was also unable to confirm COC use (Section 3.1.3, Table 4) and the failure to confirm
the participant's self-report could be reflective of inaccurate use information or, the amount of
drug consumed was below the threshold for detection of COC and BZ incorporation into hair.
Given that the urinalysis was negative, it is unlikely that recent COC use occurred unless the

urine sample was manipulated in some manner.

Participant #31 claimed to be a former user and reported not having used COC for the seven
months prior to the hair specimen collection. Upon sectional analysis, all sections were negative
for BZ, but COC was measured in three of the four sections (refer to section 3.1.3, Table 4). This
does not necessarily confirm COC use, nor does it automatically infer inaccurate self-report
information. When these results are considered in the context of the lack of measurable BZ, an
indicator of systemic COC use, external contamination must be considered a possible
explanation. [n addition, the length of this participant’s hair was only long enough to analyze
four sections (reflective of approximately four months prior to sample collection). Therefore, this
participant’s hair was not long enough to capture historical COC use. For a more detailed

discussion of the issues related to external contamination refer to section 4.2.1.2.2.
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In addition, because of COC’s rapid excretion rate, defeating the urine test is relatively easy.

In many settings such as parole and child welfare cases, the combination of high caseloads, the
ability to delay an appointment, or deliberate evasive measures such as the use of diuretics, have
all contributed to a low credibility of the true detection efficacy of urinalysis in routine
monitoring circumstances. In fact, a number of business have emerged that provide assistance in
“beating” the urine screen (Mieczkowski, 1997). Therefore, the result of urine tests must be
interpreted with caution and considered within the broader context of the circumstances

surrounding each case.

The nature of self-reported drug use information remains a limitation of any study examining
illicit drug use in ‘real life’ settings. Participants of this study were assured that admitting to drug
use would not be used against them in any way. This must be considered with the fact thata
small stipend was provided in exchange for participation in the study. Therefore, it is possible
that the accuracy of the quantitative self-report information may have been influenced by the

financial compensation provided.

As expected, no relationship was observed between the BZ levels measured in the proximal and
distal ends and the corresponding self-reported COC use. The 5 mm clipped from the ends is
difficult to attribute to a specific month's COC use because 5 mm (approx. 0.5 cm) is only one

third of the average monthly hair growth of 1.3cm (Saitoh et al., 1969).

Conversely, the average BZ concentrations measured at the proximal and distal ends were
statistically different (p = 0.05) than the mean of the average BZ concentrations measured over
the length of the hair, 9.3 ng/mg versus 4.62 ng/mg. The linear relationship between the BZ at
the ends and the BZ averaged over the length of the hair correlated very well with a coefficient
of 0.83 (Figure 8). This is supportive of the non-uniform nature of drug accumulation along the
hair shaft and is consistent with chronic nature of COC use in this population. An subsequent

analysis removing the furthest most point resulted in a correlation of 0.69.
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Figure 8 Linear Correlation: Mean of Reported BZ concentrations at the proximal
and distal ends compared to the mean BZ concentrations averaged over all sections
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4.2  Use of Hair Analysis to Assess Historical Use Patterns and Establish a Dose-
Response Relationship

4.2.1 Sectional Analysis

The purpose of analyzing the hair shaft in sections was to a) qualitatively compare historical

reported use patterns with drug incorporation patterns along the hair shaft and; b) to establish

quantitative dose-response relationship between the reported COC use and the amount of COC

and BZ incorporated into the hair shaft.

In a qualitative manner, the non-uniform nature of drug accumulation along the length of the hair
shaft allows the evaluation of the self-reported use information. A comparison of the trends in
COC and BZ incorporation along the hair shaft with the reported use results in a crude
assessment of reliability of the use information provided by the participant. Historical use
patterns were corroborated in more than 50 percent of the participants. This qualitative
information is very useful clinically, as illustrated by Strano-Rossi, who evaluated the success of
an addiction treatment program by using sectional hair analysis whereby decreases in COC and
heroin use along the hair shaft was observed (Strano-Rossi et al., 1995). Qualitative assessment

of historical use is also used clinically in child welfare cases dealing with custody issues. As
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reported in section 3.3, repeated hair analysis was used to corroborate/refute COC use in the

case of a mother who was referred to the laboratory for hair analysis on two separate occasions.
In this case, repeated hair analysis was able to show a 33 percent decrease in COC in the hair and

provided evidence of temporal changes in COC use.

Typically, the establishment of a quantitative dose-response relationship provides an objective
tool for predicting a response given a known exposure. Conversely, in the case of illicit
substances, an attempt is made to estimate the dose based on an observed response. Sectional
hair analysis was conducted in an attempt to establish a quantitative relationship, where the COC
and BZ levels in hair were known and the COC use information was provided by the drug user.
As discussed earlier, despite the fact that self-reported use information is limited by recall and
the illicit nature of COC use, the COC use information that was volunteered is believed to be
closer to the actual COC use than in circumstances where there is a risk of untoward legal

ramifications associated with admitted drug use.

When the participants were considered as a group, non-parametric testing revealed a statistically
significant relationship between the mean of the average use and the mean of the average COC
and BZ levels measured over the length of the hair shaft (COC Rho=0.34; BZ Rho=0.42).
Although this reflects the powerful nature of the hair’s ability to record COC use over many
months, the fact that the correlations are weak illustrates the difficulty in establishing a
predictable relationship where “real-life” COC use can be estimated based on the amount of
COC measured in hair sections. The lack of strength in the observed dose-response relationship
in the case of COC is not different than the relationship observed with other drugs of abuse,

including COC, using various biological markers.

When each participant was examined individually, the linear relationship between the reported
use corresponding to each section and the COC and BZ levels measured in each section resuited
in correlation coefficients that ranged quite broadly. The majority of participants had
coefficients less than 0.6. These findings are consistent with recently reported results of a

controlled COC dosage study, where the correlation coefficients examining the relationship
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between the amount of intravenously and intranasally administered deuterated-COC and the

amount measured in hair of individual subjects were reported to be in the range of 0.5 and 0.6
(Henderson et al., 1996). The inability to accurately infer the dose and/or the time the dose was
taken is due to a number of factors that confound the establishment of a quantitative dose-

response relationship.

The rate and extent to which drugs incorporate into hair depend on the physical and chemical
properties of the drug or drug metabolite, membrane permeability the various types of cells
present in hair and a range of potential confounders that are behavioural, physiological, genetic
and environmental in nature. The confounders that potentially impact the dose-response

relationship are categorized in Table 15.

Table 15 List of Confounders that Potentially Impacts the Dose-Response Relationship

Physiological and Genetic Behavioural Environmental
Rate of hair growth Type of cocaine used Cocaine purity
Number of hair follicles in Hair treatment External contamination

active growth Accuracy of self-report
Natural hair colour
Ethnicity
Gender

4.2.1.1 Physiological and Genetic Factors
4.2.1.1.1 Hair Growth
Saitoh (1969) reported that the average monthly rate of hair growth is approximately 1.3cm.
Most investigators assume a growth rate in the range of 1 to 1.5 cm. There have been reports of
growth rates that differ upto 6-fold and may vary depending on the anatomical site from which
the hair sample is taken (cited in Henderson et al., 1996.). The interindivdual variability in the
rate of hair growth results in a discordant pairing of the reported COC use for a given month with

the COC and BZ values measured in the sections.
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There are three phases of hair growth: active growth, dormancy and shedding. Approximately

15 percent of scalp hair is in a dormant phase at any given time. Consequently, a I.5cm segment
of hair measured from the proximal end will consist of 85 percent of the hair strands that are in
the active phase, grown in the past 30 days. If a participant did not ingest a drug in the past 30
days, but rather used COC more than 30 days ago, a small amount of the drug might be found in
the tested hair specimen (Magura et al, 1992). Quantification of the magnitude of the error
introduced to hair analysis for xenobiotics by the interindividual differences in hair growth and
the normal phases in hair growth has not been well studied. Other factors such as nutritional
status and pregnancy may effect the rate of hair growth and the natural progression through the
growth phases of the hair follicle. For example, during pregnancy hair remains in the active

growth phase for a longer period before proceeding to the resting and shedding phase.

4.2.1.1.2 Natural Hair Colour
Natural hair colour has been identified as a factor that will influence the amount of drug that
incorporates into the hair shaft. Higher drug concentrations have been reported in pigmented hair
for substances including nicotine, chlorpromazine and haloperidol (Uematsu et al., 1993;
Uematsu and Sato, 1990; Mizuno et al., 1993).

A number of investigators have examined the role of pigment as it relates to drug incorporation
into hair. Although the mechanism of drug deposition in hair remains to be elucidated, there is
some evidence suggesting a significant role for melanin as a binding site. Green and Wilson
(1996) found that pigmented hair incorporates larger quantities of methadone than non-
pigmented hair in rats. In a five day dosing study of rats, Slawson and colleagues found that the
PCP concentrations were 30-fold higher in pigmented hair compared to the PCP in non-
pigmented hair (Slawson et al., 1996). In a study of hurnan hair, Kalasinsky ef a/. employed a
sophisticated infrared microscopy technique to examine hair sections longitudinally and cross-
sectionally and found a strong correlation between the COC incorporation and the presence of a

medulla, the location where melanin is concentrated.
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Although large interindividual differences were observed, Rothe et al., (1997) observed the

differential incorporation of COC and BZ in grey and pigmented hair, where concentrations were
found to be higher in pigmented hair than grey hair. Despite the fact that higher drug levels were
generally seen in pigmented hair, all drugs were found in white hair. Kalasinky, too, found that
there was COC binding in non-medullated sections, albeit to a lesser degree, than the medullated
area. Therefore, other binding sites besides melanin, particularly hair proteins, should be

considered in elucidating the mechanism for drug incorporation.

In relation to the hair colour of the participants in this study, the degree of drug incorporation
into hair differed with the various natural hair colours in the following order: black > brown >
blonde. Even though participants with black hair reported, on average, using 2 to 3 times less
COC, this group had 5 to 25 times higher mean COC and 2 to 8 times higher mean BZ levels
than participants with brown and blonde hair, respectively (Table 9). Conversely, in participants
with blonde hair, the COC use was comparable to those with brown hair, however, the lowest
mean COC and BZ levels were observed in this group. The lack of a statistically significant
difference in COC use reported in black-haired participants may be due to a larger influence
related to recall in this group because of the small number of participants in this group.

Another possible explanation for the disproportionate difference between black-haired
participants and those with brown and blonde hair is the influence of exposure to airborne COC
from smoking “crack”. All 9 black-haired participants used “crack™ along with other types of

COC and 2 used “crack” exclusively.

In addition, consistent with the hierarchy of drug incorporation into hair, blacks > brown >
blonde, the index of clearance rate for COC and BZ was lowest for those with black hair and

highest for those with blonde hair.

4.2.1.1.3 Ethnicity
Published studies have reported differences in the amount of xenobiotic incorporation into hair in

different ethnic groups. Sky-Peck (1990) was able to demonstrate significant differences in trace
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element concentration between ethnic groups, Caucasian, Black and Asian females. Striking

differences between Caucasians and Blacks were found with increased levels of calcium, iron,
nickel, chromium, manganese, arsenic and lead in Blacks. These higher levels may be, in part, a

reflection of hair treatment and environmental exposure.

In this study, participants were stratified based on ethnicity, Caucasian, Black and Asian. In two
of the groups, Black and Asian, there were very few participants. Although a statistical
difference was not observed between ethnic groups, the mean average reported use was 2 times
lower in the Black group when compared to the Caucasian group. However, the mean average
COC and BZ levels werel.3 and 1.6 times higher in the Black group. This trend is consistent
with the conclusions of the controlled dosage study conducted by Henderson et al. (1996) that
observed non-Caucasian subjects had between 2 and 12 times more COC incorporated into the
hair. In an in vitro COC binding study Kidwell and Blank observed that Africoid hair had a 2.9
times the amount of COC than in Caucasiod hair (Kidwell and Blank as cited in Joseph e al.,
1996).

In an effort to examine the binding mechanisms of drugs in hair, Joseph and colleagues (1996)
studied the in vitro binding of radiolabelled COC in Caucasoid and Africoid subjects where hair
specimens were treated to remove lipids and melanin components. The mean total binding of
COC to untreated hair was significantly greater (p<0.01) in male Africoid hair. The largest
difference, 34-fold, was observed between male Black subjects and Blonde female Caucasians.
Similarly, when comparing Asians to Caucasians in vitro binding studies of COC in hair found

that binding was 6.8 times greater in Asians (Kidwell and Blank as cited in Joseph et al., 1996).

There is evidence that the macroscopic form of hair is genetically determined. Dekio and Jidoi
(1990) examined fibrous proteins and matrix substances in Mongoloid, Negroid and Caucasian
hair. Mongoloid hair had significantly greater amounts of fibrous proteins and Negroid hair had
significantly greater amounts of matrix substances. It is apparent from incorporation studies of
other substances that the differential accumulation amongst ethnic groups varies. For example,

contrary to the trend with COC, the incorporation of trace elements into hair was lower in Asians
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for many elements than they were in Caucasians and Blacks (Sky-Peck, 1990). Therefore,

these conclusions are not generalizable for all xenobiotics.

There was only one Asian participant in this study with little reported use and very little
measurable COC. Therefore, analysis of the trends in COC incorporation for these participants

cannot be meaningfully conducted.

With respect to the affect of ethnicity on incorporation of COC into hair, this study does not
contradict the published evidence that suggests a differential incorporation amongst ethnic
groups. This influence must be considered when using hair analysis clinically to assess the

amount of COC used.

4.2.1.14 Gender
The influence of gender on the magnitude of incorporation of COC into hair remains unknown.
Gender was examined in order to determine whether there was a discernible difference in COC
and BZ incorporation into hair between males and females. Although the mean of the average
reported COC use was comparable in men and women, women had 7.5 and 3 fold higher mean
COC and BZ levels averaged over the length of the hair shaft. Although there was not a
significant gender difference in COC incorporation in this population, previous studies have

shown differential incorporation in men and women.

In an analysis of trace elements in hair, Sky-Peck (1990) found significant gender-related
differences. The sulphur, iron and selenium contents were lower in females while calcium,
nickel, copper and zinc levels were significantly elevated. However, some of these differences
such as in sulphur, calcium, nickel and zinc may, in part, reflect hair treatment by women. Also,
these subjects were not questioned about their environmental and occupational exposure. When
comparing the magnitude of the gender differences for each trace element studied, the
male:female ratio ranged from 0.39 (calcium) to 2.06 (bromine).
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Gender appears to influence the amount of COC incorporated in hair. However, it is not clear

whether the differential is a result of hygiene or rather genetic based on gender.

421.2 Behavioural Factors
4.2.1.2.1 Seif-Reported Use Status

The purpose of examining self-reported use status was to assess the effectiveness of hair analysis
in confirming the reported use status in a population whose fear of untoward legal action was
minimized or where substance abuse had already been established. 23 of the 38 participants
claimed to be Former COC users. By examining the most proximal hair section, use status was
confirmed in 66 percent (n = 25) of the participants. The inability of hair analysis to confirm use
status of the other 13 (34 %) participants may be due to a lack of truthfulness and can also be
impacted by interindividual differences in hair growth and environmental exposure to COC.
Nonetheless, use status in this population was confirmed in a significant percentage of the

participants.

Despite the lack of a significant difference in reported COC use, the mean average
concentrations of COC and BZ, over the full length of the hair shaft, was significantly higher, 4.5
and 4 fold higher, respectively, in Current Users. This observation reflects the larger impact of
external contamination but a smaller impact of regular hygiene and hair treatment. Use status
will influence the determination of a dose-response relationship, however, it is difficult to
quantitatively determine the magnitude of the impact because of the confounding factors such as

contamination and treatment will affect the amount of drug measured in hair.

4.2.1.2.2 Cosmetic Hair Treatment
Cosmetic hair treatment can affect the concentration of drugs in hair by extracting, degrading
and altering the drugs embedded in the hair matrix and/or increasing the sorption of drugs
externally. The analysis of the stability of drugs of abuse in hair and the influence of cosmetic
treatment on the hair shaft is an area of active research. Cosmetic hair formulas act mainly on the
matrix proteins and the cell membrane complex and in the case of a bleaching treatment, also on

the melanin granules. For the incorporation and conservation of drug molecules during hair
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formation, these sites are considered to be the main localization of drug molecules in

keratinized hair (Skopp et al., 1997). Concentrations of a number of drugs including COC, BZ
and opiates have been shown to drop to a maximum of 10% of the mean values of the starting
concentration when exposed to a cosmetic hair treatment formula (as cited in Skopp et al., 1997;
Potsch and Skopp, 1996).

In this study, participants that exhibited evidence of treated hair showed lower concentrations of
COC and BZ which is consistent with the previously published evidence indicating that
treatment extracts drugs embedded in the hair matrix. Although the mean self-reported use was
slightly greater in the non-treated group, 1.3 times, the mean average COC and BZ
concentrations were much higher in the not-treated group, 12.7 and 3.3 times respectively. The
lack of statistical significance is likely due to the fact there were only six participants showing

obvious signs of treatment.

There is some debate in the literature about the possibility of increased false positive resuits in
treated hair due to the enhanced sorption capacity of permed and bleached hair. A study
comparing levels of 15 different trace elements in hair of differing treatment status found that
sulphur decreased and calcium increased in peroxide-treated hair. In permanent-treated hair
levels of sulphur, calcium, iron, nickel, copper, zinc, and arsenic were higher than non-treated
hair (Sky-Peck, 1996). This study illustrates that hair sorption capacity varies depending on the

nature of the treatment.

Drugs such as COC can, through perspiration and/or airborne deposition, deposit onto hair and
be sorbed into the hair shaft. However, the magnitude of COC exposure from these routes is not
anticipated to be enough to result in erroneously identifying an individual as an active COC user.
A recently published study comparing non-treated, permed and bleached hair exposed to
artificial sweat or sebum containing COC and BZ found the risk of false positive hair analysis
results not to be severe (Skopp et al., 1997).
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Cosmetic hair treatment can significantly influence the amount of COC and BZ that remains

incorporated in the hair shaft and may result in false negatives. However, in most circumstances,
where the COC dose is high enough, BZ will be present in trace amounts and will not be
completely removed from the hair shaft because it is embedded systemically through the blood

stream.

4.2.1.3 Environmental Factors
42.1.3.1 Purity
When dealing with substances of abuse, the purity of the drug will vary and adulteration is not
uncommon. The purity of COC seized in the first three quarters of 1997 in Toronto reached its
lowest level since 1986 averaging 62.8 percent (Toronto Research Group Drug Use, 1998). Itis
not feasible to consistently and accurately assess the influence of COC purity on the dose-

response relationship.

4.2.1.2.2 External Contamination
In the case of COC use, the issue of external contamination warrants a dedicated discussion
particularly because the most popular form of COC is “crack” which resuits in vapourized COC
that can deposit externally onto the hair shaft. Among the participants of this study it was
common to use all three forms of COC; crack, [V, powder. The 1993 US National Household
Survey on Drug Abuse found that 77% snorted, 36% smoked and 7% injected COC. When
frequent users are compared to infrequent users, there is a greater rate of crack use in frequent
users (Hatukami and Fischman, 1996). The participants of this study were admitted users, many
seeking treatment for addiction. Two participants used crack exclusively and only two reported
not using COC in the ‘crack’ form. The type of COC used has a significant influence in
establishing a dose-response relationship in this study because the dose was not administered in a

controlled setting.

Since the majority of the participants (92%) used COC in the form of crack, external
contamination from airborne COC was recognized as a potentially significant confounder in the

determination of a quantitative dose-response relationship. Therefore, COC measurements were
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always accompanied by measurement of BZ, an indicator of systemic COC exposure. The

correlation coefficient between average COC measured and the average reported use is not as
strong as the correlation between the average BZ concentration and the average reported use.

This reflects, to a certain extent, the confounding nature of external deposition of airborne COC.

In two separate studies of the amount of COC deposition from vapour in unventilated rooms,
COC was measured in exposed hair before washing but was effectively removed when subjected
to a washing regimen. Koren et al. found that BZ was consistently unmeasureable in studies of
volunteers exposed in unventilated settings and in controlled in vitro studies exposing hair to
higher levels when exposed to aqueous solution with high concentration of COC. Wang and
Cone found only trace amounts of BZ when hair was exposed to high levels of COC (Wang and
Cone, 1995; Koren et al., 1992).

In this study, because BZ levels were assessed, a washing regimen prior to analysis was not
done. Many of the agents used in the washing regimen can also extract COC and BZ from the
hair matrix, which has been incorporated systemicaily through the circulatory system. This study
was not linked to any legal or clinical investigation, therefore, it was not critical to eliminate or
characterize the externally deposited COC. However, in clinical applications where only the
parent compound, COC, is measured, a washing procedure would be wise to delineate active

ingestion.

Some investigators have developed structured procedures that can be applied in clinical and
investigative circumstances. Baumgartner and Hill have proposed wash kinetic criteria for use in
eliminating passive external contamination that allow the characterization of active use versus
external contamination. These criteria, presented in the table below, are ratio-based and require
the amount of drug in the hair digest and the drug measured in the wash assay to exceed three
different ratios (Mieczkowski, 1997). In a study of low level COC exposure in narcotics officers
the application of the criteria resulted in all the officers being negative for active COC use
(Mieczkowski, 1997).
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Criteria Calculation Required ratio

Extended wash ratio Amount of drug per 10 mg hair in digest/ 210
Amount of drug per 10 mg hair in last PO,
wash

Safety zone ratio Amount of drug per 10 mg hair in digest/ >0.33
Amount of drug per 10 mg hair in all 4 PO,
washes

Curvature ratio Amount of drug per 10 mg in 3 POg wash/ | >1.3
3 times the amount of drug per 10 mg hair
in last PO4 wash

Metabolites such as BZ are not typically found in the COC that is purchased. In addition to, or
as a substitute to the parent drug, analyzing for metabolites such as BZ provides a measure of
systemic COC burden that is not impacted by external contamination. It has been suggested that
BZ:COC ratios exceeding 0.05 (difference is more than 20-fold) are indicative of active COC
use (Cone, 1994 as cited in Mieczkowski, 1997). Using 0.05 as a benchmark, a ratio analysis of
the participants in this study indicates that the BZ:COC ratio, based on the BZ and COC values
over the length of the hair shaft, exceeded 0.05 in 31 of the 38 participants (82%). This
benchmark is conservative because, typically, the COC levels in hair are 5-10 fold higher than
BZ. Therefore, the number of study participants actively using COC is expected to be higher.

The degree of external contamination from sweat, sebum and direct hand-to-hand contact has
been shown to be small. Skopp et al. (1997) found that the risk of false positive results, due to
drug-uptake via sweat or sebum is minimal because the amount of drugs that incorporate into
hair is small for both untreated and cosmetically treated hair. However, Henderson et al. found
measurable COC in hair as early as 8 hours post intranasal administration of 0.6 mg/kg COC
concluding that eight hours is not sufficient time for COC to incorporate into hair and therefore,
sweat or sebum externally deposited is the COC source. Despite the fact that the COC source
can be in the form of sweat and sebum, this remains a measure of COC ingestion and is not

simply exposure from externally deposited vapour and powder. In addition, the relative
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contribution of COC in sweat and sebum to the total amount measured in a hair sample

becomes negligent once sufficient time has been allowed for incorporation into the hair shaft.

Given the potential for external contamination associated with COC use, it has been suggested
that there is a need to establish cut-off values. In order for an assay to be labelled positive, the
measured drug concentration in the hair sample must exceed a certain cut-off value
(Mieczkowski, 1997). These cut-off’s are distinct from the limit of detection associated with
specific analytical techniques because they attempt to control for passive contamination by
assuming that higher measured values are associated with active COC use. At this time, the
scientific community has not reached a consensus on an appropriate cut-off value. However,
there are suggestions for cut-off’s that range from 0.5 to 1 ng COC/mg hair. The establishment
of a cut-off value(s) for COC in hair, will need to be flexible and may need to vary depending on
the amount and type of information available such as historical use information, urinalysis

results, metabolite and parent drug concentrations in hair etc.

4.2.2 Threshold
The presence of a threshold was investigated by examining the average COC and BZ
concentrations over the full length of the hair and in the most proximal 1.5cm section. This first
section is least influenced by:

- the uncertainty associated with recall of the self-reported COC use;

- the error associated with assuming a uniform hair growth rate of 1.5 cm/month; and,

- long-term exposure to hair treatments and other environmental factors.

In terms of the reported monthly use, this study showed that COC is detected in hair at a dose in
the range of approximately 0.5 to 1 g/month (500 to 1000 mg). In a more controlled dose study,
COC was found in hair of all the subjects who received a single intravenous dose greater than
35.2 mg (approx. 0.3 mg/kg) but not in subjects who received lower doses of 11.8-22 mg
(Henderson et al., 1996). This threshold would be approximately equivalent to the amount of
COC contained in a single line of COC powder (50-100 mg). This illustrates that hair analysis
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can, in the absence of hair altering factors, detect very low levels of COC use, as low as “one-

line” of COC powder.

4.3 Clinical Utilization of the Hair Test in Neonates in Toronto

There are obvious shortcomings in the accuracy of self-reported COC use during pregnancy.
Fearing legal consequences and embarrassment of admitted illicit substance use there is a
tendency for women to under report COC use. While there is some debate on the justification of
routine neonatal screening for drugs of abuse, most health professionals agree that, only when
there is clinical suspicion of such exposure, COC use should be ascertained by a sensitive and
accurate test, similar to the approach taken towards sexually transmitted diseases. The purpose
of this study component was to test whether the neonatal hair test was sensitive in proving
suspected COC exposure. Without an effective and accurate analytical tool, clinicians cannot
validate their non-specific clinical suspicions, and thus neonates with the potentially very serious
diagnosis of in utero drug exposure are sent home undiagnosed and without appropriate

management and follow-up.

The samples referred by health professionals, based on clinical suspicions, yielded 30 percent
positive results, 5.5 fold higher than what was found in a Toronto population-based study
(Forman er al., 1993). Also, BZ concentrations measured in neonatal hair were significantly
higher (p = 0.0001) in this cohort than among positive cases in our previous population-based
study, 4.37 £ 12.5 ng/mg hair compared to 1.82 + 7.08 ng/mg hair. This indicates that when
clinical suspicions prompt physicians to test neonatal hair they capture a subgroup of heavy COC

users who are probably at higher perinatal risks.

This difference (5.5% versus 30%) being highly significant (p < 0.0001) means that the test was
utilized efficiently and was overall justified. The decision to collect a sample is usually
prompted by available historical information and/or clinical indications. As shown in Table 16,
many of these signs are non-specific in nature, highlighting the fact that in utero exposure to

COC does not lead to a phenotypic syndrome.
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Table 16 Common Signs of Clinical Suspicion of COC Exposure During Pregnancy
Observed in this Cohort

History of maternal drug use

Medical history suspicious of drug use (e.g. blurred maternal speech and other signs
consistent with potential drug use)

Signs of needle marks in the mother

Intrauterine growth retardation

Low birth weight infants (weight less than 3™ percentile for age)
Placental abruption

Intracranial hemmorages

Unexplained changes in arousal/sleep patterns of the infants
Neonatal seizures

Sexually transmitted diseases in neonates

Although ethically acceptable because of the use of discarded material, meconium testing for
COC is available only during the first 2 to 3 days of life, which limits its usefulness. The
potential limited ability of meconium is well illustrated in a large study by Ostrea and colleagues
(Ostrea et al., 1989), in which only 77.6% of the neonates had meconium available for analysis.
The reasons for absence of meconium included death, transfer to another hospital, early
discharge, failure to collection by the mother, or insufficient meconium sample collection.
Moreover, although COC metabolites may be measurable in the first three meconium stools, the
amount found diminishes significantly in the second stool versus the first (Ostrea et al., 1989),
which may lead to a potential decrease in sensitivity of detection if the first meconium sample is
not used (Rosengren et al., 1993). The limited sensitivity, illustrated by a comparison of the hair
analysis and meconium, found hair analysis to be significantly more sensitive (78% versus 52%)

in detecting gestational exposure to COC (Callahan et al., 1992).
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Figure 10 proposes a decision tree that is intended to assist clinicians in ascertaining gestational
COC exposure when clinical suspicion exits. When gestational COC exposure is suspected, a
urine screen should be the first avenue for confirmation due to its lower cost and faster turnover
time. Only if negative, hair and/or meconium can be collected recognizing the short collection
window for meconium (1-2 days). Neonatal hair will retain the potential for providing COC
exposure information up to 3-4 months of neonatal age, consistent with the time needed for most

neonates to shed their first hair.

[t has been estimated that approximately one-quarter of all child welfare cases in Metropolitan
Toronto involve parental substance abuse (Children's Aid Society and the Metro Toronto
Research Group on Drug Use, 1992). The high percentage of positivity among samples referred
by social welfare agencies suggests clustering of high-risk cases dealt with by these agencies.
Agency personnel are privy to background information that may heighten suspicions of COC
use. An additional dimension most relevant to social welfare cases is the medicolegal
implication of ensuring proper care of children that have been exposed to COC in utero. Hair
analysis has been used to corroborate or refute intrauterine exposure to COC in such cases. As
illustrated in the case of a mother who was referred on two separate occasions, repeated hair
analysis has the capacity to provide evidence of temporal changes in COC use. Similarly, there
are programs that use hair analysis in child protective cases where children (risk identified well
after birth) are suspected of being in environments that expose them to drugs of abuse, and where

there is evidence suggesting child abuse or neglect (Lewis et al., 1997).

The cost of the hair test is higher (double) than the urine test because it is more labour intensive;
however, it can provide information about intrauterine exposure in the last trimester of
pregnancy, as opposed to the urine which will give information about exposure for 1-2 days

before delivery.

Because neonatal hair grows during the last trimester of pregnancy, a positive neonatal hair test

for COC reflects maternal use long after pregnancy was recognized and therefore indicates an
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addiction pattern. Confirmation of in utero exposure to COC by the hair test may allow for

earlier interventions to ensure proper care for both the neonate and mother. In positive cases the
mother and infant should be closely followed with postnatal care, supportive counselling,
contraceptive counselling, public health nurse visits and training in parenting skills (Levy and
Koren, 1990). There is evidence that interventions such as home visits benefit the child's early
development (Black et al., 1994) and can decrease the tendency for more days spent in hospital
by 2 year olds through encouraging health care maintenance visits and immunizations (Forsyth et
al., 1998).



Figure 9 Decision tree — Suspected Gestational Cocaine Exposure
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5 CONCLUSIONS

In order to ensure adequate and effective treatment, objective assessment of drug use is
needed. However, because of the illicit nature of COC use and the legal consequences
associated with its use accurate self-report information is difficult to obtain. It is very
important to identify individuals requiring treatment recognizing that treatment may not

always be effective.

Hair analysis was explored as a biological tool that could provide an objective test to
confirm present or previous COC use, assess current use status and characterize historical
use patterns in adult polydrug users. In addition, the clinical utilization of hair analysis in

neonates was investigated in cases where in utero exposure was suspected.

It was hypothesized that urinalysis would not be able to confirm COC use in most of the
participants because former users were included in the study. Alternatively, it was
postulated that hair analysis could confirm the reported use status. As a quick first screen
employed to assess whether the study participants are recent COC users, urinalysis can be
effective and economical. Urinalysis can cost 2-3 times less than hair analysis depending

on the analytical methods employed.

Where urinalysis is unable to confirm COC use, hair analysis can be used to corroborate
or refute reported COC use, whether it is current or former use. Because of the short
biological half-life of COC and its metabolites and the lack of sensitivity of the analytical
method employed, urinalysis was not able to confirm COC use in any of the study
participants (n = 61). Conversely, employing the hair test to confirm COC use by
clipping the ends of the hair shaft, COC use was confirmed in 95 percent of the study
participants (36 of 38 participants). This result is consistent with other published reports

illustrating the longer detection window available by using hair analysis.
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Recognizing the potential for confounding factors, it was hypothesized that a relationship

between the amount of COC and BZ and the self-reported use information could be
elucidated. Sectional hair analysis was conducted to explore the qualitative and
quantitative dose-response relationship between the reported COC use and the amount of
COC and BZ measured in the hair sections representing monthly hair growth. Ina
qualitative manner, sectional hair analysis was able to corroborate self-reported use
patterns in 53 percent of the subjects. In a quantitative manner, sectional hair analysis
resulted in a significant statistical relationship between both average COC and average
BZ with the average reported use over the full length of the hair shaft.

The rate and extent to which drugs incorporate into hair depend on the physical and
chemical properties of the drug or drug metabolite, membrane permeability, the various
types of cells present in hair and a range of behavioural, genetic, physiological and
environmental factors. The correlation between the amount of COC and BZ and the
reported drug use was not very strong due to a range of confounders including ethnicity,
natural hair colour, cosmetic hair treatment, and external contamination that impacted the
establishment of a dose-response relationship. With respect to natural hair colour, darker
coloured hair, particularly black hair, incorporated more COC and BZ despite
substantially less COC use. This observation, together with the finding that blonde-haired
participants incorporated the least COC and BZ, supports the argument for the significant

role for melanin in drug incorporation into hair.

Although the differences were not significant, cosmetic hair treatment, ethnicity and
gender, seems to impact the amount of COC and BZ incorporated into hair. Higher COC
and BZ levels were observed in women, in those who did not cosmetically treat their hair,

and in those who were Black.

External contamination of the hair was a significant issue for this population, particularly

since the majority of the participants smoked “crack”. However, the coanalysis of BZ



along with COC provided a better indication of the systemic COC burden. As expected the

BZ levels were on average 5 to 10-fold lower.

Sectional analysis, through the examination of the most proximal section, provided a
surrogate measure of the reliability of the self-reported use information by confirming use
status in 66 percent of the participants. In general, the impetus to provide more accurate
self-report information was greater due to the lack of untoward legal ramifications
resulting from admitted drug use. Given that participants were requested to provide an
account of their COC use for as far back as they could remember, the accuracy and
reliability of the information decreases. This result is fairly unique to the circumstances

surrounding this study and these finding are not expected in a “real life” setting.

In addition, the examination of the most proximal section allowed for an evaluation of a
dose threshold, the minimum dose that can be detected in hair. Based on the self-
reported use data, the threshold dose seems to range from 0.5 to | gram COC/month (~17
to 33 mg/day). Although a constant daily consumption is not a realistic assumption, the
threshold observed in this study is consistent with controlled dosage studies where IV and

intranasal COC were administered.

Diagnosis of intrauterine exposure to COC is often important to explain perinatal/neonatal
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complications and to identify addicted mothers who may not be able to provide to, or may need

help in providing an acceptable level of neonatal care. Because the hair neonates are born with

grows during the last three months of pregnancy, a positive neonatal hair test uncovers an
addiction pattern with the mother consuming the drug long after she knows she has become

pregnant.

In a clinical setting, it was expected that the use of the hair test in cases of clinical suspicion but

negative urine test would yield a substantially higher positive rate than the general population.

When gestational COC exposure is suspected urine screens should be the first avenue for

confirmation due to its lower cost and faster turnover time. Only if negative, hair and/or
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meconium can be collected recognizing the short collection window for meconium (1-2 days).

Neonatal hair will retain the potential for providing COC exposure information up to 3-4 months

of neonatal age, consistent with the time needed for most neonates to shed their first hair.

The use of the hair test, in cases of clinical suspicion but negative urine test yielded a
substantially higher rate of positivity than expected in the general population. The
neonatal hair test was validated for clinical use by physicians, hospitals, and social
welfare agencies and was shown to be sensitive validating clinical suspicion of in utero

exposure to COC in the presence of negative urine test.

In conclusion, the analysis of hair for drugs of abuse has been increasingly utilized over the past
several years. It is being progressively admitted by the Courts to support evidence in forensic
and drug-related cases, is used in child welfare cases, workplace screening and as a tool to

evaluate the success of treatment programs.

A number of analytical, toxicological and biochemical issues remain to be elucidated, in
particular the mechanism by which drugs incorporate into hair. There are many factors that
impact the establishment of a quantitative dose-response relationship and, at this time, qualitative
and semi-quantitative relationships are observed. Therefore, inferring a consumed COC dose
needs to be carefully considered within the context of various influencing factors. Hair analysis

is a tool in a suite of available tools that can be used to assess the nature of drug use.

The question of whether screening for COC exposure should be performed on all newborns is
being repeatedly raised. In the very complex relationships between maternal and fetal rights and
in the reality of extremely heterogenous views in western societies regarding drug testing, it is
unlikely that routine screening will ever take place in mothers and infants. These results strongly
suggest that it may be sufficient to test suspected cases, based on non-specific signs of COC
exposure, and not to dwell into the enormous cost and ethical-legal liabilities inherent in

universal testing.
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t i | J

i 1 ]
ATE YR MO DA
- ALL INFORMATION IN THIS QUESTIONNAIRE IS CONFIDENTIAL -
COCAINE QUESTIONNAIRE
1. Year of Birth: -1
2. Sex: 1. Female 2 Male
3. a) Country of Birth: Gpaclyy |

b) Which of the following ethno-cultural groups describe your family’s ethnic origins as far
back as you are aware? (Circle thase that apply)

(01) African (13) English (25) Metis
(02) American (U.S.A) (14) French Canadian (26) Native Indian
(03) Arab (15) French (27) Other Native American
04) Black-African (16) German (28) Other South East Asian
Black-Caribbean (17) Greek (29) Polish
(06) Black-North American (18) Indo-Pakistani (30) Portuguese
(07) Canadian (19) Inuit (31) Scottish
(08) Caribbean (20) lrish (32) South American
(09) Central American (21) ftalfan (33) Spanish
{10) Chinese (22) Japanese (34) Ukralnian
{11} Dutch (23) Jewish (35) Vietnamese
(12) East European (24) Korean (36) Other-specify:
4 Are you currently taking any medications? 1. __Yes 2__No
if yes, answer appropriately for the following reasons and indicate drug name(s) next to the
corresponding reason(s).
Reason Drug Name
Heart 1. ___Yes 2___No
Blood Pressure 1. ___Yes 2 __No
Diabetes 1. ___Yes 2. __No
Thyrold 1. ___Yes 2__ _No
Sefzure Disorder 1. __Yes 2.__No ]
Asthma 1.___Yes 2.___No
Cough/Cold/Allergy 1. ___Yes 2___No
Stomach 1. ___Yes 2.__ _No - M
Constipation 1.___Yes 2.___No
Pain 1.___Yes 2.__No < i
Infection 1. __Yes 2__No
Birth Control 1.___Yes 2_ _No
Depression 1.___Yes 2.__No
Anxiety 1.__Yes 2.__No
Withdrawal 1. __Yes 2.___No
Other 1.____Yes 2. __ _No




86

5. How many times have you used cocaine ("C", coke, flake, snow, freebase
crack, rock) in your lifetime? (Check the one that bast describes you)

1. ___ | have taken cocaine between 1 and 10 times
2. ___ | have taken cocaine more than 10 times, but less than 100
3. ____ 1 have taken cocaine 100 times or more

6. My attitude towards cocalne use Is most closely described as: (Check only one)

| never wanted to even try cocaine
(| was Indifferent to whether [ tried cocalne or not
t wanted to try cocaine but to resist becoming a reguiar user

1.
2. .
3.
4. __ | wanted to try cocaine even if | became a regular user

7. Here are some reasons why people try using cocaine. Which of them, if any, were true in your

case? (Answer all)
A triend or relative offered 1t to me ._Yes 2__No
A dealer offered me a free sample 1. ___Yes 2.__No
| wanted to do what other people were doing 1. __Yes 2._ No
| was curious about its effects 1. __Yes 2 __No
- | was told it would make something else (ke sax
3 or music) more pleasant 1.__Yes 2_ No
- . 1. — Yes 2.__No
8. About how old were you when you first used cocaine? LiJys

9. About how old were you when you started using cocaine regularly (l.e. more than 10 times per
month)?
LlJys

10. How have you used cocaine? (Answer alf)

Snorting 1. _ Yes 2 ___No
Smoking (freebase, crack) 1.___Yes ) 2.___No
v 1.___Yes 2___No

IF YOU ARE A FORMER COCAINE USER
BUT DO NOT USE COCAINE NOW, SKIP TO QUESTION 37



1.

12.

13.

14.

15.

16.

17.

18.

IF YOU ARE STILL USING COCAINE PLEASE CONTINUE 87

At the present time do you take cocaine daly?

1. yes 2. no

How many days in a month do you use cocaine? (Estimate as accurately as possible) L1

Apart from times that you might be trying to stop cocalne use, are there months when you don't
take any cocalne?

1. never 2. sometimes 3. ___ frequently

What Is the highest number of days you have taken cocaine in a month? L1
JWhat is the number of days you prefer to use cocaine sach month? L1

How much money in dollars do you spend on cocaline In an average month?
Lt dollars

How many grams of cocaine do you use in an average month?
LL L) grams

How likely do you think it Is that taking cocaine will lead to health probiems for you? (Check only
one)

*,

1. __ very likely

2. ___ somewhat likely
3. ___ somewhat uniikely
4. ___ very uniikely

5. __ don‘t know



19.

21.

24.

88

When was your last use of cocaine? A

Over the past seven days, check the baxes on the days which you have used cocaine?
L ] L . | L J L | L J L J L ]

7 ] 5 -4 3 2 yeosterday

Have you ever tried to stop using cocaine?

1. ___Yes 2. __ _No

IF NO, SKIP TO QUESTION 24

if yes, how many of these would you consider serious attempts?

1. __ none
2. __ afew
3. ____ about half
4. ___ most
5 ___ dl

rd

Matisthelongestpedodthatyouhavebeenabletostopmlng cocalne since you started to use
it regularly? (Answer only the line that corresponds to the time unit that applies to you)

LLJ hours
I_l_ldays
L1 weeks
L1 months
L years

m o O o >»

Have you ever had any of the following withdrawal symptoms when you stopped taking cocaine?
(Answer afl)

Arndety or krritabllity 1. __Yes 2.__No
Fatigue 1.__Yes 2.__ No
Trouble sleeping 1.___Yes 2__No
Feeling down or depressed 1.___Yes 2.___No
Difficuities concentrating 1.___Yes 2.__ _No
Other (specify) i.__Yes 2.__No




25.

26.

27.

28.

31.

SUBJECT

89
Do you feel that you take cocaine to prevent the above symptoms or make them go away?

1. Yes 2. No

Do you find that when you start taking cocaine you end up taking much more of It than you were
planning?

1. Yes 2. No

Do you spend a lot of time taking cocaine or doing whatever you have to do to get it?

1. Yes 2. No

Do you ever use cocalne while doing something that may be dangerous if done under the Influence
of cocaine (le. driving)?
1. Yes 2. No

Briefly describe:

. LAt

Do'you ever use cocaine while doing something important, like being at school or work or taking
care of chidren?

1. Yes 2 No

Do you ever miss something important, like school or work or an appointment, because you are
using cocalne or spending time getting cocaine?

1. Yes 2 No

Do you ever use cocalne so often that you use It instead of working or spending time on hobbles
oc with your family and friends?

.

1. Yes 2 No



a7.

SUBJECT
90

Does your use of cocaine cause problems with other people, such as family members or people
at work?

1. Yes 2. No

Briefly describe:

Does your use of cocaine cause psychological problems, like making you depressed?
1. Yes 2

No
Briefly describe:

Does your use of cocaine cause physical problems or make physical problems worse?
1. Yes 2 No

Briefly describe:

E)oescoealnehavethesameeﬁectonyounowaswhenyouﬁrststanedus!ngIt?
t.___ Yes 2 ___No

Briefly describe:

Do you find that you need to use more cocalne to get high than you did when you first started using
it?

No
GO TO QUESTION &9

IF YOU WERE A FORMER COCAINE USER
BUT DO NOT USE COCAINE NOW, PLEASE CONTINUE

When did you stop using cocaine?
Month LI Year L1



41.

42.

91
While you were still using cocalne regularty, did you take cocaine dally?

1. ___vyes 2. no

While you were still using cocaine regulariv, how many days did you take cocaine each month?
(Estimate as accurately as possible)

While you were still using cocaine regularly, apart from times that you may have been trying to stop
cocalne use, were there months when you didn't take any cocaine?

1. ___never 2. __ sometimes

3. ___ frequently

What Is the highest number of days you have taken cocaine In a month?
(O

v A

How much money In dollars did you spend on cocalne in an average month?

Lt 1 1 1 | doitars

How many grams of cocaine did you use in an average month?
LL 1} grams

Which statement best reflects your feelings about future use? (Check only one)

1. ___ | am confident | will not retum to cocaine use
2. ___ | may retum to cocaine use

3. ___ | am likely to retum to cocaine use

L e
SUBJECT



45. Why did you stop taking cocaine?(Answer all)

it began to make me feel sick. 1. __Yes 2.__No
| worrled about the long-term health problems .

(Le. physical or psychological problems) 1.___Yes 2.___No
| stopped enjoying It 1. ____Yes 2 ___No
My friends stopped using & 1. ___Yes 2 __No
It cost too much money 1. ___Yes 2. _ No
Religlous or ethical reasons 1. __Yes 2.___No
My parents or other people important to me

disapproved of my cocaine use 1. __VYes 2.__No
it ks flegal 1. ___Yes 2. ___No
Other (Specify) 1. __Yes 2.___No

46. Did you ever have any of the following withdrawal symptoms when you stopped taking cocaine?

(Answer all)
Anxiety or lrritability 1. ___Yes 2.__No
Fatigue 1. ___Yes 2.__No
Trouble sleeping 1.___Yes 2.__No
Feeling down or depressed 1. __Yes 2. __No
Difficuities concentrating 1. __ 'Yes 2.___No
Other (specify) il 1.___Yes 2.__ No

47. ;Did you ever feel that you could take cocaine to prevent the above symptorns or make them go
awaﬂ

1. Yes 2. No

48. While you were still using cocalne regularly, did you find that when you started taking cocaine you
.ended up taking much more of it than you were planning?

1. Yes 2 __ No

49. Did you spend a lot of time taking cocalne or doing whatever you had to do to get ik?
1. Yes 2 No

50. Dldyoueverusecocalnewhledolngsomethlngtlwtmybedangetouslfdoneundermehﬂuence
of cocalne (le. driving)?

1. ___VYes 2. No

Briefly describe:



51.

57.

I
SUBJECT
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Did you ever use cocalne while doing something important, like being at school or work or taking
care of children?

1. Yes 2 _. No

Did you ever miss something important, like school or work or an appointment, because you were
using cocalre ar spending time getting cocalne?

1. Yes 2. No

Did you ever use cocaine so often that you used It instead of working or spending time on hobbles
or with your family and friends?

1. Yes 2. No

Did your use of cocaine cause problems with other people, such as family members or people at
work?

1. Yes 2. No

Briefly describe:

A

Did your use of cocaine cause psychological problems, like making you depressed?
1.__Yes 2.__No '

Briefly describe:

Did your use of cocalne cause physical problems or make physical problems worse?
1. Yes 2 No

Briefly describe:

Did cocalne have the same effect on you right before you stopped taking cocaine as when you first
started using it?
1. Yes 2 No

Briefly describe:
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58. Did you find that you needed to use more cocaine to get high right before you stopped taking

cocalne than you did when you first started using it?
2

1.__Yes No

ARV EEARANRE AR SRR A PR AR AR R R A RA R AR AN AN AR AR R E AR AR AR AR AR AN AR AR R AN R R AR AN OA TR ARRY

ALCOHOL
59. in your iife, what is the maximum number of drinks (if any) that you have consumed in any one
week perod? (Check only one)
1. __ None
2.__ 1-14 drinks
3. 15-28 drinks
4.__ 2956 drinks
§.___ 5784 drinks
6.___ 85-112 drinks
7. __ > 112 drinks

IF ANSWER IS NONE, SKIP TO QUESTION 65

60. 'z_[mm_l_gg_lgmm what is the maximum number of drinks (if any) that you have consumed In

‘any one week period? (Check only one).

None

1-14

8s-112

drinks
drinks
drinks
drinks
drinks

> 112 drinks

61.  Inthelast 30 days, what Is the maximum number of drinks (ff any) that you have consumed In any

one week period? (Check only one).

85-112

drinks
drinks
drinks
drinks
drinks

> 112 drinks
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62. Was there ever a period In your life when you drank too much?

1. Yes 2. No

ap— —

63. Has alcohol ever caused problems for you?

1. Yes 2. No

64. Has anyone ever objected to your drinking?

1. Yes 2. No

65.  If you NEVER used alcohol requiarly (le. less than 10 times in your lifetime), indicate why. (Please check al

that apply)
A_ Did not like the effect
8 Concerned about health risk
c Not avaflable
- D ____ Cuitural reasons
hy E Too
' F Prohibition on religlous grounds
: G Other: Please specify

mmmmttt*“ﬁi“ttmtt.t“t“ﬁ""ﬁ*tﬁt“ﬁttt!tﬁt“i“tﬁt'*ttﬂﬁtﬂmtttim

CANNABIS (Hash, Marijuans)

66.  Inyour lfe, on how many occaslons (f any) have you used cannabis? (Check only one)

Never
1-2 times
3-5 times
6-9 times
. 10-19 tmes
20-39 times
40-99 times .
100+ times

ARRRRER

PNONADP

IF ANSWER IS NEVER, SKIP TO QUESTION 69
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67.  Inthe last 12 months, on how many occasions (if any) have you used cannabis? (Check only one)

1. . Never

2. . 1-2 times
3.__3-5 times
4. ___ 6-9 times
5.___ 10-19 times
6. ___ 2039 times
7. 4093 times
8. 100+ times

68.  In the last 30 days, on how many occaslons (if any) have you used cannabis? (Check only one)

1. __ Never

2.__ 1-2 times
3.___3-5 times
4. ___ 6-9 times
5.____ 10-19 times
6.___ 2033 times
7. 4099 times
8. ___ 100+ times

69.  If you NEVER used cannabis reguiarly (le. less than 10 times in your lifetime) Indicate why.
(Please check all that apply)

-~

s A Did not like the effect
8 Concemed about health risk
c____ Not avallable
D ___ Cuitural reasons
E Too expensive
F Because It Is llegal
G Other (specify)
ERRERANRRARRERERRRARARA AN AN AR AR E R R AR AR RN AR NN R AR AR A AN RN AR AR R AR AR R AR AR R R R AR AR R A AN TR AR R AR OR
BARBITURATES
Seconal, Tuinal, Amytal, Florinal, "downers®
(Circle those you have used)
70.  In vour [ife, on how many occasions (ff any) have you used a barbiturate? (Check only one)
1. ___ Never
2.__1-2 ftimes
3.__3-5 times
4.___ 6-9 times
5. 10-19 times ‘
6. ___ 2039 times
7. _ 4093 times
8.___ 100+ times

IF ANSWER IS NEVER, SKIP TO QUESTION 73
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71. In the last 12 months, on how many occasions (if any) have you used a barbiturate? 97

(Check only one)

1. Never

2. 1-2 times
3.__3-5 times
4. _ 6-9 times
5. 1019 times
6. 2039 times
7. __ 4099 times
8. __ 100+ times

72. In the fast 30 davs, on how many occasions (if any) have you used a barbiturate? (Check only one)

1-2 times
3-5 times
6-9 times
10-19 times
20-38 times
40-99 times
100+ time

NERRERN:

PNONAON

73. If you NEVER used a barbiturate reguiary (le. less than 10 times in your iifetime) indicate why.
(Please check all that apply)

Did not like the effect
Concemed about health risk

Not available

Cuttural reasons

Too expensive

Not needed (le. Never prescribed)
Other (specify)

bttt ettt tRt Rt RN

~

I

OTMTMOO®>»

RAARRERRARRRER A EER R RSN R AR RN RREAREY

AR ARNERR

ANXIOLYTICS/TRANQUILLIZERS

diazepam (Valium), lorazepam (Ativan), alprazolam (Xanax), chlordiazepoxide (Librium),
triazolam (l-!alclon) (Circle those you have used)

74. In your [ife, on how many occasions (if any) have you used an ardolytic/tranquiliizer?
(Check only one)

— Never

1-2 times
3-5 times
6-9 times
10-19 times
20-38 times
40-93 times
- 100+ times

IlllH

ENAOAGP

IF ANSWER IS NEVER, SKIP TO QUESTION 77



SUBJECT
98

75. Inthe last 12 months, on how many occaslons (if any) have you used an ardolytic/tranquillizer?
(Check only one)

1. . Never

2. 1-2 times
3.___3-5 times
4. ___ 6-9 times
5.____ 10-19 times
6. 2039 times
7. 4099 times
8. __ 100+ times

76. In the last 30 days, on how many occaslons (if any) have you used an anxiofytic/tranquillizer?

(Check only one)

1. Never

2 ___1-2 times
3.___3-5 times
4 ___ 6-9 times
5.___ 10-19 times
6. ___ 2039 times
7. 4099 times
8.____ 100+ times

7. If you NEVER used an andolytic/tranquillizer reguiady (le. less than 10 times In your lifetime) indicate why:
(Please check all that apply)
< Did not like the effect
Concemed about health risk
Not avallable

OTMTMOO®>

[T

Other (specify) ,

SRR R AN E AR R AN AR AR AR AR RN E R AR AR AR R AR AR R AR RN AR AR AR R AR ERR

LARRRARRRRRR

STIMULANTS (Other than cocaine)
Methamphetamine (ice), diet pilis (lonamin, Tenuate), caffeine tablets (Wake-Ups), ‘Bennies"; Ritalin,
decongestants (Sudafed, Omade)
(Circle those you have used)

78. In your life. on how many occaslons (f any) have you used a stimulant? (Check only one)

:

1-2
3-5
6-9
10-19
20-39
40-99
100+

ST

2

SWER (S NEVER, SKIP TO QUESTION 81



99

73. In the past 12 months, on how many occasions (if any) have you used a stimulant?

(Check only one)
1. Naver
2. 1-2
3.__3-5
4 __ 6-9
5. 10-19
6. __ 2039
7. 4099
8. 100+

times
times
times

times
times

80. In the past 30 days, on how many occaslons (if any) have you used a stimulant?

1
:
]

Never
1-2
3-5
6-9
10-19
20-38
40-99
100+

PNONRON

times
times
times
times
times
times
times

81. If you never used stimulants regularly (le. less than 10 times In your lifetime) indicate why.
{Please check all that apply)

1

OTMMOO®>»

litiitt‘i'ﬁtft*ﬁtt*ﬁ'.ttﬁtﬁ*‘.

TOBACCO

Did not like the effect
Concemed about health risk
Not avaflable

Cuiltural reasons

Too expensive

Because it Is llegal

Other (specify)

RN EEREERERREARAR AN RRARRAREREAARR AR LA RNES

82. In your [ife, what is the maximum number (ff any) of cigarette packages that you have smoked in
any one week period? (Check only one)

None
<1
1-2
3-5
6-9
10-19
20-39
40 +

PNONADP

ARRARRN

{F ANSWER IS NONE, SKIP TO QUESTION 85
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83. In the last 12 months, what Is the maxdmum number (if any) of cigarette packages that you have
smoked in any one week period? (Check only one)

1. __ None

2.___ <1 pack
3. 1-2 packs
4__ 3-5 packs
5. 6-9 packs
6.___ 10-19 packs
7. 2039 packs
8.____ 40 + packs

84. In the tast 30 davs, what Is the maximum number (if any) of cigarette packages that you have
smoked in any one week period? (Check only one)

1. None

2.___ <1 pack
3. 1-2 packs
4 3-5 packs
§.__ 6-9 packs
6. 10-19 packs
7. 20-39 packs
8.___ 40 + packs

85. if you NEVER used cigarettes requiary (le. never more than 10 cigarettes/day for a week) indicate

why. (Pleass check all that apply)
Concemed about health risk
Not available

Cuftural reasons

Too
Tried, but just could not seem to get to like them
Other (specify)

;_&

TMOoOoOm>»

AERERARRACR AR AR RA AR XA AR RTREARRATRARRARR A AR AR R AR AR AR AR ERR AR A RN ARARCER AR SR RR R SR ARARRRRACANCRANATE

OPIATES.

Codeina (Tvienol #3); oxycodone (Percocet), hydrocodone (Hycodan), heroin, meperidine (Demerol),

methadune, morpnine

(Circle those you have used)
86. In your life. on how many occaslons have you used an oplate alone or in combination? (Check only one)

Never
1-2
3-5
6-9
10-19
20-39
40-99
100+

ARRRRER

PNEAAGPA

IF ANSWER IS NEVER, SKIP TO QUESTION 123
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SUBJECT
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In the past 12 months, on how many occasions have you used an oplate alone or in combination?
(Check only one)

1. Never

2. 1-2 times

3.__3-5 times

4 __ 6-9 tmes

S.___ 10-19 times

6.____ 2039 times

7. ___ 40-99 times

8. ___ 100+ times
In the past 30 days, on how many occaslons have you used an oplate alone or In combination?
(Check only one)

1. _ Never

2. __1-2 times

3.__ 3-5 times

4.___ 6-9 times

5. ___ 10-19 times

6. ___ 20-39 times

7. 4099 times

8. ___ 100+ times

1. ___ 0-9times
2. ___ 10 + times

<What is the maximum number of times you have ever used opiates in one month?

IF ANSWER IS 0 - 9 TIMES, SKIP TO QUESTION 123

IF ANSWER IS 10+ TIMES BUT YOU DO NOT USE OPIATES ANYMORE, SKIP TO QUESTION 108

91.

IF ANSWER IS 10+ TIMES AND YOU ARE STILL USING OPIATES, PLEASE CONTINUE

Which oplate do you use the most?
Specify

How does the oplate you use most affect you?

| get a 'high’ or pleasurable effect 1. __Yes
I get a therapeutic effect 1. __Yes
{ don't get any effect 1. __Yes

—No
__No

No

PP
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92, Have you ever tried to stop using opiates?

1. Yes 2. No

IF NO, SKIP TO QUESTION 85

93. If yes, how many of these would you consider serious attempts?

none
a few
about half
most

alt

R RS

94, What [s the longest period that you have been able to stop using oplates since you started to use
them regularly? (Answer only the line that corresponds to the time unit that applies to you)

A LLJ nours
L cays
L] weeks
L1 months
L years

v

m O O W

a5. Have you ever had any of the following withdrawal symptoms when you stopped taking opiates?

(Answer all)
Arndety or irritabllity 1. ___Yes 2.__No
Fatigue 1.__Yes 2 ___No
Trouble sleeping 1. __Yes 2.___No
Feeling down or depressed 1. __Yes 2__No
Difficulties concentrating 1. __Yes 2._ _No
Other (specify) 1. ___Yes 2 ___No

96. Doyoufeelthatyoumkeoplatestoprevemmeabovesymptansamkememgomw

1.

97. Do you find that when you start taking oplates you end up taking much more than you were
planning?

1. Yes 2. No
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98. Do you spend a lot of time taking oplates or doing whatever you have to do to get them?

1. Yes 2. No

99. Do you ever use oplates while doing something that may be dangerous if done under the influence
of oplates (le. driving)?

1. Yes 2. No

— —

Briefly describe:

100. Do you ever use opiates while doing something important, like being at school or work or taking
care of children?

1. ___Yes 2. No

101. Do you ever miss something important, like school or work or an appointment, because you are
using oplates or spending time getting opiates?

<

- 1.__Yes 2.___No

102. Do you ever use oplates so often that you use them Instead of working or spending time on hobbles
or with your famity and friends?

1. ___Yes 2. No

103. Does your use of oplates cause problems with other people, such as family members or people at
work?

1. Yes 2 No

Briefly describe:

104. Does your use of oplates cause psychological problems, like making you depressed?
1. Yes 2. No

— —

Briefly describe:
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105. Dous your use of opiates cause physical problems or make physical problems worse?

1. Yes 2. No

— —

Briefly describe:

106. Do oplates have the same effect on you now as when you first started using them?
1. Yes 2.

No

Briefly describe:

107. Do you find that you need to use more oplates to get high than you did when you first started using
them? ..

1. Yes 2. No

GO TO QUESTION 124

(F YOU ARE A FORMER OPIATE USER
BUT DO NOT USE OPIATES NOW, PLEASE CONTINUE

v 1A

108. :Which opfate did you use the most?
Specify | L]

109. How did the opiate you use most affect you?

{ get a ‘high’ or pleasurable effect 1. ___Yes 2___No
| get a therapeutic effect 1. ___Yes 2.__No
{ don't get any effect 1. ____Yes 2___No

110.  Did you ever have any of the following withdrawal symptoms when you stopped taking oplates?

(Answer afl)
Arodety or initabliity 1. __Yes 2___No
Fatigue 1. __Yes 2.___No
Trouble sleeping 1. ___Yes 2___No
Feeling down or depressed 1.___Yes 2___No
Difficuities concentrating 1. ___Yes 2___No
Other (specify) 1. __Yes 2___No
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13.

114,

115.

116.

17,

[ B |
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Did you ever feel that you could take opfates to prevent the above symptoms or make them go
away?

1. Yes 2 No

While you were still using opfates regularty, did you find that when you started taking oplates you
ended up taking much more than you were planning?

1. ___VYes 2. No

Did you spend a lot of time taking oplates or doing whatever you had to do to get them?

1. Yes 2. No

— —

Did you ever use opiates while doing something that may be dangerous i done under the influence
of opiates (le. driving)?

1. Yes 2. No

A

Briefly describe:

Did you ever use oplates while doing something important, like being at schooi or work or taking
care of children?

1. Yes 2. No

Did you ever miss something important, like school or work or an appointment, because you were
using oplates or spending time getting opiates?

1. Yes 2. No

Did you ever use opiates so often that you used them instead of working or spending time on
hobbles or with your famiy and friends?

1. Yes 2. No
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118.  Did your use of oplates cause problems with other people, such as family members or people at
work?

1. Yes 2.___No

——

Briefly describe:

119.  Did your use of opiates cause psychological problems, like making you depressed?
1. Yes 2. No

am— —

Briefly describe:

120. Did your use of oplates cause physical problems or make physical problems worse?

1. Yes 2.__No

Briefly describe:

121. zDid oplates have the same effect on you right before you stopped taking them as when you first
“started using them?

Yes 2 Na

1.

Briefly describe:

122. .Did you find that you needed to use more opiates to get high right before you stopped taking them
than you did when you first started using them?

Yes 2. No

1.

GO TO QUESTION 124

123. If you never used oplates regularly, indicate why.
(Check all that apply)

A _VDIdnotllkemeeﬁect

B __. Concemed about health risk

C __ Not avafiable

O __. Cultural reasons

E __ Too expensive

F ___ Not needed (Le. for treating pain)
G ___ Other (specify)
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124.

We appreciate your help and would like to know why you have participated. (Please check all that apply)

A Concemed about drug use
B ) Want to stop or decrease use
C Like to participate in surveys
D ______  Other (specify)

REAR R R R AR AR AR AR R AR R R RN R R R R R R AR R AR R R RN R R R RN AR R R R RN RN R R RN R R TR RN R R AR RS



Would you like to be informed about:
Participation In any future research projects

Treatment services for cocaine or other drug use problems avallable at the Clinical
Research and Treatment Institute of the Addiction Research Foundation.

IF YOU DO NOT WANT FURTHER INFORMATION LEAVE THIS SECTION BLANK

Name:

Address:

Phone: Home Work

Al

What Is the best time of day to reach you?

If we contact you we will not identify that we are calling from the Addiction Research Foundation.
If we have to leave a message we wil simply say it ‘concems a survey”.

« ALL OF YOUR ANSWERS WILL BE KEPT STRICTLY CONFIDENTIAL -

W

PLEASE RETURN THIS QUESTIONNAIRE AND URINE SAMPLE
WHETHER OR NOT YOU ARE INTERESTED IN FURTHER INFORMATION

Addiction Research Foundation

& Behavioural Risk Factors Unit !
33 Russell Street

Toronto, Ontario

MSS 251

Attention: Savita
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B.1 Principles of Thin Layer Chromotography

Thin-layer chromatography (TLC) has been and continues to be an excellent technique for the
qualitative identification of drugs but it requires diligence, careful attention to procedural

processes and extensive experience.

TLC provides qualitative and semi-quantitative results. Basically TLC involves the differential
migration of the analyte(s) of interest, usually in a mixture of components, through a stationary
phase, using a mobile phase (usually a mixture of solvents). Differential migration is the result
of varying degrees of affinity of the mixture of components for the stationary and mobile phases.
When the mobile phase has moved an appropriate distance along the stationary phase the analyte
of interest is detected by the application of a suitable visualization reagent. Identification of the
analyte is based on R¢values which describes the distance migrated on the stationary phase

R¢= distance moved by the solute
distance moved by the mobile-phase front

R¢ values are then compared to standards. Revalues can vary from laboratory to laboratory and
should be used as a guide. There are a number of factors that can cause variances in the Ryvalue
including;

- chamber type and dimension,

- nature and size of layer,

- direction of mobile-phase flow,

- volume and composition of mobile phase,

- equilibration conditions

- humidity and;

- sample preparation methods preceding chromatography (Sherma and Fried, 1991;

Klaassen et al., 1986).
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B.2  Principles of Radioimmunoassay

Binding assays allow the measurement of the concentration of a given substance by quantifying
the degree of binding between a binder and the substance. There are three types of binders in

binding assays; a) antibody, b) a protein or c¢) a cell receptor.

Immunoassays are one of a series of binding assays in which the binder is an antibody and the
substance it binds is referred to as the antigen. Figure B.1 illustrates the basic principles of an
immunoassay. When given amounts of antigen and antibody are allowed to react together they
will bind to form an antigen-antibody complex (B) with a proportion of both the antibody and the
antigen which remain free (F) (Panel A). The reaction will proceed to equilibrium. If the
amount of antibody is held constant while the total amount of antigen is increased then at
equilibrium the amount of antigen-antibody complex (B) is increased. However, the increase in
the free fraction (F) is relatively greater and thus yields a lower bound to free ratio (Panel B).
The distribution of the antigen between the bound and free phases is directly related to the total
amount of antigen present and thus provides a means for quantifying the bound phase (Chard T,
1995).

The radioimmunoassay uses a radioactive isotope (i.e. '*°I) to label the antigen which is then

measured by a gamma counter. This assay allows for a relatively high degree of sensitivity.

The radioimmunoassays used in this study involved the use of two antigens that competed with
each other for binding with the antibody. One of the antigens is labelled with ' and the other
remains unlabelled (equation 1.1).

AgAb = Ag + Ab + Ag* = AgAb* equation 1.1

Ag = antigen
Ag* = radiolabelled antigen
Ab = antibody




Figure B.1: The basic principle of a binding assay

Panel A

O

N

_/
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Coat-A-Count Cocaine Metabolite ** 1

Coat-A-Count®
COCAINE METABOLITE

is a solid-phase 1?*I radioimmunoassay designed for the quantitative and qualitative measurement in urine of benzoyl-
ecgonine, the principal urinary metabolite of cocaine. It is intended strictly for in vitro use in the context of a program
involving an established confirmatory test for cocaine and its principal metabolites.

The Coat-A-Count Cocaine Metabolite kit assay provides only a preliminary anatytical test result. A more specific
alternate chemical method must be used in order to obtain a confirmed analytical result. Gas chromatography/mass
spectrometry (GC/MS) is the preferred confirmatory method! Clinical consideration and professional judgement
should be applied to any drug of abuse test result, particularly when preliminary positive results are used.

Catalog Numbers: TKCN1 (100 tubes) TKCNS (500 tubes).
44 The 100-tube kit contains not more than 10 microcuries (370 kilobecquerels) of radioactive [!%]] benzoylecgo-
3

nine, and the 500-tube kit contains not more than 50 microcuries (1850 kilobecquerels).

Summary and Explanation of the Test

Cocaine (benzoylmethylecgonine} is an ester of benzoic acid and ecgonine, found in the leaves of the coca plant
(Erythroxylon coca). The drug can be taken orally, intravenously, or (more commonly} either taken by intranasal in-
sufflstion or inhaled as a vapor ("free-basing”)s?

Ir the body, metabolism to ecgonine n.ethyl ester and ec;7nine ¢ zcurs by the action of serum and liver cholinesterase 10
Benzoylecgonine is not produced enzymatically but by simple hydrolysis, both in the body and in aqueous specimens*
Loss of the methy] ester occurs spontaneously, in a process that is dependent on pH and temperature$ Benzoylecgonine
may also suffer enzymatic conversion to ecgonine by cholinesterases¢ Other metabolites may occur, including aryl-
hydroxy metabolites 12

After single intranasal doses of 100 to 150 milligrams of cocaine, plasma concentrations of cocaine reach peaks of
100 to 500 ng/mL after 20 to 60 minutes}t 17 Much higher plasma concentrations occur in “street” use, and high brain
concentrations of cocaine have been found in post-mortem studies following cocaine overdose# The half-life of cocaine
in blood is on the order of 30 to 120 minutes; whereas benzoylecgonine has a longer half-life in blood of 7 to 9 hours.

In urine, benzoylecgonine is the major metabolite found?’ Only a few percent of an administered dose of cocaine
appears in urine unchanged? Benzoylecgonine is found in urine soon after cocaine insufflation, and can remain detect-
able for up to 48 hours? In acid urine, the proportion of unchanged cocaine is reported to be higher. Ecgonine methyl
ester, norcocaine and aryl-hydroxy metabolites have also been found in urine3 7 # 12 15 16 18
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Principle of the Procedure

Cocaine [benzoylmethylecgonine) can lose its methyi group through hydrolysis, and the benzoyl group through the
action of pseudocholinesterase. Approximately 70% emerges in the urine over 48 hours, primarily as benzoylecgonine.
The Coat-A-Count procedure is a solid-phase radicimmunoassay, wherein !#-labeled benzoylecgonine competes for
a fixed time with benzoylecgonine in the patient sample for sites on benzoylecgonine-specific antibody. Because the
antibody is immobilized to the wall of a polypropylene tube, simply decanting the supernatant suffices to terminate
the competition and to isolate the antibody-bound fraction of the radiolabeled benzoylecgonine. Counting the tube
in a gamma counter then yields a number, which converts by way of a calibration curve to a measure of the benzoylec-
gonine present in the patient sample.

Procedure

Separation

Data Reduction

Calibration

Counts
Precision
Specificity

Accuracy

There is only one reagent to dispense, and a single ane-hour incubation at room temperature.
No centrifuge is required. Sample and tracer additions can be handled simultaneously, if desired,
with the help of an automatic pipetter-diluter. The simplicity of the Coat-A-Count procedure
makes it ideal for high-volume screening.

The coated-tube methodology offers significant advantages in reliability, as well as speed and
convenience, since the tubes can be vigorously decanted, without loss of antibody-bound material.
This results in a clean separation of bound from free, with negligible nonspecific binding.

Conventional RIA techniques of calculation and quality control are applicable. The assay has
been optimized for linearity in a logit-log representation throughout the range of its calibrators.
Moreover, the computation can be simplified by omitting the correction for nonspecific binding,
without compromising results or quality control.

The kit is equipped with calibrators ranging from 100 to 5400 ng/mL and prepared in suitably
buffered benzoylecgonine- and cocaine-fres auman urine which contains a preservative. In the
Qualitative Procadure, the 056 30U 17/n:L calibrators serve as the negative and positive 1 ference
preparations, respectively. The calibrators are supplied in liquid form, ready to use.

The tracer has a high specific activity, with total counts of approximately 150,000 cpm at iodina-
tion. Maximum binding is approximately 30-35%.

CVs are low and uniform, and no “end-of-run” effect has been observed in assays involving up
to 200 tubes. The procedure can detect as little as 3 ng/mL.

The antiserum is highly specific for benzoylecgonine, with very low crossreadivity to other
compounds that might be present in patient samples.

Extensive experiments have shown that the assay is accurate over a broad range of benzoylecgo-

nine values. Its accuracy has been further verified in patient comparison studies against another
cocaine metabalite immunoassay.

114
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Coat-A-Count Cocaine Melabolite » 3

Materials Supplied—Initial Preparation

8 Precautions: Before opening the kit, review the paragraphs on safety printed on the inside front cover, as they relate to the safe handling and
disposal of reagents containing radioactivity, human body fluid-derived materials and sodium azide Prepare all components at least 10 minutes
before use

1 Benzoylecgonine Ab-Coated Tubes TCN1
100 (500°*) polypropylene tubes coated with antibodies to benzoylecgonine and packaged in zip-lock bags. Store
refrigerated and protected from moisture, carefully resealing the bags after opening: stable at 2-8°C for at least
one year from the date of manufacture. Color: purple.

2 ['*]] Benzoylecgonine TCN2
One vial (five vials®} of lyophilized iodinated benzoylecgonine. Reconstitute each vial by adding a measured
110 mL of distilled water. Let stand for 10 minutes, then mix by gentle inversion. Store refrigerated: stable
at 2-8°C for at least 30 days after reconstitution, or until the expiration date marked on the vial. Color: red.

3 Benzoylecgonine Calibrators COC3-8
One set (two sets*) of six vials, labeled A through F, of benzoylecgonine calibrators. The calibrators are supplied
in liquid form, ready to use. The zero calibrator vial A contains 5 mL, and the remaining calibrator vials B through
F each contain 2 mL. Store refrigerated: stable at 2-8°C for at least 30 days after opening. The life of the calibrators
can be extended by freezing. Aliquot if necessary to avoid repeated thawing and freezing.

In the Qualitative Procedure, the 0 and 300 ng/mL calibrators serve as the negative and positive reference prepara-
tions, respectively.

The calibrators contain 0, 100, 300, 900, 2,700 and 5,400 nanograms of benzoylecgonine per milliliter {as the
free base) in processed humen urine. 'nteir: «d’~it calit:=tion points may be obtained by mixing calibrators
in suitable proportions.

*Pertains to the 500-tube TKCNS kit

Materials Required But Not Provided

® Gamma counter —compatible with standard 12x75 mm tubes
@ Vortex mixer

Reagent Preparation:

® Distilled or deionized water
® Graduated cylinder: 110 mL

Radioimmunoassay:

e Plain 12x75 mm polypropylene tubes—for use as NSB tubes, available from DPC

® Micropipets: 25 pL and 1000 pL. For the 1.0 mL reagent addition, a reliable repeating dispenser {Nichiryo or equivalent)
is also suitable. With the help of an automatic pipetter-diluter, sample and reagent additions may be handled
simultaneocusly. A disposable-tip, air-displacement pipet (Nichiryo, MLA or equivalent] is recommended for the 25 L
sample addition, to minimize the risk of carryover.

® Foam decanting rack~available from DPC

© Human urine-based benzoylecgonine controls

® A tri-level, unassayed, human urine-based control, containing benzoylecgonine and several other commonly assayed
drugs of abuse, is available through DPC.
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Specimen Collection

Collect the urine without preservative. The specimen can be refrigerated or frozen. If cloudy, it should be cleared
by filtration or centrifugation before use, and mixed by gentle swirling.

For quantitative determinations, samples with benzoylecgonine concentrations greater than that of the highest calibrator
used in the assay should be diluted either with the zero calibrator or with benzoylecgonine- and cocaine-free human
urine. Dilutions of 1-in-10 or 1-in-100 may be required to bring patient urine samples expected to contain high concen-
trations within range of the calibrators.

If adulteration of the specimen is suspected, do not accept for analysis!

Radioimmunoassay Procedure—Quantitative
All components must be at room tempersture before use.

] PlainTubes: Label four plain {uncoated} 12x75 mm polypropylene tubes T (total counts) and NSB (nonspecific
binding) in duplicate.
Because nonspecific binding in the Coat-A-Count procedure is characteristically low, the NSB tubes may be safely
omitted without compromising accuracy or quality control.
Coated Tubes: Label twelve Benzoylecgonine Ab-Coated Tubes A {maximum binding) and B through F in
duplicate. Labe! additional antibody-coated tubes, also in duplicate, for controls and patient samples.

Calibrator ng/mL
A(MB!) 0
100
300
900
2,700
5,400

nmmoOm

2 Pipet 25 pL of the zero calibrator A into the NSB and A tubes, and 25 pL of each remaining calibrator, control
and patient sample into the tubes prepared. Pipet directly to the bottom.

Samples expected to contain high concentrations should be diluted in the zero calibrator before assay. See the
Performance Data section an the effect of carryover contamination.

3 Add 1.0 mL of ['*]] Benzoylecgonine [RED] to every tube. Vortex.

Laboratories equipped with a reliable pipetter-diluter may handle steps 2 and 3 simultaneously. No more than
ten minutes should elapse during the dispensing of the tracer. Set the T tubes aside for counting {at step 6}:
they require no further processing.

4 Incubate for 2 hours at room temperature.

Decant thoroughly.

Removing all visible maisture will greatly enhance precision. Using a foam decanting rack, decant the contents
of all tubes (except the T tubes) and allow them to drain for 2 or 3 minutes. Then strike the tubes sharply on
absorbant paper to shake off all residual droplets.

o

© Count for 1 minute in a gamma counter.
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Calculation of Results—Quantitative Procedure

To calculate benzoylecgonine concentrations from a logit-log representation of the calibration curve, first calculate for
each pair of tubes the average NSB-corrected counts per minute:

Net Counts = Average CPM minus Average NSB CPM

Then determine the binding of each pair of tubes as a percent of maximum binding {MB), with the NSB-corrected
counts of the A tubes taken as 100%:

Percent Bound = Net Counts x 100
Net MB Counts

The calculation can be simplified by omitting the correction for nonspecific binding: samples within range of the calibrators
yield virtually the same results when Percent Bound is calculated directly from Average CPM.

Using the logit-log graph paper provided with the kit, plot Percent Bound on the vertical axis against Concentration
on the horizontal axis for each of the calibrators B through F, and draw a straight line approximating the path of these
five points. Benzoylecgonine concentrations for the unknowns may then be estimated from the line by interpolation.
Although other approaches are acceptable, data reduction by the logit-log method just described has certain advantages
in this context-for example, in allowing easier recognition of deviant calibration points —since the Coat-A-Count Cocaine
Metabolite procedure bas been optimized for linearity in that representation.

Example—~Quantitative Procedure: The figures tabulated below are for illustration only and should not be used
to calculate results from another assay.

Duplicate Average Net Percent  Benzoylecgonine
Tube CrM CPM. oM Bound ng/mL
143,418
T 142,516 142,967
868
NSB 844 856 0
46,283 :
AMB) 46,267 46,275 45,419 100% 0
32,838
B 32,394 32,616 31,760 69.9% 100
26,946
C 26,372 26,659 25,803 56.8% 300
19,060
D 18,428 18,744 17,888 39.4% 900
11,869
E 11,803 11,836 10,980 24.2% 2,700
9,116
F 8,670 8,893 8,037 17.7% 5,400
Unknowns:
25,768
X1 25,546 25,657 24,801 54.6% 325
15,792
X2 15,600 15,696 14,840 32.7% 1450
Quality Control Parameters: T = 142,967 cpm %NSB = 0.6% %MB = 32%

20% Intercept = 4,400 ng/mL 50% Intercept = 440 ng/mL 80% Intercept = 45 ng/mL
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Radioimmunoassay Procedure—Qualitative
All components must be at room temperature befare use.

1 Coated Tubes: Label at least two Benzoylecgonine Ab-Coated Tubes A (Negative Benzoylecgonine Reference).
Label at least two antibody-coated tubes C (Positive Benzoylecgonine Reference, 300 ng/mL). Label additional
antibody-coated tubes, in duplicate, for controls and patient urine samples. Optionally, label two plain 12x75 mm
tubes T (total counts).

Calibrator ng/mL
A Negative Benzoylecgonine Reference 0
C Positive Benzoylecgonine Reference 300

2  Pipet 25 pL of calibrators A and C into each correspondingly labeled tube. Pipet 25 gL of each control and
patient urine sample into the tubes prepared. Pipet directly to the bottom.

3 Add 1.0 mL of [*]] Benzoylecgonine [RED] to every tube. Vortex.

Labaratories equipped with a reliable pipetter-diluter may handle steps 2 and 3 simultaneously. Set the (optional)
T tubes aside for counting at step 6; they require no further processing.
As an alternative to vortexing: manually shake the rack, to make sure that sample and tracer are thoroughly mixed.

4 Incubate for 2 hours at room temperature.

Decant thoroughly.

Removing all visible moisture will greatly enhance precision. Decant the contents of all tubes {except the optional
T tubes] and allow them to drain for 2 or 3 minutes. Then strike the tubes sharply ca sbsorbant paper to shake
off all residual droplets.

9]

© Count for 1 minute in a gamma counter.

Optional T Tubes

Total Counts tubes, though not required for the interpretation of results in the Qualitative Procedure, do serve to generate
valuable quality control performance measures. For the optional Total Counts tubes, add 1.0 mL of [*#]] Renzoylecgo-
nine (at step 3] to each of a pair of tubes labeled T, and set them aside for counting (at step 6).

To economize on reagents, the T tubes may be saved-tightly capped and carefully labeled —for recounting at the
end of subsequent assays utilizing tracer from the same vial. Alternatively, the total counts for subsequent assays
may be estimated from the total counts measured in the original assay, appropriately adjusted for radioactive decay
during the days intervening. (The half-life of 125] is 60 days.)

Calculation of Results—Qualitative Procedure

The Qualitative Procedure is designed as a screening test for benzoylecgonine in urine, where 300 ng/mlL is used
as the cutoff. To calculate qualitative benzoylecgonine results, simply compare the counts per minute in the sample
tube to the average counts of the 300 ng/mL C calibrator. If the counts in the sample tube are higher than the counts
in the C calibrator, the result is negative; i.e., within the precision of the assay, the sample contains less than 300 ng/mL
benzaylecgonine. If the counts in the sample tube are lower than this reference, the result is positive, and the sample
contains more than 300 ng/mL benzoylecgonine, within the precision of the assay.
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Example—~Qualitative Procedure: The figures tabulated below are for illustration only and should not be used

to calculate results from another assay. Note that higher counts per minute correspond to lower levels of benzoylecgo-
nine, and |conversely] lower counts correspond to higher benzoylecgonine concentrations.

Duplicate Average
Tube CPM CPM Observation  Interpretation
Positive Benzoylecgonine Reference 26,946
{Calibralor C} 26,372 26,659
32,832
X1 32,394 32,616 Greater Negative
19,060
X2 18,428 18,744 Less Positive

Quality Control

Record Keeping: It is good laboratory practice to record for each assay the lot numbers and reconstitution dates
of the components used.

Sample Handling: The instructions for handling and storing patient samples and components should be carefully
observed. Dilute patient samples expected to contain high concentrations of benzoylecgonine with the zero cal’+-ator
before assay. All samples, including the calibrators and controls, should be assayed in duplicate. It is good laboratory
practice to use a disposable-tip micropipet, changing the tip between samples, in order to avoid carryover contamina-
tion. Pairs of control tubes may be spaced throughout the assay to help verify the absence of significant drift. Inspect
the results for agreement within tube pairs, and take care to avoid carryover from sample to sample.

Controls:  Controls or urine pools with low, intermediz. and Ligh benzoylecgonine concentrations should routinely
be assayed as unknowns, and the results charted from day to day as described in Westgard JO, et al. A multi-rule
chart for quality control. Clin Chem 1981;27:493-501. See also Scand J Clin Lab Invest 1984;44:Suppl 171 and 172.
Repeat samples are a valuable additional tool for monitoring interassay precision.

Data Reduction: It is good practice to construct a graph of the calibration curve as a visual check on the appropri-
ateness of the transformation used, even where the calculation of results is handled by computer. See further Davis
SE, et al. Radioimmunoassay data processing with a small programmable calculator. ] Immunoassay 1980;1:15-25;
and Dudley RA, et al. Guidelines for immunoassay data reduction. Clin Chem 1985;31:1264-71.

Q. C. Parameters: We recommend keeping track of the following performance measures.

Quantitative Procedure

® T = Total Counts {as counts per minute)

® %NSB = 100 x (Average NSB Counts + Total Counts)

® %MB = 100 x [{Average MB Counts minus Average NSB Counts) + Total Counts}
And the 20, 50 and 80 percent “intercepts’ where

® 20% = Benzoylecgonine Concentration at 20 Percent Bound, etc.

Qualitative Procedure
® T = Total Counts (as counts per minute)
® %MB = 100 x (Average A Counts + Total Counts}

And the binding of the 300 ng/mL C calibrator as a percent of the binding of the A calibrator:
® %Byoo / By =100 x [Average C Counts + Average A Counts)
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Performance Characteristics
In the sections below, cocaine results are expressed as nanograms of benzoylecgonine per milliliter (ng/mL).

Precision

The reliability of DPC's Coat-A-Count Cocaine Metabolite procedure was assessed by examining its reproducibility
on samples selected to represent a wide range of benzoylecgonine levels.

Intraassay: A precision profile, based on approximately 18 degrees of freedom and depicting the intraassay CVs
to be expected for samples assayed in duplicate, is displayed on page 12.

Interassay: Statistics were calculated for each of three samples from the results (in ng/mL) of pairs of tubes in
20 different assays.

Sample Mean SD cv
1 399 50.2 12.6%
2 827 62.6 7.6%
3 3592 350 9.7%

Sensitivity

Forty zero calibrator {(maximum binding) tubes were processed in a single assay, alorig with a set of nonzero calibrators
and controls. Mean and standard deviation were calculated for the counts per minute of the forty zero tubes. Then,
from a calibration curve prepared by the logit-log technique and using this mean as the zero point, the apparent ben-
zoylecgonine concentration was determined at increasing standard deviations from the mean.

Mean +SD of Apparent Approximate
40 MB tubes Mean minus % B/Bo Concentration Sensitivity
’ 1SD 96.4% 1.8
44,001 + 1,553 25D 32.7% 5.0 3 ng/mL
3sD 89.1% 12.6

The detection limit {or “minimal detectable dose”) of an assay is commonly defined as the apparent concentration
two standard deviations below the counts at maximum binding or as the concentration at 95% B/B,. By the more
conservative definition, the Coat-A-Count Cocaine Metabolite assay has a detection limit of approximately 3 ng/mL.

Kinetics .

To determine the effect of employing incubation times other than 2 hours, as specified in the procedure, assays were
set up in parallel, using incubations of 30, 60, 90 and 120 minutes, all at room temperature. Various quality control
performance measures were monitored, including: nonspecific binding and maximum binding {percent of total counts);
the 20, 50 and 80 percent intercepts (ng/mL)}; and the binding of the calibrators {% B/B,). In addition, several controls
and samples were processed as unknowns in each of the assays.

Parameter 30 min 60 min 90 min 120 min
Total Counts 128,416 cpm 129,814 cpm 135,735 cpm 128,355 ¢pm
% NSB 0.3% 0.4% 0.5% 0.8%
% MB 26% 4% 3I7% 42%
Intercepts:
20% B/B, 4323 ng/mL 4494 pg/mL 4629 ng/mL 4202 ng/mL
50% B/B. 337 436 482 469 ’
80% B/Bo 26 42 50 52
Calibrators:
B —100 ng/mL 65% 69% 70% 71%
C-300 52% 56% S8% 58%
D-500 38% 41% 43% 41%
E -2700 24% 25% 24% 25%
F —5400 18% 17% 17% 17%
Samples:
1 172 ng/mL 164 ng/mL 166 ng/mL 144 ng/mL
2 264 243 250 257
3 502 512 545 487
4 3644 3818 4027 3375

~—
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The antiserum is highly specific for cocaine and its major urinary metabolite, benzoylecgonine, with an extremely
low crossreactivity to other drugs which may be present in patient samples. All compounds tested were dissolved
in drug-free human urine at the concentrations specified [free base or acid, as appropriate} and frozen at ~20°C until
the time of assay. The following compounds were found to be nondetectable by the Coat-A-Count Cocaine Metabolite

procedure at a level of at least 10,000 ng/mL.

Acetaminophen Codeine Lidocaine Phencyclidine
Acetylsalicylic acid Cotinine Mepivacaine Phenobarbital
d, l-Amphetamine (nicotine metabolite) Methadone Secobarbital
Atropine (d,[-hyoscvamine] Dextropropoxyphene Methaqualone

Benzocaine Ethylparaaminobenzoate Morphine

Caffeine I-Hyoscyamine HCL Phenazocine

The following compounds were also tested for crossreactivity in the Coat-A-Count Cocaine Metabolite procedure.

ng/mL Apparent Percent
Compound Added Concentration—ng/mL Crossreactivity
Tetracaine HC! 10,000 ND ND
100,000 24 0.02%
d.l-Homotropine HBr 10,000 ND ND
100,000 43 0.04%
Procainamide 10,000 6 0.06%
Ecgonine (cocaine metabolite} 100,000 70 0.07%
Procaine HCI 10,000 20 0.20%
Dibucaine 12500 40 0.40%
100,000 472 0.47%
Tropacocaine 10,000 2,763 28%
Ecgonine methyl ester 1,000 486 49%
Benzoylecgonine 900 900 100%
Cocaine i 127 12,700%
10 1,775 17,750%
100 11,492 11,492%
1,000 79,548 7,954%
Cocaethylene 100 5,500 5,500%
1,000 12,442 1,244%

A recent published study of the Coat-A-Count Cocaine Metabolite kit by E.J. Cone and J. Mitchell¢ recorded the follow-
ing specificity data for various drugs of forensic science interest.

ng/mL Percent
Drug Added Crossreactivity
l-benzoylecgonine 300 104%
I-cocaine 50 7259%
l-ecgonine methyl ester 5000 1.3%
l-ecgonine 5000 5.6%
[-benzoylnorecgonine 5000 1.9%
{-norcocaine 50 63.5%
d-cocaine 5000 7.4%
d-pseudococaine 5000 1.0%
[-pseudococaine 5000 0.1%
[-pseudoecgonine methyl ester 5000 0.3%
d-pseudoecgonine methyl ester 5000 0.3%
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Spiking Recovery 122
Three spiking solutions were prepared using the zero calibrator as diluent. The solutions (A, B and C) were made
to represent 2,500, 5000 and 10,000 ng/mL, respectively. A 50 pL aliquot of each solution was spiked into 950 uL
aliquots of two different samples, for a spiking ratio of 1 to 19, leaving the matrix of the spiked samples relatively
intact. All samples were then assayed by the Coat-A-Count Cocaine Metabalite procedure. To calculate expected values,
95% of the unspiked value was added to 5% of the spiking solution concentration (125, 250 and 500 ng/mL, respectively).

-

Spiking o] E Spiking o E
Sample  Solution Observed Expected % O/E Sample  Solution Observed Expected % O/E
H - 259 2 - 1700
A 409 384 107% A 1877 1825 103%
B 577 509 113% B 2396 1950 123%
C 907 759 119% C 2478 2200 [13%

Method Comparison

DPC's Coat-A-Count Cocaine Metabolite radicimmunoassay was compared to three other kits on a total of 72 samples,
using a 300 ng/mL cutoff: the Syva Emit d.a.u. Cocaine assay, the Roche Abuscreen Cocaine Radicimmunoassay,
and the DPC Double Antibody Cocaine Metabolite kit. The results of this 4-way study are summarized below.

Number of
Method Result Specimens
DPC Coat-A-Count positive
DPC Double Antibody  positive 30
Syva Emit - positive
Roche Abuscreen positive
DPC Coat-A-Count negative
DPC Double Antibody  negative 39
Syva Emit negative
Roche Abuscreen pegative -
DPC Coat-A-Count positive
DPC Double Antibody  positive 3
Syva Emit negative
Roche Abuscreen negative

The three samples positive by the DPC kits, but negative by the Syva and Roche kits, were all from a patient given
approximately 100 mg intranasal cocaine (as a paste} between 2 and 3 days previously.

In another study, 45 GC/MS-positive urine samples, together with 30 samples of presumptively drug-free urine, were
assayed by the Coat-A-Count Cocaine Metabolite kit, DPC's Double Antibody Cocaine Metabolite kit and the Roche
Abuscreen Radioimmunoassay for Cocaine Metabolite kit. Results obtained using a 300 ng/mL cutoff for all three
kits are summarized below.

Samples Method Results
GC/MS-Confirmed Coat-A-Count 45 positive
Positive Samples Double Antibody 45 positive
(n=45) Roche 45 positive
Presumptive Coat-A-Count 30 negative
Negatives (n=230} Double Antibody 30 negative
Roche 30 negative

Parallelism

Two patient samples were assayed both undiluted and diluted with drug-free human urine. The observed and expected
values are presented below in ng/mL.

(o] E 0 E
Sample Dilution Observed Expected % O/E Sample Dilution Observed Expected % O/E
1 8 in 8 (undiluted} 2161 2 8 in 8 {undiluted] 2505
4in 8 974 1081 90% 4in8 1249 1253 100%
2in8 660 S40 122% 2in8 643 626 103%
l1in 8§ 259 270 96% 1in 8 287 313 92%

The results show that the Coat-A-Count Cocaine Metabolite procedure maintains good linearity under dilutio..
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Effect of Carryover

Patient samples may occasionally have very high concentrations of benzoylecgonine (> 100,000 ng/mL). It is suggested
that precautions be taken, e.g. employing a fresh pipe - p for each sample, to avoid carryover contamination. The
following experiment illustrates the risks associated with improper pipetting.

A high patient sample with a benzoylecgonine concentration greater than 500,000 ng/mL was pipetted into the first
of nine consecutive assay tubes, and drug-free urine was then pipetted into the remaining eight tubes. The pipetting
was performed by five different methods:

1  Air displacement pipet, new tip each sample

Il Air displacement pipet, external wipe, no wash
Il  Positive displacement pipet, new tip each sample
IV Positive displacement pipet, external wipe, no wash
V  Positive displacement pipet, external wipe, with

distilled water wash between samples
Tube
Following Pipetting Protocol
High Pair I I I v \
1 - > 5400 - > 5400 151
' 2 - 1991 - 1661 -
3 - 124 - - -
4 - - - - -
5 - - - - -
6 - - - - -
7 - - - - -
8 - - - - -

Tubes listed as »* had apparent benzoylecgenine coxnce.ilations - f less than 100 ng/mL when measured by the Coat-A-
Count Cocaine Metabolite procedure. The results indicate that the risk of carryover contamination may be greatly
reduced by using a new pipet tip for each sample.

Effect of Urinary pH

The pH of pools of drug-free urine were adjusted to values of 45, S5, 65, 75, 85 and 95. Three 950 gL aliquots of
each pool were each spiked with 50 gL of spiking solutions containing 3,000, 6,000 and 12,000 ng/mL of benzoylecgo-
nine, (equivalent to 150, 300 and 600 ng/mL, respectively, following dilution).

Spiking Solution

3,000 ng/mL 6,000 ng/mL 12,000 ng/mL
Apparent Apparent Apparent
pH ‘ng/mL % O/E _ng/mL % O/E ng/mL % O/E
45 118 79% 280 93% 481 80%
5.5 116 77% 242 81% 612 102%
6.5 126 84% 353 118% 576 96%
7.5 145 97% 327 109% 798 133%
8.5 175 117% 399 133% 560 93%
9.5 174 116% 328 109% 581 97%

Drift
To determine whether there is any position {or “end-of-run”] effect due to delays in the addition of reagents, pairs of

tubes were spaced throughout a long assay for each of three samples. The results show no significant position effect
even in assays involving up to 200 tubes.

Tubes Tubes Tubes

Sample 17 - 22 95 - 100 205 - 210
1 403 465 425
2 941 924 806

3 4379 4458 4346
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Limitations
Based on a review of the literature, and on studies summarized in the Performance Data section, the following might
cause false positive reactions:

1
2

3
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Medications containing lidocaine, other local anesthetic agents or structurally related drugs; however, lidocaine
was not detectable when assayed by the Coat-A-Count Cocaine Metabolite procedure at 100,000 ng/mL.

Phencyclidine; however, this compound was not detectable when assayed by the Coat-A-Count Cocaine Metabolite

procedure at 100,000 ng/mL.

Food or drink [such as herbal teas| containing coca products.

Other substances and/or factors not listed above —e.g., technical or procedural errors —~may interfere with the test and
cause false positive results.

References

1

Urine Testing for Drugs of Abuse National Institute on
Drug Abuse (NIDA) Research Monograph 73 (1986}.

]. Ambre, "The urinary excretion of cocaine and me-
tabolites in humans: a kinetic analysis of published
data” Journal of Analytical Toxicology 9 (1985) 241-45.

J. Ambre, M. Fischman and T. Ruo, “Urizary encre
tion of ecgonine methyl ester, a ma}or metabolite of
cocaine in humans” Journal of Analytical Toxicology
8 (1984) 23-25.

R. Baselt, “The stability of cocaine in biclogical fluids”
Journal of Chromatography 268 (1983) 502-05.

D.M. Chinn et al, “Gas chromatography-chemical ion-
ization mass spectrometry of cocaine and its metab-
olites in biological fluids” Journal of Analytical Toxi-
cology 4 (1980) 37-42.

E.J. Cone and J. Mitchell, “Validity testing of commer-
cial urine cocaine metabolite assays: 1I. sensitivity,
specificity, accuracy and confirmation by gas chro-
matography/mass spectrometry” Journal of;‘sorensic
Sciences 34 {1989) 32-45.

F. Fish and DC. Wislon, “Excretion of cocaine and
its metabalites in man® Journal of Pharmacy and Phar-
macology 21 (1969) 1395-1435.

fﬁ% Greisemer et all;o 'l'll‘he detem}inaﬁon of cocaine
its major metabolite, benzoylecgonine, in post-
mortem fluids and tissues by computerized gas chro-
matography/mass spectrometry” f:z:mal of Forensic
Science 28 {1983) 894-900.

H.E. Hamilton et al, “Cocaine and benzoylecgonine
excretion in humans” fournal of Forensic Science 22
(1977) 697-707.

1 (Q T. Inaba, DJ. Stewart and W. Kalow, “Metabolism of
cocaine in man’ Clinical Pharmacology and Therapeu-
tics 23 (1978) 547-52.

1 D. Paly et al, “Flasma cocaine concentrations during
cgcai;ae paste smoking” Life Sciences 30 {1982}
731-38.

R.M. Smith, "Arylhydroxy metabolites of cocaine in
12 the urine of cocaine users” Journal of Analytical Toxi-
cology 8 (1984) 35-37.

13 Vina Spiehler, “Cocaine and metabolites’ Clinical
Chemistry News 12 po. 7 {July 1986) 24.

14 Vina Spiehler and D. Reed, "Brain concentrations of
cocaine and benzoylecgonine in fatal cases” Journal
of Forensic Science 30 {1985) 1003-11.

15 J-O. Svensson, “Determination of benzog}ecgonine in
urine from drug abusers using ion pair high perform-
ance liquid chromatography” Journal of Analytical Tox-

icology 10 (1986) 122-24.

16 N.N. Valanju et al, “Detection of biotransformed co-
caine in urine from drug abusers” Journal of Chro-
matography 81 {1973} 170-73.

17 G Van Dyke et al, “Cocaine: plasma concentrations
ggtg tsnltranasal application in man"® Science 191 (1976)

C. Van Dyke et al, “Urinary excretion of immunologi-
18 cally reactive metabolite(s) after intranasal a 'g‘-
stration of cocaine, as followed by enzyme immuno-
assay” Clinical Chemistry 23 (1977) 241-44.



126

1 4 ¢ Coat-A-Count Cocaine Metabolite

Technical Assistance: If questions arise concerning the kit or its reagents, or for further advice on technique, data
reduction, quality control or expected values, please contact DPC's Technical Services department.

Tel: {800j 678-6699

Fax: (800) 234-4DPC {Orders only]|

Fax: (213) 776-0204

Culside the United Staies, contact your National Distributor.

oy

Diagnostic Products Corporation Package Insert:
5700 West 96th Street 1185
Los Angeles, CA 90045 April 3, 1992



- Item 43243 - (100 Tests)
item 43253 - (2500 Tests)

abuscreen’

Radioimmunoassay for
Cocaine Metabolite

SUMMARY AND EXPLANATION OF TEST:

The Abuscreen® Radioimmunoassay for Cocaine Metabo-
lite is a specific and sensitive /n vitro test to detect the
presence of benzoylecgonine (the primary urinary metabo-
lite of cocaine). While the sensitivity of the testis 5 ng/mL,
for the identification of positive samples a cut-off value of
300 ng benzoylecgonine/mL is supplied as the positive
reference control. Lower cut-off values can be prepared
from reagents suppiied In this product. The assay is
capable of determining the presence of benzoylecgonine
in urine at nanogram levels.

A number of metabolites are found in urine following ad-
ministration of cocaine. Since the number and proportion
of these metabolites vary with each subject, the results are
expressed in terms of equivalents of benzoylecgonine per
mL. A rapid, simple procedure, the test can be adapted to
automated processes and meets the requirements for
large- or small-scale screening.

The Abuscreen Radioimmunoassay for Cocaine
Metabolite provides only a preliminary analytical test
result. A more specific alternate chemical method must
be used in order to obtain a confirmed analytical result.
Gas chromatography/mass spectrometry (GC/MS) is the
preferred confirmatory method.' Clinical consideration
and professional judgement should be applied to any
drug of abuse test result, particufarly when prefiminary
positive results are used.

PRINCIPLES OF PROCEDURE:

The Abuscreen Radioimmunoassay for Cocaine Metabolite
is based upon the competitive binding to antibedy of '3
radiolabeled antigen and unlabeled antigen, in proportion
to their relative concentrations in the reaction mixture.?-*
An unknown specimen is mixed in a test tube with fixed
amounts of benzoylecgonine antibody and radiolabeled an-
tigen. Antigen present in a patient sample competes with
labeled antigen for the limited antibody present. After
precipitation of the antigen-antibody complex with a se-
cond antibody reagent and centrifugation, the tubes are
decanted, drained, blotted, and the pellets containing
bound antigen are counted in a gamma scintillation
countter. Sample CPM values equal to or less than the CPM
value of the positive reference control are indicative of the
presence of cJcaine metabolites in the urine specimen. A
reference solution containing 300 ng benzoylecgonine/mL
is supplied for use as a cut-off value for detection of abuse.
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REAGENTS:

Each Rache Abuscreen Radioimmunoassay for Cocaine

Metabolite 100Test Kit contains:

1. Anti-Benzoylecgonine Serum Reagent (Goat):
1 bottle anti-benzoylecgonine serum (goat) in phosphate
buffered saline containing bovine serum albumin and
FD&C blue #1 with 0.2% sodium azide as preservative.

2. ¥l-Benzoylecgonine Reagent:
1 bottle *|-Benzoylecgonine derivative in phosphate
buffered saline containing FD&C yellow #5 with 0.1%
sodium azide as preservative.

3. Positive Reference Control (Benzoylecgonine):
1 vial Positive Reference Control containing 300 ng ben-
2oylecgonine/mL (as free base) in phosphate buffered
saline containing urea, creatinine, and FD&C yellow #5
with 0.2% sodium azide as preservative.

4. Normal Reference Control (Benzoylecgonine):
1 vial Normal Reference Control consisting of phosphate
buffered saline containing urea, creatinine and FD&C
yellow #5 with 0.2% sodium azide as preservative.

5. Second Antibody Reagent (Donkey):
1 bottle anti-goat immunoglobulin serum (donkey) in
phosphate buffered saline containing 4% polyethylene
glycol, FD&C yellow #5, ang FD&C bjue #1 with 0.1%
sodium azide as preservative.

Each Roche Abuscreen Radioimmunoassay for Cocaine

Metabolite 2500Test Kit contains in addition to the above:

6. Low Control (Benzoylecgonine):
1 vial of Low Contrel containing 150 ng benzoylec-
gonine/mL (as free base) in phosphate buffered saline
containing urea, creatinine and FD&C yellow #5 with
0.2% sodium azide as preservative.

7. High Control (Benzoylecgonine):
1 vial of High Control containing 600 ng benzoylec-
gonine/mL (as free base) in phosphate buffered saline
containing urea, creatinine and FD&C yellow #5 with
0.2% sodium azide as preservative.

WARNINGS AND PRECAUTIONS:

For In Vitro Diagnostic Use.

1. This radioactive material may be received, acquired,
possessed and used only by physicians, clinical
laboratories or hospitals, and only for in vitro clinical or
laboratory tests not involving internal or external ad-
ministration of the material, or the radiation therefrom,
to human beings or animals. Its receipt, acquisition,
possession, use and transfer are subject to the regula-
tions and a general license or specific license, of the



- U.S. Nuctear Regulatory Commission or of a State with
which the Commission has entered Into an agreement
for the exercise of regulatory authority.

2. Do not eat, drink, smoke or apply cosmetics in areas
where radioactive materiais are handled.

3. Pipetting by mouth suction should be avoided.

4. A lab coat or some other suitable protective material
should be worn.

S. Suitable disposable gloves should be worn, particularly
if the hands or wrists are affected with any broken
skin.

6. Radioactive material should be stored in an area secure
against unauthorized entry and removal.

7. Radioactive material may be disposed of by discharg-
ing contents of the vial into a sanitary sewerage system.
Empty vials may be thrown into ordinary trash after
obliterating all label reference to radioactivity. Alter-
natively, radioactive waste materials may be transferred
to an authorized radioactive waste disposal contractor.

8. The Abuscreen Radioimmunoassay for Cocaine
Maetabolite reagents contain sodium azide as a preser-
vative. Sodium azide may react with lead or copper
plumbing to form highly explosive metal azides. On dis-
posal, flush with a large volume of water to prevent azide
build-up.

9. Specimens and reagents contalning human-sourced
materials should be handled as if potentially infectious
using safe laboratory procedures such as those out-
lined in Biosafety in Microbiological and Biomedical
Laboratories (HHS Publication Number (COC) 84-8395).

10. Avoid microbial contamination of reagents when open-
ing and removing aliquots from the primary vials.

11. Do not use kit components beyond the expiration date.

12. Do not freeze kit reagents.

STORAGE INSTRUCTIONS:
Store all reagents at 2° to 8°C.

Store upright.

SPECIMEN COLLECTION AND HANDLING:

The Abuscreen Radicimmunoassay for Cocaine Metabolite
is formulated for use with urine specimens. Fresh urine
specimens do not require any special handling or pretreat-
ment, but an effort should be made to keep pipetted
samples free of gross debris. No additives or preservatives
are required. It is recommended that urine specimens
which cannot be analyzed within eight hours after voiding
be stored refrigerated at 2° to 8°C to minimize possibility
of degradation of positive samples.

TEST PROCEDURE:
Reagent 100 2500

Materials Provided Color Test Kit Test Kit*
1. Anti-Benzoylecgo-

nine Serum

Reagent (Goat) Blue
2. 3|-Benzoylecgo-

nine Reagent Yellow 1x20mL 1x 500mL
3. Positive Reference

Control

(Benzoylecgoning) Yellow 1x 4mL 1x 100mL
4. Normal Reference

Control

(Benzoylecgonine) Yellow 1x 4mL 1x 100mL
5. Second Antibody

Reagent (Donkey) Green 1x50mL 1x 1250 mL

1x20mlL 1x 500 mL
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6. Low Control

(Benzoylecgonine}  Yellow - 1x 50mL
7. High Controt

{Benzoylecgonine) Yellow - 1x 50mL

*NRC or Agreement State specific license required.

Materials Required But Not Provided

1. 12 x 75 mm disposable glass or plastic test tubes.

2. Semi-automatic pipettes (25, 200 and 500 microliters)
with appropriate tips.

3. Centrifuge capable of generating at least 1200-2500x g
using a swinging bucket rotor or at least 3500-4000 x g
using a fixed angle head rotor.

4. Gamma scintillation counter calibrated for '={.

ASSAY PROCEDURE:
Note: All reagents must be brought to room temperature
before use.

1. Set up and label as many tubes as are required for the
Positive Reference Control, the Normal Reference Con-
trol and for urine specimens to be assayed.

2. Add 25 microliters of Positive Reference Control and
Normal Reference Control to the appropriate tubes.

3. Add 25 microliters of each urine specimen to the appro-
priate tubg

4. Add 200 mlcrollters of yellow '®|-Benzoylecgonine
Reagent to each tube.

5.Add 200 Microliters of blue Anti- -Benzoylecgonine
Serum Reagent to each tube; mix well.

6. Incubate tubes at room temperature for 30 minutes. In-
cubation time can be extended to any time interval up
to 24 hours; however, samples and controls must be in-
cubated together for the same time period.

7. Add 680 microliters of green Second Antibody Reagent
to each tube. Mix well.

Note: The color of the Second Antibody Reagent should
match the color of the reaction mixture in each tube.

8. Allow tubes to stand at room temperature for 10
minutes to complete precipitation.

9. Centrifuge the tubes for 10 minutes, at approximately
1200-2500 x g in a swinging bucket rotor, or at least
3500-4000 x g in a fixed angle head rotor (swinging
bucket rotor is preferable). Centrifugation time may be
extended, if necessary, to optimize formation of
suitable pellets.

10. Decant supernatant, drain (optional) and blot each
tube.

11. Count each tube in a gamma scintillation counter to ob-
tain counts per minute (CPM).

12. Compare counts per minute obtained from each
unknown specimen with the CPM obtained from the
Positive Reference Control.

A dose response curve can be established by preparing
dilutions of the High Control (included in the 2500-test kit or
available separately in the Multi-level Reference Control Kit)
with the Normal Reference Control.

The following data represent a dose response.*

Drug Level Mean
(ng Benzoylecgonine/mL) CPM**
0 167,101
150 77,862
300 50,669
600 32,365
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" *These resuits represent a dose response curve. It should
not be used in lieu of a standard curve which should be
prepared, if desired, at the time of assay.

**CPM obtained at 2 days after manufacture of *#|-Ben-
Zoylecgonine Reagent.

QUALITY CONTROL:
The Positive Reference Control and the Normal Reference
Control must be inciuded in each assay.

Drug concentrations of the Positive Reference Control (and
the Low Control and High Contro! in the 2500-Test Kit) have
been verified by GC/MS.

RESULTS:
Negative Result: Sample CPM greater than CPM of

the Positive Reference Control

Sample CPM equal to or less than
CPM of Positive Reference Control
Other methods for determining positive and negative
results, including the use of standard deviation around the
Positive Reference Control, may be applied. These criteria
should be established by the individual laboratory.

If a dose response curve has been prepared, a quantitative

result may be determined by comparing the CPM of the
sample to the curve.

Positive Result:

LIMITATIONS OF PROCEDURE:

The physiological and psychological effects of cocaine do
not necessarily correlate with levels of urinary metabolites.
The presence of cocaine metabolites in urine is indicative
only of recent use or exposure.

The Abuscreen Radioimmunoassay for Cocaine Metabolite
is designed for urine samples. Aithough non-urine applica-
tions have been reported in the literature® the perfor-
mance characteristics of this assay with non-urine
sampies have not been verified by the manufacturer.

See Specific Performance Characteristics for information
on substances tested for interference with this assay.
There is the possibility that other substances and/or fac-
tors (eg., technical or procedural errors) may interfere with
the test and cause false results.

SPECIFiC PERFORMANCE CHARACTERISTICS:
Accuracy:

Forty-one urine samples were collected from presumed
non-user volunteers and were screened in the Abuscreen
Radioimmunoassay for Cocaine Metabolite. One hundred
percent of these normal urines were found to be negative
at 300 ng/mL.

Twenty-five clinical samples previously confirmed positive
for benzoyiecgonine by GC/MS were screened in the Abu-
screen Radioimmunoassay for Cocaine Metabolite. All
were found to be positive relative to the 300 ng/mL Positive
Reference Control.

Precision
A series of reference controis was assayed within atest run
as multiple replicates. The following results were obtained:
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ng/mL n XCPM's S.D. C.V. %
0 12 114,214 878 0.8
150 12 52,318 464 0.9
300 12 34,211 339 1.0
600 12 21,468 297 14
Recovery

Normal urines were spiked with benzoylecgonine to final
concentrations of 200, 250 and 450 ng/mL. Recovery and
confidence limits were determined using 12 replicates of
each of the 3 samples. The following results were obtained:

X ng/mL 95% Confidence Interval (ng/mL.)
207.0 203.0 - 2109
2471.2 243.3 - 251.0
445.6 430.1 - 461.1
Sensitivity

The sensitivity of the Abuscreen Radioimmunoassay for
Cocaine Metabolite was determined by assaying a series
of reference controls prepared in the Normal Reference
Control diluent. The sensitivity of the assay was shown to
be 5 ng/mL at a contidence level greater than 89%.

Specificity

The following related compounds were tested for cross-
reactivity in the Abuscreen Radioimmunoassay for Cocaine
Metabalite. The compounds tested were prepared in nor-
mal human urine and were found not to cross-react or to
cross-react only at high concentrations. These results are
expressed as the value obtained when the compounds were
tested at three levels.

1000 ng/mL 10,000 ng/mL 100,000 ng/mL

Cocaine 12 118 719
Ecgonine HCI 29 203 876
Ecgonine

Methyi

Ester HCI 2 9 69

The following compounds were tested as above at 10,000
ng/mL and found not to cross-react:

Acetaminophen
Acetylisalicylic acid
Aminopyrine
Amitriptyline
Amobarbital
Amphetamine
Ampicillin
Ascorbic acid
Aspartame
Atropine
Benzocaine
Butabarbital
Caffeine

Calcium hypochiorite
Chlordiazepoxide
Chloroguine
Chlarpheniramine

Chlorpromazine
Codeine
Dextromethorphan
Dextropropoxyphene
Diazepam
Diphenhydramine
Diphenylhydantoin
Dopamine
Epinephrine
Erythromycin

Estriol

Fenoprofen

Gentisic acid
Glutethimide
Guaiacol glycerol ether
Hydrochlorothiazide
tbuprofen



imipramine
Ketamine

LSD

Lidocaine
MDMA
Melanin
Meperidine
Methadone
Methamphetamine
Methaqualone
Methypryion
Morphine
Naloxone
Naltrexone
Naproxen
Niacinamide
Norethindrone

Oxazepam
Penicillin G
Pentobarbital
Phencyclidine
Phenobarbital
Phenothiazine
Phenylbutazone
Phenylpropanolamine
Procaine
Promethazine
Quinine
Secobarbital
Tetracycline
Tetrahydrozoline
11-nor-ASTHC-9-
carboxylic acid
Trifluoperazine
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Appendix D Full data set for the admitted drug users (n = 38)



Participant# Date: Questionairre ‘}Dare: Halr Sample  |Halr Colour _ Halr: Evidence of treatment Halr: Evidence of Dainage _ .Sex Ethniclty
—_ 1l 01-Feb-83, 18-May-93iblack NOoo _.NO . Male  AmablFrench _
2y 28-0u193  31-Aug-D3'brown ) NO _ o ___NO Male  Canadlan
N 3 04-Feb-93' ~31-May-93 dark brown YES T NO 'Female [Scoftish
§ "4 777 08Feb:83 T 03-Jun-93 brown o NO o NO " Male [Canadien
— BT 29Mared T 0d4-Jun@3darkbrown _ _  __NO C NO ~~  Female |Dutch o
[ ' T T24-Aug83 24-Aug-93darkbrown "~ NO ~ NO . IMala ICanadian
L L.__'“__ 11-Feb-93 _  10-May-93 black e NO NO Female |Black/Canadian
8 16-Feb-83 31-May-93 dark brown e YES NO Female {lrish -~
) 15-Feb-93 31-May-83 black o _ NO - NO Male — [Black- North American
n 10 17-Feb-03 31-May-93 brown T NO NO Male _ {Scotish |
T T 01-Mar-83 01-Jun-93'brown _ NO - NO Male |English
[ 7 01-Mar-93: 07-Jul-93]brown N YES ) NO Male __|Canadian
N 13T 01-Mar93, 09-Jul-83]brown o NO ; NO |Male _ |Native/Scotish
i 14 09-Mar-93| 19-May-93[light brown/blonde - YES ~NO jMale_[Polish
5T 07-Jun-83 06-Jun-93|black NO NO Female .Canadian -
i8 05.Jul-93) ' 06-Jul-93[dark brownfgrey — NO NO Male _[rish 7]
B 17 08-Jul-83] 08-Jur-83]dark brown (fools)- blonde remainder YES - NO - Female Canadian
T 18] 08-Jul-g3| 09-Jul-93)black ! ‘NO' NO Male  Jewish
[ 19 08-Jul-93' 09-Jul-93'dark brown NO NO Male  English
—20] 08-4ul93 09-Jul-83 dark brown/grey NO _ NO _ Male  Engilsh
T 08-Jul-63 08-Jul-93 light brown/blonde NO NO |Female |Canadian _
22| 0B-Jul-93 08-Jul-93dark brown o ___NO ; — _NO Male _|Canadian
23 12-5ul93, 13-Jul-03[brown _ NO _ NO Male _ |Canadian
— 24 19-Jul-83] 20-Jul-93|dark brown NO NO Male__ |French Canadian
25 27-Jul-83 27-Jul-93|dark brown B _ YE§ NO T Male__|English
% 27-Jul-93 27-Jul-93]dark brown ) NO Male  {Canadian
27 27-4ul-83 27-Jul-93!dark brown _ NO NO Male  [Canadian
28 27-Jui-83 27-Jul-93[brown - - NO_ . NO Male  [Scatiish
20 27-Jul-93) 27-Jul-93]black - NO i NO Maie  |Indo-Pakistant
30 27-Jul-83 27-Ju-93light brown/blonde NO NO Male  [French Canadian
3 27-4ul-93 ~ 97-Jul-93'black ) NO NO______ [Male |French Canadian
32 27-Jul-93 27-Jul-93 dark brown NO NO Male _|English
| _27-Juk93 27-Jul-83 brown B NO B NO Male [Canadian
- 3 27-Jui-93, 27-Jul-93 black I T N0 | “NO _ |Male __{Black
35 27-Jul-93| 27-Jul-93 black i e . NO NO Male __'Canadian
T 03-Aug-93 04-Aug-93 dark brown/black with grey s NO i NO T Male  |English )
7 17-Aug-93) 18-Aug-93,brown . NO NO Male  Canadian
o 38 _18-Aug-93]  19-Aug-93|ightbrownfblonde NO NO Female |Canadian ]
"-" not determinable
*p <0.05 large, bokded font indicatas thal the average level 1s below detection bul one seclion is above deteciion “+" negalive cortslation
03/04/00 Page 1
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Participant# Use Status: Current/Former Uso Type: IV |  Use Type: Crack Use Type: Powder  !Rellability Assessment
1 Former i NO ., YES YES reliable (fairly) e
T T2 curent e YES ; YES _ YES unrefiable
— _ 3Cupent T YES U YES T T YES reliable (fairly)
[ ACument —— ~ NO | YES T T YEs T reliable (tairty)
- _5Former o NO __YES " U " "NES__reliable (fairy)
o " “eFormer T T YES __YES T YES unreliable
o 7Current YES U YES * YES unreliable
8 Curent NO ___YES | YES reliable _
o . 9Cument " NO f_“,r YES YES reliable L
10 Current — .| YES T YES YES reliable T
. __1Curent YES YES ~YES reliable (faity)
o A2|Former | YES ) NO NO no assessment
t_ T 13[Cunent ! YES . YES ) YES reliable (fairly)
. ____\a|Former : YES YES ! YES reliable ~
16|Current YES YES YES unreliable
T T T ig[Current v T YEST I~ TN B TTYES no assessment
17Former o YES YES . YES T reliable (fairty)
N WBFormer T YES ____NO NO reliable (fairly)
l _ 18 Cument ' _YES ;  YES YES __ |noassessment
20 Current B ___YES YES . YES reliable (fairty) _
21 Former YES YES YES reliable
e 22iFormer ... Yes __ _YES ~YES no assessment
T 23[Former ¥ES ~ Tvés YES reliable (fairly)
- 24|Cunent L B YES | YES YES __ [refiable
i ‘25|Former YES I YES YES reflable T
_ _ 28|Former ~ ¥Yes — YES YES reliable T
" 27|Former | =) ~YES NO unrefiable ]
u 28/Former i YES YES YES reliable (falrty)
29 Former NO T YES' T NO reliable
30 Former NO __YES ' YES reliable (fairty) |
31 Former . YES __ YES ] YES unreliable o
32 Former o YES YES ] YES reliable (fairty)
33iFormer NO YES R YES reliable
. _ __S4Former et NO YES NO reliable (fairly)
) B[Former T NO | ¥es YES unrellable
__ 3slcument YES YES YES retiable (falrly)
37|Former NO YES YES reliable (falry)
B 38|Former . NO T YES 1. YES _ __reliable (fairly)
" nol detenminable
*p <0.08 {a1ge. bokded font indicates that the sverage level is below delection but one section Is above detaction "+" negative correlation
03/04/00 Page 2 Appx_d
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Participanth .Snmm D.bz Section E - bz ,Section F-bz SectionG-bz _ Sectlon M- bz jSQctlon 1- bz [SQ:_:gon J-br  SectionK-bz iSocﬂonvl._-vg; e
1. . 055 ... 035 06y 033 i ) 3 I
2 440~ 550| 775 1134 1268 1286 _ 123y, 1229) 747
3 1000 T T a0s 082 079 128 097 - : -
T Al T 283 , o _ —
3 280 423 ! 667 _ 9.01 10.57 " " T1308 _
TR 8.14 047 1028 11.86 14.27 1785 2000| 25.90 25.96
T 17.12 1945 2748 3380 33.98, 2708 1504 15587
8 26 EN A 2.06] 251! 264 230 206 067 113
N & A b ! | —
0, 058 162] T ' ” T
11 1.37 : I - [ -
12 054 0.66] 0.42 0.00' 0.00] T 0.60] 0.00 o000 0.00
13 060 046 0.60 0.30 ! ' - )
14
| 15 16.78 23.16 2720 37.94 35.56, 40.25 _ 4033 77 a3ar 50.56
16 ‘
— 17 074 121 163/ 225" X 275 237 284 T 388
18 7.81 B R
19 T84 5.03 T I T
A 20 16.06 2032 32.01 ~35.10) 128l T T _
- 21 ___0s0 o048 0.42 031 028 0.00 - -
22 0.00 0.00 000 0.00 . ' L
- 23 ~ - R
24 L i
25 1
26 164 112 096 0.84 073 0.8 0.85
27 0.00 042 0.49 0.00 0.00 0.00 0.00 0.39] 1,05
28 0.78 125 2.02 268) 3.39
20| 0.00 ' T ‘—
30| . 0.33 053] 0.95 1.19 0.94 R 470l 194
ES] . 0.00 L _ \ '
R 078 o183 257 342 3.74 6.37 1347
- B 113 i N o
k7] " )
35 0.28 0.00 039
36 4.13 5.44 6.67 _ : - T o
37 1.35 1.13 085 126 0.95 1.22 1.37 1.43 1.20
38 0.54 0.27 CE 0.39! 0.37 0.45 053 050 ~TT70.54)
| i |
".* not determinable
*p «0.05 large, bolded font indicates thal the average level is below detaction but one section is above dstection "+" nagative comalation
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Appendix E COC:BZ Ratio Analysis



Participant# |Average bz conc - sectioned (ng/mg) Average coc conc - sectioned (ng/mg) Average - COC:BZ Section A - COC:BZ
1 ' T T osel 282 5.0 7.65
2 - 78 A 79.49 10.2 6.86
] X - R ) 16 215
4 j e - 74.74 63.1
5 - 596 112.48 18.9 16.88
6 1838} 41474 226 38.26
} 7 1983, ) 246.60 124 7.56
8 - 3.97 16 161
9 o o89] 4.82 5.4 5.13
10 1.03] * 2.89 2.8
11 184 6.89 37 492
12 0.19 2.60 13.7
13 0.90 - 15.42 17.1 9.14
14 T 2784 24.75 8.9 14.60
15 5204 . 1353.13 26.0 2167
16 o000 0.01 o
17 I 2.20 1.2 "
18 - s 26.08 47 3.01
19 408 - 5.15 13 1.87
20| - 2563 ' 121.80 48 5.44
21 o022 0.98 45
22 . _©0po 0.64 —
23 220 h 5.79 26 2.80
24 - 375 - ~ 24.80 6.6 9.72
25 o R 2.38 2.1 2.45
26 - 080, ] 1.88 2.3
27 - 063, 5.08 8.1 14.67
28 R -1 - 2,31 1.7
29 ... ... 000 0.34
30 092 o _ 263 2.8 -
32 - X | 4.07 12 i
33 08 B 5.67 10.9 -
34 23y 11.02 8.9 1111
35 019 S 3.19 16.6 T
36 . 380 4.10 1.1 233
37 144 3 2.1 253
38| 040 T n7s 2.0 )
I _ _ ____|Average 8.8| o 8.74
Minimum 1.1 16
T o ) Maximum T 834 383
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Participant # |Section G- COC:BZ  |Section H- COC:BZ  |Section |- COC:BZ  |Section J- COC:BZ |Section K- COC:BZ _ |Section L - COC:8Z
1 4.21
2 T 12.30 1139 1517 9.02 8.92 8.52
3l 1.81 7| N 1" B -
3 [ & i S e e — e e
57 25.23 1328 26.93 T
6 21.53 15.46| 20.13 12.06 22.06 22.28
7 1098 a7l 6.89 12.40 12,57
8 ot o098 - 1.52 ] 1.71 2.54 2.82
9 I o B -
10 R B - L o
o 1 1 o B ] i
12 - I -
13 oo tesy o 4 o _
14 - B
B 15 2986 6234 2420 36.32 42.64 26,93
16
17 T 107 o088 1.18 122 T 1.26
18] 1o - 1 T
19 R o . _ ] o
20 232 6.58| - - T
o 21 3wl o est| ~ ) o
o 22 j s - T T
- R Rt S - - . e
24| e o ] | o B o T
25 3 B - — S o
26 2211 198 257 2.80 . .
27 __* o ] - 7.41 7435
| 28 1.78] 1.09 i - o T
29 I o I -
N 30 2270 2.03 ) 292 T 2.98 3.23 o
X! R ] I D
32 135 1.14 114 K T
B I T T N
34 S - - - e B
3| ) ] i - T T
— 5l - o SR RV I
7l 213 - 265 270, 23 199 153
8 132 201 144 146 128 1.83
I 7.62 L 9.00 726 e 1014 9.12
i N 14 _ 1.0 1.0 EE I 1.3
T 29.9 623 242 i 36.3 T 426 26.9

6%1
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Appendix F COC and BZ results, stratified by use status



PARTICIPANTS REPORTING BEING CURRENT USERS -SECTION A

154

Negative Positive
BZ [COC BZ [COC
8 2 2
21 4 4
37 37 8
13 13
16 16
17 17
21
24 24
26 26
36 36
40 40
41 41
45 45
59 59
PARTICIPANTS REPORTING BEING FORMER USERS -SECTION A
Negative Positive
BZ | COC BZ | COC
25 1 1
38 A 11 11
42 12 12
43 43 25
47 30 30
49 38
50 39 39
52 42
53 44 44
54 46 46
55 47
57 48 48
61 49
50
52
53
54
55
56 56
57
60 60

61
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Since BZ reflects the systemic COC burden, the use status confirmation rate was determined

by summing the positive BZ results in Current Users and the negative BZ results in Former

Users.

CURRENT USERS (n =15)
COC
Positive |Negative
BZ |Positive [12.-.- |0 12,
Negative |2 1 3 ]
14 1 15
FORMER USERﬂn =23)
COC
Positive | Negative
BZ |Positive |10 0 10
Negative |12 1 13
22 1 23

shaded cells — represents the number of participants where the use status was confirmed (12 + 13

=25)
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Appendix G Data for the Clinical Utilization of the Neonatal Hair Test
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A B | D E F G ] H i J
€9 69) F B - H MISC
70 70 F B + ? NO RECORD H 7
(i M M B + ? NO RECORD H ?
72 7l M B - H ARF
73 73 M B8 + 0.6 H WCH
74 74] F B - H TOR. EAST GEN
75 75 M B - H MOUNT SINAI
78 76 F B + 05 H YORK FINCH
77 7 M B + 1 H ST. MIKES
78 78] M ] + ? NO VALUE RECORDED H MISC
79 79 M B - H MISC
80 80| M 8 - H MOUNT SINAI
81 81 F B - H ARF
82 82 F 8 - NO RECORD H ?
83 83 F B + 4.7 H NIAGARA GEN
84 84 M B - H HSC
85 85 F B - NO RECORD H ?
88 B8] M B - H CREDIT VALLEY
87 87| F 8 - H MISC
88 88l F B - H SCAR. GRACE
89 89| F B + 23 H YORK FINCH
90 92t F B + 0.6 H ST. JOE'S
91 93 ? 8 - NO RECORD H ?
92 | TN N L It I T 7 L RN T e n T £ NO REC O O e LRI Y AT e
E LR Tl 0 g v 95 & F 3 i AT AA TN s XA ¢ l;_,*-.,*“;’_,;ﬂ_ng_RECORD WA \,\ v H ,‘aﬁqk%m th P T S
94 9% F 8 i
95 98 M B - H %ARF
96 99 F B NIA NIA NSQ H ARF
97 1000 F B - H SCAR. GRACE
98 101. M B - H ARF
99 0z ? ? - NO RECORD H i?
100 103 ? ? - NO RECORD H 1?
101 104. M B e H ARF
102] 105_M B - H C.AID

-ghaded cells denote adult subjects
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L,

i A B | D E F G H | J
103 108, F B + 3.3 H VICTORIA HOSP
104 107 M 8 H MISC
105] 108 F [:] - H MISC
106 motherinfant palr S ONEIERY100 RV ARICR0y K91 A YESERr Sty TP s 1262.5 Bty = & H
107 1100 F B |+ | 1.92 H
108] 1M M B - H HSC
109| 192! F B - H MOUNT SINA!
110 13| F B - H CHILD, HOSP OF EAST, ONT
114 114 M B + 23 H ARF
112 115 F B8 - H SCAR. GRACE
113 116 M 8 + 0.78 H ARF
114 "7, ? B - NO RECORD H 7
118 1181 ? B - NO RECORD H 'L_
116]meconium & hair pair 119) M B + 3.92 | H ARF
117] I ™M B + | 6.1 { M ARF
118 120 F B - H SCAR. GEN
119| 121 F B - H WELLESLEY
120 122! M 8 - H CHILD. HOSP OF EAST. ONT
124 123 7 B - NO RECORD H ?
122, 124 F B + 0.75 H ARF
123 1251 M B - H SCAR, GRACE '
124 1260 M B NIA N/A NSQ H ?
125|mother-infant pair 127] M B |+ | ? NO RECORD H ?
126| TV ORI r ATRTADTARD 128 SR ¥ ovet DU A TR ? R ryT VAR TP PR ARSI CNO RECORD Wi T H T v s M- s
427{meconium & hair pair 120 F b B T NO RECORD | H \?
128] V2 VINTIN DY parmary ] 30 2 codadt-baatik £45 AN B e o vty MR B e e WINOQ RECORD T MRRY. . H o T T
129] 15, 3 T RA R i e, 0TS e o St s WA gapr G AID iR m o ric]
130 132 F B - H HSC
131 133 M B - H TGH
132 134 M B - H NORTH YORK GEN
133 13 M B NIA N/A NSQ H HSC
134|meconium & hair pair 136 M B p - | | M SCAR. GRACE
135 T M B | NIA ] NIA NSQ - H SCAR, GRACE
138|meconium & hair pair 137 M| 8 ) NIA | ! H |ARF

~-shaded cells denote adults subjects
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m

172

9 ;.

’

R LAkl P 3

172, M 8 + 4.316
174 1730 M 8 - HSC
175 174 F 8 - C_AID
[476]meconium & hair palr 75, M| B + | ARF
177] T B + | ARF
178 Aug-84 177 M B + 0.31 MISC
179) 178 F 8 . ARF
180| 1791 M ] + 0.23 MiISSISSAUGA HOSP
181 180) M ] - SCAR. GENERAL
182 181, M B - 0.294 ST. JOE'S (LONDON)
1‘3 H = L, ifly
184 1831 M B + 0.596 C. AID
188 184] F ] - NORTH YORK GEN
188 185 F B - MOUNT SINAI
187 186 F B - ARF
188 =

"~ IMISC-M. GREENWAL

e d o o ol o o e s B o e 4 - o o o o o e e e o o o IT|T|T|T{H | x|=| [T |||

189 F 2] NO DOCS

190, 189, M B - CENTENARY HOSP

191 1901 F B - CHILD HOSP OF EAST ONT
192 191, F B + 1.51 WCH

193] 192' M B + 3.77 TECH

194 193. F B - CHILD HOSP OF EAST ONT
195] 194: F B8 + 0.31 ARF

196 195 M B + ARF

197 196 M B + 413 ARF

198 197 B - ARF

199 198. F 8 - YORK FINCH

200 199 F B + 0|BZ) 0.13{COC) OSHAWA GENERAL

201 2000 M B - ARF

202 201, F 8 + 0[B2] 0.57[COC] HSC (NICU)

203 202 M B + CENTENARY

204/ 203 M B - HSC (MOTHERISK)

-shaded cells denote adult subjects
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o~
| D E F G H i J
205 204| F B - H CENTENARY
206 205| M B + 1.75[82] 8.86]COC) _ H MISC - DR. ROBERTSON
207, 208] F B + BODERLINE H HSC (MOTHERISK)
208 2000 M B - H CREDIT VALLEY
209 "7 . RO ‘
210 209 B 8 - H TEGH (THRU HSC CLIN INST)
211 210] F B + 0[B2) 0.079 [COC H CHILD HOSP OF EAST ONT
212 21| F B + 0(B2]0.096 (COC H VICTORIA HOSP (LONDON)
213] 212 B B + 0{BZ) 2.398 [COC H CREDIT VALLEY
214 213 B * 0 |BZ) 0.056 [COC H HOSPITAL
215 214 B + | 0.208[8Z] 0.189 [COC] H HOSPITAL
218 215, B + [ 0.396(BZ] 4.613(COC) H HOSPITAL
217 216 B + 0[BZ}0.062 [COC) A ?
218 217 B - H ?
218] 218/ B +_|2.103(BZ) 58.539 [COC] | H HOSPITAL

-ghaded cells agenote adult subjects

£91
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Comparison of BZ concentrations (ng/mg hair): Clinical Utilization Study versus
Population-based Study (Forman et al, 1992)

Population-based Study (ng BZ/mg hair) Clinicai Utilization Study (ng BZ/mg hair)
0.19 5
0.24 0.5
0.30 1.1
0.40 3
0.48 3.8
0.35 1.52
43.15 0.69
0.51 1.31
0.50 10.5
0.33 6.2
0.72 2.6
0.64 0.9
0.60 0.2
1.42 0.2
0.35 4.5
0.57 2.6
0.45 4.6
1.67 ' 2.1
0.36 90
0.37 5.13
0.22 0.6
0.38 0.5
7.35 1
0.31 4.7
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Population-based Study (ng BZ/mg hair)

Clinical Utilization Study (ng BZ/mg hair)

1.09
0.36
0.50
0.21
0.30
0.24
0.38
0.44
0.53
0.38
0.43
0.38
0.41

23
0.6
3.3
1.92
2.3
0.78
3.92
0.75
0.5
9.44
9.7

2.7

4.58
2.83
4.32
0.31
0.23
0.29
0.6

1.51
3.7
0.31
1.75
0.3

0.4
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Population-based Study (ng BZ/mg hair) Clinical Utilization Study (ng BZ/mg hair)

2.1




167

Appendix H Publications and Abstracts



Poster presentation and short oral
presentation at the 96™ Annual Meeting of the
American Society for Clinical Pharmacology
and Therapeutics.

March 15-17, 1995, San Diego, California

SECTIONAL HAIR ANALYSIS: CORRCBORATE/
REFUTE SELF-REPORT. IF. Ursiwi. B.Sc., 1J. Klein,
M.Sc.. 2E. Sellers, MD and !G. Koren, MD, ABMT.
FRCPC.. IDivision of Clinical Pharmacology and Toxicology,
Hospital for Sick Children: 2Addiction Research Foundation,;
Toronto, Canada.

Self reporting of illicit drug use has not been a reliable
source of information. In an attempt to utilize an empirical
objective test, hair analysis has proven to be a more reliable
indicator of use. Cocaine (COC) and one of its major
metabolites, benzoylecgonine (BZ), appear in detectable
levels in hair approximately one week after use and remain
there permanently providing a record of longitudinal
exposure. Sectioning will chronologically reflect the use over
the corresponding time period (monthly growth rate: 1.5 cm)
affording a temporal analysis of use. We report on sectional
hair analysis of COC and BZ in 38 subjects who agreed to
provide a detailed self report of COC use. Subjects were
assessed for reliability of the self report at the time of
interview and subsequently stratified. Preliminary analysis of
the correlation between the average COC use with the
average COC and BZ measured in subjects with reliable
history are significant for BZ (R=.55. p = 0.0063). Sectional
analysis can provide the means to corroborate or refute the
self’ report providing a powerful assessment tool in the
medicolegal and treatment context. Further investigation is
required to better understand the relationship, quantify the
uncertainties and discern whether the degree of improvement
warrants the additional [abour.

Supported by the Medical Research Council of
Canada
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Poster presentation at the 56" Annual Meeting
of The College on Problems of Drug
Dependence.

June 18-23, 1994, Palm Beach, Florida

HAIR ANALYSIS-A METHOD OF VALIDATION FOR SELF
REPORT OF COCAINE USE. 2S. Chaudari, 1F. Ursitti, 1J. Klein,
1G. Koren, 2E. Sellers, IDivision of Clinical Pharmacology - HSC,

2A.R.F. - Toronto, Canada.

Self reporting of cocaine use has proven to be an unreliable source of information
and in an attempt to use an empirical objective test, hair analysis has been found to be
a much more reliable source of information. Drugs and their metabolites appear in
detectable levels in bair approximately one week after ingestion; once a drug and its
metabolite are embedded in the hair shaft they remain there permanently. As the hair
shaft grows, it forms a longitudinal record of the compounds it has absorbed. We
report on hair analysis of cocaine metabolite - benzoylecgonine (BZ) in 32 subjects
enrolled in a study in Toronto. All claimed to bave been current or former (within the
past 2 years) regular cocaine users. However, in all subjects urine tested negative for
BZ. In an attempt to validate their self report, a hair sample cut as close to the root as
possible was obtained from each subject; at the same time a detailed account of cocaine
use (monthly use in grams for at least one year) was recorded. 5 mm clippings from
both ends (root and distal) were combined and analyzed for BZ using Roche Abuscreen
RiA. For each subject, the hair clippings showed measurable levels of BZ, therefore
confirming that they were indeed cocaine users. An auempt (o correlate hair
concentrations of BZ with the average use of cocaine per month resulted in a linear fit
with r2=0.0567 when all 32 subjects were included. However, when only the subjects
with a "reliable history” (as assessed by the interviewer) were included the linear fit had
12=0.633 for n=21 (P<0.001). In an effort to obtain a more detailed time relationship,
in one subject with a "reliable self report” the hair shaft was sectioned in 1.5 cm
segments (approx. monthly hair growth) and in each segment BZ level was determined.
A large variability in BZ concentration was observed in blocks of 3 segments (up to 3
fold) reflecting somewhat the change in cocaine consumption as per self report. More
longitudinal hair analysis is mecessary in very reliable subjects to confirm the
usefulness of hair sectioning in providing a dose response curve in cocaine using
subjects. Supported by NIDA.and MRC.
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Oral presentation at the Annual Meeting of The
Royal College of Physicians and Surgeons of
Canada.

September 13-17, 1995, Montreal, Quebec
Recipient of the Presentation award in Clinical
Pharmacology.

CONFIRMATION OF GESTATIONAL COCAINE EXPOSURE BY NEONATAL HAIR
ANALYSIS.

E._Ursitd, I, Klein, G, Koren, Division of Clinical Pharmacology/Toxicology, The Hospital for Sick
Children, Toronto, Ontario Canada.

The advantages of neonatal cocaine hair testing versus urine testing have been amply described in the
literature. However, when maternal cocaine use is suspected the test most often requested by physicians
is still neonatal urine analysis for benzoylecgonine (BZ) - a cocaine metabolite. The purpose of this
study was to verify gestational cocaine exposure using neonatal hair analysis when such exposure was
suspected, yet the urine testing was negative.

Referring physicians were pediatricians from the greater Toronto area. The hair samples were mailed
to the Motherisk Clinic and were analyzed for cocaine and BZ by a method previously described.
Briefly, the analyte is extracted from the bair with methanol and subsequenty quantified by
radioimmunoassay (RIA). The sensitivity of the assay was 0.25 ng/mg hair for BZ and 0.1 ng/mg hair
for cocaine. Between September 1991 and December 1994 a total of 176 samples were analyzed with 57
of them testing positive for cocaine or BZ or both. This represents 32.40% - a figure 5 times larger than
6.25% which is the prevalence of fetal exposure to cocaine in Toronto as determined in a previous study.

The resuits prove that in 32% of the cases the physician’s suspicion was well founded. Because
cocaine users tend to be of lower snciveconomic status. maintain poorer prenatal care. and use other
recreational drugs, alcohol and cigarettes. it is almost impossible at present to verify whether cocaine
alone is responsible for causing adverse health etfects or is the cumuladve etfect of all these factors.
There is a great need for further studies which will be able to separate the effect of cocaine trom the rest
of the confounding factors.
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the Noate

X
Biol Neonate 1997;72:345-351

171

Franca Ursitti Clinical Utilization of the Neonatal

Julia Klein . . e

Gideon Koren Hair Test for Cocaine:

Division of Clinical Prarmacciogy A FOUT-Y@ar Experience in Toronto

and Toxicology, Department of

Pediatrics and The Research

Institute, The Hospital for Sick

Children, Toronto, Ont., and

Departments of Pediatrics,

Pharmacology, Pharmacy and

Medicine, University of Toronto,

Ont., Canada

Key Words Abstract ‘

Neonate Background: There has been a steady increase in the number of new-

Drug exposure borns affected by maternal drug use. Cocaine and its metabolites cross the

Hair analysis placenta and have been routinely measured in neonatal urine: however,

Cocaine due to the short half-life of the drug many exposed fetuses have negative
urine tests. We have developed a neonatal hair test for measuring cocaine
and its metabolites by radioimmunoassay. Since the validation of this test
we prospectively evaluated its clinical utility by physicians, hospital nurs-
eries and social welfare agencies who requested neonatal hair analysis to
verify clinical suspicion of maternal cocaine use during pregnancy. Objec-
tive: The objective of the present research was to establish the sensitivity
of the hair test in validating clinical suspicion of in utero exposure to
cocaine in the presence of negative urine test. Hypothesis: We hypothe-
sized that the use of the hair test in cases of clinical suspicion but negative
urine test will yield a substantially higher rate of positivity than expected
in the general population. Design: Between October 1991 and April 1995
we prospectively analyzed a total of 192 neonatal hair samples to confirm
clinical suspicions of intrauterine exposure to cocaine. Of these, 10 did not
have sufficient hair to analyze for cocaine metabolites. Results and Dis-
cussion: Fifty-five (30%) of the remaining 182 were positive for cocaine
metabolite. This rate was 5.5-fold higher than the 5.5% found by us in a
population-based research study in three nurseries in Toronto (p <0.001),
thus documenting the efficiency of this test in confirming clinical suspi-
cions of fetal exposure to cocaine. Benzoylecgonine concentrations in this
cobort were 2-fold higher than among positive cases in a previous popula-
tion-based screening study (p = 0.0001) indicating that when clinical suspi-
cions prompted physicians to test neonatal hair, they identify a subgroup
of heavy cocaine users, who are probably at higher perinatal risks.
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Introduction

The prevalence of cocaine use during preg-
nancy varies among urban centers, soc10¢co-
nomic and demographic classes, and ethnic
groups. In large US cities it has been esti-
mated that 10-45% of women cared for at
urban teaching hospitals use cocaine in preg-
nancy [1, 2]. A prevalence study of cocaine
use during pregnancy conducted by us be-
tween June 1990 and December 1991 in three
Metropolitan Toronto hospital nurseries (1
inner city and 2 suburban) found 37 of 600
(6.25%) infants tested positive for cocaine [3].
In the Metropolitan Toronto area there has
been a steady increase in the number of new-
borns affected by maternal drug use [4].

Cocaine and its metabolites cross the pla-
centa and have been shown to be associated
with increased perinatal and neonatal risks [3,
5-8]. In utero cocaine exposure has been tra-
ditionally ascertained by interviewing the
mother (self-report) and/or urine screening of
either the mother or neonate or both.

Because of its potential to provide a cumu-
lative and temporal account of exposure, hair
is being used as a biological matrix for detec-
tion of cocaine consumption in adults and in
utero exposure for neonates. Cocaine and its
metabolites are imbedded into the hair shaft
and remain for the life of the hair or until cut.
Although the mechanisms of transport into
hair are not well understood, it appears that
their incorporation rates are dependent on
physicochemical properties such as: melanin
affinity, lipophilicity, membrane permeabili-
ty, etc. [9]. Hydrophobic drugs tend to con-
centrate in the medullated section of hair, and
hydrophilic drugs tend to concentrate in the
nonmedullated sections of hair [10]. The hy-
drophilic drugs tend to be less prevalent in the
hair altogether, which correlates with the pos-
tulates that these drugs are less likely to leave
the more hydrophilic blood. Hydrophobic
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drugs such as cocaine and heroin in the parent
form are more likely to leave the more hydro-
philic bloodstream for a more compatible hy-
drophobic medullated hair. The ratio of the
hair concentrations of cocaine and benzoylec-
gonine has been quantified at 10.5 in adult
hair [11]. In newborns however, the ratio is
much lower, probably due to the fact that
newborn hair is nonmedutlated, and thus less
cocaine and more benzoylecgonine will con-
centrate in the hair.

Hair analysis has been used to confirm
self-reported cocaine use and to study the
prevalence of cocaine use in the Toronto area
in pregnant women 3, 5. In our recent popu-
lation-based study we have shown that using
maternal history and/or urine test, most cases
of intrauterine exposure to cocaine are
missed, whereas the hair analysis provides
positive answers in almost all cases [3].

Diagnosis of intrauterine exposure to co-
caine is often important to explain perinatal/
neonatal complications and to identify ad-
dicted mothers who may not be able to pro-
vide to, or may need help in providing an
acceptable level of neonatal care. Because the
hair neonates are born with grows during the
last 3 months of pregnancy, a positive neona-
tal hair test uncovers an addiction pattern
with the mother consuming the drug long
after she knows she has become pregnant.

After establishing the neonatal hair test for
cocaine in 1989 [5] and its use as a research
tool to establish the prevalence of use [3], phy-
sicians, hospital nurseries and social welfare
agencies (e.g. Children’s Aid) have increasing-
ly requested analysis of neonatal hair to corro-
borate or refute clinical suspicion of maternal
cocaine use during pregnancy, when the urine
test was negative. The objective of the present
study was to establish the sensitivity of the °
hair test in validating clinical suspicion of in
utero exposure to cocaine. The hypothesis un-
derlying this research was that the use of the




Bair test in cases of clinical suspicion but neg-
ative urine test will yield a substantially high-
er rate of positivity than expected in the gen-
eral population.

Methods

The study was approved by the Research Ethics
Committee of The Hospital for Sick Children in To-
ronto. Renewal of the approval in our institution is for
1 year, and the protocol study was renewed regularly.

From October 1991 and April 1995, samples of
neonatal hair and in a few cases, adult hair were
referred to our laboratory at the Hospital for Sick Chil-
dren in Toronto for analysis of cocsine and its metabo-
lite, benzoylecgonine. None of these samples were soli-
cited by our team but rather analyzed at the request of
physicians, hospital nurseries, clinics and social wel-
fare agencies to ascertain clinical suspicions of mater-
nal use of cocaine during pregnancy. In all cases the
merit of the test was explained to the parents or legal
guardians. Table | presents common reasons for estab-
lishing a clinical suspicion for intrauterine exposure to
cocaine in this cohort.

The analytical method for the extraction and analy-
sis of cocaine and benzoylecgonine has been validated
and previously reported [12]. Briefly, weighed hair
samples (2-5 mg) were sonicated in 1 ml of methanol
for 30 min and incubated overnight at 45°C in the
same methanol. The following day the methanol was
pipetted off and the hair was rinsed briefly with 1 m!l of
methanol. The combined methanol solution was then
evaporated under nitrogen at 40°C. The samples were
then reconstituted with 100 ul of phosphate-buffered
saline (pH 7.5). The measurement of benzoylecgonine
was done using Roche Abuscreen, a commercially
available radioimmunoassay kit (Hoffmann-La Roche
Ltd., Nutley, NJ., USA). This kit was originally devel-
oped for cocaine metabolite analysis in urine. For hair
analysis, standards (5-50 ng/ml) in blank bair extract
were used. The cross-reactivity with cocaine is 4% and
the sensitivity for the assay is 5 ng/ml which corre-
sponds to 0.25 ng benzoylecgonine/mg hair.

The neonatal hair was not washed prior to analysis.
External contamination is not considered an issue with
neonatal hair because even external deposition of co-
caine from amniotic fluid is still reflective of intrauter-
ine exposure. The fetus swallows the amniotic fluid at a
rate of 0.5 liter/day {13}; moreover, bathing in it causes
toxins circulating in the amniotic fluid to reach the
fetus via the transdermal route [14]. Because of the low

Clinical Utilization of the Neonatal
Hair Test for Cocaine

Table 1. Common causes of clinical suspicion of
cocaine exposure during pregnancy in our cohort

History of maternal drug use

Medical history suspicious of drug use (e.g., blurred
maternal speech and other signs consistent with
potential drug use)

Signs of needle marks in the mother

Intrauterine growth retardation (weight less than third
percentile for age)

Low birth weight infants

Placental abruption

Intracranial hemorrhages

Unexplained changes in arousal/sleep patterns of the
infants

Neonatal seizures

Sexually transmitted diseases in neonates

keratinization, fetal skin is readily permeable for exog-
enous substances [15). Given that the benzoylecgonine
metabolite is measured, external contamination is not
relevant with respect to the adult hair either because,
as was shown by us recently, benzoylecgonine primari-
ly reflects systemic exposure {12]. All analyses were
performed in duplicate samples.

Proportions of positivity of cocaine in the data of
this cohort was compared to our previously published
population-based studies [3] using the Fisher exact
test. Mean benzoylecgonine concentrations between
this cohort and our population-based cohort [3] were
compared by the Mann-Whitney U test.

Results

Between October 1991 and April 1995 we
analyzed 13 adult hair samples, 192 neonatal
hair samples and 4 mother-infant pairs. Of the
neonatal hair samples provided for analysis,
10 did not contain sufficient amounts to apa-
lyze for cocaine metabolites. Fifty-five (30%)
of the remaining 182 were positive for the
cocaine metabolite benzoylecgonine (table 2).
The majority (72%) of samples were referred
from hospital nurseries and clinics, the re-
mainder were sent from social welfare agen-
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Table 2. Originating source Referral Sam Within- Overall
NS group ples ithin-group
profile and Siwmbunon of referred poy: samples positives '
neonatal hair samples erred mp“ geﬁnv o
n %

Children's Aid 17 9 56 S
Hospital nurseries 1382 36 27 20
Primary physicians 22} 6 30 3
Unknown 18 4 29 2
Total 192 55 30
! One sample was NSQ.
2 Six samples were NSQ.
3 Two samples were NSQ.
4

NSQ samples.

Calculation of the number of positive samples does not include the

cies and private practice physicians. Although
the overall percent of positive test was 30%,
referrals from social welfare agencies were as-
sociated with higher rates of positive tests.

Eight (67%) of the 13 adult hair samples
were positive. One of these adults was re-
ferred on two separate occasions to determine
if the results of the hair analysis ccrroborated
the reported tapered use. Analysis of the prox-
imal segment of hair (closest to the scalp)
showed a decreased amount of cocaine in the
hair on the two separate occasions (from 0.75
to 0.28 ng/mg). Of the 4 mother-infant pairs,
3 were positive in both maternal and neonatal
hair, whereas the single negative pair was neg-
ative in both maternal and neonatal hair.

Comparison of benzoylecgonine concen-
trations in neonatal hair showed significantly
higher levels (4.37 £ 12.5 ng/mg hair) in this
cohort than among positive cases in our pre-
vious population-based study (1.82 £+ 7.08
ng/mg hair) (p = 0.0001), indicating that when
clinical suspicions prompt physicians to test
neonatal hair, they capture as subgroup of
heavy cocaine users, who probably are at
higher perinatal risks.
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Discussion

There are obvious shortcomings in the ac-
curacy of self-reported cocaine use during
pregnancy. Fearing legal consequences and
embarrassment of admitted illicit substance
use, there is a tendency to underreport co-
caine consumption by women. While there is
some debate regarding the justification of rou-
tine neonatal screening for drugs of abuse,
most health professionals agree that if there is
a clinical suspicion of such exposure, it should
be ascertained by a sensitive and accurate
test, similar, for example, to the approach tak-
en towards sexually transmitted diseases. The
purpose of the present project was to test
whether the hair test is sensitive in proving
suspected cocaine exposure. Prior to this re-
search, clinicians could not validate their non-
specific clinical suspicions, and thus neonates
with the potentially very serious diagnosis of
in utero drug exposure were sent home un-
diagnosed and therefore without appropriate
management and follow-up. The samples re-
ferred to us by health professionals, based on
clinical suspicions, yielded 30% positive re-
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Fig. 1. Decision tree - suspected gestational cocaine exposure.

sults, 5.5-fold higher than what we have found
in a population-based study [3]. This differ-
ence (5.5 vs. 30%) being highly significant
(p < 0.0001) means that the clinical hair test
was utilized efficiently and was overall justi-
fied. The decision to collect a sample is usual-
ly prompted by available historical informa-
tion and/or clinical presentation. As shown in
table 1, many of these criteria are nonspecific
in their nature, underlying the fact that in
utero exposure to cocaine does not lead to a
phenotypic syndrome; hence a 30% positivity
is indicative of clinically desirable sensitivity
of the hair test.

Although ethically acceptable because of
the use of discarded material, meconium test-
ing for cocaine is available only during the
first 2-3 days of life, which limits its useful-
ness. The potential limited ability of meconi-
um is well illustrated in a large study by
Ostrea et al. [16], in which only 77.6% of the
neonates had meconium available for analy-

Clinical Utilization of the Neonata!
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sis. The reasons for absence of meconium
included death, transfer to another hospital,
early discharge, failure of collection by the
mother, or insufficient meconium sample col-
lection. Moreover, although cocaine metabo-
lites may be measurable in the first three
meconium stools, the amount found dimin-
ishes significantly in the second stool versus
the first {16}, which may lead to a potential
decrease in sensitivity of detection if the first
meconium sample is not used [17]. The lim-
ited sensitivity is illustrated by a recent com-
parison of the hair analysis to immunoassay
of cocaine in meconium [18], with hair analy-
sis being significantly more sensitive (78 vs.
52%) in detecting gestational exposure to co-
caine.

To assist clinicians in ascertaining gesta-
tional cocaine exposure when clinical suspi-
cion exists, we propose a decision tree which
is presented in figure 1. When gestational
cocaine exposure is suspected, a urine screen

Biol Neonate 1997;72:345-351 349
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should be the first avenue for confirmation
due to its lower cost and faster turnover time.
Only if negative, hair and/or meconium can
be collected recognizing the short collection
window for meconium (1-2 days). Neonatal
hair will retain the potential for providing
cocaine exposure information up to 3-4
months of neonatal age, consistent with the
time needed for most neonates to shed their
first hair,

The high percentage of positivity among
samples referred by social welfare agencies is
consistent with clustering of high-risk cases
dealt with by these agencies. Agency person-
nel are privy to background information that
may heighten suspicion of cocaine use. An
additional dimension most relevant to social
welfare cases is the medicolegal implication of
ensuring proper care of children that have
been exposed to cocaine in utero. Custody of
these children is often subject to legal inter-
ventions, and hair analysis has been used to
corroborate or refute intrauterine exposure to
cocaine in such cases. As illustrated in the
case of the mother who was referred on two
separate occasions, repeated hair analysis has
the capacity to provide evidence of temporal
changes in cocaine use.

The question of whether screening for co-
caine exposure should be performed on all
newborns is being repeatedly raised. In the
very complex relationships between maternal
and fetal rights and in the reality of extremely
heterogenous views in western societies re-
garding drug testing, it is unlikely that routine
screening will ever take place in mothers and
infants. Our results strongly suggest that it
may be sufficient to test suspected cases,
based on nonspecific signs of cocaine expo-
sure, and not to dwell into the enormous cost
and ethical-legal liabilities inherent in univer-
sal testing.

The cost of the hair test is higher (double)
than the urine test, because it is more labor-
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intensive, however, it can provide informa-
tion about intrauterine exposure in the last
trimester of pregnancy, as opposed to the
urine which will give information about expo-
sure for 1-2 days before delivery.

Because neonatal hair grows during the last
trimester of pregnancy, a positive neonatal
hair test for cocaine reflects maternal use long
after pregnancy was recognized and therefore
indicates an addiction pattern. Confirmation
of in utero exposure to cocaine by the hair test
may allow for earlier interventions to ensure
proper care for both the neonate and mother.
In positive cases the mother and infant should
be closely followed with postnatal care, sup-
portive counseling, contraceptive counseling,
public health nurse visits and training in par-
enting skills [19]. There is evidence that inter-
ventions such as home visits benefit the
child’s early development (20].

In summary, this study demonstrates the
advantages of neonatal hair testing for co-
caine in cases of clinical suspicion, when the
urine test is negative. Similar neonatal tests
for other drugs of abuse are now in progress.
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arste st of studies, with use of an open perfusion sys-
tem, clearances of cocaine in the maternal to feta! and
reverse directions were measured over 3 hours versus
simultaneous antpyrine cloaryaces. Similar swudies
were ormed in e mawema! © fetyl diression only.

ads be totiiney wit M)l Vnalne metabolites.

when ethancl was edded ro both the maternal and feta!
compartneats. The initial concentration of ethanoi
added was 400 or 200 mg/dl, which remsined rcla-
tively stable over the 3 hours of peifusion.” This de-
cay psttern has beea confirmed by us repeatedly with
(e alcohol dehydrogenase kits (Sigma. Si. Louis.
Mo.). Calculathons for percentage of transfer (cocaine
versus antipyrine) and for cleasunces arc given in the
footnotes for Tables [ and IE. [n three separate expeni-
ments we deeemined whether cocaine was transfeered
from matsrnal to fetl compastments against a2 congen-
tation gradient. In these studies cocuine was infused
4t a constamt ¢concendation on the materma! side, and
the same concentration of the drug was placed in the
recirculating feal compartment. Accemulation of co-
caine in the fetal reservoir in a concentration greater
than matemsi (fetalmatemal ratio >1.0) is evidence
in faver of active ranspot. '*C-Leucine (known o be
transfesred actively) was used as a positive controf. In





