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ABSTRACT 
Accurate and objective dnig 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 statu by urinalysis and hair analysis of proximal and distd ends b) correlate avg [COC] & 

[BZ] in 1.5cm sections to th- correspondhg self-reported COC use c) evdwte the dinical utifity 

of the hair test in neonates. Admitted Adult Usen: Hair analysis confirmed histoncal COC use 

and characterized historical use patterns, where urinalysis was ineffective. Analysis of hair 

clippings at each end conIùmed 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, naturd hair colour, cosmetic hair treatment, and extemal contamination 

weakened the correlation. Darker coloured hair. particularly black hair, incorporated more COC 

& BZ, despite reporting the use of substantidly less COC. Whereas, blonde hair incorporated the 

least COC, supporting a significant role for melanin in COC incorporation. Also, higher [COC] 

& P Z ]  were observed in women, in those who did not treat their hair, and in those who were 

Black. Although extemal 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 @ < 0.00 1) and P Z ]  was 

2-fold higher @=0.000 1). Hair andysis confirmed clinical suspicions of fetai exposure to COC 

in s subgroup of heavy COC users, who are probably at higher pennatal risks. 
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1 INTRODUCTION 
In the metroplitan 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 bxed on the reports of outreach workes in Toronto, cnck COC is the most popiilar dmg on 

the streets (Toronto Research Gmup 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 treatrnent 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 

treatrnent 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 nurnber 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 prograrns in Toronto, COC ranks second to alcohol as the most 

fiequently reported drug of abuse, however, in young clients COC continues to be the prirnary 

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 arnong 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; 



2 
Osterloh and Lee, 1989). A prevalence study of COC use during pregnancy, conducted 

between June 1990 and December 199 1 in three Metropolitan Toronto hospital nurseries (1 imer 

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 

matemal drug use, fiom 1 1 in 1986 to 99 in 1996, almost a 10-fold increase (Toronto Research 

Group on Drug Use, 1997). 

in 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, fiequency of drug use and the circumstances that result in dmg 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: 

- medicalk linical cases; 

- addiction treatment cases; 

- legal cases; 

- probation cases; 

- forensic cases; 

- occupational health and safety cases; and, 

- children's health and welfiue cases. 

Currently the measures employed to asses use status of substances such as COC fall into two 

categones: 1) self-reported use through stmctured 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 fiom an objective biological test. 



Detennining a (semi)quantitative relationship between these two measures M e r  develops 

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

1.1 Cocaine - Pharrnacology and Toxicology 

Since this study focuses on COC, an understanding of the biochernical basis of detecting COC 

and its metabolites in biological tissues is required. The following is a bnef discussion of the 

pharmacological and toxicologicai 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 vasoconstnctory properties and also acts as a central nervous system stimulant 

having psychomimetic properties that rnay 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 curent of sensory neurons. At higher concentrations, such as afler 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 sympathornimetic, COC blocks neuronal uptake 

of catecholarnines and 5-hydroxytryptarnine. By blocking the reuptake of noradrenaline and 

dopamine by catecholarninergic axon terminals, COC intensifies the effects of neuronally 

released catecholamines and results in central nervous system stimulation (Benowitz, 1993). 



Figure 1 Chernical 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 comrnonly referred to as "crack" 

COC reflecting the cracking noise it makes when heated. Crack is made by rnixing cocaine 

hydrochloride with sodium bicarbonate. 

1.1.1 P harmacokinetic Properties 

In humans, the absorption rate and the onset of effect will Vary with the route of administration. 

COC, a weak base (pK, = 8.61, crosses ce11 membranes quickly entering the circulation and 

subsequentiy the bmin very quickiy (minutes) after inhalation or intravenous injection. Figure 2 

illustrates peak plasma concentrations occtming within 30 minutes of administration. Euphoria 
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occurs within 6-1 1 min (Jones, 1990). The bioavailability of smoked COC c m  range fiom 60 

to 70% and depends on the ski11 of the smoker in using the COC delivery device (Cone, 1995; 

Isenschmid et al., 1992). 

Figure 2 Plasma COC levels after dosing by different routes 

MEANS: TEN SUBJECTS 

ROUTE & DOSE 

O 8 0  120 180 240 300 360 420 480 

MINUTES A F E R  DOSE 

(Source: Jones, 1990) 

Cornparatively, absorption from insufflation and oral dosing is slower with peak plasma 

concentrations npidly increasing for the first 20-30 minutes, and peak levels occurring at 60-120 

minutes afler administration (Jones, 1990). The maximum euphoric effects occur before peak 

levels at approximately 15-20 minutes post-insufflation. The relative bioavailability for both 

intranasai and oral routes ranges fiom 30 to 40 percent and the rernainder is eliminated by fmt 

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 foliowed by brain, blood, liver and bile (leffcoat et al., 1 989, 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 fa11 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 fiom 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 1 2 percent (Simone C ri al.. 1 994). Therefore, the placenta may serve as a 

depot for large amount of COC, offering some degree of fetal protection d e r  bolus 

administration and fetal exposure may be prolonged by placental retention and subsequent 

release of COC and BZ. Variability in placenta1 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 enymatic and non-enzymatic hydrolysis, 4% is excreted unchanged in the 

urine (Benowitz, 1 993). Plasma and liver cholinesterase hydrolyze COC to the major 

metabolites ecgonine methyl ester, EME, (32-49%) (Inaba, et al., 1978) and BZ, ( 2 9 4 % )  (Fish 

and Wilson, 1969; Stewart et al., 1979; Ambre, 1985). The activity of these metabolites is much 

less than the parent cornpound. A small percentage (2.6-6.2%) of the parent compound is 

converted to an active metabolite, norcocaine (NOR), by n-dernethylation (Inaba et al., 1978). 
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When COC is consumed together with alcohol, COC is transesterfied by a liver esterase to 

ethylcocaine (cocaethylene), at l es t  or more equipotent to COC (Dean et al., 199 1). When COC 

is smoked, the heat pyrolyzes COC to other chernicals including benzoic acid and 

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

The plasma clearance of COC averages about 20-30 rnl~'.min".kg-' (Ambre et al., 1988). The 

COC elirnination half-life, afler 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 systern, 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 insornnia, imtability, 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 nsks (Forman et ai., 1993; Zuckerman et al., 1989; Frank 

et al., 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, 198 1 as cited in Benowitz 1993). COC has aiso been used 

for corneai 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 Iacerations in children (Foley et al., 1994; Benowitz, 1993). 



The maximum safe adult dosage of intranasal COC is 80-200 mg (4 rnL of 5% COC solution) 

(Sheen as cited in Ellenhom 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 cornmon), the form used, the route of administration and the interindividual 

variation in metabolism. 





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 infornation. Self-reported illicit substance use has not proven to be 

an accurate measure of exposure (Feldrnan et al., 1989; Mieczkowski et al., 199 1). The accuracy 

of the recall will be dependent on the context and circumstances sunounding the collection of the 

self-report information. For exarnple, a jail detainee is less likely to admit to using COC given 

the potential for untoward legal ramifications. Meiczkowski and colleagues (1 99 1) f o n d  that 

over 70 percent of an arrestee population underreported COC use. Similarly, a pregnant woman 

who has used dmgs ancilor alcohol during pregnancy (Feidrnan et al., 1989) or an employee 

using dmgs on the job are not likely to report illicit drug use given the implications related to 

custody, successfbl 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 Biologicel 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. 

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

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

Table 1 Summary of advantages and disadvantages of vanous types of biological 
markers 

Bio 1 ogical 
Marker 

Biood 

Urine 

Advanluge Disudvantage 

- relatively easy, non-invasive 
specimen collection 

- analytical kits readily 
avai fable 

- anaiytical methods well 
established 

- easy, non-invasive specimen 
collection 

- analytical kits readily 
available 

- analytical methods well 
established 

- cut-off levels are well 
established 

- cos1 - low 

- reflective of recent h g  use 
- limited by biological half- 
life, therefore, listoncal use 
profiles not possible 

- increased risk of transmission 
of infectious diseases 

- refiective of recent drug use 
- limited by biological half- 
life, therefore, histoncai use 
profiles not possible 

- specimen collection can be a 
source of embarrassrnent 

- srna11 specimen collection 
window 

- specirnen c m  be manipulated 



Biologicaf 
Market 

Saliva 

Ahtantage Disadvantage 

- easy, non-invasive specimen 
collection 

- specimen cannot easily be 
evaded 

- historicd use profiles arc 
possible 

- sensitive methods have been 
validated for use in adult 
and neonatal hair 

- large specirnen collection 
whdow 

- drug remains embedded for 
the duration of the hair 
shafk's life or until cut 

- reflective of drug use in latter 
half of gestation 

- non-invasive specimen 
collection 

- easy, non-invasive specimen 
collection 

- hair treatment and colour 
may affect quantitative 
anal y sis 

- accumulated drug levels are 
low, thereforc, scnsitivc 
analytical methods are 
required 

- possibility of extemal 
contamination 

- cost - high 

- small specimen collection 
window (fint 3 stools) 

- increased probability of fdse 
positives - dependant upon 
analytical method used 

- amount of drug found 
diminishes significantly 
with each stool - sensitive 
assay required 

- drug levels are low, 
therefore, more sensitive 
analytical methods required 

- possibility of extemal 
contamination 

- reflective of recent dmg use 
- limited by biologicd half- 
li fe 

- minimal risk of transmission 
of infectious diseases 



Sio logical 
Marker 

Amnio tic 
Fluid 

Perspiration 
(S weat) 

A dvantage Disadvanrage 

- reflective of dmg use 
throughout gestation 

- at delivery, non-invasive 
specimen collection 

- historical use profiles not 
possible 

- small specirnen collection 
window when specimen is 
takm at delivcq 

- collection of specimen during 
gestation extremel y 
invasive (Le. 
amniocentesis) 

- easy, non-invasive specirnen - specimen can be manipulated 
collection - reflective of recent cimg use 

- limited by biological half- 
li fe 

1.2.2.1 Blood 

Blood are usefui in providing an indication of recent dmg use. Sample collection is relatively 

easy but is sornewhat 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 

rnass spectroscopy (GCIMS) because of the specificity associated with these analytical 

techniques. Blood samples m u t  be prcserved 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 Iaboratory 

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 m a s  screening. The analytical 

methods for uinalysis are well developed and analyticai kits are commercially available. The 

analyticai methods Vary and include enzyme rnultiplied immunoassay techniques @MIT), thin 

layer chromatography (TLC), radioimmunoassay (RIA), mass spectroscopy (MS) coupled with 

high performance liquid chromatography (I-IPLC) and gas chromatography (GC). The method 

detection limit will vary with the greatest sensitivity generally associated 6 t h  GC. Urine is not 

useful in informing the assessrnent of drug use over an extended penod of time because it is 

limited by the half-life of the drug being analysed. Urine specimens can be manipuiated such 

that COC use is not detected. 

1.2.2.3 Hair 

It has been known for some time, as evidenced by the studies involving various metals (i.e. 

cadmium, arsenic, manganese, lead, mercury) and nutrients (Le. zinc), that hair can 

nonuniformily accumulate xenobiotics dong the hair shaft and provide a histoncal use pmfile 

(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 chernicals and dmgs of abuse. Hair analysis has been applied in forensic, 

occupational and perinatal cases (Graham et al., 1989; Forman et 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.. 199 1 ; Cone, 1990; Goldberger et al., 1 99 1). 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 shafi forming a longitudinal record of use. 

COC and BZ have been s h o w  to embed in human and animal hair and appear in detectable 

levels approximately one day after intranasal COC ingestion of 0.6 rnglkg (Hendeaon et al., 

1996; jurado et al.. 1997). The appearance rate of other dmgs, such as morphine and codeine in 



15 
human hair, has been reported to be approximately 7-8 days (Cone, 1990). Animai models 

show a rapid appearance rate where COC and BZ and peaked 24 h o m  d e r  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 sarnple, the results of 

the hair analysis may not be positive for dmg use. In 1992, Forman et ai. 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 et al., 1992). This compared well to a cornparison of self-report, 

urinalysis and hair analysis in addicts enrolled in a methadone maintenance treatment program 

where one case (0.9 %) was negative upon hair analysis and positive upon analyzing urine 

(Magma et al., 1992). Higher rates of fdse negatives have also been reported. Tagliaro and 

colleagues analysed the hair and urine of 8 12 people with a history of COC use. COC use was 

confinned in 38 of the cases, however, 5 (1 3%) 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 chernical properties such as: melanin 

afinity, lipophilicity, membrane permeability, etc. (Forman et al.. 1 992). Hydrophobic dmgs 

tend to concentrate in the medullated sections of hair (Kalasinsky et al., 1994). The hydrophilic 

dmgs tend to be less prevalent in the hair altogether, which correlates with the postulate that 

these drugs are less likely to ieave the more hydrophilic blood. Hydrophobic dmgs 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 C0C: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 newbom hair is nonmedullated, and thus less COC and more BZ 

will concentrate in the hair. 

Extemal contamination of hair is an issue that is especially relevant and chailenging in the case 

of COC use. Given that COC is coinmonly used in its "crack" form, airborne COC can deposit 

on the hair shaft extemally posing a challenge in determinhg 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 cm be disthguished 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 airbome COC fiom vapour deposited in an 

unventilated setting to a washing regirnen COC was effectively removed. Whereas, when hair 

exposed to COC systernicdly was washed pnor to analysis BZ was detected where COC was not 

rneasured. 

1.2.2.4 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 usefùl tool to assess gestational 

exposure to illicit substances for as early as 1 7 weeks gestation (Ostrea et al., 1992; Ostrea et ai., 

1993; Callahan et al., 1992; Johnson et al*, 1 994). Because it is not normally excreted in utero, 

meconiurn 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 analyticai dificulties Ieading to false positive results 

have been documented (Lewis et a l ,  1995; Steele et al., 1993). Levels of COC metabolites may 

be meaurable in the first three stools but, the concentrations decrease significantly with every 

stool (Ostrea et al., 1 989). 

1.2.2.5 Saliva 

COC and its metabolites BZ and EME have been rneasured 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. stirnulated saliva conditions) can have a significant 

impact on the concentration of COC and it metabolites (Kato et ai., 1993). Because the dmg 

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 

Assessrnent of COC exposure throughout pregnancy has been done by analyzing arnniotic fluid 

collected at delivery andor resulting fiom an amniocentesis (Moore et al., 1993; Jain et al., 

1993; Ripple et al., 1992). The appearance of a h g  in the amniotic fluid is usually delayed 

d e r  a single dose to the mother, and the concentration in arnniotic fluid graduaily increases. 

Peak amniotic fluid concentrations usually exceed the concentrations in matemal and fetal 

plasma. The delay in appearance usualiy suggests that a major source of dntg cornes fiom the 

fetai urine (Szeto, 1993). 

When collected at delivery, this biological tissue is easy to collect but the collection window is 

relatively small. Amniotic fhid is useM as a qualitative measure in determinhg 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, rnay allow for early intervention mesures 

that prevent or mitigate potential adverse fetai and neonatal effects that may result from illicit 

substance use during pregnancy. 

1.2.2.7 Perspiru rion (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 analyie and BZ made up less than 10 percent (Bum and 

Baselt, 1995). In a study that administered single doses of COC, Cone et ai. found that COC 

appeared in sweat within 1-2 hours when the COC was smoked or snifEed. When the COC was 

taken intravrnously 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). 



1.2.3 Hypotheses and Objectives 

A It 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 shoa 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). 

Altematively, it was postulated that hair analysis could confimi the reported COC use 

statu. 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. 

B 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 semiquantitative fashion. This is based on the fact that 

COC is not uniformly distributed dong the hair length of shaft. Therefore, sectional hair 

analysis c m  be used to explore the dose-response relationship between the reported COC 

usage and the arnount of COC and BZ measured in the hair sections that refiect one 

month's hair growth. Factors including hair colour, treatrnent, and ethnicity that can 

potentially influence the amount of dmg, relative to the ingested dose, that will 

accumulate in hair. 

C In a clinical neonatal setting, it was hypothesized that the use of the hair test, in cases of 

ciinicai suspicion but negative urine test would yield a substantiaily 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 hdf-life many exposed 
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fetuses have negative urine test. M e r  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 resuit from each of the above stated hypotheses are as folIows: 

- 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 neonatai 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 Usen 

2.1.1 Participant Recruitment and Use Assessrnent 

As part of an ongoing phenotyping shidy conducted at the Centre for Addiction and Mental 

Health (CAMH) located in Toronto Ontario, 61 Current or Former (within the p s t  2 years) COC 

users were recruited through advertisements in local comrnunity newspapers and through the 

ciinicai rehabiiitation program at the C&H. The inclusion and exclusion crireria for the smdy 

participants are outlined in Table 2. 

Table 2 Inclusion and Exclusion Criteria for the CAMH Phenotyping Study 

Inïfusion Critcriü Esïl rision Critcrh 
- Males or females (1 8-70 years) - In Iifetime, 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 

III-R for psychoactive substance abuse - Known sensitivity to dextromethorphan 
or dependence for COC oriental, i.e. Japanese, Chinese 

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

At the time of recruitment, participants completed an extensive questionnaire and provided a 

urine sarnple 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 sarnple copy of the questionnaire. 

A urine sarnple was required for the purposes of confirming COC use. Urinalysis is limited by 

the biological half-iife; 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 al1 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. Al1 controls 

reported never using COC. 

2.1.2 Specimen Collection, Specimen Assessrnent and Extraction Procedures 

2.1.2.1 Urine 

Urine specirnen collection, assessrnent 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 Operathg Procedures for the analysis of COC 

using Thin Layer Chromatography (TLC). 

2.1.2.2 Hair 

The interviewer collected hair when the participants retumed upon recall. The hair sample was 

cut as close to the scalp as possible with scissoa in the area of the posterior vertex of the parietai 

region. The proximal end was marked and secured with a srnall 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 (glmonth). 

The hair sample was prepared for initial analysis by taking 5mm clippings from both proximal 

and distal ends. Approximately 2-5 mg of hair was weighed out using an analyticd balance 

(Mettler AE 100, Fisher Scientific). The weighed hair sarnples were then sonicated (Branson 

2000) for 30 minutes in ImL methanol and incubated ovemight at 45OC 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 rnethanol. The extract was then dried 

under a gentle Stream of nitrogen gas at 3S°C. The sample was then reconstituted in 100 pli of 

phosphate buffered saline (PBS). 
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The hair sample was not washed to remove any extemally deposited COC prior to extraction 

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

the discussion about extenial contamination in section 4.2.1.2.2. 

2.1.3 Measurement of Cocaine and Metabolites in Urine 

2.1.3.1 Ana&tical Procedure 

The analyticai method used to detect COC, and its metabolite EME, was Thin Layer 

Chromatography (TLC). Refer to Appendix B.1 for a bnef discussion of the p ~ c i p l e s  of TLC. 

The detectiori limit for this assay was 1 pg/rnL. 

2.1.4 Measurement of Benzoylecgonine in Hair 

2.1.4.1 Analytical Procedure 

The anaiyticai method used to detect COC and BZ in hair was radioimmunoassay (RIA). Refer 

to Appendix 8.2 for a bnef 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, ~ b u s c r e e n ~ ~  

RIA for Cocaine Metabolite BZ ( ~ b u s c r e e n ~ ~ ,  Roche Diagnostics, 1987). The ~ b u s c r e e n ~ ~  is 

based upon the cornpetitive binding to antibody of 12'1 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 ~ b u s c r e e n ~ ~  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 Bnmg hair at a confidence level greater than 

99%. COC and two other metabolites, ecogonine hydrochlonde and EME, cross-react to a srna11 

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 dnigs of a b w  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). 
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The analytical procedure was as follows. 25 pL of the reconstituted sample was measured out 

dong with 25 p L  of dl positive and negative (zero) reference controls. 100 p.L of '*'I-Bz and 

100 pL of Anti-BZ (goat) were added to 25 pL of the zero, each positive reference control, and 

each specimen. Al1 samples were incubated at room temperature for at least 30 minutes and then 

250 pL of the second antibody (donkey) was added. M e r  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 Cornpugamma CS, Fisher Scientific) to obtain 

counts per minute (CPM). The CPM obtained fiom 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 cuve  was prepared for 

every analysis. The standard curve was plotted using the logit transformation where the results 

are expressed as a percentage of the distribution observed in the zero. logit b = l o g  [(b)l(100-b)] 

where b is the proportion of 1 2 S ~ - ~ ~  bound expressed as a percentage of that in the negative 

reference control. CPM values for d l  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 bea  fit was obtained by least square cegression 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 comected to ng/mg hair, based on the mass of the hair. 

%B/Bo = BBo x 100 equation 1 

Bo = CPM for the O ng/rnL (negative reference controllzero) - average CPM of blank 
B = CPM for the positive reference controls or specimen - average CPM blank 



Once the analysis was cornpiete, the resdts 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 Recmitment and Assessrnent 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 questionaine that was originally filled out when urine was taken. At the time of hair 

collection, the participant dso provided a monthiy account of their COC use for as far back as 

they could remember, expressed in gram 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 exarnple. 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 fiirther analysis of the 

information was conducted. 

2.2.2 Specimen Assessrnent 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. Colou. was qualitatively assessed by examining the uniformity of 

the colour dong the length of the hair shaft and comparing to the investigatoa 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 sarnple 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. 

2.23 Measurement of Cocaine and Benzoylecgonine 

The measurement of BZ in the sectional analysis was identicai to the analysis of BZ in the initial 

screening (proximal and distai ends). BZ was measured using the commercially available kit, 

~ b u s c r e e n ~  RIA for COC Metabolite BZ ( ~ b u s c r e e n ~ ,  Roche Diagnostics, 1987) adapted for 

use in hair. Please refer to section 2.1 A 2  for the details. 

COC measurements were conducted using the commercially available kit, ~ o a t - ~ - ~ o u n t ~ "  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 antisenun 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 (Le. cocaethylene and 1-norCOC have been found to cross react). This method has 

been validated for use with hair samples. 

The Coat-A-CountTM procedure is a solid-phase RIA wherein '25~-labeled BZ cornpetes for a 

fvted 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 cornpetition 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 COClmg hair. The cross-reactivity with BZ was 0.5%. The kit is highiy 

specific for COC and BZ, with an extremely low crossreactivity to other drugs. 
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n i e  analytical procedure is as follows. 25 pL 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 .O mi, of '*I-BZ was added to each tube, vortexed and incubated for at Ieast 

2 hours at room temperature. Each tube was then decanted and d l  visible moiçnire 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 c w e  each negative reference control, positive reference control and patient 

specimen was conected for non-specific binding and the CPM of each specimen was compared 

with the CPM obtained for the positive reference controls. Al1 control and specimen samples 

were prepared in duplicate. 

2.2.4 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 andysis of relationships amongst the various parameters. The 

Spearman Correlation CoeRicient was used to assess correlations and the Mann Whitney U and 

Kniskai 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 199 1 and A p d  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 al1 cases they were provided as a result of clinical suspicions of matemal use of COC 

during pregnancy. In al1 cases, the test was explained to the parents or legal guardians. Four 

neonatai control samples were obtained £km staff of the Clinical Pharmacology and Toxicology 

department at the HSC. None of the controls had a history of exposure to COC. 



2.3.2 Specimen Assessrnent and Extraction Procedures 

The specirnen assessrnent 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). 

Extema1 contamination is not considered an issue with neonatd hair because even extemal 

deposition h m  amniotic fluid is stiii reflective of intrauterine exposure. The fetus swallows the 

amniotic fluid at a rate of 0.5 Uday (Seeds, 198 1), moreover, bathing in it causes toxins 

circulating in the arnniotic 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). 

2.3.3 Measurement of Benzoylecgonine 

The analytical method used to measure BZ in neonatal hair was identical to the method described 

in section 2.1.4. f . 

Al1 analyses were performed in duplicate. 

2.3.4 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 ai., 1993) was 

cornpared by the Mann Whitney U test. 



3 RESULTS 

3.1 Confirmation of Self-Reported Cocaine Use in Admitted Users 

3.1.1 Measuremeat of Cocaine and Metabotites in Urine 

Using TLC, urinalysis was conducted on al1 6 1 participants onginally recruited. The results 

were negative for al1 participants, therefore, the COC use status remained unconfirmed for al1 

6 I participants. 

3.1.2 Initial Hair Screening - Participant Characteristics 

Table 3 presents the characteristics of the 38 study participants recailed to provide a hair sample. 

Therefore, 62 percent of the original participants agreed to provide an additionai biologicai 

sample and complete a detailed h g  use questionnaire. 

Appendix D contains the cornplete data set for al1 38 subjects. The majority of participants were 

adult Caucasian males (79%) and Former COC (55%) usen. Only 10 percent of the participants 

used a single type of COC (2 IV only, 2 crack only). Use of al1 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 pnor to the interview and 

completion of the questionnaire. Use of substances such as cannabis, barbiturates, other 

stimulants and opiates was not uncornmon. 



Table 3 Characte ris tics of Participants that Provided Hair Samples (n = 38) 

Mean Age 

Sex (%) 
Male 
Female 

Cocaine Use Status (%) 
Current 
Former 

Ethnic Ongin* (%) 
Caucasian 
BIack/Asian 

Use Type (%) 
Injecting (IV) 
Smoking (crack) 
Snorting (powder) 

Use of Other Substances in 30 days prior to interview and 
completion of questionnaire (%) 

Cannabis 
Barbiturates 
Anviolyticsfïranquilizers 
Stimulants (other than cocaine) 
Opiates 
Alcohol 
Tobacco 

* 3 Black, I Asian, 34 Caucasian 

3.13 Initial Hair Screeaing: Measurement of Benzoylecgonine in Hair (Proximal and 

Dista1 Ends) 

Table 4 lists the BZ concentration in the 5mm clippings taken from the proximal and distal ends 

of the 38 participants that were recailed 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 nom O n g h g  hair to 68 n g h g  haïr (mean = 9.30; median = 3.49; SEM = 

2.32). 



The self-reported COC use corresponding to the proximal and distal ends ranged from O glmonth 

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 (Speamian Correlation Coefficient, 

Rho=0.23, p = O. 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 #3 1 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 d l  sections, thereby conoborating the initial BZ analysis of the proximal and distal ends 

and refbting the participants claim of current COC use. 

Upon sectionai hair anaiysis 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 #3 1. The hair sample for neither participant exhibited any evidence of 

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

TabIc 4 COC (ng/mg hair /section) for participants #16 and #31' 
- - - 

Participant # 1 Section A Section B Section C Section D 

Ten negative control sarnples were analyzed for COC and BZ. When using the Coat-A-Countm 

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 sarnple was less than 90 percent bound. 

3 1 0.08 0.13 0.23 O 
'BZ values for both pmicipants, in a11 sections were below detection 
2analytical detection limit 
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The COC concentration in the adult controls ranged from, 0.009 to 0.403 ng/mg (average = 

When using the AbuscreenTU kit for BZ analysis, the results are considered negative when the 

percent bound is greater than die percent bound for the lowest positive control sample. Al1 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 iduencing factors are physiological and genetic, behavioural, and environmental 

in nature and include use status, use type, natural hair colour, evidence of treatrnent, 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 dong the full 

length of the hair (DOSEICONCENTRATION). 

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 fiom as few as two sections to as many as 2 1 with an average of 

eight The average reported use (grnonth) ranged from O to 58 gfmonth (mean = 16; median = 

10; SEM = 2.86). The average COC and BZ concentrations ranged fiom 0.0 1 to 1353 ng 
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COChg hair (mean = 68; median = 4.08; SEM = 37.05) and from O to 52 ng BUmg hair 

(mean = 1.62; median = 1.2 1; SEM = 1.58), respectively. The cdculated Spearman Correlation, 

comparing the average COC and average BZ concentrations with the average reported use over 

al1 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 (1 1 %) the self-reported 

pattern of use was refbted and in 14 subjects (37%) the historical use pattem remained 

unconfhed. 

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 rneasured 

along the length of the hair shaft. These calculations are presented in Appendix E. The overall 

mean C0C:BZ ratio was 8.8 with a minimum of 1.1 and a maximum of 63.1. This range in 

consistent with C0C:BZ ratios reported in the literature which are typically cited as ranging from 

5-10. 
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Table 5 Sectional Hair Analysis - Average COC and BZ Concentrations measured in 1.5cni sections over the full 
length of the hair shaft 

Participant # Nirmber of Sections Average reported use (granis Average [COC] - sectioned Average [BZ] - sectioned (ng 
COChonth) (ng COC/mg hair) BZlmg hair) 





38 1 21 49.1 0.8 0.4 

Mcan 8 16 68 4.6 

Participant # 

33 

shaded area - at or below the analytical detection limit 
'although the average level i s  below the analytical detection linlit, 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). 

Number of Sections Average reported use (grams Average [COC] - secfioned Average [BZ] - sectioned (ng 
COC/nionth) (ng COC/mg hair) BVmg hair) 

4 2.0 5.7 0.5 



Table 6 Assessment of trends in reported COC use, COC concentrations and BZ 
concentrations along the hair shaft. 

Participan l # 

I 
2 
3 
4 
5 
6 
7 
8 
9 
1 O 
I I  
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
2 7  
28 
29 
30 
3 1 
32 
33 
3 4  
3 5  
36 
37 
38 

BZ 
dccrease 
decrease 
decrease 
decrease 
decrease 
increase 
decrcase 
decreasc 
decrease 
decreasc 
decreast 
decrease 
decrcase 
decrease 
decrease 

no change 
decrease 
decreasc 
incrcase 
decrease 
dccrcase 

no changc 
decrease 
dccrcase 
decrease 
decrcase 
incrcase 
decrease 

no change 
decrease 

no change 
decrcase 
dec rease 
decreasc 
decrease 
decrease 
decreasc 
decrease 

COC 
decrcase 
dccrcase 
increase 
dccrcase 
increase 
increase 
decrease 
decrcasc 
decrease 
increase 
increase 
decrease 
d ec rease 
increase 
decrease 

no changc 
decrcase 
decrcase 
increase 
decrcase 
dccreasc 
dccrcasc 
decrease 
dccrcasc 
dcc rease 
decreasc 
increase 
decrease 
decreasc 
dec rease 
decreasc 
decreasc 
decrease 
decrease 
decrease 
decrease 
decrease 
decresse 

USE 
decrease 

no changc 
decreast 
dccrcasc 
decrcase 
decrease 

no change 
no change 
no change 
increase 
increase 
decrease 
dccrease 
increase 

no change 
no changc 
dccrease 
decrease 

no change 
no change 
dccrcasc 
decrcase 
decrease 
dccrease 
dccrease 
dccrerisc 
decrease 
decrease 
decrease 
decreasc 
decrease 
decrease 
decrease 
dccrease 
decrcase 
decrease 
increase 
decrease 

Assessment 

corroborate 
unconfirmed 
unconfirmcd 
corroborate 

unconfirmed 
re fu te 

unconfirmed 
unconfirmed 
unconfirmed 
unconfirmed 
unconfirmcd 
corro borate 
corroborate 
unconfirmed 
unconfirmed 
corroboratc 
corro borate 
corroborate 

re fu te 
unconfirmcd 
corroborate 

unconfirmed 
corroborate 
corro borate 
corroborate 
corroboratc 

re fu te 
corroborate 

unconfirmed 
corroborate 

unconfirmed 
corroborate 
corroborate 
corro borate 
corroborate 
corroborate 

refu te 
corroboratc 
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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 Usen. The fmt  proximal 1 Scrn 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 uses and negative BZ in former usen. 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 = 3.0 1) 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 ( M m  Whitney-U) of Current and Former users found a significant 

difference in the COC concentration (p=0.0353) and BZ concentration @ = 0.027). 



Tabte 7 Summary of descriptive statistics: Use Status 

Meun average Mean average COC Mean average BZ 
Reported Use conceniration (ng/mg)' concentration 

Former User 1 19.1 27.6 2.2 
in = 23 j 1 (0-57.6) (O. 1 4  14.7) (O- 1 8 -4) 

'p < 0.05 - Mann Whitney U 

Current UserC 

'"alues in bracket. denote the minima and maxima 

@/month) in hair (ng/mg)' in hair 
12 129.7 8.4 

3.23 Use Type 

Table 8 presents the breakdown of the various foms of COC that were used by the participants. 

The majonty of participants, 58%, used d l  three types of COC; IV, crack and powder. Of those 

using only two types of COC, it was more cornmon 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 1 Number ofParticipants (%) 

IV only 

Crack only 

Powder only 

nr and Crack 

Crack and Powder 

IV and Powder 

IV, Crack and Powder 



Given the varying combinations in the forms of COC used, a Kniskal Wallis analysis was 

conducted consisting of the following groupings: 

- IV and crack 

- crack and powder 

- IV and powder 

- N only 

- crack only 

- IV, crack and powder 

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

concentration, BZ concentration and reported use. 

3.2.4 Natural Hair Colour 

The natural hair colour of the 38 participnnts was examined to assess whether there was 

differentid 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 = 1 3 ,  black (n = 9) 

and blonde (n= 4). A Mann Whitney U anaiysis 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 BL for the three hair colour groupings; 

black, brown and blonde- 
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Table 9 Summary of descriptive statistics: Naturai Hair Colour 

Blackj 
(n=9) 

Blonde 1 16 7.3 1.1 17.2 36.2 

Mem Mean average Mean average BZ Mean average Mean average BZ 
average COC concentration CûC clearance cleanmce 
Reprted Use concentration (ng/mgl in hair [p/month Wmonth 
(#month) (ng/m@ in hair ng/mg) ng/mg) in hair 

in hair 
6.1 183 8.9 0.4 3.1 
(0-15.9) (O. 1 - 1353) (0-52) (0-0.9) (0.2-8.1) 

Brown 
(n = 25) 

&learance, an index of incorporation in the hair sh& was calculated by dividing the average reported use 
by the average sectional COC and BZ measured along the full length of the hair 
@OSE/CONCENTRATION). 
3values in brackets denote the minima and maxima 

19.6 3 6.2 3.6 18.9 23 -4 
(1.7-57.6) (0.01-4 14.7) (0-25.6) (0.1-3 60) (0.96-276.6) 

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 nglmg respectively. Convenely, the blonde hair coiour 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 @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 nglmg 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 haïr colour group with coefficients equal to 0.88 and 0.9 1 

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. 



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, 

respectively. A Kniskal Wallis aoalysis f o n d  a significant difference between the three hair 

colours for the index of COC clearance @ = 0.0144). The index of COC clearance was much 

higher for the brown and blonde hair colour groups, 1 8.9 and 1 7.2 drnonth, 

respectively. Although the three groups were not significandy different in the index of clearance 

rate, 36.2 e/month. compared to 3.1 (black) and 23.4 (brown). 

ere subjective1 

of BZ, a similar trend was observed. The blonde hair colour group had the highest clearance 

ence of h 

Cosmetic Hair Treatment 

scribed in section 2.2.2, the hair specimens w ed for evid air 

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 surnmary of descriptive statistics c m  

be found in TabIe 10. 

Table 10 Summary of descriptive statistics: Cosmetic Hair Treatment 

( Mean average Reporred Mean average COC Mean average BZ 

Treated ' 
Use (dmonth) concentration (ng/rn@ concentration (ndrngj 
13 6.3 1.6 

(n = 6) 
Not Treated 
(n = 32) 

(2-53) (2-25) (0.2-3) 
16.6 79.5 5.2 
(O- 5 8) (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 s m d  sample sues 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 1 1. 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 

@*UP* 

Table 11 Summary of descriptive s tatistics: Ethnicity 

Blac k 
(n = 3 )  

Caucasian ' 
(n = 34) 

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

Meun average Reported Mean average COC Mean average BZ 
Use (g/month) concenirution (nglmg) in conceniraiion (ng/mg) in 

hair hair 
1 7.1 68-2 4.6 
(0- 58) (0.01-1353) (0-52) 

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 surnmary of 

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

1 Mean average Reported Use Mean average CûC Mean average BZ 

2 1 5.2 10.5 
(0.78- t 353) (0.22-52) 

values in brackets denote the minima and maxima 

Male' 
(n = 30) 

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 Scm section was analysed 

because confounding factors wodd least influence this most proximal section. Figures 5 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 - I gram per month. 

As expected, the COC values fluctuate more signi ficantly 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 # 1 5 .  

(@bmth) c o n c e n ~ ~ i o n  (ng/m@ concentruiion (ngirngj in 
in hair hair 

16.1 28.6 3.1 
(0-58) (0.01-415) (0-26) 





I I I  4 





Figure 7 Average BZ concentrations (ng BWmg hair) - Section A 

Panel A: All Participants - Section A 

O O O O O O O o,%QO\% % B ~ \ Q ~ @  
Average Reported Use (glmonth) 

2 

Panel B: Participant #6 omitted - Section A 

O O O Q O Q 0 0 g 0 0  Z S ? / S r \ 0 2 9 < 3 S @  
2 \ 

Average Reported Use (glmonth) 
-- . - - 

[ I ~ e d i o n  A - [BZ] nglmg hair / 
- - 
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3.4 Clinical Utlization of the Hair Test in Neonates in Toronto 

Between October 199 1 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. Al1 four samples were negative (below the analytical detection limit) for COC and BZ 

with rnean 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 fiom 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 

Re ferrai group 

Children's Aid 

Hospital Nurseries 

Primary 
P hysicians 

TOTAL 
'one sample was NSQ 

# of satnples referred # of within gro up Overail 
sumples positive (?A))' percent 

I 7' 9 (56) 5 

192 55 30 
iix samples were NSQ 'Two samples were NSQ 

'~alculation of the number of psitive samples does not inchde-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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M e n  neonatal BZ concentrations in this cohort with the BZ levels observed in positive cases 

in population-based study in Toronto, significantly @ = 0.0001) higher levels were observed in 

this cohort- 4.37 t 12.5 @mg/ hair versus 1.82 k 7.08 n g h g  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 sepamte occasions (from 0.75 n g h g  to 0.28 ng/mg). Of 

the 4 mother-infant pairs 3 were positive in both matemal and neonatal hair, whereas, the single 

negative pair was negative in both matemal and neonatal hair. 



4.0 DISCUSSION 

4.1 Effectiveness of Hair AnaIysis in Confirming Cocaine Use 

Al1 61 participants fkom the CAMH initiaily reported using COC within 2 years of the time of 

recmitment. The use of TLC, a relatively insensitive toxicological screen (detection limit = 1 

pg/L), to rneasure EME in urine was not able to confimi COC use in any of the 6 1 participants. 

Although TLC has been widely used in toxicological screening for dnigs of abuse, more 

sensitive methods such as EMIT and RIA have been validated and have become widely used. 

Udess 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 hm). 

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 refiect historical exposure and therefore, able to confimi past use. 

In the case of the initial hair screen, BZ analysis in ciippings from the proximal and distal ends 

of the hair shaft of the 38 recalled participants confirmed COC use in 36 participants. Therefore, 

where unnalysis was not able to confirm COC use, hair analysis was 95 percent effective (refer 

to Table 14). These participants were polydmg abusea 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 cornpared to hair analysis using RIA (clippings from 
proximal and distal ends)' 

TLC - Urinalysis 
Positive Negative Total 
O 36 36 

led participants are presented 



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 urhalysis rernains the most cost-effective analfical method for the purposes of 

initiaily screening patients for drug use. In cases where the weight of the histoncal and clinical 

evidence suggests drug use, a negative urinalysis test can be followed with hair analysis to 

c o b  drug use. Section 4.4 discusses the clinicai use of hair analysis in cases of suspected 

neonatal exposure to COC. 

Hair analysis was not able to confi~rm COC use in participants # 16 and #3 1. Participant # 16 

claimed to be a current user of 3 gramsfmonth at the time of hair specimen collection. Sectional 

analysis was aiso unable to cofirm COC use (Section 3.1.3, Table 4) and the failure to conflrm 

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 sarnple was manipulated in some manner. 

Participant #3 1 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, al1 sections were negative 

for BZ, but COC was rneasured 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, extemal contamination rnust be considered a possible 

expianation. In addition, the length of this participant's hair was only long enough to analyze 

four sections (reflective of approximately four rnonths 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 reIated to extemal 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 

al1 contributed to a low credibility of the true detection eficacy 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 

surroundhg each case. 

The nature of self-reported h g  use information remains a limitation of any study examining 

illicit h g  use in 'real life' settings. Participants of this study were assured that admining to dnig 

use would not be used against them in any way. This must be considered with the fact that a 

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 

dificult 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 @ = 0.05) than the mean of the average BZ concentrations measured over 

the length of the hair, 9.3 @mg venus 4.62 @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 h g  accumulation dong 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. 



Figure 8 Linear Correlation: Mean of Reported BZ concentrations at the proximal 
and distal ends compared to the mean BZ concentrations averaged over al1 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 pattems with dmg incorporation patterns dong the hair shafi 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 

sh& allows the evaluation of the self-reported use information. A comparkon 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. ïhÎs 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 clinicalIy in child welfare cases dealing with custody issues. As 
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reported in section 3.3, repeated hair analysis was used to corroboratdrefbte 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 h o w n  exposure. Convenely, in the case of illicit 

substances, an atternpt 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 actuai COC use than in circumstances where there is a risk of untoward legal 

ramifications associated with admitted dmg use. 

When the participants were considered as a group, non-pararnetric 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 sh& (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 diffculty in establishing a 

predictable relationship where "real-life" COC use can be estimated based on the arnount 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 dmgs 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 resulted 

in correlation coefficients that ranged quite broadly. The rnajority 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 



between the amount of intravenously and intranasdly adrninistered 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 a d o r  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 chernical 

properties of the drug or h g  metabolite, membrane pemeability the various types of cells 

present in hair and a range of potential confoundea 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 

4.2.1.1 Physioiogical and Genetic Factors 

4.2.1.1.1 Hair Growth 

Saitoh (1 969) reported that the average monthly rate of hair growth is approximately 1.3cm. 

Most investigaton 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 anatornical site from which 

the hair sample is taken (cited in Henderson et d., 1996.). The interindivdual vatiability in the 

rate of hair growth results in a discordant paKing of the reported COC use for a given month with 

the COC and BZ vdues measured in the sections. 

Physiological and Genetic 
Rate of hair growth 
Number of hair foiIicles in 

active growth 
Natural hair coIour 
Ethnici ty 
Gender 

Behavioural 
Type of cocaine used 
Hair treatment 
Accuracy of self-report 

Environmenta t 
Cocaine purity 
Extemal contamination 
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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 1.5cm segment 

of hair measured fiom 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 h g  in the past 30 

days, but rather used COC more than 30 days ago, a small amount of the dmg 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 ciifferences 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 n a d  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 

Nahiral hair colour has been identified as a factor that will influence the amount of dmg 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 investigaton 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 

(1 996) 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 et al. 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 

medulIa, the Iocation 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 dmg levels were 

generally seen in pigmented hair, all dmgs 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 melanh, particularly hair proteins, should be 

considered in elucidating the mechanism for dmg incorporation. 

In relation to the hair colour of the participants in this study, the degree of dmg incorporation 

into hair differed with the various nahiral 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 tirnes higher mean BZ levels 

than participants with brown and blonde hair, respectively (Table 9). Convenely, 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 expianation 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". Al1 9 black-haired participants used "crack" along with other types of 

COC and 2 used "crack" exclusively. 

In addition, consistent with the hierarchy of dmg incorporation into hair, blacks > brown > 

blonde, the index of clearance rate for COC and BZ was Iowest 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 haïr in 

different ethnic groups. Sky-Peck (1 990) was able to demonstrate significant differences in trace 
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element concentration between ethnic groups, Caucasian, Black and Asian fernales. Striking 

differences between Caucasians and Blacks were found with increased levels of calcium, iron, 

nickel, chrorniurn, mangrnese, arsenic and lead in Blacks. These higher levels may be, in part, a 

reflection of hair treatment and environmentai exposure. 

In this study, participants were stratified based on ethnicity, Caucasian, BIack 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 were 1.3 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 beîween 2 and 12 times more COC incorporated into the 

hair. In an in vitro COC binding study Kidwell and Blank observed that Af'ricoid hair had a 2.9 

times the amount of COC than in Caucasiod hair (Kidwell and Blank as cited in Joseph et al., 

1 996). 

In an effort to examine the binding mechanisrns of dmgs in hair, Joseph and colleagues (1 996) 

shidied the in vitro binding of radiolabelled COC in Caucasoid and Africoid subjects where hair 

specimens were treated to remove lipids and melanin cornponents. The rnean total binding of 

COC to untreated hair was significantly greater @<O.Ol) in male Afncoid hair. The Iargest 

difference, 34-fold, was observed between male B lack 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 detemined. 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 ma& substances. I t  is apparent fiom incoqmation studies of 

other substances that the dinerential accumulation arnoogs? ethnic gmups varies. For example, 

contrary to the trend with COC, the incorporation of trace elements into hair was lower in Asians 



for many elements than they were in Caucasians and Blacks (S ky -Pec k, 1 990). There fore, 

these conclusions are not generalizable for d l  xenobiotics. 

There was only one Asian participant in this study with littie reported use and very iittle 

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 arnongst ethnic 

groups. This influence must be considered when using hair analysis clinically to assess the 

amount of COC used. 

4,2.1.1.4 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 shah. Although there was not a 

significant gender difference in COC incorporation in this population, previous studies have 

shown diEerential incorporation in men and women. 

In an andysis of trace elements in hair, Sky-Peck (1 990) 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 treatrnent 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 

ma1e: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. 

4.2.1.2 Behavioural Factors 

4.2.1.2.1 SeW-Reported Use Status 

The purpose of examining self-reported use status was to assess the effectiveness of hair analysis 

in connrmuig 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. B y examining the most proximal hair section, use status was 

c o n h e d  in 66 percent (n = 25) of the participants. The inability of hair anaiysis to confïm use 

status of the other 13 (34 %) participants may be due to a lack of truthfulness and can also be 

impacted by interindividual diReremes in haK growth and environmental exposure to COC. 

Nonetheless, use status in this population was cofirmed 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 shafi, was significantly higher, 4.5 

and 4 fold higher, respectively, in Current Uses. This observation reflects the larger impact of 

extemal 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 altenng the dmgs embedded in the hair ma& andor increasing the sorption of dmgs 

externally. The analysis of the stability of drugs of abuse in hair and the influence of cosmetic 

treaûnent on the hair shaft is an area of active research. Cosmetic hair formulas act mainly on the 

matrix proteins and the ce11 membrane complex and in the case of a bleaching treatment, aiso on 

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

keratinîzed hair (Skopp et a!., 1997). Concentrations of a number of dmgs including COC, BZ 

and opiates have been s h o w  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 dmgs 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 Iikely due to the fact there were only six participants showing 

obvious signs of treatment. 

There is some debate in the literatwe about the possibility of increased fdse positive results 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, caicium, 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 andor airbome deposition, deposit onto hair and 

be sorbed into the hair shaft. However, the magnitude of COC exposure fiom 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 containhg 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 treatrnent can significantiy 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 fiom the hair shaft because it is embedded systemicdiy through the blood 

Stream. 

4.2.1.3 Environmental Factors 

4.2.13.1 Purity 

When dealing with substances of abuse, the purity of the h g  will vary and adulteration is not 

uncommon. The ptirity of COC seized in the first three quarters of 1997 in Toronto reached its 

lowest level since 1986 averaghg 62.8 percent (Toronto Research Group Dnig Use, 1998). It is 

not feasible to consistently and accurately assess the influence of COC purity on the dose- 

response relationship. 

4.2.1.2.2 External Contamination 

ln the case of COC use, the issue of external contamination warrants a dedicated discussion 

particularly because the most popular f o m  of COC is "crack" which results in vapourized COC 

that cm deposit extemally onto the hair shaft. Among the participants of this study it was 

common to use al1 three forms of COC; crack, IV, powder. The 1993 US National Household 

Survey on Drup Abuse found that 77% snorted, 36% smoked and 7% injected COC. When 

fkequent users are compared to infrequent usen, there is a greater rate of crack use in frequent 

users (Hatukami and Fischman, 1996). The participants of this study were admitted uses, many 

seeking treatrnent for addiction. Two participants used crack exclusively and only two reported 

not using COC in the 'crack' fom. 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 f o m  of crack, extemai 

contamination fiom airbome COC was recognized as a potentially significant codounder in the 

determination of a quantitative dose-response relationship. Therefore, COC measurements were 
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always accompanied by measurernent 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 ~ ! e  average reported use. 

This reflects, to a certain extent, the confounding nature of extemal deposition of airbome COC. 

In two separate studies of the amount of COC deposition fiom vapow 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 arnounts of BZ when hair was exposed to high levels of COC (Wang and 

Cone, 1995; Koren et al., 1 992). 

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 fiom the 

hair matrix, which has been incorporated systemically through the circulatory system. This study 

was not linked to any legal or clinicd investigation, therefore, it was not critical to eliminate or 

characterize the extemally deposited COC. However, in clinical applications where only the 

parent compound, COC, is measured, a washing procedure wouid be wise to delineate active 

ingestion. 

Some investigators have developed stnictured procedures that can be applied in clinical and 

investigative circurnstances. Baumgartner and Hill have proposed wash kinetic cnteria for use in 

eliminating passive extemal contamination that allow the characterization of active use versus 

extemal contamination. These criteria, presented in the table below, are ratio-based and require 

the amount of h g  in the hair digest and the h g  measured in the wash assay to exceed three 

different ratios (Mieczkowski, 1997). In a study of low level COC exposure in narcotics oficers 

the application of the cntena resulted in al1 the officers being negative for active COC use 

(Mieczkowski, 1 997). 



Extended wash ratio I 
Safety zone ratio 

Curvature ratio t-- 
Calculation 1 Required ratio 1 

Y 

Amount of drug per 10 mg hair in digest1 1 2 10 
Amount of drug per 10 mg hair in last POa 
wash 
Amount of drug per 10 mg hair in digest/ 
Amount of dmg per 10 mg hair in al1 4 POs 
washes 
Amount of dnig per 10 mg in 3 PO4 wash, 
3 times the amount of dnig 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 dmg, analyzing for metabolites such as BZ provides a measure of 

systemic COC burden that is not impacted by extemal contamination. It has been suggested that 

B2: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 3 1 of the 38 participants (82%). This 

benchmark is conservative because, typically, the COC levels in hair are 5-1 0 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 nsk of false positive results, due to 

drug-uptake via sweat or sebum is minimal because the amount of dnigs that incorporate into 

hair is small for both untreated and cosmetically treated hair. However, Henderson et ai. found 

meaurable COC in hair as early as 8 hours post intranasal administration of 0.6 mgkg COC 

concluding that eight hours is not sufficient time for COC to incorporate into haïr and therefore, 

sweat or sebum extemally deposited is the COC source. Despite the fact that the COC source 

can be in the fom of sweat and sebum, this remains a measure of COC ingestion and is not 

simply exposure fiom extemally deposited vapour and powder. In addition, the relative 



contribution of COC in sweat and sebum to the total arnount measured in a hair sarnple 

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

Given the potential for extemal 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 Iabelled positive, the 

measured drug concentration in the hair sample must exceed a certain cut-off value 

(Mieczkowski, 1997). These cut-off s are distinct fiom the Iimit of detection associated with 

specific analyticai 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 commmity has not reached a consensus on an appropriate cut-off value. However, 

there are suggestions for cut-off s that range fiom 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 h g  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 Iength of the hair and in the most proximal 1 Scrn section. This first 

section is l e s t  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 cdmonth; 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 grnonth (500 to 1000 mg). In a more controlled dose study, 

COC was found in hair of al1 the subjects who received a single intravenous dose greater than 

35.2 mg (approx. 0.3 mgkg) but not in subjects who received lower doses of 11 3-22 mg 

(Hendenon et aï., 1996). This threshold would be approximateIy 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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cm, in the absence of hair altering factors, detect very low levels of COC use, as low as "one- 

line" of COC powder. 

4 3  CIinical Utilization of the Hair Test in Neonates in Toronto 

There are obvious shortcornings in the accuracy of self-reported COC use during pregnancy. 

Fearing iegd consequences and embarrassrnent of admitted illicit substance use thzre 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 semially 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, dinicians c m o t  

validate their non-specific clinical suspicions, and thus neonates with the potentiaily very serious 

diagnosis of in utero drug exposure are sent home undiagnosed and without appropriate 

management and follow-up. 

The sarnples 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 et al., 1993). Also, BZ concentrations measured in neonatal hair were significantly 

higher @ = 0.0001) in this cohort than among positive cases in our previous population-based 

study, 4.37 t 12.5 ng/mg hair compared to 1.82 f 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% venus 30%) being highly significant @ < 0.0001) means that the test was 

utilized efficiently and was overall justified. The decision to collect a sample is usually 

prompted by available historicd information andor 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. 



Table 16 Common S i g s  of Clhical Suspicion of COC Exposure During Pregnancy 
Observed in this Cohort 

History of matemal dnig use 

Medical history suspicious of dmg use (e.g. blurred materna1 speech and other signs 
consistent with potential dmg use) 

Signs of needle marks in the mother 

Intraute~e growth retardation 

Low birth weight infants (weight less than 3d percentile for age) 

Placentai abruption 

Intracranial hemmorages 

Unexplained changes in arousal/sleep patterns of the infants 

Neonatal seizures 

Sexually transmitted diseases in neonates 

ilthough ethically acceptable because of the use of discarded material, meconium testing for 

COC is available only during the fiat 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 meconiurn included death, transfer to another hospital, early 

discharge, failure to collection by the mother, or insuficient 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 venus the fiat (Ostrea et al., l989), 

which may lead to a potential decrease in sensitivity of detection if the first meconium sample is 

not used (Rosengren et ai., 1993). The limited sensitivity, illustrated by a cornparison of the hair 

analysis and meconium, found hair analysis to be significantly more sensitive (78% versus 52%) 

in detecting gestationai exposure to COC (Callahan et al., 1992). 



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 shouId be the first avenue for codmat ion  due to its lower cost and faster turnover 

t h e .  Only if negative, hair ruid/or meconium can be collected recognizing the short collection 

window for meconiurn (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 thne needed for most 

neonates to shed their fmt  hair. 

It has been estimated that approximately onequarter of d l  child welfare cases in Metropditan 

Toronto invo lve 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-nsk cases deait 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 rehite 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 (nsk identified well 

after birth) are suspected of being in environrnents 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 matemal 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 rnay 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 hospitai 

by 2 year olds through encouraging health care maintenance visits and imrnunizations (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 assessrnent 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 dificult to obtain. It is very 

Unportant to identif)- ùidividuals requinng matment recogniang 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 addt polydnig usen. In addition, the clhical 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. Altematively, it \vas 

posnilated that hair analysis could confirm the reported use status. As a quick fint 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 anaiysis depending 

on the analytical methods employed. 

Where urinalysis is unable to confirm COC use. hair analysis can be used to cornoborate 

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 = 6 1). Conversely, employing the hair test io confirm COC use by 

clipping the ends of the hair shaft, COC use was confimed 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. in a 

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 raie and extent to which drugs incorporate into hair depend on the physical and 

chernical properties of the drug or dnig 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 extemal 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 rnelanin 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 BIack. 

Extemal contamination of the hair was a significant issue for this population, particuiarly 

since the majority of the participants smoked "crack". However, the coanalysis of BZ 
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dong 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 confïrming 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 dmg use. Given that participants were requested to provide an 

account of their COC use for as fat back as they could rernember, the accuracy and 

reliability of the infornation decreases. This result is fairly unique to the circurnstances 

surrounding this shidy and these fmding 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 1 gram COC/month (-1 7 

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 perinatallneonatal 

complications and to iden@ addicted mothee who may not be able to provide to, or may need 

help in providing an acceptable level of neonatd care. Because the hair neonates are bom with 

grows during the last three months of pregnancy, a positive neonatal hair test uncovers an 

addiction pattern wiîh the mother consuming the drug long afier she knows she has become 

pregnant. 

In a clinicd 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 fmt avenue for 

confirmation due to its lower cost and faster turnover time. Only if negative, hair and/or 
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meconium c m  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 s h o w  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 dmg-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 intluencing 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 al1 newboms is 

being repeatedly raised. In the very complex relationships between matemal and fetal nghts 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 mothee 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 Iiabilities inherent in 

universal testing. 
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7 APPENDICES 



Appendix A Sample Questionnaire administered ïo the admitted d m g  usen 



- A U  INFORMATION IN THIS QUESTlONNAlRE IS CONFlDENTlAL - 

b) Whtch of the fdlowlng ethmudîural groups describe p u r  famly's ethnic orlghs as far 
back as you are aware? (Clrde thos that @y) 

(25) 
(26) Naüve Indian 
(2ï) Other Native Arnetlcan 
(28) Other South East M n  
(?a) PdW 
1301 portue- 
(31) Scaetfsh 
(32) South American 
(33) SpanW 
(34) Ukralnian 
(35) - 
(36) 0th~-spedfy: 

4. Are yw wently taldng any medications? 1 . Y e s  2 . N o  



6. My attitude towards cocalne use is mast d w  descilbed as: (Check M y  one) 

7. Here are some reasons why people try using cocaine. Whlch d thm. If any, were true in p u r  
case? (Answer dl) 

8. About tmv dd were you wtien yw fini used cocaine? 

9. About how d d  were you when yai uslw coche r e g M y  (la more ümn 10 times per 

IF YW ARE A FORMER COCAlNE USER 
BUT 00 NOT USE COCAlNE HOW, SKIP TO QUESTiON 37 



1 2  H w  mny  Qys in a rnonih do you use cocalne? (Estimate as a~#llatdy as possible) LU . 

14. What LP the hlghest number d days you hante taken cocalm in a monai? LU 

15. hhat k the number d days you prefw ta use caglne each moritti? LU 

16. Haw much money in ddlars do you spend on cocaine ln an average month? - d d m  



IF NO, SKiP T0 QUESTION 24 



27. Do yw epend a lot d the taklng d n e  or ddng whatevec yar have to do to get K? 

28. Do you ever use cdcaine Mlle ddng somthfng that may be dangercm if done under the lnfiuence 
d cocalm W. drMng)? 



33. ûcms your use of cocalne causa pydwloglcal pmb(ems, llke making you depressed? 

1 . Y e . s  2 N o  

BrieRy describe: 

34. Does ywr use d wcaine cause physlcal problem or make physical pro4iems worse? 

1 . Y e s  Z N 0  

BriefIy dBscTIbe: 

IF Y W  WERE A FORMER COCAiNE USER 
BUT 00 NOT USE COCAlNE NOW, PCEASE CONTINUE 

37. When did you stop usIng cocalne? 



38. W e  you were stll uslng cocalne rqrlar(y. dld you take cocalne daiifl 

1 * y e s  2-no 

39. Whle yw mwe sM using cocalne reg~dartv, how many days did you take cocaine lne& m t h ?  
(Estimate as acwrateiy as possib(e) 

Lu  

40. Whle you were a usfng u x a h  reg&<ly, apait hom times that you may have been trying to stop 
d n e  use, were there mocrttrs wtieri you dldn't take any cocalne? 

41. Whst b the hlghest number d days you have taken &ne In a month? 

4 2  Hcw much m y  In ddlan dici you spend an caxlne h an average month? 

- - ddtars 

43. How nrany gcams d cocelne du  you use in an m g e  month? 



46. Dld you ww have any d oie fdlowing withdrawal syrnptoms when you stopped taking wcalne? 
(Answer dl) 

48. whig you were s!N using cocalne ieguhtty, dld you fkd that w h  you started taklng cocatne yw 
. end& up taking much more d k than you were planning? 

49. DU you s p d  a ICR d time taking oacafne or ddng whatever you had to do to get Y1 

1 . Y e s  2 N o  



53. Dld you ever use cocaine so &en that you used it kistead d W l n g  or spending time on Mbiw 
or wlih your famPy and friends? 

54. Did your use of cocalne cause problems with m e r  people, such as family memberç or people at 
w m  

55. Did y w r  use d d n e  cause psydiological problems. k e  rriaking you depressed? 



ALCOHOL 

IF ANSWER IS JJONE, SKIP TO QUESTION 65 

C 

%ln the last 12 mont 6Q. - h ~ ,  what is the maximum nurnber of drlnks (H any) that you have c o n s u d  In 
any one week mrfd? (Check orily m). 

61. In the last 30 dam what Is the mardmm number of drlnks (If any) that you have coclsumed in any 
pne week oeriod? (check only one). 



Has anyone ever oôjeded to your dririklng? 

l.,Ya 2,No 

n yw N ~ R  used ~cohd m a d y  (la les than 1 0 tlmes in your Iifetfme). Micate why. (Please check al 
mappty) 

A- Dld not Ike the effect 
8- concerna da bout^^ 
c -  Nat avalia#e 

5 D- 
% 

WraJ masms 
E- T m  - 

- - m .  F ProhlMtlorr on rellglorcç grounds 
G -  Olher. Rease s p d y  - 

CANNABIS (~irsh, Mafipmu) 



70. In w r  lifs. on how many axaskms (if any) have you used a baiblturaie? (Check d y  one) 

1F ANSWER IS NEVER, SKIP TO WESTION 73 



the dadavs. on how many 0 ~ ~ 8 s l o r \ s  (If any) have you vsed a barbiturate? (Check only ooe) 

ANXIOLMICS/TRANQUI LLIZERS 

IF ANSWER IS JEVER, SKlP TO QUESTION ff  



78. In vwi Iffe. on how many occdons (if any) have you used a stimtrlann (Check only aie) 

tknes 
ttmss 
tlmes 
tfmes 
times 
tsmss 
atmes 
IF ANSWUI IS NRIER, SKIP TO QUESTION 81 



TOBACCO 

82 jn voui me, what & the maximum nmber (if My) d cigarettepackam that you have smoked h 
anv orre week ~erlodir (Check ody one) 



None 
1 padc 
1 - 2 packs 
3 - 5  packs 
6 - 9  packs 
Io-rs packs 
20-39 pa- 
40+ packs 

IF ANSWER IS NEVER, SKlP TO QUWnON 123 



87. In the mst 12 morrthg on how many occasions hdve you used an aphte alm or In comblnatbri? 
(- &Y one) 

88. Jn the mst 30 dam on how many occasbm have you wed an opLate alone or In comblnation? 
d y  

89. jWhat is the maximum nurnber d tlmes yw have evec used ophtes In one month? 

IF ANSWER IS O - 9 TIMES, SKI? TO QUESTION 123 

IF ANSWER IS IO+ TIMES BUT YOU DO NOT USE OPlAlES ANYMORE, SKlP TO QUESTION 108 

If ANSWER IS t0+ TIMES AND YOU ARE ST lU  USlNG OPIATES, PLEASE CONTINUE 



IF NO, SKI? T 0  QUEST1;ûN 95 

3 D u -  

- E LU years 





Do yw find that you need to use more ophtes to get high than you dîd when you drst started using 
them? .. 

IF YOU ARE A FORMW OPLATE USER 
y BüT DO NOT USE OPINES NOW, P U E  CONTINUE 



114. Did you ever use op&t8s whiie ddng ~ ~ m e t t i i n ~  that may be dangerous 1 done under the Idluence 
of ophtes (le. drivlng)? 

1.-Yes 2-No 
C 

Y 

B M y  d&be: 

1%. Did you ever use oplares whle ddng smething Important, like being at sdiod or work or taMng 
care of ChQdren? 

117. D ~ y o u e v w u s e ~ t e s s o d t e n ~ ~ ~ u u s e d t h e m M e a d d w o r l d n g o r s p e n d i n g t h i e ~  
hoWlescKwMlyourfamryandMends? 

1- - YS  NO 



Did ywr use d oplates cause physlcal problems or make physical pcoblems wone? 

1.-Yes Z N 0  

B M y  describe: 

-0iâ ophm have the same effect on you r[ght befote you stopped taking them as when yw first % 
:s&Red wng tham? - .  

Y e s  2 N o  

B W y  describe: 

GO TO QUESTION 124 





IF YOU DO NOT WANT FURTHER INFORMATION LEAVE THIS SECTION BLANK 

Phone.. Home Worh 

If we contact yw we wUI not Id- th4 we are calllw tiom the Miction Research Foundatkn 
: If we have to Imve a message we Mi dmpiy say i! 'concems a surver. 

- A U  OF YOUR ANSWERS W U  BE KEPT STRlCTLY CONFlDENTlAL - 

P M E  RElllRN THIS QOESllO(JNAIRE AND URINE M P L E  
WHETHER OR NOT YW ARE INTERESTED IN FURTHER INFORMATiON 



Appendix B AnaIytical Methods 



1 O8 
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 dmgs but it requires diligence, careful attention to procedural 

processes and extensive experience. 

TLC provides qualitative and semiquantitative resdts. 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). DifEerential 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 dong the stationary phase the analyte 

of interest is detected by the application of a suitable visualkation ragent. Identification of the 

d y t e  is based on RF values which describes the distance rnigrated on the stationary phase 

Rf= distance moved bv the solute 

distance moved by the mobile-phase front 

Rr values are then compved to standards. Rfvalues can Vary fiom laboratory to laboratory and 

should be used as a guide. There are a number of factors that can cause variances in the Rlvalue 

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 Fned, 199 1 ; 

Klaassen et al., 1986). 



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 ce11 receptor. 

Ixnmunoassays 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 iiiusûates the basic principles of an 

immunoassay. When given amounts of antigen and antibody are ailowed 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 

equiiibrium the amount of antigen-antibody complex (B) is increased. However, the increase in 

the f k e  hct ion (F) is relatively greater and thus yields a lower bond to free ratio (Panel B). 

The distribution of the antigen between the bound and fiee 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 (Le. '''1) 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 Iabelled with 12'1 and the other 

remains unlabelled (equation 1.1). 

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

Ag = antigen 
Ag* = radiolabelled antigen 
Ab = antibody 



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



Appendix C Coat-A-Countn" and AbuscreenTM information 





COCAINE METABOLITE 
is a solid-phase l q  radioimmunoassay designed for the guantitative and qualitative measurement in urine of benzoyl- 
ecgonine, the principal uriaary metabolite of rocaine. It i?i intmdcd stnctiy for in vitro use in the context of a program 
imlvuig an estaMished confirmatory test for cocaine and its principal mefabotes. 

Catalog Numbers: TKCNl (100 tubes) TKCNS (500 tubes). 
The lûû-tube kit contains not mon than 10 micmxris (370 kilobecquereis) of radioactive [laIj benaoylecgo- 
,e, and the SOMube kit contains not more than 50 mirmaries (1850 kilobecquueis). 

Summary and Explanation of the Test 
Cocaine (benzoylmahy1ecgonine] is an es- of bcnzoic a d  and ecgonine, found in the leaves of the coca plant 
(Erythroxybn coca). The clmg cm be taken oraiiy, intravcnously, or (more cornmonly} either taken by intranasal in- 
su&tion or inhaled as a q o r  (.free-basing)?~ 
Ir the hdy, metaboikm to ecgonine ndhy1 ester and ccImine c :cun by the action of s a u m  and ber cholinesterase!O 
Benzoylecgonine is not produced enzymatidy but by simple hydrolysis, both in the body and in aqueous specimens: 
Loss of the rnethyl esier occurs spontaneousiy, in a process that is dependent on pH and temperaturcs BenzoyIecgonine 
may also & enymatic conversion to ecgonine by cholinestemes? Otha metabolites rnay occur, including aryl- 
hydroxy metabolites?2 
Afto single intranasal doses of 100 to 150 rniliigrams of cocaïne, piasma concentrations of cocaïne reacb peaks of 
100 to 500 ng/mL after 20 to 60 minutes?l l7 Much higfier p h  concentrations occur in 'street" use, and hi& brain 
concentrations of cocaine have ken hund in pst-mottm studies hilowing cocainc overdose? The balf-iife of cocaine 
in blood is on thc order of 30 to 120 minutes; whereas benzoylecgonine has a longer half-life in blood of 7 ta 9 hours. 
in urine, benzuylecgonine is the major metabolite fnind? Ody a few percent of an administered dose of cocaine 
appean in urine unchanged? Benzuylecgonine is found in urine scon after cocaine insufflation, and can remain detea- 
able £'or up to 48 houn? In aad urine, the proportion of unchanged cocaine is reported to be higher. Ecgonine methyl 
ester, norcocaine and aryl-hydroxy metabolites have also been found in urine? 7 9 l2 as l6 l u  



9 Coal-A-Count Cocaine Meîaboiite 

Principle of the Procedure 
Cocaine (benzaylmethylecgde) fan lose iîs methyl group through hydrolysis, and the benzoyl group tbrough the 
action of pseudocholinesterasc AppmOcimatcIy 70% emerges in the u M e  ov9 48 hours, ptimarily as benzoy1ecgonine 
The Coat-A-aunt procedure is a salid-phe radiaimmunoassay, wherein urI.iabeled benmylecgonine cornpetes for 
a 6xed time with benzoylecgonine in the patient for sites on benmylecgonine-spedic antibody. Because the 
anti'body is immobiid to the wall of a poiypropylene tube, Smpiy decanting the supunatant &ces to tuminate 
the compeütion and to Wkte the mtkxiy-bound fradioli of the radiolabeled bermylecgoninc Counting the tube 
in a gamma couIlfer then yields a ntupbef, which ~owerts by way of a caiibration curve to a masure of the bcnzoylec- 
goninc present in the patient sample. 

Procedure There is oaily one reagent to dispense, and a sinde one-hour incubation at room temperature 
No cmtrifuge is rquired. Sample a d  tracer additions cpn be handled simuitaneously, if desired, 
with the help of an automak pipetttr-dihr&r. The simplicity of the C o a t - A M  procedure 
makes it ideal f a  high-yohme screming. 

Separation The coabcd-tube methodo1ogy C&YS s i p i k a n t  advanfages in r d i d S i ,  as well as speed and 
comnnienc+ Sace the tuks ca .  be vigorousiy d e d ,  &out bss d-bod mahiai. 
This rcsuIts in a dean separation of bound h m  fm, with negligible nonspeci6c biidhg. 

Data Reduction Conwntionai RIA dcchniques of alculatm and quality contr01 are applicabk The assay has 
been optimized fw ünearity in a bgit-log representatim throughout the range of its calibrators. 
Moreover, the comptation can be shpi%ed by omitting the correction Spr nonspeci6c bmdhg, 
without compromiia'ng r e d i s  or quality control. 

Calibration The kit is equipped with ralibratars ranging from 100 to 5,400 nglmL and prepared in suitably 
bufhrrd beazaylecgonine- and cocaine-ffez ilumaa urine which CO- a preservativ~ In the . 
QuahüveRocdurr.theO~*;f3û~ t$ i~cal ibratms~masthngat ivedpoOtiverl faare  ' '. 

prepîiratjom, rcspectiveiy. The calïïrators are supplied in liquid form. reaày to tse. -- 
Counts The tracer bas a high specik actinty, with total counts of approxbately 150,000 cpm at iodina- 

tion. Maxjxnm b d i n g  is appro#matciy 30-35%. 

Precision CVs are low and unifom, and no "md-of-Nn" &ct bas beui observed in assays involving up 
to 200 tubes. The procedure can deted a s  Little as 3 nglmL. 

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

A c c u ~ c y  E x t e e  aperiments have shown that the assay is accurate ow a broad range of benzoylecgo- 
nine dues. Its accuracy has ken M e r  d e d  in patient cornparison studies against another 
cocaïne meîabolite immunoassay. 



, A  
Materials Supplied-Initial Preparation 

Plcwurions More opaiing the kit. nviw the paragnphs an safcty pruited on the Wdc front u thcy date  to the d e  M i n g  uid 
dLspowl of reagw m g  radioactivity, human body fluidacnved materiais and Jodium azide m a r e  di compmts at Ieast 10 mimutes 
bcfore usc 

1 Benzuylecgonine Ab-Coated nibes TCN1 
100 (500') polypropyiene tubes coated with anti'bodies ta bmEoylecgonine and packaged in zip-lock bags. Store 
refrigerated and protected from moishue, carefuily resealing the bags after openkg: stable at 2-8OC for at least 
one year from the date d manufactuturt CbIor purplet 

2 ['au Benzoyiecgonine 'EN2  
One vial (five vialso) of ~~ iodinated bamyIecgonine, Recomthte each vial by adding a meanired 
110 m L  of diRilled watu. Lei stand for 10 minutes, thcn mix by gentle inversion. Store rcfrigcrated: stable 

at 2-8OC for at hast 30 days after reconstitution, or until the urpiration date marked on the vial. Coloc red. 

3 Benzoyiecgonine Calibrators COC3-8 
One set (two setso) of six vials, labelcd A through E of bcnzoylecgonine c ~ r a t o r s .  The calibrators are supplied 
in liquid &me r e d y  to use  The zero a i k a t o r  via1 A contak~ 5 ml, and the rmiatring calibntor vials B through 
F each contain 2 mL. Store refrigerated: stable at 2-8OC for at lean 30 days afta opening. The life of the calibrators 
can be crtmded by freezing. Aiiquot if necessary to avoid repeated thawing and freaing. 
In the m t i v e  Pmcedure, the O and 300 nglmL calibrators serve as the negative and positive reference prepara- 
tions, respectively. 
The caiiitors contain 0. 100, 300, 900, 2,700 and $400 nanograms of benzoylecgonine per milliliter (as the 
free base) in pmessed h u m m  urine ktarr. .d:-:: d k + t i o n  points may be obtained by mixing calibraton 
in suitable proportions. 

'Pertains to the 500-tube TKCN5 kit 

Materials Required But Not Provided 
Gamma counter-compatiile with standard 12x75 mm tubes 
vortex mixer 

Reagen t Prepara tion: 
D W e d  or deionized water 
Graduated cylinder: 110 mL 

Radioimmunoassay: 
Phin 12x75 mm polypropyiene tubes-for use as NSB tubes, available from DPC 
b&m&ets: 25 pi, and 1000 pL For the 1D mL reagent addition, a diable repdng chpenser (Nichiryo or quivalent) 
is ako suitable Wlth the help of an automatic pipetta-diluter, sample and nagent additions may be handled 
simultanemsly. A disposable-tip, airaisphcement pipet (Nichiryo, MLA or eqyïvaient) is recommended for the 25 f i  
sampk addition, to m h i m h  the risk of c a c r y ~ ~ f -  
Foam decanting rack-amilable from DPC 
Human urine-based knqlecgonine controIs 
A tri-1eve.I. unapsayed, human urine-- control. containhg benZaylegonine and several other commonly assayed 
drugs of abuse b avaiIable through DPC 



4 * Coai-AKounf Cocaine MeUihIile 

Specimen Collection 
eollect the urine without preservativee The specimen can be refrigerated or frozen. If doudy, it should be cieared 
by filtration or centrifugation before use, and mixed by gentle swirling. 
For quanttitative deterniinations, samp1s with benzoylecgonine concentrations greater than that of the highest caiiirator 
used in the assay shouid be diluted e i k  with the zero caîibrator or witb benzay1ecgonine- and coche-free human 
urine Dilutions of lin-10 or 13n-100 may be required to bring patient urine samples a p e a e d  to contain high concen- ' 
trations within range of the calibrators. 

Radioimmunoassay Procedure-Quantitative 
A U ~ m u s r b e r t m a i n b t r n p a i t u r c b e i o n w e .  

Plain 'ILbes: Label fDur piain (uncoated) 12 x75 mm polypm~lme tubes T (total CO-) and NSB (nonspedic 
b'mding) in dupliate, 

Coated nibes: Label t w e k  Benzoylecgonine Ab-Coated Tubes A (maximum binding) and B through F in 
dupllicate LabeI additionai antibody-coated tubes, a h  in dupiicate, for controis and patient sampls. 

Calibrator ng1mL 
A(MB! O 
B 100 
C 300 
D 900 
E 2,700 
F 5,400 

Pipet 25 PL of the zero calibrator A into the NSB and A tubes, and 25 pL of eadi remaining caiibrator, control 
and patient sampk into the tubes prepared. Pipet directly to the bottom. 

M d  1.0 mL of [l*iJ Benzoylecgonine PD] to eveq tube. Vortex. 

Incubate for 2 hours at roorn temperature 

Count for 1 minute in a gamma counter. 



l Coal-A-Couni Cocaïne Me fabolite 

4 5 

Calculation of Results-Quantitative Procedure 
To calculate benzuykcgonine concentrations from a logit-log representation of the calibration curve, fird calculate for 
each pair of tubes the average NSB-comcted cowts per minute: 

Net Counts L: Average CPM minus Average NSB CPM 

Then detennine the binding of each pair of tubes as a percent of maximum binding (MB), with the NSBcorrected 
counts of the A tubes taken as 100%: 

Percent Bound = Net Counts 100 
Net MB Counts 

me colculation crm h simplified by omitting the conection for nonspecific b i d n g  sauip1es within range of the calibrators 
yield vim>ally th same r& whm P ~ c e n t  .hard is calculated dkctiy from Anrage CPM. 
Using the logit-log graph paper provided with the kit, pbt Rrcent Bound on the vertical axis against Concentration . 
on the horizontal axis for each of the calirators B through F, and d m  a straight Iine approxhating the path of these 
five points. Bmzoylecgonine con cent ratio^^^ hr the Unkoowas may then be estimated from the li& by interpolation. 
Althoygh other approaches are acceptabie, data rrduction by the logit4og mttbod just d u r n i d  has certain a h t a g e s  
in this casitext-la example, in allowing b e r  recqnith of deviant calibrath points-since the Coat-A-Count Cocaine 
Metaboiite procedure has bem optimized for linearity in that represenGition. 

Erample-Quantitative Procedurez The figures tabulated bdaw are for illustration o d y  and should not be used 
to calculate results h m  another assay. 

Dupiicatc Average Net Percent BcnzoyIecgonîne 
ntbc Ct*M CPL C :*kt Bound nlçlmL 

143,418 
T 142,516 142,967 

868 
NSB 844 856 O 

Quaiity Contra1 Paraxaeters: T = 142,967 cpm %NSB = 0.6% %MB = 32% 
20% Intercept = 4,400 n g / a  50% Intercept = 440 nglmL 80% Intercept = 45 ng/mL 



Radioimmunoassay Procedure-Qualitative 
Aii canrpaicms mut be at r o m  tempaPturc bdott use 

Coated lLbes: Lebel at kast hvo Benzoylecgonine Ab-Coated Tubes A (Negative B-lecgonine Refermce). 
Label at least twa a n t i i - c o a t e d  tubes C (Positive Benzoylecgonùie Referace, 300 nglmL). Label additional 
antibody-coated tubes. in duplicate, for controls and patient urine samples. Optionally, label two pkin 12 x75 mm 
tubes T (btal counts). 

A Negative Benzoyiccgoniue Reicrcnce O 
C Positive Benzoykcgonine Refercnce 300 

Pipet 25 pL of cai i i ton A and C into each correspondiagty labeled tube Pipet 25 pL of each control and 
patient urine sample hto the tubes prepared. Pipet dùectly to the bottom. 

Md 1.0 mL of [lui] Benzuykcgonine [RED] to every tube Voltex. 

Innibatc for 2 hours at room temperature. 

Count for 1 minute in a gamma counter. 

Optional T 'IIibes 
Totai Caunts tubes, though not required fw the interprctation of redts in thc Qualitative Rocedure, do save to generate 
valuable quaiity controI performance measures. For the optionai Total Couts tubes, add 1.0 mL of [iq] Renz~ylecgo- 
nine (at step 3) to each of a pair of tubes hbded T, and set thcm aside for counting (at step 6). 
To economize on rcagents, the T tubes may be sand-tightiy capped and carefuiIy bbeled-for recounting at the 
end of subsequent assays ut ihhg tracer from the same vial. Aitemativeiy, the total counts for subsequent assays 
-Y be estimatcd frcun the total munts mcasuted in the orjginal assay, appmpMteiy adjusted for radioactive decay 
during the days intervening. (The half-üfc of I u I  is 60 days.) 

Calculation of Results-Qualitative Pmcedure 
The Procedure is designed as a saeening test for benzoy1ecgonine in urine, where 300 q/mL i s  used 
as the cut~ff. Tb calculate qualitatM bcnzoylecgonine resuits, simply compare the counts per minute in the sample 
tube to the average cou& of the 300 nglmL C caübrator. if the counts in the sample tube are higher than the countt 
in the C wlbrator, the resuit is negiztiw; i.c, mthin the precision of the assay, the sample contains les5 than 300 nglrnL 
bcnzaylecgonine if the coullfs in the sarnpIe tube are lowu than this refefence, îhe result is Mtiw, and the sample 
contains mare than 300 nglmL benzoylecgonine, within the precision of the assay. 



Example-Qualitative Procedure: The figures tabuiated below are for illustration only and should not be used 
to calculate results from another assay. Note that higher counts per minute correspond to iower leveis of benzoylecgo- 
nine, and (conversely) lower counts correspond to hi@ benzoyIecgonine concentrations. 

Tube 
Duplicate Average 
CPM CPM Observation intemrctation 

Positive Bentoylecgonine Reference 26,946 
jlalibralor C) 26,372 26.659 

32,832 
X I  32,394 32,616 Grcater Negative 

19,060 
X2 18,428 18,744 Lcss Positive 

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

Sample Handiing: The btructions for handling and storbg patient rsmplcs and components should be carefully 
observed. Diiute patient samples acpected to contain high concentrations of buizoylecgonine with the zero cal'bator 
before assay. AU samples. including the calt'briitors and controls, should be w e d  in dupiicatc It is good laboratory 
practice to use a &puble-tip micropipet, changîng the tip between samples. in ordu to avoid canyow contamina- 
tion. Pairs of control tubes may be spaced tbroughout the assay to hdp verify the absence of signihcant drift. Inspect 
the results for agreement within tube pairs, and take care to awid carryover from sample to simple. 

, r nntrols: Controls or urine pools w ith low, rnterrrxhz and t& benzoylecgonine concentrations should routindy 
- be assayed as unknow11s. and the results chartcd from &y ta &y as described in Wtstgard JO, et al. A multi-mie 

chart for quality control. Qin Chem 1981;m.493-501. Sec ako Sand J Clin Iab invest 1 9 & t ; ~ : ~ u ~ ~ l  171 and 172. 
Repeat samples are a vaiuable additional tool for monitoring interassay precision. 

Data Reduction: It is good practice to construct a graph of the calibration cum as a visual check on the appropri- 
ateness of the transformation used, even where the cakuktion of renilts is handled by cornputa. See fuitha Davis 
SE, et al. Radioimmunoassay data pmcessing with a smaU programmable calculator. J hunoassay  1980;1:15-25; 
and Dudley RA, et al. Guidelines for imrnunoassay &îa reduction. Ciin Chem l98S;31:126&71. 

Q. C. Parameters: We recommend keeping track of the fo11awing performance measures. 
Quantitative Procedure 
4 T = Total Counts (as counts per minute) 

%NSB = 100 x (Average NSB Counts i Total Counts) 
4 %MB = 100 x [(Average MB Counts minus Average NSB Counts) + Total Count4 
And the 20, 50 and 80 percent 'intercepts: where 
20% = Benzoylecgonine Concentration at 20 Percent Bound, etc. 

Qualitative Procedure 
4 T = Totai Counts (as counts per minute) 
%MB = 100 x (Average A Counts i Total Counts) 

And the binàîng of the 300 ng/mL C caiiirator as a percent of the binding of the A calibrator: 
%Ba,,,, / Bo 4 0 0  x (Average C Counts + Average A Counts) 
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Performance Characteristics 
( In the sections below, cocaine results are expressed as nanograms of beiuoylecgonine p a  milliliter (nglmL). fi. 

Precision 
The rrliability of DPCs Coat-A-Count Cocaine Metabolite procedure was assessed by ucamining its reproduability 
on samples selected to represent a wide range of benzqlecgonine leveis. 

Intraassay: A precision profle, based on appmxhateiy 18 degrees of fieedom and depicting the intraassay CVs 
to be expected for samples auayed in duplkate, is displayed on page 12. 

Interassay: Statistics were caicuiated for each of three simples from the rrnilts (in ng/mL) of pain of tubes in 
20 difiirrent assays. 

Samde Mean SD CV 

Sensitivity 
Forty zero cai i i tor  (maximum binding) tubes were processed in a Mgle -y, alofig with a set of nonzao calibraton 
and con!xuk. Mean and standard deviatim were calculattd for the cou& per minute of the forty zero tubes. Then, 
h m  a caiibration nirw prepared by the bgit-log technique and using thir mean as the zero point, the apparent ben- 
roylecgonine concentration was determincd at inaeasirig standard deviations from the mean. 

MeztnkSD of Apparent Approximatc 
40 MB tubes Mean minus me Concentration Sensi tivity 

1SD 96.4% 1.8 
44,001 & 1,553 2SD 32.7% 5.0 3 nglrnL 

3SD 89.1% 12.6 

The detection limit (or "minimal detectable dose") of an assay is commoniy dcfined as the apparent concentration 
two standard deviations below the cou& at maximum b d i n g  or as the concentration at 95% Brno. By the more 
consenrative debition, the Coat-A-Count Cocaine Metabolite assay has a detection h i t  of approxirnately 3 nglmL. 

'Ib determine the &a of anphying incubation times 0th- than 2 hours, es s p e d e d  in the procedure, assays were 
sa up in parallel, using incubations of 30.60.90 and 120 minutes, all at m m  temperaturc Various quality control 
performance measures were monitored, indudiag: nonspecific binding and maximum binding (percent of total counts); 
the 20.50 and 80 percent intercepü (nglmL); and the biiding of the calibrators (96 WB.). In addition, several controis 
and samples w 9 e  processecl as unkaovrns in each of the assays. 

Parameter 30 min 60 min 90 min 120 min 
Total Caunts 128,416 cpm 129,814 cpm 135,735 cpm 128,355 cpm 
96 NSB 0.396 0.4% 0.5% 0.8% 
k MB 26% 34% 37% 42% 

Calibrators: 
B -100 ng/mL 65% 69% 70% 71% 
C -300 52% 56'36 58% 58% 
D -900 38% 41% 43% 41% 
E -2700 24% 25% 24% 25% 
F -5400 18% 17% 17% 17% 
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Specificity 
The antiserum is highly specific for cocaine and its major urinary metabolite, benzoylecgonine, with an extremdy 
low crossreactivity to other drugs which may be presmt in patient samples. Ail compounds tested were dissolved 
in drug-free human urine at the concentrations speafied (free base or acid, as appropriate) and frozen at -20°C untii 
the time of assay. The follawing compounds were found to be nondetectable by the Coat-A-Count Cocaine Metabolite 
procedure at a k e l  of at least 10,000 nglmL. 

- - 

Acetarninophen Codcîne Lidoaine Phmcyclid.int 
AcctyisaIicylic acid Cotinine Mepivacaine Phenobarbital 
d, I-Amphetarnine [nicotine metabalite) Methadone Seco bar bi t al 
Atropine (41-hyoqamine) Dortropropoxyphene Methaqualone 
Benzocaine Ethylparaaminobtnzoate Morphine 
Caffeine EHyoscyamine HCL Pheaazocine 

The fol1owing compounds were &O tested for aossreactbity in the Coat-A-Count Cocaine Metabolite procedure. 

n g h L  Apparent Percent 
Compound Added ' Concentration-ng/mL Crossrcaciivity 
Tetracaine HCl 10,000 NT> ND 

100,000 24 0.02% 
d, l-Hornotropine HBr 10,000 ND ND 

100,ooo 43 0.04% 
Procainamide 10,000 6 0.06% 
Ecgonine (cocaine metabolite) 100,OOO 70 0.07% 
Procaine HCl 10,000 20 0.20% 
Dibucaine 1 ?.?Cg 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 1 127 12,700k 

10 1.775 17,75095 
100 1 1,492 11,4925 

1,000 79,548 7,95496 
Cocaethy lene 100 5,500 5,500% 

1,000 12.442 1,244% 

A recmt published study of the Coat-A-Count Cocaine Metabolite kit by E.J. Cone and J. Mitchell6 recorded the'follow- 
ing specficity data for &ous h g s  of forensic saence interest. 

n g h L  Pucent 
Added Crossreactiviîv 

- -- - - -- 

1-buizoy Iecgonine 
1-cocaine 
l-ecgonine mcthyl ester 
l-ccgoaine 
Ebcnzoylnorecgonine 
1-norcocainc 
d-cocainc 
d-pseudococaine 
1- pseudococaine 
t-pseudoccgonine methyl cstu 
d-pseudoecgonine meâhyI ester 
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*. ' Three spiking solutions were prepared using the zero caübrator as diluent. The solutions (A. B and CI were made -- 

to represent 2,500. 5,000 and 10,000 nglmL, respectively. A 50 pL aîiquot of each solution was spiked into 950 PL 
aliquots of two W e n t  samples. for a spiking ratio of 1 to 19, leaving the matru of the spiked samples reiatively 
intact. AU saniples were thm assayed by the bat-ACount Cocaine Metaboiite procedure Ib calcukte ocpected values. 
95% of the unspiked value was added to 5% of the spiking s01ution concentration (US, 250 and 500 nglmL, respectiveiy). 

Spiking O E Spiking O E 
Sample Solution Observcd Expedcd % OIE a p t e  ktlution Observed Expected % OIE 

2 - 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 113% 

Method Cornparison 
DPCs Coat-A-Count Cocaine Metabolite radioimmunoassay was compared ed three otha kits on a btai of 72 ssmples, 
using a 300 n@mL cutofk the Syva ljmit da.u. Cocaine assay, the Roche Abwrem Cocaine Radioimmunoassay, 
and the DPC Double Antibody Cocaine Metabolite kit. The results of t6is oïuay study are summarized below. 

Method 
DPC Coat-A-Count 
DPC Double Antibody 
Syva Ernit 
Roche Abuscreen 
DPC Coat-ACount 
DPC Double Antibody 
Syva Emit 
Roche Abuxrccn 
DPC Coat-A-Count 
DPC Double Antibody 
Syva Emit 
Roche Abuscreen 

positive 
positive 
positive 30 

positive 
negative 
negative 
nqative 39 

negative 
positive 
positive 
negative 3 

nenative 

The three samples positive by the DPC kits. but negative by the Syva and Roche kits, were al1 from a patient given 
approximatteiy 100 mg in& cocaine (as a paste] between 2 and 3 days previously. 
In another study. 45 GClMSporitive urine samples, togetba with 30 samples of presumptively hg- free  urine. were 
assayed by the Coat-A-Count Cocaine Mctaboiite kit. DPC's Double Antibody Cocaine Metabolite kit and the Roche 
Abuscreen Radioimmunoassay for Cocaine Metabolite kit. Rcsults obtained ushg a 300 nglmL cutoff for al1 three 
kits are summasized below. 

Samplu Method Rcsults 
GCIMS-Conbrmed kt-A-Count 45 positive 
Positive Samples Double Antibody 45 positive 
(n - 45) Roche 45 positive 
Pttsumptive Coat-A-Count 30 negative 
Negatives (a = 30) Double Antibody 30 negative 

Roche 30 ncgative 

' h o  patient sarnples were assayed both und3ute.d and diluted with drug-free human urine, The obKMd and acpected 
values are presented below in nglmL. 

t 

O E O E 
Sampie Dilution Observecl Expected % OIE Samplc Dilution Obsmed Expected % OIE 

1 8 in 8 (undilutedl 2161 2 8 in 8 (undi1utedJ 2505 
4 in 8 974 1081 90% 4 in 8 1249 1253 1M3W 
2 in 8 660 540 122% 2 in 8 643 626 103% 
1 in 8 259 270 96% 1 in 8 287 3 13 92% 

The results show that the Coat-A-Count Cocaine Metabolite procedure maintains good linearity under diIutia-i. 
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Effect of Carryover 
Patient samp1es may occasionally have very high concentrations of beazoylecgonine ( > 100,000 n#mL). It is suggested 
that precautions be taken, cg. employing a fresh pipr iip for each sample, to avoid uinyover contamination. The 
folIowing arperiment illustrates the risks associated with irnproper pipetting. 
A hi& patient sample with a benzaylecgonine conccnttation greater than 500,000 nglmL was pipetted into the first 
of nine consecutive anay tubes, and drug-free urine was then pipetted into the rmiaiPing eight tubes. The pipetth 
was performed by b e  cent methods: 

Tube 
Follow hg Pipetting Protocol 
High Pair 1 II III IV V 

Tubes listed as Lw had apparent bazq*lecg&ne coz1;e.i: tcttiocc .if !cts than 100 nglmL when measurcd by the Coat-A- 
* 

Count Cacaine Metabolite procedure The results iadicate that the risk of carryover contamination may be greatiy 
reduced by using a new pipet tip for each sample, 

Effect of Urinary pH 
The pH of pools of hg-free urine were adjusted to values of 45, 55, 6.5, 75, 85 and 9 5  Three 950 pL aliquots of 
each p l  were each spiked with 50 pL of spiking solutions contrining 3,000,6000 and i2,000 n@mL of benzoylecgo- 
aine, (equivalmt to 150, 300 and 600 ng!mL, respectively, hiiowing dilution). 

Spiking Solution 
3,000 ng/mL 6,000 nglmL 12,000 ng/mL 

Apparat 'ib on Apparent Apparent 
pH nglmL ng/mL % OIE ng/mL % OIE 

Drift 
To determine whetha there is any position (or "enddrunu) e&d due to d&ys in the addition of reagents, pairs of 
tubes were spaced throughout a long assay for each of three samp1es. The resuits show no signîkant position &a 
cvcn in assays inv01Uiag up to 200 tubes. 

* 

Tubes Tubes Tubes 
SampIe 17 - 22 95-100 205-210 

1 403 465 425 
2 94 1 924 806 
3 4379 4458 4346 



nn Coat-AGount Cocaine Metab. 
lntraassay Precision Profile 

Cocaine, nglmL 



125 

C0al.A-Count Cocaine Metabolite 13 

Limitations 
Based on a review of the iiterature, and on studies summarized in the Performance Data section, the follcnving might 
cause f i e  positive reactions: 

1 Medications containhg lidocaine, other l d  mesthetic agents or StrUcturaiIy reiated dnigs; hwever, lidocaine 
was not detectable when assayed by the Coat-A-Count Cocaine Metabalite procedure at 100,000 nglmL. 

3 Food or drink [aich as habal teas) containhg coui products. 

Mer substances W o r  factors not limd abcm -cg, t e c h i d  or pmcedural c m  -may inû?rfere with the test and 
cause false positive results. 

References 

Urine lèstirtg for Dru s ofAbuse National Institute on 
Drug Abuse (NfDAI Learch Momograph 73 (1986). 

J. Ambre, The urinar)r excretion of cocaine and me- 
tibalites in humans: a kinetic anaiysis of published 
datam Journal of Analyticril iIbxicology 9 (1985) 241-45. 

j. Ambre, M. Ffichmn and T. Zuo, 'Uriïq euxc 
tion of ecgonine methyl ester, a m'or metabolite of 

8 (1984) 23-25. 
1 cocaine in humans" Journal of Ana yticd 'IbxicoZogy 

R. Baselt, The stability of cocaine in bidogid fiuids' 
Journal of Chromatography 268 (1983) 502-05. 

D.M. Chinn et al, Gas chromatographychcmical ion- 
S o n  mass spectrometry of cocaine and its metab- 
oiites in biological fluids"/oumal of Analytical 'Ibxi- 
~010gy 4 (1980) 37-42. 

EJ. Cone and J. Mitcheil, W d i t y  trsting of commerCT 
cial urine cowine metabolite assays: II. sensitivity, 

accuracy and confirmation by $s h o -  
journal O Forensrc 

F. Fi and D.C Wislon, %xcretïm of cocaine and 
its metabolites in manm journal of Phmacy  and Phar- 
macoIogy 21 (1969) 1395-1435. 

E.C Greisemer et ai, The detemination of cocaine 
and its major metabolite, benzaylecgonine, in pst- 
morttmfiuidsandtissuesbycon aued chro- 
matograpb/- spectromw $rncii o ) L s i c  
Science 28 (19831 894-900. 

H.E. Hamilton et al, 'Cocaine and benzoylecgonine 
exmetion in humans" Journal of Forensic Science 22 
(1977) 697-707. 

10 T. Inaba. D.J. Stewart and W. Kalow, 'Metaboüsm of 
ccxaine in man" Clirùcal Phmmacology and Therapeu- 
tics 23 (1978) 547-52. 

1 1 D. pdiy et al, 'DLasma cocaine concentrations durhg 
cocaine paste smoking" Life Sciences 30 (1982) 
73 1-38. 

12 R.M. Smith, ''Arythydroxy metaboütes of cocaine in 
the urine of cOcaine usen" journal of Andyticuf Ruci- 
cology 8 (1984) 35-37. 

13 V i  Spiehier. "Cocaine and metabclit& Clinical 
Chemistry News I2 no. 7 (July 1986) 24. 

14 Vba Spider and D. Reed. "Brain concentrations of 
cocaine and beazoyiecgonine in Eital cases"journal 
of  Forensic Science 30 (1985) 1003-11. 

1 6 N.N. Vdanju et al. Petection of biotransformed CO- 
caine in urine from h g  abuse& j o m d  of Chro- 
mritogrophy 81 (1973) 170-73. 

17 C Van Dyke et alt %&e: plasma concentrations 
afkr  application in man' Science -191 (1976) 
859-61. 

18 C Xm Dyke et al, Wrinary auetion of immunologi- 
d y  reactive metabolite(s) aher intranasal admini- 
stration of cocaine, as foiiowed by enzyme immuno. 
assay" ClinicuI Chemwtr), 23 (1977) 241-44. 



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: (800) 678-6699 
Fax: (800) 2344DPC (Orders only) 
Fax: (213) 776-0204 

Outside the United States, contact your National Distributar. 

== 
Diagnostic Products Corporation 
5700 West 96th Street 
Las Angeles, CA 90045 

Pachuge Insert: 
1 155 

April 3, 1992 



Item 43243 - 000 Tests) 
Item 43253 - (2500 Tests) 

abuscreen" 
Radioirnmunoassay for 

Cocaine Metabolite 

SUMMARY AND EXPUNATION OF TEST: 
The Abuscreena Radioimmunoassay for Cocaine Metabo- 
lite is a specific and sensitive in vitro test to detect the 
presence of benzoylecgonine (the primary urinary metabo- 
lite of cocaine). While the sensitivity of the test is 5 ng lml  
for the identification of positive samples a cut-off value of 
300 ng benzoylecgoninelmL is supplied as the positive 
reference control. bwer  cutoff values can be prepared 
from reagents supplied 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 srnall-scate screening, 

-- -- - - -  

The Abuscreen ~ a d i o i m m u ~ a s s a ~  for Cocaine 
Metabolite provides only a preliminary analytical test 
result. A more specific altemate chemical method must 
be used in order to obtain a confirrned analytical result. 
Gas chromatographylmass spectrometry (GCIMS) is the 
preferred confirmatory method.' Clinical consideration 
and professional judgement should be applied to any 
drug of abuse test result, particutarly when preliminary 
positive results are used. 

PRINCIPES OF PROCEDURE: 
The Abuscreen Radioirnmunoassay for Cocaine Metabolite 
is based upon the cornpetitive binding to antibody of lZs1 
radiolabeled amigen and unlabeled antigen, in proportion 
to their relative concentrations in the reaction r n i ~ t u r e ~ ' ~  
An unknown specimen is mixed m a test tube with fixed 
amounts of benzoylecgonine a m i  and radiohbeled an- 
tigen. Antigen present in a patient sample competes with 
labeted antigen for the limited amibody 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 ate counted in a gamma scintillation 
eourrter. Sam* CPM values quai  to or less than the CPM 
value of the positive reference comrol are indicative of the 
presence of cmine metabolites in the urine specimen. A 
reference solution contaming 300 ng benroylecgoninelml 
is suppl'ed for use as a cut-aff wlue for detection of abuse, 

REAG ENTS: 
Each Roche Abuscreen Radiofmmunoassay for Oocaine 
Metabolite 100Test Kit contains: 
1. Anti-Benzoylecgonine Serum Reagent (Goat): 

1 bottle anti-benzoylecgonine semm (goat) in phosphate 
buffered saline containing bovine serum albumin and 
FD8C blue %1 with 02% sodium aride as preservative. 

2. %Benzoylecgonine Reagent: 
1 bottle Y-Benzoylecgonine derivat ive in phosphate 
buffered saline containing FDBC yellow #5 with 0.1% 
sodium aide as preservative 

3. Positive Reference Control (Benzoylecgonine): 
1 via1 Positive Reference Control containing 300 ng ben- 
zoylecgoninelrnL (as free base) in phosphate buffered 
saline containing urea, creatinine, and FD&C yeltow At5 
with 0.2% sodium azide as preservative. 

4. Normal Reference Control (Benzoylecgonine): 
1 via1 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): 
7 bottle antl-goat immunoglobulin serum (donkey) in 
phosphate buffered saline containing 4% polyethylene 
glycol, FDBC yellow #5, and FD8C blue # f  with 0.1% 
sodium aide as preservative 

Each Roche Abuscreen Radioirnmunoassay for Cocaine 
Metabolite 25West Kit contains in additton to the above: 
6. h w  Control (Benzoylecgonine): 

1 via1 of Low Control containing 150 ng benzoylec- 
gonindmL (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 via1 of High Control containing 600 ng benzoytec- 
gonineirnL (as free base) in phosphate buffered safine 
containing urea, creatinine and FD&C yellow #5 with 
0.2% sodium a ide  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 
Iaboratories or hospitals, and only for in vitro clinicaf or 
Iaboratory tests not involving intemal or extemal ad- 
ministration of the material, or the radiation therefrorn, 
to human beings or animals. Its receipt, acquisition, 
possession, use and transfer are subject to the regula- 
tions and a genetal Iicense or specific Iicense, of the 



U.S. Nuclear Regulatory Commission or of a State with 
which the Commission has entered into an agreement 
for the exercise of regulatory authority. 
Do not eat, drink, smoke or apply cosmetics in areas 
where radioactive materiais are handled. 
Pipetting by mouth suction should be avotded- 
A lab coat or same other suitable protective material 
should be worn. 
Suitable disposable gloves should be worn, particularty 
if the hands or wrists are affected with any broken 
skin. 
Radioactive material should be stored in an area secure 
agafnst unauthorked entry and removal. 
Radioactive material may be disposed of by discharg- 
ing contents of the via1 lnto a sanitary sewerage systern- 
Empty vials rnay be thrown into ordinary tfash after 
obliterating al1 label reference to radioactivity. Alter- 
natively, radioactive wsste materials rnay be transferred 
to an authorlzed radioactive waste disposal contractor. 
The Abuscreen Radlo~mmunoassay for Cocaine 
Metabolite resgents contain sodium azide as a preaer- 
vative. Sodium aride may react with lead or copper 
plumbing to form highly explosive metal azides. On dis- 
posai, flush with a large volume of water to prevent azide 
b~ild-UP. 
Specimens and reagents containing human-sourced 
materlals should be handled as if potentially infectious 
using safe laboratory procedures such as those out- 
lined in Biosafety ln Microbiological and Biomedical 
Laboretories (HHS Pu blfcation Nurn ber (CDC) 84-8395). 
Avoid rnicrobial contamination of reagents when open- 
ing and removing allquots from the primary vfals. 
Do not use kit components beyond the expiration date. 
Do not freeze kit reagents. 

STORAGE INSTRUCTIONS: 
Store ail reagents at 2 O  to 8%. 
Store upright. 

SPECIMEN COLLECTION AND HANDLING: 
The Abuscreen Radioimmunoassay 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 2O to 8OC to minimire possibility 
of degradation of positive samples. 

TEST PROCEDURE: 

Materials Provided 
1. Anti-Benzoylecgo- 

nine Serum 
Reagent (Goat) 

2 'i51-8enzoylecgo- 
nine Reagent 

3, Positive Reference 
Control 
(Benzoylecgonine) 

4. Normal Reference 
Control 
(Benzoylecgonine) 

5. Second Antibody 
Reagent @onkey) 

Reagent 100 2500 
Color Test Kit Test Kit' 

Blue 1 x 20 rnL 1 x 500 mL 

Yellow 1 x 20 mL 1 x 500 mL 

Yelfow 1 x 4 m l  1 x lOO mL 

Yellow 1 x 4 mL 1 x 100 mL 

Sreen 1 x 511 mL 1 x 1250 mL 

128 
6. Low Control 

(Benroylecgonine) Yeilow - l x  50mL 
7. High Control 

(8enzoylecgonine) Yellow - l x  50mL 
' NRC or Agreement State specific license required, F 

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 1200.2500 x g 

using a swinging bucket rotor or at least 35004000 x g 
using a fixed angle head rotor. 

4. Gamma scintillation counter calibrated for lai. 

ASSAY PROCEDURE 
Note: All reagents must be brought to r o m  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 specirnens 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- 
prlate t u p t  

4. Add 200 rnicrollters of yellow 1at-8enzoylecgonine 
Reagent to-each tube. 

5. Add 200%icroliters of blue Anti-Benzoylecgooine 
Senrm Reagent to each tube; mix well. 

6. lncubate 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- 
cubatedfogether for the same time period. 

7. Add % 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 approxirnately 
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 foflowing data represent a dose response.' 
Orug Levd Mean 

(ng Beruoyiecgonineim L) CPM" 
O 167,101 

150 77,862 
300 50,669 
600 32,365 



'These results represent a dose response curie 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 *=Men- 
zoylecgonine Reagent 

QUALlTY CONTROL: 
The bsitive Reference Control and the Normal Reference 
Control must be incfuded in each assay. 

Drug concentrations of the Posltlve Reference Control (and 
the Low Control and High Control in the 2500-Test Kit) have 
been verlfied by GCIMS. 

RESULTS: 
Negative Result: Sample CPM greater than CPM of 

the Positive Reference Control 
Positive Result: Sample CPM equal to or less than 

CPM of Fositfve Reference Control 
Other methods for detennining positive and negative 
results, including the use of standard deviation around the 
Positive Reference Control, may be applied. fhese crfterla 
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 
sampfe to the curve. 

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, Although non-urine applica- 
tions have been reported in the literat~re,~ the perfor- 
mance characteristics of this assay with non-urine 
samples have not been verified by the manufacturer. 
See Specific Performance Characteristics for information 
on substances tested for interference with this assay. 
There is the possibitity that other substances and/or fac- 
tors (W., technical or procedural errorsl may interfere with 
the test and cause fatse resutts. 

SPEClFiC PERFORMANCE CHARACTERISTICS: 
Accuracy: 
Fortylone urine samples were coilected from presumed 
non-user volunteers and were screened in the Abuscreen 
Radioimmunoassay for Cocaine Metabdite. One hundreû 
percent of these normal urines were found to be negative 
at 300 ng/mL 

Twenty-five clinical samples previously confirmed positive 
for beruoyiecgonine by GCIMS were screened in the Abu- 
screen Radioimmunoassay for Cocaine Metabolite. AI1 
were found to be positive relative to the 300 ngImL Positive 
Reference Control. 

Precision 
A series of reference controls was assayed withln a test run 
as multiple replicates, The foilowing results were obtained: 

- 129 
ng/mL n X CPM's S.D. C.V. SC 

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

- 
X ng/mL 95% Confidence lntmal (ng/mL) 

Sensfttvity 
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 nglmL at a confidence level greater than 99%; 

Specif icity 
The following related compounds were tested for cross- 
reactivity in the Abuscreen Radioimrnunoassay for Cocaine 
Metabolite. 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 O btained when the compounds were 
tested at three levels. 

1000 nglmt 10,000 ng/mL 100,000 ng1mL 
Cocaine 12 118 719 
Ecgonine HCt 29 203 876 
Ecgonine 

Methyi 
Ester HG1 2 9 69 

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

Acetarninophen 
Acetylsalicylic acid 
Aminopyrine 
Amitriptyline 
Amobarôital 
Amphetamine 
Ampicillin 
Ascorbic acid 
Aspartame 
Atropine 
Benzocaine 
8utabarbital 
Caffeine 
Calcium hypochlorite 
Chlordiazepoxide 
Chloroquine 
Chlorpheniramine 

Chlorpromazine 
Codeine 
Oextromethorphan 
Dextropropoxyphene 
Diazepam 
Diphenhydramine 
Diphenyihydantoin 
Dopamine 
Epinephrine 
Erythromycin 
Estriol 
Fenoprofen 
Gentisic acid 
Glutethimide 
Guaiacol g lycerol ether 
Hydrochlomthiazide 
1 buprofen 



imipramine 
Ketarnine 
LSD 
Lidocaine 
MDMA 

( Melanin 
Meperidine 
Methadone 
Metham phetamine 
Methaqualone 
Methyprylon 
Morphine 
Naloxone 
Naltrexone 
Naproxen 
Niacinamide 
Norethindrone 

Oxazepam 
Penicillin G 
Fèntobatbital 
Phencyclidine 
Phenobarbital 
Phenothiazine 
Phenylbutazone 
Phenylpropanolamine 
Procaine 
Promethazine 
Quinine 
Secobarbital 
Tetracycline 
Tetrahydrozoline 
1 1-nor-AsTHC-9- 

carboxyiic acid 
Eifluoperazhe 
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Appendix D Full data set for the admitted drug users (n = 38) 
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Appendix E C0C:BZ Ratio Anaiysis 



Darticipant # Average -- bz - conc - . - sectioned . - - - - - - - . -- (nghg) -. - - - - . - . - -- Average - . - - - . . coc - - . . . - conc -. - - sectioned - A (ng/mg) Average - C0C:BZ Section A - C0C:BZ t 1 0.56 2.82 5.0 7.65 





Darticipent # Section G - C0C:BZ Section H - C0C:BZ Section 1 - C0C:BZ Section J - C0C:BZ Section K - C0C:BZ Section L - COC:BZ 
. -  _ , _ - -  -- --- - - - . . - - - - -- - - . - -- - - -- 

f 4.21 
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Appendix F COC and BZ results, stratified by use stahis 



PARTICIPANTS RlEPORTING BEING CURRENT USERS - SECTION A 
Neeative 1 Positive 

PARTICIPANTS REPORTING BEING FORMER USERS - SECTION A 

Y 1 

Negative 
BZ 1 COC 
25 

BZ 1 COC 
8 

Positive 

BZ 1 COC 
2 2 

1 COC 
1 1 



155 
Since BZ reflects the systemic COC burden, the use status confirmation rate was determined 

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

Users. 

1 1 Positive 1 Negative 1 

10 
13 
23 

FORMER USERS (n = 23) 

shaded cells - represents the number of participants where the use stahls was confirmed ( 1  2 + 13 
= 25) 

BZ 

COC 

Positive 
Negative 

22 1 

Positive 

10 
12 

Negative 

O 
1 



Appendix G Data for the CIinical Utilization of the Neonatal Hair Test 
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-shaded c e l l e  denote adult eubjects 



A s 1 0  E F G W I 3 
3 1061 F B + 3.3 H VICTORIA HOSP 
4 1071 M 8 H MlSC 

- 

8 1111 M B H HSC 
9 112! F B H MOUNT SlNAI 
O 1131 F B H CHILD. HOSP OF EAST, ONT 
1 1141 M B + 2.3 H ARF 
2 115; F B H SCAR. GRACE 
3 116i M 8 + 0.7 8 H ARF 
4 117i ? B NO RECORD H 7 
6 118i ? B NO RECORD H ? 
6 mecrinium & halr pair 119l M 6 + 1 3.92 H ARF 
7 / M B 1 + 1  6.1 1 M ARF I 

0 1201 F 8 H SCAR. GEN 
9 1211 F B H WELLESLEY 
O 122! M B H CHILD. HOSP OF EAST. ONT 
:l 1231 7 B NO RECORD H ? 
2 1241 F B + 0.75 H - ARF 
'3 1251 M B H SCAR. GRACE 
:4 126! M B NIA I NIA NSQ H 7 

i l  133 M B 1 - 1  1 H TGH 
12 134 M B 1 H NORTH YORK GEN 

135 M B NIA NSQ 1 H HSC 
4 rneconium 6 hair pair 136 M B 1 - 1  1 ! SCAR. GRACF 
16 ! ! M l  B 1 NIA 1 NIA NSQ I 
16 mcnnium II hair aair 1 137 M I f3 i NIA : I I CI 

oahaded c e l l e  denote adulcs subjecca 
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189 1 10Bl F I B 1 - 1  NO OOCS 1 H IMISC-M. GREENWALO 
190 1891 M B H CENTENARY HOSP 
191 1901 F B H CHlLD HOSP OF EAST ONT 
192 1911 F B + 1.51 H WCH 
193 192' M B + 3.77 H TECH 
194 193: F B H CHlLO HOSP OF EAST ONT 

' 

195 194: F 0 + 0.31 H ARF 
196 195 M B t M ARF 
197 196 M B + 4.13 M ARF 
190 197. B H 1 ARF 
199 198. F i3 H !YORK FINCH 
100 199 F B + O ~ Z ]  0. 13 [COC] H iOSHAWA GENERAL 
101 200, M €3 H ARF 
102 201, F 6 + OIBZ] 0.57(COC] H HSC (NICU) 
103 1 202 M 8 + H CENTENARY 
t04 203. M B H IHSC (MOTHERISK) 

-8haded c e l l a  denote adult  subjecte 



-shaded ce l l a  aenotc adul t  subjects 



Cornparison of BZ concentrations (ngfmg hair): Clinical Utilkation Study venus 
Population-based Study (Forman et uL, 1992) 

I 
Population-based Siudy (ng BZmg haïr) Clinical Utilizution Sm& (ng BUmg hair) 



Popdation-bmed Study (ng B&g hair) 
- -. - -- 

CZinicaZ LltiZization Stwfy (ng BZ/mg hair) 
2.3 



-- -- - 

Population-bused Stuc (ng BZmg hair) 
- - 

Chical Utilkation Snrdy (ng BZmg hair) 
2.1 
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Poster presentation and short oral 168 

presentation at the 9 6  Annual Meeting of the 
American Society for Clinical Pharmacology 
and Therapeutics. 
March 15-1 7, 1995, San Diego, California 

SECTIONAL HAIR AYALYSIS: CIORROBOR4TEI 
REFUTE SELF-REPORT. IF. Ursitti. B.Sc.. IJ. Klein. 
M.Sc.. ZE. Sellers. MD and 1 ~ .  Koren. MD. ABMT. 
FRCPC.. bivision of ClinicaI Phvmacology and Toxicology. 
Hospital for Sick Children: 2~ddiction Resemh Foundation,; 
Toronto, Canada. 

Self reporting of iIlicit drug use has not been a reliable 
source of information. In an attempt to utilize an empirical 
objective test, hair anaiysis has proven to be a more reliable 
indicaror of use. Cocaine (COC) and one of its major 
metaboli tes, benzoylecgonine (BZ). appear in detectable 
Irvels in hair approxirnately one week afcer use and remain 
tliere permanent1 y providing a recoid of longitudinal 
exposure. Sectioning wiH chronologically refiect the use over 
the corresponding time period (rnonthly growth race: 1.5 cm) 
affording a temporai 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. Subjecrs were 
assessed for reiiability of the self report at the time of 
interview and subsequently strritified. PreIiminary anaIysis of 
the correlation between the average COC use with the 
average COC and BZ measured in subjects with reliable 
hisrory arc significant h ~ r  BZ iR=.55. p = 0.0063). Sectional 
anrilysis crin provide the means to corroborate or refute the 
self report providing a potverful assessrnent tool in the 
ntzdicolegal and rreatment context. Further investigation is 
rriquired to better understand the reIationsNp, quantify the 
uncertainties and discern whether the degrse of improvernent 
wrrants the additional labour. 

Supported by the Medical Research Council of 
Canada 



Poster presentation at the 56h Annual Meeting 
of The College on Problems of Dmg 
Dependence. 
June 1 8-23,1994, Palm Beach, Florida 

HAIR ANALYSIS-A METHOD OF VALIDATION FOR SELF 
9 REPORT OF COCAINE USE. 4. Chaudnri, IF. Ursitti, J. Klein, 

IG. Koren, 2 ~ .  SeIlers, l ~ i v i s i o a  of Clinicol Pharmaeology - HSC, 
Z ~ . ~ . ~ .  - Toronto, Canada. 

Self aponing of cocaine use bas proven to be an unrcliable source of infonaation 
and in an attempc to use aa empincai objective test, hair analysis has been found to k 
a much more reiiable source of information. Drugs and their metaboiites appear in 
detectable levels in hair appximately one week after ingestion; once a dnig and its 
metabolite are embedded in the hair shaft they remah there pennanently. As the hair 
shaft grows. it f o m  a longitudinal record of the compounds it has absorbe& We 
report on bair analysis of d e  melaboiite - benzoylecgooine (BZ) in 32 subjecfs 
emiied in a study in Torunto. AU ciaimed to have been current or fomer (within the 
past 2 yean) regular cocaine users. However. in di subjects urine wted negative for 
B Z  In an atcempc co vaüdaie their self report, a hair sarnple cur as close to the root as 
possible was obtained h m  each subjecç at the same rime a derailed account of cocaine 
use (montbly use in gmms for at l e s t  one yeu) was recorded. 5 mm ciippings from 
both ends (root and disa) were combinai and analyzed for B 2  using Roche Abuscreen 
EU. For a h  subject, the hair clippings showed rneasurable levels of BZ, therefore 
confming that they were indeed cocaine users. An attempt ro correlate hair 
coacencnllons of BZ wich the average use of c d n e  per month restdted in a 1inm fit 
with k . 0 5 6 7  when al1 32 subjeccs were inciudd. However. when ooly the subjecrs 
with a "reliable hîstory* (as assessed by ttie interviewer) were included the lin= fit had 
r2=0.633 for n=21 (P4.001). In an effort to obtain a more decailed iime rehtionship. 
in one subject wirh a "reiiable self repon" the hair shaft was sectioned in 1.5 cm 
segments (appror monthiy hair growth) and in cach segment BZ level was determined. 
A large variabiiïty in BZ concentration was obwrved in blocks OC 3 segments (up m 3 
fold) reflecciag sornewhat the change in cowine consumption as per self report. Mon 
longitudinal hair anaiysis is necessary in very reiiable subjects CO c o n f m  the 
usefulness of hair seciionhg in providing a dose response curve in cocaint using 
subjects. Supported by NIDA. and MRC. 
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CONFIRMATION OF GESTATIONAL COCAINE EXPOSURE BY NEONATAL HAIR 
ANAtYSIS. 
F. Ursitti. J.  Klein. G. Karen, Division af Clinical Pharmaco~o~y~~xicofogy~ The Hospital for Sick 
Cbildren, Toronto, Ontario Canada. 

The advantages of neonatal cocaine hair testhg versus urine resting have k e n  ampIy Jescribed in the 
literanire. However, when maternai cocaine use is suspected the test most often requested by physicians 
is stiU neonad urine andysis for benzoylecgonine (BZ) - a amine metabotite. The purpose of ais 
study was to ver@ gestationai cocaine exposure usiug neonataf bair analysis when such exposure was 
suspected, yet the urhe testing was negaiive. 

Referring physicians were pediapicians fmm the greaw Toronto area. The hYr m p i e s  were mailed 
to the Motherisk Chic and were anaiyzeri for cocaine and BZ by a methmi previously described. 
Briefly, the aaalyte is extracted from the hair with rnefhmol and subsequentiy quantified by 
radioimmunoassay (RIA). The sensitivity of the assay was 0.25 ng/mg bair for BZ and 0.1 ngmg hair 
for coeaine. Between Seprember 1991 and December 1994 a tocai of 176 samples w e n  analyzed wirb 57 
of them testing positive for c d n e  or BZ or borh. ?bis reprrscrnrs 32.405% - a figure 5 timrs larser than 
6.25% which is the prevalence of feui expisure to cocaine in Toronco as determinai in a previous study. 

The results prove tbat in 32% of the case5 the physicim's suspicion was weIL founded. Because 
cocaine users tend to be of iower socicieconomic sratus. maintain poorer p~nrital rare. and use other 
recnxtional hg, aicobol and cigarettes. it i'i almost impossibie ai prment ro verrify whedirr cocaine 
alone is responsibie for causing adverse hedth êffect.. or is tbe cumularive cffect of ail thrse façrors. 
There is a grex n e d  for further studicrs which w i U  be ahle to sepante the etffect of cticnine irom the rest 
of the confounding factors. 
Supported by M R  C, Canada. 
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Clinical ~tilization of the Neonatal 
Hair Test for Cocaine: 
A Four-Year Experience in Toronto 
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Abstract 
8ackglwnd: There bns bcen a lterdy incrrox in the number of neuc 
boms afkted  by matemal dmg w. CocPine and its metabolites crosr the 
placenta and have been routinely mtaswtd in nematal urine: howtver, 
due to the short half-WC of the dnig many apostd fetuses have negativt 
urine tests. We bave devcloped a nematal hair test for measuring axaine 
and its rnctaboütts by radioimmunoassay. Since the validation of this test 
we prospectivdy cvaluated its clinical utility b y physicians, fiospita1 nurs 
nies and social welfart agacies who nquened neo~mtal hair onalpis to 
vc@ clinid suspicion of m a t d  cocaine use duhg prqnancy. ûbjac- 
tiw: The objective of the p m a t  reswrch was to cstablisb the saisitivity - 
of the hair test in validatiag clinid suspicion of in utero enposurc to 
axaine in the prrstoce of ncgativt urine test. Hypotharie: We hypothc- 
shed tbat the use of the hair tcst in casa oiclinicd suspicion but ncgative 
urine test wül yield a substantially hightr rate of positivity than utpected 
in the g c n d  population, baign: Bctwca ûctober 1 99 I and April1995 
we prospcctivety andyzed a total of 192 amnatal hair sampks to c o n f i  
clinical suspicions of intrauterine uposun to cocaint. Of these, 10 did not 
have dfïcient hair to rnalyzt for d e  metabolites. h r u b  and DI* 
cuuiotr: FrRy-fivc (30%) of the rcmaining 182 w«r positive for eocaiiie 
met~bolite. This rate was 5.5-fold higbet thon the 5.596 found by us m a 
population-bascd rrseirch study in th= n&es in Toronto (p < 0.001 ), 
t h u  documenting the efiiciacy of this t a  in o o n f i g  cliaical suspi- 
cions of fetP1 exposurr to axaine. Bauoylecgoninc concentrations in this 
cohort were 2-fold higher than am- positive cases in r pmious popda- 
tion-hd scr- study (p = 0.0001) indicating that when clinid suspi- 
cions prornpted physicians to tcst nanatal hair, thcy ideatifl a subgroup 
of htavy crscnine users, who ue probably at highcr pahatal ri*. 



~ h e  prevden~e of cocaine w d-g P W -  
nancy among ~ b m  centen, s o c i w  

and dernogaphic classes, and 
gmups. In hqe US cities it has been 
mated bat 1 0 4 5 %  of women for at 
urbm t&ing hospitals use cocaine in prq- 
nancy [1, 21. A prtvalrnct study of d e  
use during prrgnanc~ ~~nducted by us be- 
tween Junc 1990 and Dccember 199 1 in t h  
Mampoiitan Toronto hospita1 nurseries (1 
inna city and 2 suburban) found 37 of 600 
(6.25%) infants tcsted positive for cocaine [3]. 
In the Mctropolitan Toronto ana the= has 
been a steady increase in the number of new- 
boms afféctecl by maternai dnig use 141. 

Coca.int and its metabolites cross the pia- 
centa and have bttn shown to bc associated 
with incrrased pennatd and neonatai rhks [3, 
5-81. In utero cocaine exposure has been tra- 
ditionally ascertaineci by intmiming the 
mother (self-report) andlor urine screcning of 
either the mother or neonate or both. 

Because of its potential to provide a cumu- 
lative and temporai account of exposurr, hair 
is king used as a biological matrix for detec- 
tion of cocaine conswnption in aduits and in 
utem exposm for neonates. Cocaine and its 
metabolites are irnbcddd into the hair shaft 
and remain for the lifc of the hair or untii cut. 
Although the mechanisms of transport mto 
hair an not weii understood, it ap- that 
their incorporation rates are dependent on 
physicochemical pmperties such as: melanin 
affity,  lipophilicity. membrane penneabili- 
ty, d c .  191. Hydrophobie d n i g ~  tend t~ ~ n -  
centrate in the medullated section of hair, and 
hydrophilic dnigs tend to concentrate in the 
nonmedullatcd sections of hair [10]. The hy- 
hphüic  dnigs tmd to be l e s  prcvalcat in the 
hair altogether, which cornlates with the pos- 
tulates that these dmgs arc less Wly to leave 
the more hydrophilic blood. Hydrophobie 
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drugs such as cocaine and hcroin in the parent 
form are mon iikely to leave the more hydre 
phüic bloodstream for a more compatible hy- 
drophobic meduiiated hair. The ratio of the 
hair concmtrations of coaine and benzoylec- 
gonine has been quantified at 10.5 in adult 
hair [Il]. In newbom however, the ratio is 
much lower, probably due to the fact that 
newborn hair is nonmedutlated, and thus les 
cocaine and more benroylecpnint wiii con- 
centrate in the haire 

Hair analysis has ken used to confinn 
seifkeportcd c d n e  use and to study the 
prevalence of cocaine use in the Toronto are. 
in pregnant worncn [3,5]. In our recent popu- 
lation-based study we have shown that ushg 
maternai history and/or urine test, most cases 
of intrauterine arposure to cocaine are 
missed, whereas the hair analysis provides 
positive answers in almost ail cases [31. 

Diagnosis of intrauterine exposure to co- 
caine is often important to explaia perinatall 
neonatal complications and to identify ad- 
dicted mothen who may not be able to pro. 
vide to, or may need help in providing an 
acceptable level of neonatai c m .  Because the 
hair neonates are boni with grows during the 
kt 3 rnonths of pregnancy, a positive neona- 
ta1 hair test uncovers an addiction pattern 
dth  the mother consuming the dmg long 
after she hows she has becorne p-ant. 

Mer  establishing the nematal hair test for 
cocaine in 1989 [SI and its use as a rrxarch 
tool to establish the prcvalence of use [3], phy- 
sicians, hospitai nurseries and social weIfare 
agencies (cg. ChiIdm's Aid) have incnasing- 
ly requcsted analysis of neonatal hair to con* 
borate or refute clinicat suspicion of maternai 
cocaiae use during pregnancy, when the urine 
test was negative. The objective of the present 
study was to establish the smsitivity of the ' 
hair test in validating clinical suspicion of in 
utem cxposure to cocaine. The hypothesis un- 
dedying this rcsearch was that the use of the 



bair ttst in of clinid suspicion but neg- 
ative urine test wili  yidd a substantially high- 
a rate of positivity than expected in the gen- 
erai population. 

The mdy was approved by the Rcrtarch Ethia 
Committtc of The Hospital for Sick Childrm in Te 
mto. R e n d  of the appmvd in our institution k for 
1 yeu, and the protocol midy wsr r a i d  -ym 

Fmm October 1991 and ApriI 1995, mp1cs of 
neanatd hair and in a ftw ad& h& wert 
n i d  to our lrbontozy i t  the Hospital for Sick Chü- 
d m  in Toronto for .nalyar of coairie and its m- 
litç bmtoylccpnint. None of these sampks wuc soli- 
cited by our team but ntha adyzed u the n~utst of 
physicians, hospiul nder, CWCS uid rocUt wel- 
fue agcxtcia to rwniin clhical suspicions of mater- 
ad  use of cocoint during pngnincy. In aii cases the 
merit of the test wu nplrined to the pamts or le@ 
guardians. Table 1 p m t s  cornmon raisons for estab 
W n g  a cbical suspicion for intrautmhe exponvc to 
cocaine in chis cohort. 

The aPalytical method for tht extraction and anaiy- 
sis of çocaine and benzoyltcgonme has becn validated 
and prtviously hparted (121. Bnefiy, weighed hair 
samples (2-5 mg) werc xmicrted in 1 mi of methanol 
for 3û min and incubatcd ovcmight at 45°C in the 
samc methano!. The foilowing day the mcthanol was 
pipetted off and the hair was rinsed briefly with 1 ml of 
methanol. The combineci mcthanol solution was then 
cvaporatcd mdu nitmgen at 4OmC. Tht sarnp1es w m  
thui rwnstituted with 100 fl of phosphatebuffcrtd 
saline (pH 7.5). The mtasurrmmt of bcnzoyle~goriine 
was done using Roche Abusaen, a commcrcially 
availabtt radioimmunoassay kit (Hoffmann-La Roche 
Ltd., Nutky, NJ., USA). This kit wis o r i r n y  dev& 
opcd for cocainc metabolite anaiysh in urine. For hair 
analysis, standards (5-50 n w )  in blank hair urtract 
w m  used. The cross-reactivity with a x a h c  i s  4% and 
the d t i v i t y  for the assay is S ngiml which corm 
sponds to 0.25 ng kmylecgonine/mg hair. 

The nematal hair was not washed prior to analysis. 
Extemai contamination is not considercd an issue with 
nanatal hair because cvcn memal deposition of CO- 
caine from amniotic fluid is stilI hflcctive of inmuter- 
m e  cxposun. The f~ swallows the amniotic fhid at a 
rate of 0.5 litcflday [13]; moreover, bathhg in it auses 
toxins circulating in tht amniotic fiuid to reach the 
f'us via the tmsdtnnal route [Ml. &cause of the low 

Teblm 1. Cornmon causes of chical suspicion of 
&e uponirc during prcgnlacy in our cohan 

History of maternai d q  use 
MediePl hina y S U S P ~ ~ ~ O U S  of dnig LUC (e.&, blumd 

m r t d  gccb and otha sipns consistent with 
potential dnig use) 

Signs of n e d e  marks in the mothcr 
Intnutaine gmwih d a t i o n  (weisht leu than !hird 

perctntilc for agc) 
Lsw birth weight infhnzs 
Plancntal abruption 
IntmcmnU bunorrhage 
Unexpiaid changes in a r o d s l c e p  patterns of the 

infants 
Neoaatal scUur# 
Sexually &tted diKavs in amnates 

kaatinhtion, fctal sicin is rcadily permeable for aog- 
aious saabsrances [IS]. Givm chat the benZaykgonme 
metabolite is rneasured, aitenial contamination is not 
devant with nspect to the adult hair eithcr because, 
as was shown by w ncaitly, benzoy1ccgonine primari- 
ly refieas systcmic aposure (121. AU analyses wm 
perfonned in duplicatc samples, 

Proportions of posiri\ity of combe in the dam of 
thïs cohort was cornparcd to ou pnviousiy pubhhcd 
population-based studies [3] using the F i e r  exact 
t a  Mean benzoylccgonine concentrations betwecir 
th& cohort and our population-bwd cohon [3] w m  
cornparcd by the Mm-Whitney U t a .  

Betwm October 1991 and April 1995 we 
analyzed 13 adult hair sampls, 192 neonatal 
hak samples and 4 mothcr-infant pairs. Of the 
neonatal hair samples provided for analysis, 
10 did not contain sufk5ent amounts to ana- 
lyze for focaine metabolites. Fm-fie (30%) 
of the remaining 182 were positive for the 
cocaine metabolite bmzoyltcgonine (table 2). 
The majority (72%) of samplcs were rcfemd 
from hospitai nurseries and clinics, the re- 
mainder were sent from social weifiwe agen- 



TrM. 2. Onginatiag source 
profile and distribution of r c f d  Rcfdmup -ples Within-group 

Overail 

ncoaatal hair samples refend samples positive' paeent 
n % pocitive' 

C h i l â m ' s  Aid 17' 9 56 5 
~ospital   un crie^ r 382 M 27 t a  
primorv physiciaas E3 6 30 3 
Ur~k~own 15' 4 29 2 

- - 

Total 192 55 30 
- 

Onesamp1ewuNSQ. 
Six sampla w a c  NSQ. 
Two samp1es w m  NSQ. 
Calcuiation of the numba of positive sampla does aot indude the 

NSQ tamples. 

cies and private practice physicians. Although 
the overail percent of positive test was 30%. 
refends from sociai welfm agencies wcre as- 
sociated with higher rates of positive tests. 

Eight (67%) of the 13 adult hair sampla 
were positive. One of these adults was re 
femd on two separate occasions to determine 
if the nsults of the hair analysis ccmborated 
the reportcd tapered use. Analysis of the prox- 
imal segment d hait (closest to the scalp) 
showed a decrrased amount of cocaine in the 
hair on the two Jeparate occasions (fmm 0.75 
to 0.28 ng/mg). Of the 4 mother-infant pairs, 
3 were positive in both matemal and neonatal 
hair, whcms the single negative pair was neg- 
ative in b t h  materna1 and nanatal hair. 

Cornparison of benmylecgonine concen- 
trations in neonatal hair showed sigdicantly 
highcr levels (4.37 f 12.5 nghg  hall) in this 
cohort than among positive cases in our pm 
vious population-based midy (1.82 f 7.08 
nglmg hait) (p = 0.000 l), indicating that whm 
clinicaI suspicions prompt physiciam to test 
neonatai hait, they capture as subgroup of 
heavy cocairie usm, who probably arc at 
highcr pvinatal risks. 

Then arc obvious shortcumings in the ac- 
curacy of self-nported cocaine use d u ~ g  
pregnaacy. Fearing legal consequences and 
embarrassrnent of admittcd Ucit  substance 
use, there is a tendency to undemport CO- 

aine consumption by women. While there is 
some debate regardhg the justification of rou- 
tine neonatal screening for dmgs of abuse, 
most health professionals agree that if there is 
a chical suspicion of such exposure, it should 
be ascertaincd by a sensitive and accurate 
test, similar, for example, to the approach tak- 
en towards scxually tfansmitted diseases. The 
purpose of the prcsent project was to test 
whether the hair test is sensitive in proving 
suspccttd cocaine urposm. Pnor to this re- 
search, chicians couid not validate their non- 
specif~c clinid suspicions, and thus neonates 
with the potentiaiiy very serious diagnosis of 
in utero dnig exposure were sent home un- 
diagnosed and therefore without appropriate - 
management and foiiow-up. The samples re- 
femd to us by health professionals, based on 
ciinical suspicions, yielded 30% positive m 



suiu, 5.5-fold higher than what we have found 
in a population-based study [3]. This difEer- 
ence (5.5 vs. 30%) being highly UgnScant 
(p c 0.000 1) means that the clinicai hair test 
was utilized effciently and was overall justi- 
fied. The decision to coilecl a sample is usU81- 
ly prompted by available historical idorma- 
tion andlor clinical presentation. As shown in 
table 1, many of these criteria are nonspecüic 
in their nature, underlying the fact that in 
utero exposure to axaine does not lead to a 
phenotypic syndrome; hence a 30% positivity 
is indicative of c l inMy desirable sensitivity 
of the hair test. 

Although ethicaily acceptable because of 
the use of discarded material, meconium test- 
ing for cocaine is available oniy during the 
fim 2-3 days of We, which limits its u s d -  
ness. The potential limited ability of rneconi- 
um is weU illustrated in a large study by 
Osma et al. [16], in which oniy 77.6% of the 
aeonates had mmnium avaiIable for d y -  

sis. The reasons for absence of mewnium 
included deaîh, transfer to another hospital, 
eariy discharge, failun of collection by the 
mother, or insufficient mecunium sample col- 
lection. Moreover, although cocaine m e t a b  
lites may be measurable in the fiist th= 
meconium stools, the amount found dimin- 
ishes siwcantly in the second stool venus 
the fvst 1161, which may lead to a potentiai 
decreasc in sensitivity of detcction if the first 
meconium sample is not used [17]. The lim- 
ited smsitivity is illustrated by a ment corn- 
parison of the k i r  analysis to immunoassay 
of cocaine in meconium [I 81, with hair analy- 
sis being signifcantly mon sensitive (78 vs. 
52%) in detecting gestational exposurc tu co- 
d e .  
To assist clhicians in ascertaining gesta- 

tional cocaine exposure when clinical suspi 
cion exins, we propose a decision tree which 
is pnsented in figure 1. When gestational 

a urine scrcen 



should be the fint avenue for confirmation 
due to its lower cost and faster tumova time. 
Only if negative, hair andor rneconi- cari 
be colleaed ncogaizing the short cdktion 
window for meconium (1-2 &YS)- Neon@ 
hair Al =tain the potential for providing 
maint a p o m  information up to 3-4 
months of nwnatal age, consistent with the 
timt needed fur most neonatm to shed their 
fust hak 

The high pammtage of positivity among 
tamples nfemd by social welfan agencies is 
consistent with clustering of high-risk cases 
dealt with by these agencies. Agency person- 
nel arc phq to background information that 
may heighten suspicion of cocaine use. An 
additional dimension most relevant to social 
welfarc cases is the medicolcgal implication of 
ensuring proper carc of childnn that have 
been urpased to cocaine in utero. Custody of 
these childm is oRen abject to legal inter- 
ventions, and hair anaiysis has b e n  u x d  to 
cornborate or rcfute intrauterine exposure to 
a m i n e  in such cases. As illustrated in the 
case of the mother who was refenrd on two 
separate occasions, npcated hair analysis has 
the capaciiy to provide evidence of temporal 
changes in cocainc use. 

'Ine question of whethcr scmning for co- 
caine exposurc shouid be performed on aU 
newborns is being npeatcdly raised. In the 
very complut rclationships betwecn matenial 
and fetaî nghts and in the d i t y  of cxtnmely 
hetemgaious views in western det ies  re- 
garding drug testkrg, it is ualikely that routine 
xnening will ever take place in mothus and 
Enfmts. Our rcsults sm@y suggest that it 
may be sUnxcient to test mspccted cases, 
baseci on nonspeQfic sigw of axaine expo- 
we, and not to dwcU into the enormous cost 
and ethical-Legal liabilities inhemt in asniver- 
ral test&. 

The cost of the hair test is hiber (double) 
than the w h e  test, because it is more labor- 

intensive, however, it can provide informa- 
tion about intrauterine urposure in the last 
trimester of prrgnancy, as oppoded to the 
urine which mil give information about e x p  
sure for 1-2 days before delivery. 

Because neonatd hair grows during the last 
triniester of pngnancy, a positive nematal 
hair test for cocaine reflects matemal use long 
after prcgnancy was recugnized and therefore 
indicatm an addiction pattern. Confurnation 
of in uten, exposun to cocaîne by the hair test 
may allow for carlier intervmtions to e n m  
pmper c m  for both the neonate and mother. 
In positive aws the mother and infant should 
be closely foilowed with postnatal care, sup 
portive counseling, contraceptive counseling, 
public health nurse visits and training in par- 
enting skills [19]. Then is evidence that inter- 
ventions such as home visits benefit the 
chiid's early development [20]. 

In summary, this study demonstrates the 
advantages of neonatal hair testing for m 
caine in cases of chical suspicion, when the 
urine test is negative. Similar neonatal tests 
for other dmgs of abuse are now in progreçs. 
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