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Abstract

Evaluations of the Immunalysis enzyme linked immunosorbent assay (ELISA) and
Immunalysis enzymatic assay for ethyl alcohol were undertaken to evaluate their
suitability for screening drugs of abuse (hamely amphetamine and
methamphetamine) and alcohol in oral fluid samples collected with the Quantisal
Collection Device. Multi-analyte controls were prepared for the drugs of abuse
screen and diluted with Quantisal buffer prior to analysis to match the dilution in the
Quantisal Oral Fluid Collection Device that was used to collect the samples. These
samples were analysed over time to evaluate stability and case samples were

analysed to evaluate sensitivity and specificity.

Alcohol calibrators and controls were evaluated for linearity and stability before being

applied to case samples to evaluate the sensitivity and specificity of the method.

The amphetamine assay was found to be highly sensitive and specific. The
methamphetamine assay was found to be highly specific but no positive samples
were analysed so the sensitivity could not be evaluated. The multi-analyte controls
were found to be stable over a fourteen month period. The Immunalysis ELISA

assays were found to be suitable for screening oral fluid samples.

The alcohol assay was found to be linear over the 0 — 300mg/dL range and the
calibrators and controls were found to be stable over time. The assay was found to
be highly sensitive and specific and best suited to high throughput laboratories
expecting mainly negative samples. However, it would not be cost effective for
smaller laboratories or those expecting a high number of positives, where going
straight to confirmation by head-space gas chromatography with flame ionisation

detection would be recommended.
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1 Introduction

1.1 Background

Toxicology is the study of poisons and their effects, and has a wide range of
applications in medicine, law and sport. A poison is defined as any substance,
which either formed in the body or taken into the body can cause an impairment of
health (1, 2). This allows for the fact that almost all substances (including everyday
essentials such as water and oxygen) can act as poisons and impair health if a high
enough dose is taken (2). Other substances such as cyanide can be fatal even if
only a small dose is received. Paracelsus reported this fact in the early 16™ century
noting that even medicinal substances could be poisonous if a large quantity was

consumed.

“Alle Dinge sind ein Gift und nichts ist ohne Gift,

nur die Dosis bewirkt, daf8 ein Ding kein Gift ist.”

"Poison is in everything, and nothing is without poison.

The dosage makes a thing not a poison.”
Paracelsus, 1493-1541
Quotation courtesy of The Handbook of Pesticide Toxicology: Principles (3)

The dose required for toxic effects to be produced is known as the toxic dose but the
actual quantity involved varies between individuals according to a number of factors.
These include height, weight, sex, age, body water content, health, previous

exposure to the drug, tolerance, mood at time the drugs were taken, effects of other

drugs and the route of administration.

Over the years, many matrices have been used to analyse for drugs and poisons in
humans with tissues such as the liver, which have higher concentrations than the
matrices commonly used today, being used for post mortem toxicology. Blood and
urine are presently the most common matrices used in forensic toxicology for drugs
of abuse testing. This is because these matrices are readily available and there is a
lot of published information about typical concentrations of drugs found, thus aiding

interpretation. Other “alternative” matrices which can be used in post mortem
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toxicology include the brain, liver, lung, muscle, stomach contents, bile, vitreous
humour, hair, oral fluid, sweat and nail clippings. Over the last few decades,
advances in technology has seen better sensitivity of instrumentation and this has
brought hair and oral fluid testing, which typically have lower concentrations of drugs
than the traditional matrices, to the front of the field.

This project will look at the suitability of oral fluid as a testing matrix for the screening

and subsequent confirmation of specifically alcohol and amphetamines.

1.2 Oral Fluid

1.2.1 Anatomy of Saliva Glands

The secretion product of the head and mouth salivary glands is commonly known as
saliva. Between half a litre and one and a half litres of saliva is produced daily from
these glands (4-7). Saliva collected from the mouth also contains small amounts of
gingival crevicular fluid, cellular debris and blood. Saliva is composed of 99% water,
0.3% protein (largely amylase) and 0.3% mucins (5, 8). Saliva glands comprise two
regions, the acinar region which contains the cells capable of secretion and the
ductal region lined with water impermeable cells that carry the secretions to the
outlets in the mouth (8, 9).

Saliva is produced from three main glands and many minor glands (7). Under resting
conditions 70% is produced from the submandibular glands, 25% is produced by the
parotid glands and the other 5% is produced from the sublingual glands and the
other minor glands that produce saliva. When stimulated about 50% comes from the
parotid glands (4, 7, 8). The main salivary glands are shown in Figure 1 courtesy of
The Free Dictionary.
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Figure 1: The Saliva Glands courtesy of The Free Dictionary (10)

Under resting conditions, saliva has a typical pH of 6.8 (typical range pH 5.6 — 7.9)
(8, 11). When stimulated, saliva is excreted faster and becomes more basic and

approaches the pH of plasma (4, 8, 11).

In 1993, the New York Academy of Sciences meeting on saliva testing decided to
differentiate between saliva taken from the mouth and that taken directly from the
saliva glands. As the fluid in the mouth is a mixture of the excretion products from
the various glands in the mouth and cellular debris it was decided that saliva should
be used to describe the glandular secretions taken directly from the saliva glands
and that oral fluid should be used to describe the fluid taken from the mouth by either

expectoration or by placing absorbents in the mouth (5, 8, 11, 12).

1.2.2 Advantages of Oral Fluid Testing

The main advantage of oral fluid as a matrix for drug testing is that collection is
simple and non-invasive and samples can be collected under observation. The
collection of an oral fluid sample can be carried out by the individual themselves by
swabbing the inside of their mouth with a cotton swab or by expectorating (spitting)
into a sample vial. Suction and draining of oral fluid from the mouth have also been
used to collect samples (8, 11, 12). This can be done quickly and on site, which is
beneficial for both the individual concerned and the individual collecting the sample

(13). In general, people do not like providing blood, urine or hair samples for analysis
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as they feel this is an invasion of their privacy (8). Urine samples can be easily
adulterated or switched to avoid the detection of drugs, as the sample collection
cannot be easily witnessed. This is not the case with oral fluid as there is a waiting
time before sample collection in which any adulterants in the mouth will have been
swallowed, diluted or expectorated (8). Also, the fact that sample collection is
witnessed means the possibility of switching the sample to a sample known to be

free from drugs is greatly reduced.

Oral fluid provides information about recent drug use (i.e. drugs taken within a few
hours of the sample being collected and up to 48 hours after use for some drugs)
due to the short window of detection. As a consequence, oral fluid provides a good
indication of the drugs that were present in the blood stream at the time of collection
and therefore has the potential to provide information relating to the effects the

individual was experiencing at the time of collection (8).

Another advantage is that the concentration of drugs in oral fluid can be related to
the concentration of drugs in plasma. Drugs found in oral fluid are typically the non-
ionised, unbound parent drug. Since it is the free lipophilic drug and drug metabolites
that can cross cell membranes, such as the blood — brain barrier, and cause
physiological effects, free drug concentrations in plasma and in oral fluid can
potentially be correlated with drug effects (5). Cone et al (14) found that for cocaine,
the saliva concentrations correlated well with effects. In a separate study, Cone et al
(15) stated that amphetamine in oral fluid parallels the plasma drug concentration. In
contrast, many papers state that there is no correlation between oral fluid and
plasma drug concentrations. Schepers et al (16) found a poor correlation between
the oral fluid and plasma concentrations for amphetamine and methamphetamine.
The results supported those from an earlier study by Cook et al (17). In 2007, Willie
et al (18) carried out a multi — drug study on oral fluid: blood ratios from drivers
suspected of driving under the influence of drugs and found the ratios to be highly

variable.

1.2.3 Disadvantages of Oral Fluid Testing

As oral fluid is a biological fluid, it has the potential to transmit infectious diseases.

Thus samples need to be handled with care like other biological fluids such as blood
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and urine. Saliva production is reduced by some drugs, both prescription drugs (such
as amitryptaline and paracetamol) and illicit drugs (such as amphetamine), drugs
which block the central nervous system, and also by some medical conditions,
including stress and diabetes (5, 7, 8, 11).This can make collection of oral fluid
samples from individuals who fall into these categories difficult. There are also some
individuals who are repulsed by spitting and thus rules out the use of expectoration

methods for the collection of oral fluid.

Although this is also classed as an advantage, another drawback with oral fluid
testing is the short window of detection (8). Drugs with short half lives or those which
are rapidly metabolised will not be detectable in oral fluid for a long period of time, as
it is generally the parent drug that is found in oral fluid. As a result, in cases of those
suspected of being under the influence of drugs it is vital that the oral fluid sample is
collected as soon as possible to maximise the chance of detection. The generally
accepted window of detection of oral fluid is from the time of administration to
approximately four half lives after it enters the body (5). The half-life of a drug is the
time taken for its concentration to decrease by a half.

One of the biggest drawbacks with oral fluid testing is the small volume of sample
collected (8). Many collection devices will only allow approximately 1mL of sample to
be collected which, if many analyses are required, can present a problem. Many
collection devices also dilute this ImL of sample with buffer which can present a
problem if the drugs are present at a low concentration, as it may be approaching the
limit of detection of the analytical instrumentation. This problem was recently
highlighted in a study by Gjerde et al, who carried out a large scale drug and alcohol
study in Norway using the Statsure oral fluid collection device (19). This device used
a collection pad to collect (up to) 1mL of oral fluid and diluted it with 1mL buffer. The
authors reported that they were unable to recover 1mL of the oral fluid/buffer mixture

meaning in most cases they had less than 1mL of sample to analyse (19).

Another disadvantage relates to recent administration of a drug in oral form as
residue from smoking or small fragments of the drug may remain in the mouth and
as such will contaminate the oral fluid sample and give a much higher concentration

of the drug than is actually present (11).
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1.2.4 Applications of Oral Fluid Testing

With drug testing becoming more widespread, companies such as those involved in
drug maintenance programs, many private companies who offer drug testing for
employers and the police (roadside and as part of the drug interventions program
(DIP)), have been looking to move towards oral fluid testing as a method for drug
testing as it is easier to collect than other matrices. The police for example can
collect an oral fluid sample at the roadside rather than having to take the suspect to
the station to provide a blood or urine sample which wastes time and money. The
DIP programme tests those arrested for certain offences and aims to identify those
taking drugs and giving them the option of deferring a prison sentence by enrolling
them in drug treatment programmes. The test results from the DIP programme are
not used in court against the suspect. As part of health and safety regulations
employers are able to test employees for the presence of alcohol or drugs only if
consent is given and there is a genuine reason for the test (20). Employers are
required to have a policy on drug and alcohol testing if they wish to carry out such
tests. Not all companies have such a policy in place, but areas such as the transport
and manufacturing sectors, where intoxication could endanger the lives of others,

are most likely to have one in place.

While a policy on workplace drug testing or consent is required for drug testing in
most cases, it is a legal requirement in certain areas, such as the public transport
industry. The Transport and Works Act 1992 (21) states that it is an offence for

anyone working on public transport systems to be intoxicated while at work.

As a result of the current recession, many companies which have not had a legal
requirement to carry out workplace testing have started to test employees in an effort
to dismiss them from their job without redundancy pay in a bid to save costs (22).
Many people argue that an employee’s human rights to privacy may be breached if
testing is carried out using urine and hair, as they have longer windows of detection
and as such do not reflect what, if any, effects the person is currently experiencing
whilst at work. The longer windows of detection from these matrices could detect any
recreational use of drugs out-with working hours that can be argued, are not

affecting the person during work hours.
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Drug maintenance programmes are used to monitor a person’s abstinence from
drugs. This may be for many reasons with child custody cases and conditions of balil
being amongst the most common reasons. Drug maintenance programmes are also
used to monitor those on the methadone programme to ensure that they are not
continuing to abuse heroin while on methadone and to ensure that they are indeed
taking their methadone and not selling it to provide money for other drug habits.

The police in England and Wales also use oral fluid drug testing as a way of getting
drug users who have been arrested for trigger crimes into treatment. Tests are
routinely carried out on those who are arrested for petty crimes such as burglary or
theft as part of the drug interventions programme (DIP) (23). This initiative aims to
reduce crime carried out by drug abusers by getting them into treatment and the
indications are that it has been working with a report published in November 2007

indicating a 26% reduction in crime by those entering DIP (24).

To test for alcohol intoxication at the roadside, the police use a hand-held
breathalyzer, however there is currently no equivalent hand-held device approved to
test for drug use at the roadside. Several collection devices have been tested over
the years but as yet none has been deemed acceptable for roadside testing (11).
The preliminary impairment test (PIT) is used to determine if a person is unfit to drive
through drug intoxication and involves a series of simple tests and the measurement
of pupil size. Technology is constantly evolving and in 2008 a British-based company
announced they would be releasing a new handheld oral fluid drug testing device
(25). The device will be unveiled in November 2010 and will undergo performance
evaluation tests before being made commercially available but the manufacturers
hope that the device will meet any criteria set out by the British government for
roadside drug testing devices (26). The North Review, published by the Department
of Transport in June 2010, states that the government is looking to implement a
device that can detect drugs in oral fluid (27). British police were given the power to
carry out preliminary impairment tests on drivers suspected of using drugs in 2003,
but as yet no suitable device for such a test exists. Section 6C of the Railways and
Transport Safety Act 2003 (28) states that:

“A preliminary drug test is a procedure by which a specimen of sweat or saliva is—

(a) obtained, and
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(b) used for the purpose of obtaining, by means of a device of a type approved by
the Secretary of State, an indication whether the person to whom the test is

administered has a drug in his body.”

The Home Office Scientific Development Branch stated that “there is currently no
type approval specification for roadside screening devices to detect drugs and so
they cannot be used for enforcement purposes” and that they were working with
external agencies on the specification and design of a suitable device (29). They
went on to state that “it will be a couple of years before our multi-drug device is
available and type-approved for use as the scientific development work behind it is
highly complex” (29).

1.3 Abuse of Drugs and Alcohol

Drug and alcohol abuse is a growing problem in the United Kingdom (30, 31).
Alcohol is the most commonly abused substance in the United Kingdom although
drugs such as cannabis are also widely abused. According to the world drug report
2009, Scotland was the amphetamine abuse capital of Europe with 2.2% of the
population (2006 data) abusing amphetamines and amphetamine type stimulants
(ATS) (excluding ecstasy) (32). Recently published data in the world drug report
2010 indicates that the Czech Republic has now overtaken Scotland as the
amphetamine and amphetamine type stimulants (ATS) (excluding ecstasy) capital of
Europe, as use in Scotland has dropped to 1.4% (2009 data) (33). Scotland also has
the second highest rate of ecstasy abuse in Europe at 2.5% of the population (2009
data), down from 3.2% in 2006, with only the Czech Republic having a higher rate at
3.6% (2008 data) (3.5% in 2004) (32, 33). Scotland has a higher rate of
amphetamine and ATS abuse than England and Wales (1.4% in Scotland compared
to 1.0% in England and Wales (2009 data)) (33). Scotland also has a higher rate of
ecstasy abuse than England and Wales (2.5% in Scotland compared to 1.8% in
England and Wales (2009 data)) (33).

Alcohol related deaths in the United Kingdom have doubled between 1991 and 2007
according to the office for national statistics (31) as illustrated in Figure 2.

In 2007 there were 1,399 deaths which listed alcohol as the underlying cause of

death in Scotland with a further 966 listing alcohol as a contributory cause of death
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(34). 68.5% (959 of the 1,399 deaths) (34) of those who died as a result of an
alcohol related illness were male. The Glasgow area had the highest death rate due
to alcohol for both sexes (34) with the death rate for Scottish males double that of
the rest of the United Kingdom (35).

Age-standardised rates
per 100,000 population
20

_/
/

1991 1993 1995 1997 1999 2001 =003 2005 2007

1]

—Males ——Females

Figure 2: Alcohol Related Death Rates by sex in the United Kingdom 1991 - 2007 (31)

Drug related deaths in Scotland have doubled since 1996 according to the General

Register Office for Scotland (30) as illustrated in Figure 3.
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Figure 3: Drug Related Deaths in Scotland 1996 — 2009 (30)

Figure 3 shows a fairly steady increase in drug related deaths since 1996.
1.4 Screening Methods

1.4.1 Drugs of Abuse

Enzyme Linked ImmunoSorbent Assay (ELISA) is one of the most common
screening techniques for drugs of abuse and is the screening method chosen for this
project. Using an enzymatic method, such as ELISA to screen samples for drugs of
abuse is a quick and relatively cheap method to eliminate negative samples from the

more expensive and time consuming confirmatory tests (30, 31).

ELISA works by having microplate wells coated with an antibody specific to the drug
that is being looked for. The sample is added along with an enzyme labelled drug.
The samples are incubated in the dark for a set period of time. The drug and enzyme
labelled drug compete for binding sites on the antibody during the incubation period.
The enzyme conjugates typically contain azide free preservatives as the presence of
azides may interfere with the antigen — antibody interactions and produce erroneous
results. The plates are washed several times with water to remove any unbound

materials and a substrate is added which allows a colour to develop in proportion to
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the amount of enzyme present (and inversely proportional to the concentration of
drug in the sample well). The samples are incubated for a set period of time in the
dark. After this incubation period, a stop solution (typically an acid) is added to
destroy any unbound substrate and prevent further reaction. The colour of the
solution is changed by the addition of the stop solution. The absorbance of the plates
is then read. The process taking place in the wells is shown in Figure 4.
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Figure 4: Principle of ELISA Courtesy of Pharmaceutical Press (36)

1.4.2 Alcohol

The Immunalysis Corporation (Pomona, CA) oral fluid alcohol assay works on the
basis of alcohol dehydrogenase’s (ADH) high affinity for reaction with ethanol in the

presence of nicotinamide adenine dinucleotide (NAD) as shown in the equation

below.

Page 12



ADH
CH3CH,OH + NAD ——®= CH3CHO + NADH .......... Equation 1

This simple method works by adding buffer and an enzyme which contains NAD and
ADH to the sample and incubating in the dark for a set period of time. During this
time, a colour develops in the wells. The absorbance of the plates is read following

the incubation.

1.4.3 Other Screening Methods

A number of other screening methods are available with hand-held screening
devices becoming popular with the police. Laboratory based technigues such as
radioimmunoassay (RIA) (which has now been replaced by ELISA) (36) and liquid
chromatography — mass spectrometry — mass spectrometry (LC-MS-MS) can also
be used. LC-MS-MS appears to be the laboratory based screening method of the
future as it offers the advantage over current screening methods by being able to
identify specific drugs rather than just the drug group (37). It can also analyse for
several hundred drugs in a single analysis (38). This technigue can also be used
semi-quantitatively which is advantageous if only a limited sample is available for
analysis. It would also allow for any sample which may require a dilution prior to
analysis to be identified at the screening stage, thus speeds up the confirmation step
and saves wasting sample by extracting an undiluted sample when the drug will be
off scale. The disadvantage of this technique is the cost and run time as multiple
drug standards would be needed and a lot of validation work to set up the method for

all of the analytes each particular laboratory is interested in.

1.5 Confirmatory Methods

1.5.1 Drugs of Abuse (Amphetamines)

For this project, the presence of amphetamines in oral fluid was confirmed by gas
chromatography mass spectrometry (GC-MS) following solid phase extraction (SPE)
to remove the bulk of the impurities in the sample. Liquid chromatography mass
spectrometry (LC-MS) is also frequently used to confirm the presence of

amphetamines. SPE is an extraction technique used to remove impurities from
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samples to stop them interfering with the chromatography on the instrument.
Cartridges have a silica based packing material and the analytes of interest bind to it
allowing the impurities to be washed out. The analytes of interest are then selectively
eluted without the impurities. In the case of amphetamines the samples were
derivatised (in this instance, with pentafluoropropionic anhydride (PFPA)) to improve
the chromatography. The internal standards, used to quantify the drug
concentrations, were deuterated analogues of each of the analytes of interest.
Deuterated standards will have similar retention times as the standards themselves

and allows for easier identification.

1.5.2 Alcohol

The presence of alcohol in oral fluid samples was confirmed by using headspace gas
chromatography with a flame ionisation detector (GC-FID). For this project, the
standards and controls were diluted with Quantisal buffer (one part sample, three
parts buffer) to match the dilution in the oral fluid collection device. A semi-automatic
diluter was used to dilute the standards, controls and case samples with internal
standard in clearly labelled headspace vials. All samples were analysed in duplicate.
The vials were capped and placed in the carousel for analysis by headspace GC-
FID.

1.6 Quality Control

Although there is no formal requirement for drug testing laboratories in the United
Kingdom to have accreditation to the international testing standard, ISO/IEC 17025,
many laboratories that carry out the testing do have this accreditation, however, only
a limited number have accreditation for oral fluid testing. As part of quality control
measures, there are various proficiency testing schemes in operation in the UK
which accredited laboratories must participate in. However, these generally focus on
the traditional matrices used in forensic toxicology such as blood and urine. As part
of the proficiency testing scheme, spiked samples are sent to the accredited
laboratories to ensure that they are correctly identifying the drugs present and
accurately quantifying the concentrations in the sample. The concentration of the

drugs in the sample is not given to the testing laboratories until after they have
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submitted their results for the samples. Samples similar to this are commercially
available as external quality controls (EQC’s) but these samples detail the
concentrations of the drugs present. At present, the EQC’s are widely available for
traditional matrices such as blood and urine with only a limited number being
available for other matrices, such as oral fluid, and thus making internal quality
controls (IQC’s) very important in oral fluid testing. IQC’s are control samples for the
desired analytes that are prepared in-house to a known concentration and serve the
same purpose as the EQC’s. In order to gain accreditation to ISO/IEC 17025,
laboratories must meet certain requirements. These include the validation of
methods to ensure they are robust and fit for purpose, in addition to having standard
operating procedures for all aspects of the testing process. A quality control system
should be implemented and as there are currently no external quality control
schemes available for oral fluid, the quality control samples must therefore be
prepared in-house. The United Kingdom National External Quality Assessment
Service (UKNEQAS) has a proficiency testing scheme that is currently being piloted
for oral fluid testing but this is only at the developmental stage and has not been fully
rolled out as yet. Schewart style quality control charts will be used to monitor the
results of the IQC’s and EQC'’s.

1.7 Quantisal Oral Fluid Collection Device

The Quantisal oral fluid collection device was used to collect oral fluid samples for
this project. The device has a pad with a volume adequacy indicator that turns blue
when 1mL of oral fluid has been collected. The pad is then stored in 3mL of
Quantisal buffer to give a total volume of 4mL. Filters can be used to squeeze the
fluid out of the pad and allow the oral fluid/buffer mixture to be transferred to labelled
vials prior to analysis. A study by Langel et al showed the Quantisal device had
recoveries in excess of 80% for amphetamine, 3,4-

methylenedioxymethamphetamine (MDMA) and ethanol (39).
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1.8 Aims and Objectives

The aims of this project were to evaluate a commercially available ELISA assay for
drugs of abuse, in particular, amphetamine and methamphetamine in oral fluid and

to evaluate a commercially available enzymatic assay for ethanol in oral fluid.

To evaluate the ELISA assay, multi-analyte controls were prepared and analysed
over time to evaluate the stability of the controls and assess the suitability of the
assays. To make the method more time and cost effective, the oral fluid samples
were evaluated using the same ELISA method that is presently used in-house for
other matrices (e.g. blood and urine) to allow oral fluid samples to be screened within
the same batch as other matrices. The method was then applied to case samples
collected with a commercially available oral fluid collection device and any
amphetamine or methamphetamine positives will be confirmed using the in-house
confirmation method of analysis by gas chromatography mass spectrometry (GC-
MS). Some negative samples were also confirmed to allow the sensitivity and
specificity of the assay to be evaluated. Confirmations for other drug groups were not
carried out during this project as there is not a validated in-house method for these

drugs in oral fluid.

To evaluate the enzymatic assay for ethanol in oral fluid, ethanol controls were
prepared and analysed over time to evaluate the stability of the controls and assess
the suitability of the assay. The method was then applied to case samples collected
with a commercially available oral fluid collection device and any positives confirmed
for alcohol using the in-house confirmation method of analysis by headspace gas
chromatography flame ionisation detector (headspace GC-FID). Some negative
samples were also confirmed to allow the sensitivity and specificity of the assay to

be evaluated.
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2 Evaluation of Multi-Analyte Oral Fluid Controls Using
Immunalysis ELISA

2.1 Materials and Reagents

The following materials and reagents were used in this project.

2.1.1 Enzyme Linked Immunosorbent Assay (ELISA) Test Kits

Drugs of abuse testing kits for each of the drugs of interest were manufactured by
Immunalysis Corporation (Pomona, CA) and purchased from their UK distribution
company, Agriyork 400 Ltd (Pocklington, UK). The product code for each kit is
detailed in Table 1. Each kit contained all the necessary reagents for the analysis,
including an enzyme conjugate, a substrate solution and a stop solution. The
substrate solution for all of the assays was 3, 3’, 5, 5’ tetramethylbenzidine (TMB)
and urea peroxidase in buffer. The stop solution (1M hydrochloric acid) was the
same for all assays. The enzyme conjugate for each assay is different and detailed
in Table 1. The manufacturer’s specification for each assay is given in Appendix 2 —

ELISA Assay Specification.

The calibrators were diluted with 200mM phosphate buffer solution (product code:
PBS-1000) and Quantisal dilution buffer (product code: EXTBUF-1000) was used to
dilute oral fluid controls. These buffers were also manufactured by Immunalysis
Corporation (Pomona, CA) and purchased from their UK distribution company,
Agriyork 400 Ltd (Pocklington, UK). The assays and buffers were stored at or below

8°C in the refrigerator.
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Table 1: Product Codes and Enzyme Conjugates for ELISA Kits

Drug Group Product Code Enzyme Conjugate*
Amphetamine 209-0480 S-(+)-amphetamine
_ _ Benzodiazepine
Benzodiazepines 214-0480 o
derivative
_ Buprenorphine
Buprenorphine 236-0480 o
derivative
o THC-COOH
Cannabinoids 205-0480 -
derivative**
_ Benzoylecgonine
Cocaine 206-0480 o
derivative
Methadone 232-0480 Methadone derivative
. S-(+)-
Methamphetamine 211-0480 _
methamphetamine
Opiates 207-0480 Morphine derivative

* Enzyme conjugates are labelled with horseradish peroxidase in a buffered, protein solution with
stabilizers at pH 7.6 and contain azide free preservatives. The solutions are dyed pink for clarity.

** The cannabinoid enzyme conjugate (11-nor-9-carboxy-delta-9-tetrahydrocannabinol (THC-COOH))
is buffered at pH 8.5.

2.1.2 Drug Standards
2.1.2.1 Drug Standards for ELISA

The drug standards used for this project were manufactured by Cerilliant (Round
Rock, TX) and purchased from LGC Standards (Teddington, UK). The details of the
drug standard including the concentration and product code are found in Table 2.

Certificates of analysis were provided with each drug standard.
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Table 2: Drug Standards for ELISA

Drug Standard Concentration* Product Code
S-(+)-Amphetamine 1mg/mL A-008
Oxazepam 1mg/mL 0-902
Buprenorphine 0.1mg/mL B-902
(-)-11-nor-9-carboxy-

T 0.1mg/mL T-018
Benzoylecgonine 0.1mg/mL B-007
(+/-)-Methadone 0.1mg/mL M-019

S-(+)-Methamphetamine 1mg/mL M-020
Morphine 0.1mg/mL M-030

* All drugs come in sealed vials at the stated concentration in 1mL of methanol.

2.1.2.2 Drug Standards for GC-MS

The drug standards used for this project were manufactured by Cerilliant (Round
Rock, TX) and purchased from LGC Standards (Teddington, UK). The details of the
drug standard including the concentration and product code are found in Table 3.

Certificates of analysis were provided with each drug standard.
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Table 3: Drug Standards for Amphetamine Confirmations

Drug Standard Concentration* Product Code
(x)-Amphetamine 1mg/mL A-007
(x)-Methamphetamine 1mg/mL M-009
(£)-MDA 1mg/mL M-012
(+)-MDMA 1mg/mL M-013
(+)-MDEA 1mg/mL M-065

* All drugs come in sealed vials at the stated concentration in ImL of methanol.

2.1.2.3 Internal Standards for Amphetamine Confirmations

The deuterated drug standards used for this project were manufactured by Cerilliant
(Round Rock, TX) and purchased from LGC Standards (Teddington, UK). The
details of the deuterated drug standard including the concentration and product code

are found in Table 4. Certificates of analysis were provided with each drug standard.

Table 4: Internal Standards for Amphetamine Confirmations

Drug Standard Concentration* Product Code
(x)-Amphetamine-d11 100ug/mL A-016
(x)-Methamphetamine-d14 100pg/mL M-092
(x)-MDA-d5 100ug/mL M-010
(+)-MDMA-d5 100pg/mL M-011
(+)-MDEA-d6 100pg/mL M-081

* All drugs come in sealed vials at the stated concentration in 1mL of methanol.

2.1.3 Collection of Blank Oral Fluid

As commercially available collection devices dilute the sample in differing volumes of
buffer, it was decided to collect blank oral fluid by expectoration, as neat oral fluid

would allow the flexibility of diluting samples by an appropriate factor at a later stage
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to match the dilution factor in the collection device of the sample in question should
the sample be collected with a different collection device. Neat oral fluid was
collected from a single donor who had not taken any of the drugs included in the
analysis or those closely related to them prior to sample collection. Collection of oral
fluid was carried out in one day by expectorating approximately 300mL into a beaker.
The oral fluid was transferred to a large storage bottle and stored in the freezer until

required.

2.1.4 Preparation of Calibrators
2.1.4.1 Preparation of Calibrators for ELISA

As the in-house calibrators for this assay were also used for the routine blood and
urine analysis which was accredited to ISO/IEC 17025, the calibrators were prepared
by a member of technical staff to comply with the accreditation. The calibrators were
prepared in the following way: The levels were prepared from stock solutions of the
drugs at a higher concentration than required and diluted to the required
concentration with 25mL of water. The concentration of each drug in the four levels
used for the calibration is shown in Table 5. The calibrators were stored in amber
bottles at or below 8°C in the refrigerator. The calibrators were diluted with buffer

prior to use.

Page 21



Table 5: Preparation of ELISA Calibrators

Calibrators (ng/mL)
Drug Cut-off (ng/mL)
Lvl | Lv2 | Lv3 | Lv4
Amphetamine 0 25 100 | 500 25
Benzodiazepines 0 10 60 300 10
Buprenorphine 0 5 20 100 5
Cannabinoids 0 2 10 50 2
Cocaine 0 10 60 | 300 10
Methadone 0 5 20 | 100 5
Methamphetamine 0 25 | 100 | 500 25
Opiates 0 10 60 300 10

2.1.4.2 Preparation of Standards for Amphetamine Confirmations

The mixed amphetamine standard was prepared by adding 1mL of each of the drug
solutions detailed in Table 3 to a single 100mL volumetric flask and diluting to the
mark with methanol. The solution was inverted several times to ensure the solution
was thoroughly mixed and transferred to a labelled storage bottle. This is the stock
solution and was stored in the freezer at or below -18°C. To make the working
solution, 1mL of the stock solution was added to a 10mL volumetric flask and it was
made up to the mark with methanol. The solution was inverted several times to
ensure the solution was thoroughly mixed and transferred to a labelled storage

bottle. This is the working solution and was stored in the fridge between 3-8°C.

2.1.4.3 Preparation of Internal Standard for Amphetamine Confirmations

To prepare the amphetamine internal standard, 1mL of each of the solutions detailed
in Table 4 was added to a single 10mL volumetric flask and diluted to the mark with
methanol. The solution was inverted several times to ensure the solution was
thoroughly mixed and transferred to a labelled storage bottle. This is the internal

standard stock solution and was stored in the freezer at or below -18°C. To make the
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working solution, 1mL of the stock solution was added to a 10mL volumetric flask

and it was made up to the mark with methanol. The solution was inverted several

times to ensure the solution was thoroughly mixed and transferred to a labelled

storage bottle. This is the working internal standard solution and was stored in the

fridge between 3-8°C.

2.1.5 Preparation of Controls

2.1.5.1 Preparation of Controls for ELISA

A number of solutions were prepared containing the drugs of abuse at appropriate

concentrations. 1mL of each drug solution was pipetted from the vial into the

appropriate volumetric flask (in the case of oxazepam this was after a 1 in 10

dilution) and made up to the mark with blank oral fluid. Some solutions had more

than one drug present as the controls were to be prepared with the drugs at the

same concentration. The concentration of the solutions prepared along with the

volume of the spiked solution added to the controls is indicated in Table 6. The

controls were then pipetted into clearly labelled small vials and stored in the freezer

until required.

Table 6: Preparation of in-house ELISA Controls

Working Cut-off | control (ng/mL) Spike \:_olume
Drug Standard (Concentration) Solution (ng/mL) (uL)
(Hg/mL) -50% | +50% | -50% | +50%
S-(+)-Amphetamine (1mg/mL)
100 25 13 38 13 38
S-(+)-Methamphetamine (Img/mL)
Oxazepam (1mg/mL)*
Benzoylecgonine (100ug/mL) 10 10 5 15 50 150
Morphine (100ug/mL)
+/- Methadone (100ug/mL)
10 5 3 8 30 80
Buprenorphine (100ug/mL)
THC-COOH (100ug/mL) 10 2 1 3 10 30

* A one in ten dilution was required for oxazepam prior to making the mixed solution with

benzoylecgonine and morphine.
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Amphetamine and methamphetamine formed one of the drug mixtures, oxazepam,
morphine and benzoylecgonine formed another and methadone and buprenorphine

formed the third. The cannabis solution was not part of a mixed drug solution.

2.1.5.2 Preparation of Controls for Amphetamine Confirmations

A separate bottle of amphetamine stock solution (10ug/mL) was prepared as
described above and marked as for controls only. From this solution, 0.45mL is
added to a 100mL volumetric flask and made up to the mark with blank oral fluid.
This gives a control spiked at 45ng/mL. The solution was inverted several times to
ensure it was thoroughly mixed and 1.2mL aliquots were transferred to screw cap
vials which were labelled as amphetamine oral fluid controls and stored in the

freezer until required.

2.1.6 Equipment

Samples were washed using an MRX plate washer and analysed using an MRX
microplate reader using a 450nm filter, all of which were purchased from Dynex
Technologies (Chantilly, VA). Revelation software version 4.25 was used to process

the results.

The pipettes used in this project were calibrated by the United Kingdom
Accreditation Service (UKAS) to ISO/IEC 17025 standard. Standards were prepared

in volumetric flasks provided by Fisherbrand (Leicestershire, UK).

The samples were analysed by GC-MS using an Agilent 7890A gas chromatograph
coupled to an Agilent 5975C mass spectrometer. The system was automated using
an Agilent 7683B series auto-sampler and processed using MSD Chemstation
software (version G1701EA E.02.00.493). The gas chromatograph was fitted with a
DB-5MA + DG column (30m x 0.25mm x 0.25um). All GC-MS related components
were purchased from Agilent Technologies (Berkshire, UK).
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2.1.7 Case Samples

Case samples for this project were provided from three sources. Quantum
Diagnostics (Essex, UK) provided approximately 100 samples for this project. The
Centre for Drug Misuse Research based at the University of Glasgow (Glasgow, UK)
provided approximately 210 samples for this project. Nine further samples were
analysed as part of the United Kingdom National External Quality Assessment

Service (UKNEQAS) proficiency testing scheme for oral fluid.

2.2 Methods

2.2.1 Method of Analysis (ELISA)

The flowchart below shows the method for the diluted oral fluid controls which were
generally used. An initial comparison of neat controls was done and the oral fluid
QC’s were not diluted with 750uL Quantisal buffer. The method used for ELISA is
detailed in Figure 5.
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Figure 5: Flowchart Showing the ELISA Method
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2.2.2 Data Processing

To process the results, the percentage binding of the calibrators and controls were
calculated. The absorbance for the first positive calibrator was chosen as the cut-off
value for the assay. The binding of the blank calibrator and the blank control were
assumed to have 100% binding. The ratio of the absorbance of the other calibrators
to the absorbance of the blank calibrator allows the percentage binding to be
calculated for the calibrators and in a similar fashion the ratio of the positive controls
absorbance to the blank control allows the percentage binding for the controls to be

calculated. The formula used to calculate the percentage binding is given below:

Percentage binding = (B/Bg) x 100.......... Equation 2

Where B is the mean absorbance of calibrator or control and By is the mean

absorbance of the blank calibrator or blank control.

Using a different blank for the controls and calibrators allows any matrix effects on
the absorbance to be considered. Using the percentage binding is a good way to
normalize the results as the absorbance recorded will vary from day to day due to
different assays and length of time incubated. The ratio between the levels should
remain relatively constant and this will be monitored using a QC chart for each of the
assays investigated. The results were used to construct Schewart style control
charts as detailed in section 2.3.3.

As the samples are analysed in duplicate, the mean absorbance value for the
sample is used for the calculation outlined above. The variation between these
duplicate results is also monitored and if it is out with an acceptable level then the
outlier can be discarded and the absorbance value from the other well used for the
percentage binding calculation. The acceptable level of variation between the

duplicate calibrators is 15% and between duplicate samples is 20%.
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2.2.3 Method of Analysis (Confirmations)

Amphetamines are extracted by a solid phase extraction method. The extraction
procedure for amphetamines in oral fluid is shown in Figure 6. A worksheet for the
extraction procedure utilised was required to be filled in as part of the accreditation

and is shown in Appendix 1.
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The standard concentrations used are shown in Table 7.

Table 7: Volume of Mixed Amphetamine Standard for Amphetamines Extraction

_ Volume of mixed Volume of mixed
Standard Concentration _ _ _
amphetamines standard | amphetamines internal
(ng/mL)
(1pg/mL) standard (1ug/mL)
0 OuL 50uL
5 5uL 50uL
10 10uL 50uL
25 25uL 50uL
50 50uL 50uL
100 100uL 50uL
200 200pL 50uL

2.2.4 GC-MS Conditions

The GC was operated in splitless mode, with 1uL of sample being injected by the
auto-sampler. The injection port was heated to 225°C. The oven temperature was
initially set at 55°C and held for two minutes. The temperature was then ramped at
20°C/min to 200°C and then at 10°C/min to 250°C and on to 300°C at 25°C/min. The
final temperature of 300°C was held for two minutes. Helium (99.99% purity) was
used as the carrier gas at a flow rate of 1mL/min. The sample was transferred via a
transfer line heated to 250°C to a 70eV electron impact (El) ionisation source heated
to 230°C. The mass spectrometer was operated in the selected ion monitoring (SIM)

mode. The ions monitored are shown in Table 8.
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Table 8: lons Monitored in SIM Mode

Quantifying Qualifying Qualifying

Drug IS lon
lon lon lon
Amphetamine 194 190 118 91
Methamphetamine 211 204 160 118
MDA 330 325 190 162
MDMA 344 339 204 162
MDEA 359 353 218 162

2.2.5 Processing of Results

MSD Chemstation software was used to process the data and calculated the ratio of
the quantifier ion from the desired analytes to the quantifier ion from corresponding
deuterated internal standard. The resulting calibration graphs gave linear responses
for all analytes of interest over the calibration range of 5 — 200ng/mL. The results
from the controls were used to construct Schewart style control charts as detailed in

section 2.3.3.

2.3 Experimental Section
2.3.1 Response of Calibrators

To determine the suitability of the calibrators, a blank and three positive calibrators
for each drug was evaluated as part of the ISO/IEC 17025 accreditation and was not
repeated for this project. From this work, calibrators were prepared at the
concentrations detailed in Table 5 above and a set of calibrators were run with each
plate to ensure that each assay was acceptable and to determine the cut-off value
for the assay on each separate run, as this was susceptible to change between lot

numbers of assays and slightly different incubation times in each analysis. The
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responses for the assays of interest are detailed in the results section. The mixed

drug calibrators were used for each drug group.

2.3.2 Limit of Detection

To determine the limit of detection of the assays, twelve replicates of the blank
control were run in duplicate on one plate. The mean and standard deviation for
these samples were calculated and the mean minus two times the standard
deviation was calculated (as the blank for the ELISA assays is the highest value) to
determine the limit of detection. This work was only carried out for the amphetamine

and methamphetamine plates.

2.3.3 Preparation of Shewart-Style Quality Control Charts

The mean value for the control chart was determined by averaging the percentage
binding values from the first positive calibrator over a period of ten runs. The data
from these runs was also used to calculate the mean +2SD and the mean +3SD and
these values are indicated on the appropriate charts. Control charts for both the 50%
above and 50% below the cut-off controls were constructed in the same way to that
of the cut-off control charts. The same procedure was followed for the preparation of

control charts for the amphetamine confirmation method.

Any subsequent sets of controls which were prepared were evaluated and if the
results fell within the limits of the previous control, they were plotted on the previous
control chart. If the values were out with the limits, a new control chart was
constructed in the same way as the original charts. The results for the amphetamine
and methamphetamine assays can be found in section 2.4.4. The charts for the
other drugs can be found in Appendix 3 — ELISA QC Charts.

2.3.4 Criteria for Acceptability

All results should fall within three standard deviations of the mean and ideally within
two standard deviations of the mean. One control outwith the mean £2SD is
acceptable provided the other is within that range. Trends of controls being higher or

lower than “normal” may be observed due to small differences in the preperation of
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calibrators. When the controls are repeatedly falling out with the acceptable range it

indicates that the controls are no longer stable for the drug group in question.

2.3.5 Stability of Drugs in Oral Fluid

To evaluate the stability of drugs in oral fluid the percentage binding of the controls
were calculated as described above (in section 2.2.2) and plotted on a QC chart. The
stability of the controls is monitored over time by monitoring any significant change in
the percentage binding, as indicated on the QC chart by the points being out with the
acceptable range of the mean +2SD. Over time, drugs will become unstable and
start to break down resulting in an upward trend being observed in the QC charts. As
multi-analyte controls were prepared, trends for other drugs groups were also
monitored. The controls were stored in neat oral fluid, while case samples were
diluted with buffer.

2.3.6 Sensitivity and Specificity

The sensitivity of the assay is defined as the efficiency of the assay in detecting

positive samples and was calculated as follows and expressed as a percentage:

Sensitivity = (TP/ (TP + FN)) *100 .......... Equation 3
Where TP = True positives and FN = False negatives.

The specificity of the assay is defined as the efficiency of the assay in detecting

negative samples and was calculated as follows and expressed as a percentage:

Specificity = (TN/ (TN + FP)) *100 .......... Equation 4
Where TN = True negatives and FP = False positives.

Page 33



2.4 Results and Discussion

2.4.1 Calibration

The calibration for the assays used for oral fluid analysis was calculated using
revelation software. The software displayed an error message if the calibration was

not acceptable.

2.4.2 Limit of Detection

The limit of detection for amphetamine and methamphetamine in diluted oral fluid

using Immunalysis ELISA assays is shown in Table 9.

The absorbance value for the limit of detection for amphetamine within this batch is
1.706 which is much higher than the absorbance value of the cut off concentration
from this batch (0.594), thus there is no problem with sensitivity for this assay.
Similarly methamphetamine, which has an absorbance value of 1.264 for the limit of
detection in this batch, is sufficiently sensitive as the LOD is much higher than the

absorbance value at the cut-off concentration (0.557) from this batch.
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Table 9: Limit of Detection Results

Amphetamine Methamphetamine
Sample No: Mean of duplicate Mean of duplicate
absorbance values absorbance values
1 1.896 1.347
2 1.853 1.347
3 1.933 1.295
4 1.957 1.378
5 1.912 1.440
6 1.844 1.390
7 1.917 1.317
8 2.011 1.437
9 1.792 1.485
10 1.700 1.453
11 1.791 1.448
12 1.896 1.526
Mean 1.875 1.405
Standard Deviation (SD) 0.085 0.071
2x SD 0.169 0.141
Mean — 2SD 1.706 1.264
%CV 4.5 5.0
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2.4.3 Stability of Drugs in Neat Oral Fluid

As the controls are being evaluated for a number of different drugs, the results for
each drug will be shown in a table with a set of charts for one drug shown as an

example.

The mean value and the values for the mean +2SD and the mean +3SD for each
drug are given in the table below. The figures shown were calculated from the results

obtained from the first six runs using the controls.

Table 10: Percentage Binding of Drugs of Abuse in Neat Oral Fluid at the Cut-off Concentration

Drug | Mean-3SD | Mean-2SD | Cut-off Mean | Mean+2SD | Mean+3SD
AMP 22.76 24.89 29.15 33.40 35.53
BEN 49.96 54.06 62.26 70.47 74.57
THC 89.29 90.92 94.19 97.46 99.10
CcOoC 64.03 67.09 73.19 79.30 82.35
METH 63.89 67.18 73.75 80.33 83.62
MAMP 35.86 37.22 39.94 42.65 44.01
OoP 7.21 19.84 45.11 70.38 83.01

Table 11: Percentage Binding of Drugs of Abuse in Neat Oral Fluid at 50% Below the Cut-off
Concentration

Drug | Mean-3SD | Mean-2SD | -50% Mean | Mean+2SD | Mean+3SD
AMP 8.26 9.43 11.78 14.13 15.31
BEN 28.47 33.22 42.73 52.23 56.99
THC 49.37 54.11 63.58 73.05 77.79
CcoC 29.01 39.47 60.41 81.34 91.81
METH 15.25 27.24 51.21 75.18 87.16
MAMP 16.13 19.74 26.95 34.17 37.78
OP 8.18 11.19 17.22 23.24 26.25

Table 12: Percentage Binding of Drugs of Abuse in Neat Oral Fluid at 50% Above the Cut-off
Concentration

Drug | Mean-3SD | Mean-2SD | +50% Mean | Mean+2SD | Mean+3SD
AMP 5.50 5.91 6.73 7.54 7.95
BEN 17.25 21.17 29.00 36.83 40.75
THC 4141 45.81 54.59 63.38 67.77
cocC 25.20 31.42 43.86 56.31 62.53
METH 8.32 17.26 35.14 53.01 61.95
MAMP 11.39 14.25 19.96 25.68 28.54
OoP 7.18 8.37 10.75 13.12 14.31
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As can be seen from the tables above, some drugs have a very narrow range of
acceptability, from the mean minus three times the standard deviation to the mean
plus three times the standard deviation, while others have a much larger range of
acceptability. The percentage binding for the controls spiked at 50% below the cut-
off concentration are lower than the percentage binding at the cut-off concentration
as the controls were undiluted whereas the calibrators are diluted in 1mL of buffer
which results in the controls appearing to be at a higher concentration than they

actually are.

A sample set of charts at the cut-off value, 50% above and 50% below this value are
shown below for amphetamine. The results are plotted against run number to allow
any trends to be observed. The time period between the first and last run is

approximately four months.

The control chart for amphetamine at the cut-off concentration in neat oral fluid is

shown in Figure 7.

ELISA Amphetamine Control Chart Cutoff
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Figure 7: ELISA Control Chart for Amphetamines in Neat Oral Fluid at the Cut-off Concentration

As can be expected, the results all fall within two standard deviations of the mean as

the six results were used to calculate the limits of the chart.
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The control chart for amphetamine at 50% below the cut-off concentration in neat

oral fluid is shown in Figure 8.

ELISA Amphetamine Control Chart -50%
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Figure 8: ELISA Control Chart for Amphetamines in Neat Oral Fluid at 50% Below the Cut-off
Concentration

As can be seen from the chart above, all but one sample fell within the mean +2SD
range. All data points on the chart were used to calculate the limits. It is worth noting
that for this particular control the range from minus three times the standard
deviation to plus three times the standard deviation is rather small, only around eight
percent, which means that a slight pipetting error or an innaccuracy in incubation

time will make the control likely to fall out with the acceptable range.

The control chart for amphetamine at 50% above the cut-off concentration in neat

oral fluid is shown in Figure 9.
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Figure 9: ELISA Control Chart for Amphetamines in Neat Oral Fluid at 50% Above the Cut-off
Concentration

As can be seen from the chart above, all the results fall within the mean +2SD
range. All data points on the chart were used to calculate the limits. It is worth noting
that for this particular control the range from minus three times the standard
deviation to plus three times the standard deviation is incredibly small, only around
three percent, which means that a slight pipetting error or an innaccuracy in

incubation time will make the control likely to fall out with the acceptable range.

As the range for the neat oral fluid controls was so small it was decided that diluted
controls would be used for the remainder of the project and thus no further data was

collected for the neat oral fluid controls.

2.4.4 Stability of Drugs in Diluted Oral Fluid

As the controls are being evaluated for a number of different drugs, the results for
each drug will be shown in a table with a set of charts for the main analytes of
interest in this project, amphetamine and methamphetamine, being shown as an
example. The charts for the other drugs can be found in Appendix 3 — ELISA QC
Charts.
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The mean value and the values for the mean plus and minus two and three times the
standard deviation for each drug are given in the table below. The figures shown

were calculated from the results obtained from the first ten runs using the controls.

Table 13: Cut-off Concentration for Drugs of Abuse in Diluted Oral Fluid

Drug '\"368""5" Mz‘?sag' %l# Mean+2SD | Mean+3SD
Mean

AMP | 232 | 251 | 29.0 33.0 34.9
BEN | 491 | 54.0 | 638 73.7 78.6
THC | 876 | 89.8 | 943 98.7 100.9
COC | 600 | 639 | 715 79.2 83.0
METH | 540 | 599 | 71.8 83.6 89.5
MAMP | 36,0 | 37.2 | 39.8 42.3 43.6
opP 11.3 | 232 | 47.0 70.8 82.7

Table 14: 50% Below Cut-off Concentration for Drugs of Abuse in Diluted Oral Fluid

Drug 'V';Sag' Mz‘?sag' l\fg;/;’] Mean+2SD | Mean+3SD
AMP | 181 | 22.7 | 31.9 41.1 45.7
BEN | 562 | 60.3 | 68.6 76.8 81.0
THC | 581 | 65.1 | 79.1 93.0 100.0
COC | 472 | 591 | 83.0 106.8 118.8
METH | 338 | 51.7 | 875 123.4 141.3
MAMP | 20.8 | 27.8 | 417 55.6 62.6
oP 255 | 29.4 | 37.2 45.1 49.0
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Table 15: 50% Above Cut-off Concentration for Drugs of Abuse in Diluted Oral Fluid

Drug N:I,)esa[;‘ ) I\/Izesa[r; i ;\rASeO;fl: Mean+2SD | Mean+3SD
AMP | 110 | 135 | 183 23.2 25.7
BEN | 429 | 470 | 553 63.6 67.8
THC | 418 | 51.7 | 71.4 91.2 101.0
COC | 331 | 444 | 671 89.8 101.2
METH | 347 | 473 | 724 97.6 110.2
MAMP | 187 | 232 | 323 41.4 45.9
oP 15.1 | 175 | 22.4 27.3 29.7

The results above show that there is a larger range of acceptable values for the
controls when diluted with Quantisal buffer. This improves the range for
amphetamine from around 3% to around 12% for the 50% above the cut-off
concentration which gives more flexibility for any marginal error during the analysis.
However, for the same control, the range of acceptability for methadone has
increased from around 35% to around 50%. This wide range means that if there is a
problem with the stability of methadone then it may be more difficult to see as it may
not be apparent as the results may still be within the acceptable range. The
percentage binding for the controls spiked at 50% below the cut-off concentration are
lower than the percentage binding at the cut-off concentration as the controls are
diluted in 0.75mL of buffer whereas the calibrators are diluted in 1mL of buffer which
results in the controls appearing to be at a higher concentration than they actually

are.

The data presented in the charts below spans a period of approximately 14 months,
although the gap between analyses is not consistent as oral fluid samples were not

arriving on a regular basis at the start of the project.

2.4.4.1 Amphetamine

The control chart for amphetamine at the cut-off concentration in diluted oral fluid is

shown in Figure 10.
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Figure 10: Cut-off Concentration for Amphetamine in Diluted Oral Fluid

The cut-off control chart for amphetamines in diluted oral fluid shows that for multiple
different preparations of the calibrators, the percentage binding between the first
positive calibrator and the negative calibrator remains fairly constant, with the
majority of points falling within the acceptable range. A number of sets of calibrators
(six) have been used while this QC chart has been in operation and none of them
has deviated significantly from the mean. The cumulative mean (30 runs) for this
chart (29.3%) is slightly higher than the mean (10 runs) displayed on the chart
(29.0%) and represents a change of 0.9% from the originally calculated mean and

confirms the consistency in the preparation of multiple calibrators used in this study.

The control chart for amphetamine at 50% below the cut-off concentration in diluted
oral fluid is shown in Figure 11.
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ELISA Amphetamine Control Chart -50%
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Figure 11: 50% Below Cut-off Concentration for Amphetamine in Diluted Oral Fluid

The control chart for the control spiked at 50% below the cut-off level shows good
stability for amphetamine over the course of the charts use, which was
approximately fourteen months, with all but one value falling within the acceptable
range. The cumulative mean (30 runs) for this chart (30.2%) is slightly lower than the
mean (10 runs) displayed on the chart (31.9%) and represents a change of -5.5%
from the originally calculated mean and provides evidence that there is no significant

loss of amphetamine from the controls.

The control chart for amphetamine at 50% above the cut-off concentration in diluted

oral fluid is shown in Figure 12.
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Figure 12: 50% Above Cut-off Concentration for Amphetamine in Diluted Oral Fluid

The control chart for the 50% above the cut-off value for amphetamine also shows
good stability over time with almost all samples falling within the acceptable range.
The cumulative mean (30 runs) for this chart (16.8%) is slightly lower than the mean
(10 runs) displayed on the chart (18.3%) and represents a change of -8.3% from the
originally calculated mean. While an 8.3% change in the mean value over the period
of use appears to be large, it is only 1.5% lower than the original value but the
percentage binding for this control was low and as such will give a higher percentage
change in value. The change is small enough to show that the control is stable over

time.

The amphetamine cut-off and control charts all show good consistency over the
fourteen month period that they have been in operation as evidenced by almost all of
the points being within the acceptable range. The cut-off chart shows the most
disagreement and this is likely to be due to experimental error in the multiple
preparations of the calibrators that were in use throughout this project. This provides
evidence that amphetamine controls are stable in neat oral fluid stored in a freezer

and diluted prior to analysis for a period in excess of twelve months.

Page 44




2.4.4.2 Methamphetamine

The control chart for methamphetamine at the cut-off concentration in diluted oral

fluid is shown in Figure 13.
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Figure 13: Cut-off Concentration for Methamphetamine in Diluted Oral Fluid

For a period of time, the cut-off concentration has failed for methamphetamine. This
is likely to be down to two contributing factors. The first could result from an error in
the preparation of the calibrator as the values during this period were noticeably
higher than those typically seen in this chart. This is highly likely as the calibrators
used were those used for the routine ELISA screen and the calibrators were
prepared by several different people during this period. The second reason is the
very low range of acceptability for this chart. Acceptable values must fall within a
5.1% range, which contrasts sharply with the cut-off chart for some other drug
groups where the acceptable range is greater than 20%. An upwards trend is
observed at this point and that could indicate that the methamphetamine calibrator
was starting to break down, although a new preparation of the calibrator was also
giving high results. The cumulative mean (30 runs) for this chart (41.8%) is slightly
higher than the mean (10 runs) displayed on the chart (39.8%) and represents a
change of 5.2% from the originally calculated mean and shows that there is no

substantial variation when preparing new calibrators.
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The control chart for amphetamine at 50% below the cut-off concentration in diluted

oral fluid is shown in Figure 14.
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Figure 14: 50% Below Cut-off Concentration for Methamphetamine in Diluted Oral Fluid

The control chart for the control spiked at 50% below the cut-off level shows good
stability for methamphetamine over a period of fourteen months with all values falling
within the acceptable range. The cumulative mean (30 runs) for this chart (42.8%) is
slightly higher than the mean (10 runs) displayed on the chart (41.7%) and
represents a change of 2.6% from the originally calculated mean and provides

evidence that there is no loss of methamphetamine from the controls whatsoever.

The control chart for amphetamine at 50% above the cut-off concentration in diluted

oral fluid is shown in Figure 15.
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Figure 15: 50% Above Cut-off Concentration for Methamphetamine in Diluted Oral Fluid

The control chart for the control spiked at 50% above the cut-off level shows good
stability for methamphetamine over a period of fourteen months with almost all
values falling within the acceptable range. The cumulative mean (30 runs) for this
chart (33.1%) is slightly higher than the mean (10 runs) displayed on the chart
(32.3%) and represents a change of 2.4% from the originally calculated mean and
provides evidence that there is no loss of methamphetamine from the controls over

the time period studied.

The methamphetamine cut-off and control charts all show good consistency over the
fourteen month period that they have been in operation as evidenced by almost all of
the points being within the acceptable range. This provides evidence that
amphetamine controls are stable in neat oral fluid stored in a freezer and diluted

prior to analysis for a period in excess of twelve months.

2.4.5 Amphetamine and Methamphetamine ELISA Control Chart Conclusions

The results from the control charts for amphetamine and methamphetamine indicate
that controls prepared and stored in the manor used in this project would be suitable

for use for a period in excess of one year after preparation, however, a longer study
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would be required to determine exactly how long the controls are stable for. Some
other drugs are exhibiting an upward or downward trend in their control chart
suggesting that they may no longer be stable, however, they are still within the
acceptable range at present and the trend is mirrored in the cut-off chart which
suggests that it may be more to do with a change in calibrator rather than a stability
issue. The control charts for the other drugs are included for reference in Appendix 3
— ELISA QC Charts. The cut-off charts however, show a different picture with the
amphetamine control chart which has a wide range of acceptable values being
perfectly acceptable but the methamphetamine chart which had a narrow range of
acceptable values was out when there was a slight error in the preparation of the
calibrators. Interestingly, if the cumulative data was used for methamphetamine then
almost all results would be acceptable as the standard deviation is larger due to a
higher number of different sets of calibrators being prepared. If the controls are
found to be stable over a longer period of time then it would make sense to make a
larger quantity of controls and collect more data for the construction of the control

charts to give a more representative mean and standard deviation for the long term.

The percentage change from the mean after ten runs to the mean after thirty is
deceptively high for amphetamine and methamphetamine as they have low
percentage binding values in comparison to the other drug groups in the controls.
Increasing the number of runs to collate data for the cut-off charts would be an
improvement to the current method as the calibrators are prepared far more
frequently and by numerous different people, thus resulting in greater variation than
the controls which are prepared far less frequently. Keeping the number of runs for
the 50% above and below controls would be the best way forward as there should

not be as much variation in these values.

2.4.6 Amphetamine QC Charts for GC-MS

Control charts were created for each of the five analytes in the amphetamine
analysis. Only the control chart for amphetamine will be shown. The control charts
for the other analytes can be found in Appendix 4 — Confirmation QC Charts. The

control chart for amphetamine is shown in Figure 16.
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Figure 16: Amphetamine Control Chart

The control chart for amphetamine shows that the majority of samples fall within the
acceptable range and that there is no downward trend indicating that there is no loss
of analyte over time. None of the other control charts exhibited any loss of analyte

over time.

2.4.7 Case Samples
2.4.7.1 Confirmed Samples

A number of case samples (both positives and negatives) were confirmed for the
presence of amphetamines by GC-MS. The results of the case samples are given in
Table 16. The confirmation results in the table are split as the amphetamine ELISA
plate screened for amphetamine and MDA while the methamphetamine ELISA plate

screened for methamphetamine, MDMA and MDEA.
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Table 16: Results from Amphetamine Confirmations

Sample Screening Confirmations (results in ng/mL)

Sample ID [ AMP MAMP AMP MDA MAMP MDMA MDEA
015070 N/A N/A Neg Neg Neg Neg Neg
027660 Neg Neg Neg Neg Neg Neg Neg
027713 Neg Neg Neg Neg Neg Neg Neg
041616 Positive Neg 58 Neg Neg Neg Neg
041669 Neg Neg Neg Neg Neg Neg Neg
041670 Neg Neg Neg Neg Neg Neg Neg
041676 Neg Neg Neg Neg Neg Neg Neg
042532 Positive Neg Neg Neg Neg Neg Neg
043746 Neg Neg Neg Neg Neg Neg Neg
043839 Neg Neg <5 Neg Neg Neg Neg
043881 Neg Neg Neg Neg Neg Neg Neg
043914 Neg Neg <5 Neg Neg Neg Neg
044102 Neg Neg 15 Neg Neg Neg Neg
044116 Neg Neg Neg Neg Neg Neg Neg
057429 Positive Neg 142 Neg Neg Neg Neg
092020 Positive Neg 281 Neg Neg Neg Neg
092045 Positive Neg 30 Neg Neg Neg Neg
092073 Positive Neg 192 Neg Neg Neg Neg
092089 Positive Neg 79 Neg Neg Neg Neg
092109 Positive Neg 316 Neg Neg Neg Neg
092110 Positive Neg >800 Neg Neg Neg Neg
092119 Positive Neg 651 Neg Neg Neg Neg
092123 Positive Neg 110 Neg Neg Neg Neg
092264 Positive Neg 54 Neg Neg Neg Neg
092292 Positive Neg >800 Neg Neg Neg Neg
092325 Positive Neg >200 Neg Neg Neg Neg
092328 Positive Neg 160 Neg Neg Neg Neg
092336 Positive Neg 473 Neg Neg Neg Neg
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Sample Screening Confirmations (results in ng/mL)

Sample ID AMP MAMP AMP MDA MAMP MDMA MDEA
092339 Positive Neg 548 Neg Neg Neg Neg
092350 Positive Neg 38 Neg Neg Neg Neg
096563 Positive Neg 779 Neg Neg Neg Neg
097494 Positive Neg 250 Neg Neg Neg Neg
097573 Positive Neg >200 Neg Neg Neg Neg
098102 Positive Neg 62 Neg Neg Neg Neg
098695 Positive Neg 78 Neg Neg Neg Neg
099260 Positive Neg 78 Neg Neg Neg Neg
099376 Positive Neg >200 Neg Neg Neg Neg
099382 Positive Neg >200 Neg Neg Neg Neg
Cwo028 Positive Neg Positive Neg Inconclusive Neg Neg
CwWo078 Positive Neg Neg Neg Neg Neg Neg
CWO090 Positive Neg Inconclusive | Inconclusive | Inconclusive | Inconclusive | Inconclusive
Cw144 Positive Neg Neg Neg Neg Neg Neg
cwi47 Positive Positive >200 Neg Neg Neg Neg
CW157 Positive Neg Neg Neg Neg Neg Neg
CW176 Positive Positive >200 Neg Neg Neg Neg
CW179 Positive Neg 73 Neg Neg Neg Neg
Cw1s4 Positive Neg Neg Neg Neg Neg Neg
Ccw221 Positive Neg Neg Neg Neg Neg Neg

2.4.7.2 Unconfirmed Samples

Approximately 250 other oral fluid samples were screened for amphetamines during

this project but due to sample volume limitations and instrumentation problems there

was not enough sample left to confirm. Some problems with the instrument meant

that some batches of samples failed due to poor chromatography and low sample

areas. Consequently, there was insufficient sample left for a repeat analysis. There

was only a limited sample provided as many of the samples had previously been

analysed by another laboratory. Samples collected for analysis in Forensic Medicine
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and Science were part of a drug treatment program and were frequently analysed for

other drug groups, thus being insufficient in volume for amphetamine analysis.

2.4.8 Sensitivity and Specificity
2.4.8.1 Amphetamine and MDA

This assay screened for amphetamine and MDA so the following calculations apply
to these drugs as a group and not individually. There were 29 true positives, 11* true
negatives, 6 false positives and no* false negatives for the amphetamine assay.

*Three samples confirmed positive but screened negative as they were below the
screening method cut-off and were thus deemed to be true negatives and not false

negatives.

Following the calculation given in section 2.3.6 the sensitivity of the amphetamine

assay was calculated as 100% and the specificity was calculated as 65%.

2.4.8.2 Methamphetamine, MDMA and MDEA

This assay screened for methamphetamine, MDMA and MDEA so the following
calculations would normally apply to these drugs as a group and not individually.
However, in this case, as there were no positives for any of the drugs, the calculation
does hold true for each drug individually. There were no true positives, 44 true

negatives, 2 false positives and no false negatives for the methamphetamine assay.

Following the calculation given in section 2.3.6 the sensitivity of the
methamphetamine assay was unable to be calculated as there were no positive

confirmations and the specificity was calculated as 96%.

2.4.9 Case Sample Conclusions

Most of the confirmation results matched up with the screening results for the 48
confirmation tests carried out. However, there were a few discrepancies. Inevitably,
some of these are false positives which are to be expected, but there were a few
“false negatives” which is worrying. Admittedly, the “false negatives”, when
confirmed gave results below the lowest standard and after taking the dilution factor

Page 52



into account (only 0.25mL of sample was available for analysis), the results were
below the in-house ELISA cut-off concentration and were therefore correctly marked
as negative by ELISA. The amphetamine assay was found to be very sensitive and
correctly detected 100% of the positive samples. Both assays of interest had high
specificity of 65% and 96% for amphetamines and methamphetamines respectively,
which shows both assays were good at eliminating negative results from

confirmation tests.

Overall the amphetamine and methamphetamine ELISA assays work well and the
controls prepared in-house are stable over time. This method can be used as an
effective screening tool in a routine toxicology laboratory as only samples which
confirmed as below the screening cut-off concentration were falsely screened as
negative. However, some further work on the sensitivity of the assay at low
concentrations would be recommended to ensure complete confidence in the

assays.
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3 Alcohol Enzymatic Analysis

3.1 Materials and Reagents

3.1.1 Immunalysis Corporation (Pomona, CA) Oral Fluid Alcohol Kit

An alcohol oral fluid kit (502-0500, Lot No: EK4354) containing reagent A (Tris buffer
with 0.1% sodium azide as a preservative), reagent E (containing ADH and NAD in
Tris buffer with stabilizers and 0.1% sodium azide as a preservative) and Quantisal
extraction buffer (product code: EXTBUF-1000) along with blank 96 well plates were
manufactured by Immunalysis Corporation (Pomona, CA) and purchased from
Agriyork 400 Ltd (Pocklington, UK), their UK based distributor. The kits were stored
at or below 8°C in the refrigerator. The specification for the assay is given in

Appendix 5 — Alcohol Assay Specification.

3.1.2 Ethanol Standards
3.1.2.1 Calibrators

Ethanol certified reference standards in 1.2mL of water at the concentrations
detailed in Table 17, were manufactured by Cerilliant (Round Rock, TX), and
purchased from their UK based distributor, LGC Standards (Teddington, UK). The
standards were stored at or below 8°C in the refrigerator. The same calibrators were

used for the screening and confirmation methods.
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Table 17: Product Codes for Ethanol Calibrators

Calibrator Concentration (mg/dL)

Product Code

10 E-040
25 E-035
50 E-029
80 E-030
100 E-031
200 E-032
300 E-033
400 E-036

3.1.2.2 Controls

Ethanol controls in 1.1mL of water at the concentrations detailed in Table 18, were

manufactured by Medidrug (Kent, UK) and purchased from LGC Standards

(Teddington, UK), their UK based distributor. The controls were stored at or below

8°C in the refrigerator. The same controls were used for both the screening and

confirmations.

Table 18: Product Codes for Alcohol Controls

Control Concentration (mg/dL)

Product Code

30 20030
80 20080
300 20300
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3.1.3 Reagents

1-propanol (HPLC grade, Part No: 29328-8) was purchased Sigma Aldrich (Dorset,
UK).

3.1.4 Materials

Samples were diluted in 20mL headspace vials (part number 20CV-125) purchased
from Kinesis (Cambridgeshire, UK) and capped using crimp caps (part number
CRC20-04) that were also purchased from Kinesis (Cambridgeshire, UK).

3.1.5 Collection of Neat Oral Fluid

Neat oral fluid was collected from a single donor (who had not consumed alcohol
within 24 hours of sample collection) by expectoration to allow greater flexibility at a
later stage to dilute the samples to match the dilution factor of the collection device.
Oral fluid was expectorated into a beaker and transferred to a storage bottle at the

end of the collection period. This bottle was then stored in the freezer until required.

3.1.6 Preparation of Calibrators

The blank or alcohol free calibrator was prepared by adding 1.2mL of deionised
water to a small vial and adding 3.6mL of the Quantisal extraction buffer. The
positive calibrators were prepared by adding 1.2mL of the respective controls
supplied by LGC Standards (Teddington, UK) (10, 25, 50, 80, 100, 200, 300 and
400mg/dL) to the appropriately labelled vials and adding 3.6mL of Quantisal
extraction buffer to each vial. The calibrators were then vortex mixed to ensure they
were thoroughly mixed. The calibrators were stored in a refrigerator at or below 8°C

until required.

3.1.7 Preparation of Controls

The cut-off value for the oral fluid alcohol assay was set at 25mg/dL. A blank control
was prepared using neat oral fluid that was collected from a donor who had not
consumed alcohol within 24 hours of sample collection. Positive controls were
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prepared at 50% below and 50% above the cut-off value (i.e. 12.5 and 37.5mg/dL
respectively). Two vials (1.1mL each) of 300mg/dL alcohol control (Medidrug) were
added to a small vial. This was followed by 4.4mL of water to dilute the solution to
100mg/dL. The solution was vortex mixed. To prepare the 50% below and 50%
above controls, 1.25mL and 3.75mL of the 100mg/dL alcohol solution was added to
the appropriately labelled 10mL volumetric flasks and made up to the mark with
blank oral fluid. The solutions were inverted several times to ensure the solution was
thoroughly mixed then transferred to a storage bottle and 30mL of Quantisal buffer
was added to each control to match the dilution of the calibrators and samples. The

controls were stored in a refrigerator at or below 8°C until required.

3.1.8 Preparation of Alcohol Internal Standard (1-propanol)

The alcohol internal standard was prepared by adding 1-propanol (0.33mL) to a 1L
volumetric flask and making up to the mark with de-ionised water to give a
concentration of 150mg/dL. The solution was inverted several times to ensure it was
thoroughly mixed and transferred to a labelled bottle and stored at room

temperature.

3.1.9 Equipment

Plates were read using a MRX microplate reader using a 340nm filter which was
purchased from Dynex Technologies. Revelation software (version 4.25) was used

to control the MRX microplate reader and read the absorbance of the samples.

The pipettes used in this project were calibrated by the United Kingdom
Accreditation Service (UKAS) to ISO/IEC 17025 standard. Standards were prepared
in volumetric flasks provided by Fisherbrand (Leicestershire, UK).

The dilutions for the alcohol confirmations were carried out using a Compudil 300
dilutor which was purchased from Hood & Tucker (Surrey, UK).

Alcohol confirmations were carried out on two GC-FIDs. Both instruments were fitted
with ThermoQuest Trace GC 2000 series gas chromatographs purchased from
Thermo Scientific (Hertfordshire, UK). The instruments were fitted with different auto-

samplers, one used a ThermoQuest HS 2000 auto-sampler and the other used a
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ThermoQuest HS 850 auto-sampler. Both auto-samplers were purchased from
Thermo Scientific (Hertfordshire, UK). ChromQuest software (version 2.53) was used
on both instruments and was purchased from Thermo Scientific (Hertfordshire, UK).
The gas chromatographs were fitted with a RXT-1 (30m x 0.25mm x 0.25um) and a
RXT-2 (30m x 0.25mm x 0.25um) GC column purchased from Thames Restek
(Buckinghamshire, UK).

3.1.10 Case Samples

Case samples for this project were provided from a single source. Quantum

Diagnostics (Essex, UK) provided approximately 100 samples for this project.

3.2 Methods

3.2.1 Manufacturer’s Instructions for Alcohol Enzymatic Assay

The procedure used in this project was an adapted version of the method
recommended by the manufacturer (Immunalysis Corporation (Pomona, CA)
Corporation Catalog Number 502-0500, Version 6/2006), who recommend the use of
a five point calibration at 0, 20, 40, 80 and 160mg/dL. To allow this method to follow
the in-house ELISA method for drugs of abuse, it was decided to use a four point
calibration including a blank. A flowchart detailing the steps in this procedure is

shown in Figure 17.
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Figure 17: Method for Alcohol Screening

3.2.2 Method for Alcohol Confirmations

The Compudil dilutor was used to pipette 200uL of calibrator, QC or sample into
labelled vials with 500pL of internal standard. Each sample was analysed in
duplicate. The vials were then crimped and loaded into the auto-sampler tray for

analysis.

3.2.3 GC-FID Conditions

Both instruments were programmed with the same method. The auto-sampler placed
the sample in the incubation block to heat the sample vial to 60°C for four minutes.
The syringe, heated to 60°C, injected 1mL of the headspace into the GC. The GC

was maintained at 60°C throughout the run.
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3.3 Experimental Section

3.3.1 Response of Calibrators (Linearity)

To evaluate the linearity of the alcohol assay, an initial calibration was prepared (i.e.
diluted one in four with Quantisal buffer to match sample dilution) and processed at
concentrations of 25, 80, 100, 200, 300 and 400md/dL. Subsequent analyses made
use of a four point calibration at concentrations of 0, 25, 80 and 300mg/dL. A four
point calibration was chosen over the full calibration to keep running costs down and
because the method was only being used semi-quantitatively to eliminate negative
samples from further analysis. The linearity evaluation was repeated using a full
calibration (0, 10, 25, 50, 80, 100, 200, 300 and 400mg/dL).

3.3.2 Limit of Detection

To determine the limit of detection of the assay, 12 replicates of the blank control
were run in duplicate on one plate. The mean and standard deviation for these
samples were calculated and the mean plus two times the standard deviation was

determined to be the limit of detection.

3.3.3 Precision

Two sets of plates were run, each with two different sets of calibrators and controls,
on the same day. The seven data points gathered were used to calculate the intra-

day precision. Twenty-one controls were analysed over twelve runs, each with a set
of calibrators and controls, on different days and this data was used to calculate the

inter-day precision.

3.3.4 Preparation of QC Charts

To allow the preparation of a Shewart style QC chart, six batches over six different
days were run with a set of calibrators and a set of controls. A set of controls for the
oral fluid alcohol enzymatic assay is defined as a blank control, a control at 50%
below the cut-off level and a control at 50% above the cut-off level. The result for the

first positive calibrator (in this instance 25mg/dL) was chosen as the cut-off value for
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the assay. A QC chart was constructed after six replicates of the controls had been
run. Subsequent data points were plotted on this chart to monitor the stability of the

controls over time.

QC charts were constructed for the cut-off value and the controls at 50% above and
50% below the cut-off value. As all samples are analysed in duplicate, the variation
between these results was monitored and any outlying points could be disregarded.
The acceptable level of variation between the calibrators was 15% and between

samples was 20%.

3.3.5 Stability of Calibrators

As ethanol is a volatile substance, it was decided to evaluate the stability of the
controls over a two week period to determine if any ethanol was lost when the
calibrators were stored in screw cap reagent bottles in the refrigerator. The
absorbance of each of the calibrators was recorded and plotted on one graph to
show any changes. Analyses were carried out on the day of preparation and on
seven other occasions over the fourteen day period.

3.3.6 Stability of Alcohol Controls in Oral Fluid

The stability of oral fluid samples spiked with alcohol at 40mg/dL was examined over
a fourteen day period. Spiked oral fluid was prepared by adding 0.5mL of 400mg/dL
alcohol standard to a 5mL volumetric flask and making up to the mark with neat oral
fluid. This solution was transferred to a 20mL volumetric flask and made up to the
mark with Quantisal buffer. 1mL aliquots of this solution were pipetted into small
storage vials with half being stored in the refrigerator below 8°C and the other half
stored in a cupboard at room temperature (typically 16 - 21°C). Two vials from each
set of storage conditions were analysed on six separate days. Samples were
analysed on the day of preparation and on five further occasions over the two week

period.
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3.3.7 Sensitivity and Specificity

The sensitivity and specificity of the Immunalysis ethyl alcohol assay was determined

by calculating the sensitivity and specificity as described in section 2.3.6.

3.4 Results and Discussion

Some of the work for this project was done using reagents that had past their expiry
date. This meant that reagent E was darker than normal. It was, however, not a
significant problem for the assay as a calibration was run with each batch and

therefore any effect was consistent across the batch.

3.4.1 Linearity

Figure 18 illustrates the linearity of the alcohol calibration in the 0 — 400mg/dL range.
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Figure 18: Example of Linearity of Full Calibration
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As can be seen above, the Immunalysis Corporation (Pomona, CA) alcohol oral fluid
assay demonstrates good linearity over the 0 — 400mg/dL range as evidenced by the
R? value, which was above 0.99. As this method was being evaluated as a screening
method, a full calibration was not necessary, and four points from the calibration

above were run with all other batches.

An example of this four point calibration is shown in Figure 19.
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Figure 19: Example of Alcohol Oral Fluid Linearity

The Immunalysis Corporation (Pomona, CA) alcohol oral fluid assay demonstrates
good linearity when used with a four point calibration over the 0 — 300mg/dL range

as evidenced by the R? value, which was above 0.99.

3.4.2 Limit of Detection

Table 19 summarises the statistical variation of twelve replicates of the blank control

that were analysed in duplicate in a single batch.
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Table 19: LOD Results

Mean

Values

Mean 0.972

STD DEV 0.0146
2 X STD

DEV 0.0291
MEAN +

>SD 1.001

%CV 1.50

The results above show that the blank control gives reproducible results when run on

one plate as evidenced by the coefficient of variation of 1.5%. The absorbance of the

cut-off concentration (25mg/dL) within this batch was 1.049. The absorbance of the

blank calibrator within this batch was 0.954. The 50% below the cut-off control,

spiked at 12.5mg/dL, had an absorbance value of 1.035 within this batch and is also

higher than the limit of detection thus indicating that the assay is fit for purpose.

3.4.3 Precision

Table 20 summarises the statistical data for inter and intra-day precision of the assay

by looking at the mean absorbance values.

Table 20: Intra- and Inter Day Precision

Intra-Day Precision (n=7)

Inter-Day Precision (n=21)

50% Below | 50% Above 50% Below | 50% Above
Mean 1.025 1.059 Mean 1.022 1.122
Std Dev 0.021 0.018 Std Dev 0.027 0.039
%CV 2.1 1.7 %CV 2.7 3.5
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The precision data indicates that there is less variation between results from runs on
the same date than there is between runs from different days. While the coefficient of
variation for the intra-day precision is lower (<2.5%), the inter-day precision is still
acceptable (<4%). This shows that there is good reproducibility of results on the
same day and on different days. The 50% below the cut-off value control is quite

close to the limit of detection for the assay.

3.4.4 Stability of Calibrators

The stability of the alcohol calibrators was monitored by plotting the absorbance
reading versus time over a two week period. The calibrators were stored in screw

cap bottles in a fridge between analyses. The results are shown Figure 20 .
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Figure 20: Stability of Alcohol Calibrators over a Two Week Period

Figure 20 demonstrates that there is no substantial loss of alcohol from the
calibrators over a two week period. The absorbance values seen on this chart are
lower than the LOD for the lowest standard as a new set of reagents were used that

were lighter in colour to a previous set that had been used to calculate the LOD data.

While the calibrators are stable over time when refrigerated, the highest calibrator

exhibited a loss of absorbance depending on how long it had been since the
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calibrator had been pipetted into the wells and reagent E was added to the wells.

The results of a short study to investigate this effect are shown in Figure 21.
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Figure 21: Calibrator Response versus Time

Figure 21 shows that although all results fall within two standard deviations of the
mean, there is a considerable loss in absorbance reading with increasing time before
adding the reagent. This becomes a problem if a large number of samples are being
analysed at the same time, as the later samples will appear to have higher
concentrations than they actually have due to this apparent loss. The problem
however, seems to be limited to the higher concentrations of alcohol as no significant
loss was noticed with the lower calibrators. Although a slight loss was observed for
the 80mg/dL calibrator, (data shown in Appendix 6 — Alcohol Stability Charts) in
terms of absolute absorbance, it is not too significant and could be attributed to

experimental uncertainty.

In addition, the first samples to be pipetted are the calibrators and thus if the
absorbance of the highest calibrators falls over time then the slope of the chart will
be lowered and consequently this method is not suitable for quantitative analysis.
Four strips from the plate were typically used for a batch, but for the four batches

that used the full twelve strips on the plate, the mean absorbance value for the
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300mg/dL calibrator from those batches was 1.438, which if plotted on the QC chatrt,
Figure 21, would be well outside the acceptable range. This could represent a

problem for any routine laboratory that was analysing large numbers of samples.

3.4.5 Stability of Alcohol Controls in Oral Fluid

The stability of oral fluid controls was evaluated for different storage conditions.
Eppendorf vials and screw cap vials were used for the comparison with a set of each

being evaluated while at room temperature and one set stored in a refrigerator.

3.4.5.1 Eppendorf Vials

The stability of the oral fluid samples spiked with alcohol and refrigerated in

eppendorf vials are illustrated in Figure 22. Set 1 was only run for seven days.
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Figure 22: Stability of Spiked Oral Fluid Samples Stored in a Refrigerator Over Fourteen Days

Figure 22 demonstrates that oral fluid samples spiked with alcohol are stable over a
fourteen day period if stored in eppendorf vials in a refrigerator at or below 8°C. The
variation between the results is due to experimental error and not due to a loss of

any sample thus it can be deduced that storing samples in eppendorf vials in a
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refrigerator is a suitable way to store alcohol positive oral fluid samples in the short-
term.

The stability of the oral fluid samples spiked with alcohol and stored at room

temperature in eppendorf vials are illustrated in Figure 23. Set 1 was only run for

seven days.
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Figure 23: Stability of Spiked Oral Fluid Samples Stored at Room Temperature Over Fourteen Days

Figure 23 highlights that alcohol is not stable in oral fluid samples stored in
eppendorf vials over a fourteen-day period if stored in the dark at room temperature.
Given that these samples came from the same solution as those that were stored in
the refrigerator over the same fourteen-day period and exhibited no loss of alcohol, it
can be assumed that the most likely reason for the loss of alcohol from these
samples is due to the storage conditions, in particular the temperature at which they
were stored. The rate of decrease in alcohol concentration is high enough to warrant
concern for samples that are transported overnight or perhaps for a longer period of
time in non-refrigerated conditions. This is however, only a screening method and
these findings would need to be confirmed by headspace gas chromatography —

flame ionisation detector (GC-FID).
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3.4.5.2 Screw Cap Vials

Figure 24 and Figure 25 below summarise the data generated for alcohol spiked oral

fluid samples stored in screw cap vials over a fourteen day period when refrigerated

and at room temperature respectively.
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Figure 24: Stability of Spiked Oral Fluid Samples Stored in the Fridge Over Fourteen Days
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Figure 25: Stability of Spiked Oral Fluid Samples Stored at Room Temperature Over Fourteen Days

Figure 24 andFigure 25 demonstrate that there is no loss of alcohol from screw cap
vials when either stored at room temperature or refrigerated. This indicates that

screw cap vials are a more suitable storage medium for alcohol containing oral fluid
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samples than eppendorf vials and that they should be used for the storage of

controls.
3.4.6 QC Charts

QC charts were constructed for the cut-off value (Figure 26), the 50% below the cut-

off control (Figure 27) and the 50% above the cut-off control (Figure 28).
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Figure 26: Alcohol Control Chart Cut-off Value

Alcohol Control Chart -50%
0.900
+
0.850 +
+ ++ 4+
+7
0.600 A i .
b i+ '
s e T F
go.;so— N + +
g T4 '
L0700 4
< B
0.650 A
0600 T T T T T T T T T
0 5 0 15 20 25 30 35 £0 45 a0
Run
——Mean-3SD ——WMean-2S5D ——-50%Nean ——WMean+2SD ——NMean+3SD

Figure 27: Alcohol Control Chart 50% Below Cut-off
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Figure 28: Alcohol Control Chart 50% Above Cut-off

Figure 26 — Figure 28 above highlight the problem with Shewart-style QC charts for
this analysis. They demonstrate that the controls give fairly sporadic results as there
are a number of factors that influence the absorbance. There is a general upwards
trend in each of the above charts as reagent E gets closer to its expiry date. The
azide preservative in the solution gives the solution its colour and gets darker as the
solution approaches its expiry date. The reagent has a short shelf life, only a couple

of months, and slight changes can be observed in the QC charts over time

3.5 Case Samples

3.5.1 Confirmed Samples

A number of samples (both positive and negative screening results) were confirmed
by headspace GC-FID for the presence of alcohol. The results are detailed in the

Table 21.
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Table 21:

Confirmation Results for Alcohol Samples

Sample Details

Alcohol Results

Sample ID Screening Confirmation
015070 Neg Neg
027660 Neg Neg
027713 Neg Neg
041616 Positive Neg
041669 Neg Neg
041676 Neg Neg
042532 Neg Neg
043746 Neg Neg
043839 Neg Neg
043881 Neg Neg
043914 Neg Neg
044102 Positive 23
044116 Neg Neg
044194 Positive 314
055625 Positive 180
057429 Borderline Neg
089931 Neg Neg
092020 Neg Neg
092045 Neg Neg
092055 Positive 12
092073 Neg Neg
092089 Positive 20
092108 Positive Neg

Page 72




Sample Details

Alcohol Results

Sample ID Screening Confirmation
092109 Neg Neg
092110 Neg Neg
092113 Neg Neg
092119 Positive Neg
092123 Borderline Neg
092264 Neg Neg
092290 Positive 22
092292 Neg Neg
092302 Borderline 11
092325 Neg Neg
092328 Neg Neg
092336 Neg Neg
092339 Neg Neg
092350 Neg Neg
096563 Borderline Neg
097494 Neg Neg
097573 Neg Neg
098102 Neg Neg
099249 Positive 31
099260 Neg Neg
099376 Neg Neg
099382 Neg Neg
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The confirmation results generally match the screening results and there were no
false negatives from the samples that were confirmed. This is somewhat surprising
as there is not a large difference between the blank and cut-off calibrators
absorbance values so more false negatives would have been expected. These
results indicate that the assay would be useful as a screening technique for alcohol

screening.

3.5.2 Unconfirmed Samples

Approximately fifty other oral fluid samples were screened as part of this project but
due to the limited sample volumes obtained by oral fluid collection devices there was
not enough left for confirmations as the samples had previously been analysed by

another laboratory.

3.5.3 Sensitivity and Specificity

There were 8 true positives, 31 true negatives, 6 false positives and no false
negatives for the alcohol assay.

NB: For the purposes of this calculation, borderline cases were treated as being
positives.

Following the calculation given in section 2.3.6 the sensitivity of the alcohol assay

was calculated as 100% and the specificity was calculated as 84%.

3.6 Conclusions

The Immunalysis Ethyl Alcohol Screening Kit has shown potential as a screening
method but would require further work and validation before it demonstrated as fit for
use in a routine testing laboratory. The calibrators and controls have shown short
term stability over a two week period, which is the likely time frame for sample
analysis in a high throughput routine testing laboratory.

A more suitable method of evaluating the performance of the control samples would

need to be devised and evaluated as the current QC charts are unsuitable for a
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small laboratory who would not use all of the reagent in one or two days and would

therefore limit the assay’s use to high throughput laboratories.

The assay consistently produced a linear response for the calibration range tested
and as such has potential as a semi-quantitative test, which would be useful for
highlighting any samples that may require a dilution prior to analysis. However, the
issue of the highest calibrator “losing” absorbance over time would need to be
thoroughly investigated as this would lower the gradient of the calibration and
samples pipetted later in the plate would appear to be of a higher concentration than
they actually are, while earlier low concentration samples could appear negative.
This would forfeit the point of the screening test as false negatives would be

produced and samples requiring dilution would not be properly identified.

If the issues outlined are successfully addressed and the analysis of test samples
proves successful then this method could be used as a screening procedure for
alcohol in oral fluid. The main benefits of the assay are that it is simple to use and
provides a fast screening result. In addition, it has the potential to be used semi-
guantitatively if the issues mentioned above are resolved. However, the assay does
have its limitations in that the sample preparation step for analysis is to pipette the
sample into wells, which is the same as the confirmation method. So in this respect,
the sample preparation is as time-consuming as the confirmation method and it
would make more sense to go straight to the confirmation method even though the
results for the screening test would be obtained within 15 minutes whereas the
confirmation method would take several hours. If the assay was being used in a
setting where most samples were expected to be negative, for example in the
workplace, then it would be a good choice.

In a laboratory that gets many positives, such as a forensic laboratory that carries
out alcohol testing in road traffic cases then this method is only likely to add to the

workload and therefore could not be justified.

Overall, the assay would not be recommend for a laboratory that is only analysing a
small number of alcohol analyses a day as it would offer no significant advantage
due to the issues highlighted above. In addition, it would not be recommend the for a
high throughput laboratory analysing several hundred samples daily if they are

expecting many positives as it would be an added expense and waste of time. It
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would however, be very useful if utilized in a laboratory analysing samples for drug
abstinence in the workplace.

Initial results from real samples gave promising results, but further real samples
should be tested before this method is put to use routinely in a laboratory.
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4 Conclusions

The Immunalysis ELISA assays worked well with oral fluid that had been diluted one
in four with Quantisal buffer. The Quantisal oral fluid collection device dilutes 1mL of
sample with 3mL of buffer giving one of the largest dilutions of all commercially
available oral fluid collectors. This raised the possibility of screening results giving
false negatives due to the buffer diluting the sample below the cut-off concentration.
This did not appear to be the case and means that the Quantisal oral fluid collection
device offers the distinct advantage of having more oral fluid/buffer mixture to
analyse than other commercially available devices.

The Immunalysis ELISA assays for drugs of abuse that were used for this project
proved sufficiently sensitive to detect the low drug concentrations found in the diluted
oral fluid/buffer mixture. The assays did raise a couple of questions with very low
amphetamine concentrations that were below the lowest calibrator. The confirmation
results for the samples that “falsely” screened negative showed that they were below
the ELISA assay’s in-house cut-off limit and were therefore accurately marked as
negative by ELISA. The Immunalysis ELISA assays are therefore suitable for use as
a laboratory based screening technique for oral fluid samples.

The alcohol enzymatic assay showed some potential as a screening technique for
oral fluid. The assay showed good linearity and of the confirmed samples, there were
no false negatives identified. The study did highlight some issues that would require
further investigation before being used routinely in a toxicology laboratory. This study
showed a worrying trend of the absorbance of the highest calibrator falling with time
between addition to the well and addition of the other reagents. From a single
analysis, this relationship appeared to be linear but further investigation would be

required to confirm this relationship.

One of the reagents appeared to get darker in colour, and thus gave different values
for its absorbance once opened and this meant that the preferred in-house method
of using Shewart-style QC charts was unsuitable for this analysis. No obvious
alternative method of monitoring quality control was available and this would need to
be rectified if the assay was to be used in a laboratory accredited to ISO/IEC 17025

where the monitoring of quality control samples is so important. The reagent
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becoming darker was observed after one day and this could present a problem to

small scale laboratories that are not carrying out many analyses.

Overall, this method has the potential to be valuable to laboratories testing oral fluid
samples where sample volume is limited and also to high throughput laboratories
where most of the samples are expected to be negative, such as laboratories that

carry out workplace testing.
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5 Further Work

Further work to evaluate the stability of the controls would be to prepare several
litres of the controls and analyse weekly for up to five years to assess the long term
stability of multi-analyte controls. Several batches of controls should be prepared
simultaneously and analysed at the same time to ensure the results are

reproducible.

Concurrently, controls could be prepared and stored, ready diluted in Quantisal
buffer, to allow a comparison between the stability of diluted and neat controls over
time. Both the neat and diluted controls should be prepared on the same day with
the same blank oral fluid and drug stock solutions and stored in the same freezer to
minimise the differences between the controls, thus reducing the number of variable

factors which may affect the stability.

Another step would be to examine why some drug groups have such a wide range of
acceptable values and others have a narrow range. Examining whether each drug’s
assay works better at a specific temperature and whether that is a reason for the
more sporadic results for some drugs, could improve the reproducibility of the results

for some assays.

As the calibrators for ELISA used a different buffer to the oral fluid controls (to keep
the method in line with the in-house blood and urine method), the effect of this could

be investigated to see if there is any matrix effects from the different buffers.

Further samples should be collected and analysed purely for amphetamines if
possible to allow sufficient sample to be analysed and any repeats carried out. This
would allow the questionable false negatives to be clarified and further data to be
collected to allow for a more accurate confirmation of the borderline positive

confirmations.

Spiking samples at and below the lowest calibrator from the confirmation method

would provide information about the assays suitability at low concentrations.

The first step would be to devise a more suitable method of quality control. Once this
is in place, the next step would be to evaluate the long term stability of the calibrators
and controls. Longer stability would reduce the running costs of the screening test as

certified alcohol standards are expensive. While the stability study is underway, an
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evaluation of the effect of reagent E could be undertaken by analysing two batches
of calibrators and controls, one with a new reagent E each time and the other using a
previously opened reagent E. My results indicated that there was a slight increase in
the absorbance after just one day, however, that could have been due to slight
differences in the analysis such as a slightly longer incubation time or a change in
laboratory temperature. The effect of these should also be investigated.

The apparent loss of alcohol from the highest calibration over time is a serious issue
that would also need to be fully investigated prior to being implemented in a
laboratory. This could be done by analysing controls on one plate and leaving a set
period of time between the additions of controls to each strip and adding reagents A
and E once all strips have had sample added. Also, a strip of calibrators could be
added to a plate every two minutes to see any change in absorbance when reagents

A and E are added to all strips at the same time.
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7 Appendices

7.1 Appendix 1 — Amphetamine Worksheet

Worksheet for the Extraction of Amphetamines from Oral Fluid

*IMPORTANT — A Batch Record Form (FMS2005/F001) Analyst:

must be completed before starting the extraction process * Date:

Follow the steps outlined below, noting when asked the solution or reagent numbers. Initial and date
each step as completed and ask the witness to initial and date when prompted.

STEP ONE: Preparation of Standard Calibrators, Samples and QC’s (WITNESSED)

The preparation of the following standards, samples and controls must be carried out in a fume hood
or safety cabinet using labelled glass test-tubes. Tubes should be labelled for the standards, blank,
spike and samples.

e To each standard test tube add the following volumes of Amphetamines working standard
(1pg/mL) (SOL No.: ).

e 50uL of 1ug/mL internal standard (AMP-d11, MAMP-d14, MDA-d5, MDMA-d5 and MDEA-d6)
(SOL No.: ) should be added to all test tubes.

e A blank with just internal standard should also be prepared.

e Two spikes should be prepared by adding 1mL of the positive amphetamine oral fluid QC (X2)
(CON No.: ) (CON No.: ).

e Atotal of 9 blanks and standards.

Once all standards have been added, 3mL of 0.1M phosphate buffer pH 6.0 (SOL No.: )
should be added, followed by 1mL of blank oral fluid (SOL No.: ).

e Pipette 0.5mL of each sample into the appropriately labelled test-tube and note any changes
to the sample volume on form FMS2005/F001.

Volume of Volume of Internal

Standard (concentration) Working Solution Standard

(1ug/mL) (1pg/mL)
Std 1 (5ng/mL) 5uL 50uL
Std 2 (10ng/mL) 10pL 50uL
Std 3 (25ng/mL) 25uL 50uL
Std 4 (50ng/mL) 50uL 50uL
Std 5 (100ng/mL) 100uL 50uL
Std 6 (200ng/mL) 200uL 50uL
Blank (Ong/mL) opL 50uL
Spike (45ng/mL) 1mL of QC 50uL

Note: Date of calibration used:

e Vortex mix all standards, samples and spike then centrifuge at 2500rpm for 10 minutes.

Analyst/Date: Witness/Date:
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STEP TWO: Sample Extraction

Place labelled CleanScreen columns on the vacuum manifold.

Add 3mL of methanol (CHEM No.: ).

Add 3mL of deionised water (CHEM No.: ).

Add 1mL of 0.1M phosphate buffer pH 6.0 (SOL No.: ).

Transfer the buffered sample to the column and allow to pass through completely
(WITNESSED).

Analyst/Date: Witness/Date:

Add 3mL of deionised water (CHEM No.: ).

Add 1mL of 1M acetic acid (SOL No.: ).

Add 3mL of methanol (CHEM No.: ).

Dry under full vacuum for 5 minutes.

Place labelled 4mL glass vials in a rack within the vacuum manifold (WITNESSED).

Analyst/Date: Witness/Date:

Elute with 2mL of DCM/IPA/NH; (78:20:2 v/viv) (SOL No.: ).

Add 100pL of tartaric acid (SOL No.: ).

Evaporate to dryness under N, at ROOM temperature.

Add 50pL of PFPA:EtOACc (2:1 v/v) (SOL No.: ).

Cap the vials and derivatise at 60°C for 20 minutes.

Evaporate to dryness under N, at ROOM temperature.

Reconstitute in 50uL of ethyl acetate (SOL No.: ) and transfer to labelled injection
vials with inserts.

Analyst/Date: Witness/Date:
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7.2 Appendix 2 — ELISA Assay Specification

7.2.1 Immunalysis Amphetamine ELISA Specification

‘Specifloty
Tha apacificily of the Immumml- ELISA for Amphetamine was detemmined by ganerating inhibition curves for each of the compounds listed
below The antisera cross-reactivides ars listad in Toble 2.

Tatte 2
Compound
equivalenito 28ng  percantage
3 29
57 “

+Methamphetaming HCI 1250 2
a-MDA 0 2%
{methylensdicxyamphetarmit
d-Mothamphetamine HC) “7 65
& HMA 00 25
(rydroxy methoxyamphetamine)
Phenteraming 8
Fenfluramine >2500 <
dEphediing >2500 <t
+Ephedsine >2500 <t
@Phenylpropandiemine >2500 <

o >2500 <t
d-MDMA >2500 <t
(metrylene dexymathamphetamine)
GHMDEA >2500 <
(methyleno Gioxyethylamphetamine)
d-Pgeudosphedrine >2500 <t
+Psaudoepheciine >2500 <t
@MBDB >2500 <t
Tyramine >2500 <
Metyiphenidats >2500 <
Cross-Reactivity with Unrelated Drugs
Asiquots at . Nons of these und
veluss

ogimi).
Acetaminophen, Acetylsalcylc 656, Ammnlm, Amu:ﬂlh Annbmim Pacortsc ecd Aspine, Butial, Benzoysogoring, Bunbartial
Cafisho , Cocaine, Carbemazepino, . .

, Diazepam, dr En-nl Estrone, Estradiol, Ethotoi
Guterhirmide nmm, tuprofen, Imipramine, Udocaine, LSD, Metadana , Methadane-peimary matabolto, Methequalons, Voinbaritar
"M Mlﬂul EMA, Methswimide , 4-Methylprimidone, Morphine . Meperidine
Nigcinamnide, N PEMA, Primidone, Phencyclidine, Penfobarbital,
Phenctiiazine, anmm-,m.m,wm Secobarbta, Tetracycine, Tetrahyeirazsine, THCCOOH
REFERENCES
1 Uto Testng on Monograph. 73: 85-67 (1586).
2. er. Norepinepiine, epineptrine and the amines. In: The Basis of Therapeutics, 7th ed.
vu&momvm Machkan 1955,
a3 Abused Drugs. 2nd Therapeutica. 16: 626 633
(wu)
4. R.C.Baseh i Advances in Anelytcal Toxkology, Vol1.  p87-53. Edl R.C. Baset, Biomedical Publications,  Fostar
City, CA (1884).
IMMUNALYS!S CORPORATION
Pamona, Ca. 31767
(909) 394-2203.

| Cat# 209 ELISA Amphetamine 5-08

96 well micro-plale. The micro-plato is costed with polydonal anti-g-amphotamine via a spacer chain 1o provide optimally orientod binding
sies. The plates are sealed in a moisturn and air banier pouch With a desaican.

Enzyme Canjugate The conjugate soluion contains d-amphetamine labeled with horseradish paraxicase in o buffered, pralsin solution
i sabiizar, pH 7.6 contaning az

Negaiye Conyol. T i s uine cantining azidofeo
TMB chromogeric susstate. The colr reagent contins 33 i ido b bufr.
Stop sofution This contalns 1 N hydrochiric acid.

Not for Intema) or Extamal Use in Humans or Animals.

g
Aways wear gioves and a protoctivo lsb coat
Do not add sodium azide to samples as preservative.

potentialy

Use isposable pipet ps 1o avok € k . Dis 1t ums bive.
Do not pour X use.

Do ot freezs roagents.

10. Do not mix reagents from different kit lot numbers.

" Ktepn-wm:undmmnm

12. K
13, B-mqmlmummmmmwwn

", @ G ‘prior to pippetting.

15. B bag i , ifonty a

Genersl. Procise pipeting is the sssonce of succasshl radio immunozssay. Micropipots suppfied by “Eppendort” or "SMI® with

disposable tps aro excollent when used carefully sccording o Instructions to insure the necassazy accurecy. New automatic dispensers
improve reliable devery.

PENPAaGN -

Storage. Tha exgiraton date of the kit Is stated on tho lsbol.  Th kit can bo expactod to partorm satstactorly uni the exgiration cate If
stored in the retrigerator a12 - 4°C.

Indications of Deterioration. A drop of greatar than S0% in tho Ao velue (z6ro standard absorbance reading) for a constant incubation tme
indicates deterioration of the anibody plate, enzyme or chroamogenic substrate. A significant SH of the standard curve to the
fight would result from detarioration of the siendards, Development of bius calor in the chramogenic substrate without the addition of
enzyme conjugale indicales cantamination of the substrate.

SPECIMEN COLLECTION

Brocautions.

The (mmunaysis Direct ELISA Kit is wi les, such as whote blood, oral fhids, serum, urine
and plasma. Immunalysis hes not tesied all possibie spplications of this assey. Cuteff criteria are Important in deciding the sample
ditution,

Addtives
‘Specimens lo which sodium azide has been added affect the assay.
Urine samples should be stored 212 - 4°C untt use. Samples should bo woll mixed before assay. Repeated froezing and thawing should
bo avoided. Urine samples should be shipped refrigerated with Blus lco or equivalent.
LS U

A reagents 5°C)

The procedurs as described below may be followed in saquence, using manual pipettes. Altamatively &!l reagents may be added using an
automaled pipettor.

1. Diute furensic specimens, Io the necessary range with Phosphats Buftor Suine pH 7.0. (Urino samples are nommally diuted 1:20 for
; Y

| Cat# 209 ELISA Amphetamine 5-08

s AMPHETAMINE DIRECT ELISA KIT

Version: 051208

tmmunalysis Corporation :

Catalog Number 2030192 2x 36 well plates
Catalog Number 2090480 5 x 96 well plates
Catalog Number 203-4300 50 x £5 well plates

THE [MMUNAL) ELISAKITIS USEONLY.

The Immunalysis Amphetamine Direct ELISA Kit provides only a preliminary analytice test resull. A more specific altamate
chemical method must be used in order to abtsin a conflrmad analytical result. Gas chromatographyf mess spectrometry (GS-
MS) is the preferred conflrmatory method m mendor-l Judgement should be appiied to any drug of abuse test result,
particulary when pretiminary positive resul

EXPLANATION OF THE TEST
Tho ELISA Kt i3 a spacifi

samplos such as i biood, oral fluids, serum, plasma and urine. Wi the assay wil detoct amphietamin usa, inrferencs by -
Y

Amphetzing s & poton centre cervous sysiem stiruiant. The (+1somer tso referd 1o 0s c-amphetaming is thive 1 fou Les ors

Inducing euphorls, imitabiiy, ansety and pamuummymﬂmmu-mlm-m«wwmwpﬁmmm-mm
excration of unchanged drg(2). Up 1o 0% of a given dass may ba excrated unchanged, aspecially in acid urine. Alkaline urine reducas the
excration of unchanged amphatamine to tess than 5% of the dote,

PRINCIPLES OF THE PROCEDURE

The Immunalysis Amphetamine Direct ELISA Kit (for d-amphetamine measurement) is based upon the competitive binding to antibady of
LUSA K : . e

A 10 4L siquot of o diuied urknoun specimen (s b wh 8 100 . Gillon of anzyme (Horsersdish percsdise) absted o

in micro-plate wells, amounts o avenied hgh effly purifed polyclonal amobody. Ths well are
washed thoroughly and a chromogenic substrats added. The color produced
8t 450 nm. The intensity of the color daveioped is inversely propartional o e cancaniaton of drug In the sample. The techriqus is
sansitv to 1 ng/mi.

‘The Immunalysis Amphetamine Direct ELISA Kit avoids exiraction of ur 1 smmploy
antiserum. Dus to tha prprietary mothod of orienting the -nuamy an the polystyrens micro-plals much mwr senaitvly Is achieved
This alloves

binding proteins(s) or other macromolecales.

MATERIALS AND EQUIPMENT
ELISA Kit aro itomized below:
Tubes to pro-c2ute roquired),
R«muu (for ki storage ).
rval Timer.
wm bottle o Plate Washer.
slal capable of
REAGENTS
lysis Amphotamiao Dirsct ELISA Kit Contents,
Component 192 TestiGi 480 Test Kt 4500 Test Kt
Ca22080192 | Cats 209-0480 Catd 209-4800
96 well Micro-plats 5 £7]
25m 60 750 ml
m Smi 3xSmi
TWB Substrale 30m Zx30m 750 m
Siop Resgent 25mi S5l 750 mi

| Can¥ 209 ELISA Amphetamine 5-08

2. Add10g

3. ASd10u L

4. Add 100 ul of the njuga Tep the sk g.

5 o for 25°C)p eadir njugats to the lastwell

6. Wash the wals 6 fi . using either a su wash botto
wels. If testing samgpios ng sbrommaly high ints Pot ‘samples), use 10 mM Phosphats buffared
salio pH 7.0-7.4. i

7. |manmnnmWmmm-mmmnmmnmmhmmmwﬁmdmmm
conjugato, doos not skew rsuts. If using an cutomaied system, ensuro that the final asgiraton on the wash cycle
a3pimies from either side of (e well.

3. Add100 plato mixing.
9, Incubats for 30 mi n the dark.
10. Add100 1 o yollow.
11, Ma
12. d within 1 hour
Gamphetamine Absorbance
ngm
0 2459
10 0891
2 0431
50 0255
mmwummmammwumuummmwwww 1t is rocommanded thal at least ono in-house positive
qualty ¥ ¥ pite,
RESULTS

Ifthe average samplo absorbanca is equal to of loss than the average absorbance of the laboratory positve roference standard the sample
is POSITIVE for amphetamine. [f the average sample absorbance Is greeter than the average ebsarbance of the laboratory positive
roferanca stendard the semple is called NEGATIVE for amphetetine.

o doso responsa curve can ba esiablished by ploting (abacisss) againat absarbance
for

Atematively
(ardinata).

Aecuracy

Forty whole blood samplas and 40 urine samples collocted from prosumed non-users wer tesiad in the Immunalysis Amphatamine Diroct
ELISAKL One W d end 500 ng/mi for uine. Thiry five
‘whale bicod sarmpies which were previously confimmed pasitve for amphetamine wm—Ms employing & cut-off of 50 ng/ml, were tastod in
the Immunalysis Amphetamine Diract ELISA Kit . All of the samplos were found o bo posive i.e. above the cut-aft of 50 giml

Procis
“Tha precision of tho Immunalysis Amphotamino Diroct ELISA Kit has

by ho mean, )

Intre-assay Precision
Infra-assay precision was determined with reference controls.
AD, 10, 25 and 50 ng/m! standard was assayed five times in the same assay. The resulls ars tabulated in Table 1.

Table 1

Amphetamine MeanAbs. SD. CV%
{ng/ml)
[) 2399 0115 48
10 0,897 0085 108
25 0.458 0081 1332
50 0271 002 812
y y four 1 ngml.
3
| Cat# 209 ELISA Amphetamine 5-08
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7.2.2 Immunalysis Benzodiazepine ELISA Specification

Specifieily
The specificty of the Immunalysis Benzodiazepines ELISA for was determined by generating inhibiion curves for each of the compounds fisted below
The antisera cross-reacivities are listed in Table 2A and Table 28,

BENZODIAZEPINES ELISA KIT

TABLE 2A TABLE 28 Ver 05/2008
Conc  Oxazepam  Cross Conc  Omzepam  Cross
Analyte pawel  pgwel __ Reactivh Analyte pofwell _poMwell __Reactivity Corporation:
Orazepam 250 250 0% Halazepam 500 500 100% Catalog Number :  214-0192 2 x 95 well plates
2140430 5 x 95 well plates
Alprazolam 50 % 180% 1000 950 85 2344800 50 % 95 el plates
100 20 200% Lorazepam 50 45 so%
OH-Aprazolam 100 I 0% 100 85 a5 THE IMMUNALYS) ELISAKITIS FORENSIC USE ONLY.
1 u
20 ot 0% Lorazapam Ghic. 00 Ko e The Immunalysis Benzodiazepines Direct ELISA Kit provides only a preliminary analytical test result. A more specific altemate chemical
Bromazepam 500 350 0% Lometrazepam 500 600 120% method must be used in order 1o obtain a confirmed analytical result. Gas chromatographyl mass spectrometry (GC-MS) is the preferred
1000 00 0% Medazepam 500 200 a0 confirmatory method (1). Professional judgement should be applied to any drug of abuse test result, particularly when preliminary positive
d,
Chiordiaze poxice 500 150 % 1000 400 o il
1000 180 %% Midazolam 100 60 80% EXPLANATION OF THE TEST
s 2 = o = i iy he | 8 Direct ELISA K o detect th Benzod [ es such
i Immunalysis Benzodiazepines Direct ELISA K1 is a sensiive in-vira tast o detect the presence of Benzodiazepines in forensic samples such as.
190 7 i N3G S0 30 % whele biood, serum, plasa and urine.
7-amino-Clonazepam 500 200 0% 1000 700 0%
1000 250 25% %0 228 "% Benzodiazepines - are a 1455 of widely preseribed central nugs with sedative o
= = Fiasny s e e s 5 e e o o Eech ety st e A b
L 100: 1000 500 50% to have a greater suppressive effect 1o the central nervous system than that attrbutable to ether chemical alone. Benzodiazepines are usually
250 309 120% Temazepam 500 1000 200% administered orally and are absorbed rapidly. The metaboksm of Benzodiazepines is mainly in the liver and excreted in the urine o3 a variety of
[ren. 100 s 0% B, pes & 0 structurally related metaboltes. Metanolc simiariles nctude removal of substiuents from the B ring of the 1.4 benzodiazepines an ydrooation
of the lfazolobenzodiazepines, hydroxylaton of the 3 positon carbon of the B ring and conjugation of hydroxylated metaboltes followed by urinay
4501 200 81 100 20 e0% excretion as glucuronides (5)
Estazolam 100 n 70.00% OH-tiazolam 5 W0 ao%
250 0 120% n & o PRINCIPLES OF THE PROCEDURE
Flerszapam 00 A fome Oxazepam Glue. 1000 ND ND The Immunalysis Benzodiazepines Direct ELISA Kit is based upon the Compettive binding to antibody of enzyme labeled antigen and unlabeied antigen,
250 375 150% Clorazepato 100 50 so% in proportion ta their concentration in the reaction mixture.
 OH- > 24
T e 500 e 240 =0 G 0 A 10 4. 2liquat of a dilsted unknown s pecimen s incubated with a 100 yl. dition of enzyme (Horseradish perosidase) labeled Benzodiazepine cerivative
N-desmethylfunirazepam 500 450 0% Funtrazepam 100 30 0% In micro-plate wels, coated with fixed amounts of oriented high alfinty puificd polycional antibady. The welis are washed thoroughly and a chromogenic
1000 1000 100 250 150 % substrate added. The color produced is stopped using a diute acid stop SokWion and the wels read at 453 nm. The intens1y of the color developed is

Cross-Reactivity with Unrelated Drugs

Aliquots of o human wine matrbc wére Spiked with the following compounds. at a cancentration of 10,000 ngimL. None of these compounis gave

vsurs i assa 1al et s 1o o rasor B 10847 Semsabiy Tevel (2 ng/m).

Aminopyrine, Ampicllin, Ascorbic acid, Atropine, Benzoyleogonine, C'\Nrmr Cacaine

Carbamazepine, Godeine. cnmmqum Chioropromatine, Cartromal, Desipramine,

10114 Dmyﬂm—ua'bamaupm! Etnosumide, Estrol, Estrone, Estrodol, Elhalan, Glutethiide, Ibuprafen, Imipramine. mmm LSD Methadone,
Mephenytoin, Methy .

Methylprimidone, e, Meperidine, Nacnamide, Norclhingrone, N-Nornethsusimide, Pensusmide, PENA annnnc, Phencycidine

Phencinazne, Phenyiopanolamine, Procaine, cing, THC.COOH
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98 well micrp-pialo. Tho micro-plete is costed with palyclonal anti-Oxazepam Wa @ spaces chaln 1o provide optimally orientad binding sites. The plates.

inversely proportional 1o the concentration of drug in the s ample, The techniqu

nskive to 2 ng/mL

The Immunalysis Benzodiazepines Direct ELISA Kit avoids exiraction of urine or blood sample for measurement. It employs an Oxazepam directed
antiserum, Due (o the proprietary method of eriening the antibody on the polystyrene micro-plate much

higher sensitivty is achieved compared to passive adsarption. This resuts In extremely small sample size reducing matnx effects and interference
‘with binding proteins(s) or other macromolecules.

MATERIALS AND EQUIPMENT

Materials and equipment reqmmu but not xupp\md with the Immunalysis BENZODIAZEPINES Direct ELISA i are itemized below:
pes (1 requied)

Relrigerator (lor kA storage).
Interval Timer,

Wash bottle or Plate Washer.

Microplate read er capabie of reading at 450 nm, And 650 m.

REAGENTS
inmunalysis. Direct ELISA Kit_Cortents
Component 182 TestKi 780 Test Kit @00Tes! Kit
Cat#214.0192 | Ca# 214.0480 | Cat# 214-4800
well Wicro-plate z 5 X 50

Senzo- Conpugale 25 L 60 mL 750 L
Sid 2mL Sml 3x5mL
195 Sursiie 30 mL 2x30 mL T50mL
25 mL 55l 750 mL

Cat¥ 214 ELISA Benzodiazepines 5-08 1

leslng samles coraining absarmaty Bgh s ofbomoglai (some Pasimoto sampe). s 10 mis Phasphat e satne pH 7.0-
i will ower s loweriog
7. invort wolls and vigorously stap ey on sbsarbent paper to ensuro sl Tesivl mosiu & amoves This step Is crtical to ensura thal residual

enzymo conjugate, does not skew resuts. If using an automated system, ensure that tho final aspiration on the wash cycla espirates from sither
‘BenzodiazepineEnzvmo Consonsto The conjugsta solution contains a Benzodiazepine derivative labeled with horsersish peraddase i @ buffered, side of tha wall.
ir i pH 3 8. Add 100,
)
This iing azide free preservatives. 10. Add 100 4. L o change 1o yedow.
subsirat. contains 33,55 bufter. 12. Wels 1 hour
Stop Reagont This contains 1 N hydrochionic acid. ~ e "
utions Oxazepam Absarbance
1. Natfor kniemel or Extemal Usa bn Humans or Arémass. pomel
2 0
3. Always wesr loves end a protoctve lab coat. 2 212
4 £l 1438
5 Donctadd 1255
6 al 100 0901
7. Use dispos i reagont D it tums b, 250 0438
8. Donol pou 2 i use. Cisnazepam Absorbance
9. Donol fresze reagers. powel
10. Do nol mix reagents tram different kit lot numbers. o 2839
" 50 1705
12. 100 1.1
13. Bring afi raagents 1o room temperature. Lorazepam Absorbance
14, Viscous to pippetting. pgwell
15. i itonly a par ed. 0 2630
50 1585
Soneal. Preiso et s th ossancnof secessfs immumaassay s cical o it g he conir nd boiom of eh weltoersur goad 100 1108
Sod by “Eppendort” or “SMI" tips y 9 1o
et Y. The doscrespanse curve shiown above should o be used in assay celculations. It is recommended that at least ong inhouse posilive qualty controt
‘sample bo included with evory essay run.
‘Storage. The . Tho ki can urti the stored in the A y plate.
rofiigoretor 212 - 4°C.
ResuLTs
Am,unmnanmxnmukmwmmmmﬂmmnmmmmhm fess than the. the ratory POSITIVE
deterioration of the Ifthe averags than the averag of the iaboratory positive relerence standard the sample

ubstralt Scant
Qeterioration of the standards. Dovelopmen? of bluc color in the mmmqemc Subsinia wihoct the 0ddion of enzyme conugs lvdklns
‘contamination of the substrate.

SPECIMEN COLLECTION

PBrecautions.
The Immunalysis Berzodiazepines Direct ELISA KR is to be used with human forensic sampiss, such as urino, whole biood, sorum and piasma.
Immunatysis h ofthis assay. i in deciding it

‘Storage 20d Handling Iostuclions.
Ut samoles should be stored at 2 4°C uniil uso. Samples shoud be well mixed baforo 25say. Repeated freezing and frawing shouk bo svoided.

Ico of equivatenl.
DETAILS OF THE PROCEDURE
Al be s
The procedura y ‘manus! pipeties. Afiemativoly afl seagents may be added using an sutomaied
pipettor.
1. Diute g pt PHT.0.( 1:10 for a Oxazepam
g/} i cutoff.
Aod 10 4. duplicale.

2

3. Acd10p

4. Add 100 . of the Enzyme Conjugate to cach well Tap the sides of the plate hokder to ensure proper
.

s

mixing.
Incubato for 60 minfes at oo temperatire (20-25° ) mlmuy inthe dum aner vddition of enzymo conjugate 10 the 12l well.
iaking caro 0l to cross contaminale welis. If

Wash the wells 8 washar or wash boti

Cat# 214 ELISA Benzodiazepines 5-08 2

Is cotcd NEGATIVE for Benzodiazepnes .

Alteraly 8 daso usponso cuve can be estabished by pa stonderd concerrston (sbecise) eganst comespanding sbsoroence (ordhte).
Values for  interpol

SPECIFIC PERFORMANCE CHARACTERISTICS

Precision
The pracision of the (mmunglysis BENZODIAZEPINES Direet ELISA Kt has been verified by assessment of the mean, standard deviation (SD) and

Intca-assay Precision
ntre-assay pr was 40,25,50 and 100 niimt. Oxazepam standard was esseyed fivo times in ihe same assay.
‘The resuls ero tabulated In Tabto 1.
TABLE 1

Oxazepam MoanAbs. S0, cVn
(pghwen)

[] 2651 0124 5

50 1456 oge? 60

7% 1289 0084 4

100 0891 0047 53

250 0482 0035 78
Senstiviy

y P tne fequired 10 produce @ four Standard deviation fom 2ssay Ao (s 0.5 ngimL.
Caif 214 ELISA Benzodiazepines 5-08 3
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7.2.3 Immunalysis Cannabinoid ELISA Specification

TABLE1
carboxy THC Mean Abs. S$D. CV.%
ing/mi)
L] 1.805 0138 73
2 1.114 0103 94
5 0752 0066 9.8
10 0.548 0042 77

‘Assay sansitivity based on the minimum THCA concentratian required 1o produce a four standard daviation from assay zero dose
rosponss (Ao)is 1 nghm.

Spociie
The speciicity of the Immunalysis Cannabinoids ELISA for was detenmined by generating inhibition curves for each of the
compounds listed below The antisera cross-reaciivities are listed in Tablo 2.

TABLE 2
Campound Approx. ng/ml  Cross-reactivities
equivalent lo
___0g THCA/m]

ums—unmy A'-THC || 110

ALTHC 2
A' THC 22 45
11-hydroxy-a"-THC >1000 <5
6-11-Dinydroxy a"THC ~ >1000 <5
Cannabinol >1000 <
Cannabidiol >1000 <5

Gross-Roactivity with Unrelated Drugs
Aliguots of a human urine mairx were spiked with the follawing compeunds at a concentration of 2,000 ng/ml. None of these
compounds gave values in the a3say that wers egual to or greatar than the assay sensitivity level.

acl piciftin, Amobarbils), Ascorbic acid, Atropine , Barbital,
mn-ml c-mw Coulnn,Clmamuzupinu.Cmaino Cnlorow\no Chioropromazine, cafhmmai Daamrlmﬁna.
Estiol
Eﬂmne Estradiol, Elfmoln @M‘Jm‘lﬂt Hmhamal Ibuprofen, Imlpﬂmlna Lidocaine, LSD, Memme Memadm&mbnary
metabalile, tharbital, Methyh
PEMA, Mathauwamide , 4-Methylprimicans, Morpmm Meperidine , i [
PEMA, Primidone, iazis
Sewbamllal Tetracycline, Tetrahydrozoline

Proczine, Quinine,
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. Mule, S.J., Lomax, P. and Gross, S.).: Activa and passive marijuana exposure tested by three immunoassays and GC/MS in
wrine, J. Anal. Toxicol, 12: 113 (1986).

Cone, E.J. and Joknson, R.E.: Contact highs and winery cannabincid excration after passive exposure to mariuana  smoke.
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96 well micro-plate. The micro-plate is coated with polyclanal anti~carbaxy THC via a spacer chain to provide optimally ofientsd
binding sites. The plates are sealed in a moisture and air bamier pouch with a dessicant.

THC-Enzyme Conjugate The conjugate Solution contains a THCA derivative fabeled with horseradish peroxidase in a stabilized
o % " .
o 3

Negative Control. This botle contains dnug frae synthelic urine conteining azide free preservatives.
TMB chiomogenic subsiate. The color resgent cantains 3,3,5.5' tetramethylbenzidine and urea paraxidase in bufter.
Stop Reagent This conteins 1 N hydrochloric acid.

Prec:
Not for Intemal of Extemal Use in Humans or Animals.
There should be no eating or drinking within work area.
Aways wear gloves and a protactive lab coal
No pipetting should be dons by mouth. Handle 2ll specimens and reagents as potentially infectious end biohazardous.
Do not add sodium azide 1o samples as.
Do not use extemnal controis. mmﬂl!m sodlum lade
Use disposable pipet
Do ot pour
Do not fraeze reagents.
. Do not mix reagents from ditfecent kit lot numbers.
1. Kup leanems outol dtreummun
12, H: care,
13, Bring all ragents (o room femperaturo.
14. Viscous forensic samples should atways be diluted in phosphate buffersd saline or distiled water prior 1 pippetting.
15. Ensure the bag containing the micro-plate strips and dessicant is sealed well, if a few strips are used.

ic subsirata raagent, Discard reagent if it tums biue.
nt iner afler use.

2@~ -
3 LR E

General. Pracise pipeting s the 055616 of successhul immunoassay. It is critca! to pipet right at the canter and bottom of sech well
toensuts good opicaes nd coeficents of variton Mroppes suppd by ‘Egpendorf or "SMI" with disposable tps are excellont

B> CANNABINGIDS (TEICAICTHG) BIRECT ELISA KIT

Ver: 0172010

Immurialysis Corporation:

Catalog Number 2060192 2 x 96 wall plates
Catalog Number 205-0450 6 x 36 wall platos
Catalog Number 2054800 60 X 96 well plates

THE IMMUNALYSIS THC DIRECT ELISA KIT IS INTENDED FOR FORENSIC USE ONLY.

The Immunalyss Cannablnoids Clrect ELISA Kit providos only a pratiminary snalytical tost resuft. A more sposific altomato
chemical method must be usad in order ta obtain a confirmad analytical result. Gas chomatography! mass spectromatry
(GC-MS) is the prefarred confirmatory method (1). Professional judgement shoutd be applied ta any drug of abuso test
resutt, particularly when profiminary positive results ara used,

EXPLANATION OF THE TEST

The Immunalysis Cannabinolds Direct ELISA Kit is a specific and sensitive in-vitro test 1o detect the presence of cannabinoids in
forensic samples such as whota blood, sarum, plasma and urina,

A"THC (a member of the cannabinoid family) is the primary psychoactive ingredient of mariuana (1) Cannabinoid metabolites appear
mmnommmnmamnmmmmammaypnmmord.y;(mmm)(‘ 3). Thus 8 wing assay masonabiy senves 1o
smoking of ingestion of marjuana.

PRINCIPLES OF THE PROCEDURE

The Immunelysis Cannabinoids Direct ELISA KitIs besed upon the competitive bincing to entibody of enzyme lsbeted antigen and
unlabeled antigen, in proportion to their cancentration in the reaction mixture.

A 10 pl aliquat of a diuted unknown specimen is incubated with a 100 . dilution of enzymo (Horseradish peroxidase) taneled
carboxy THC (THCA) derivative in micro-plata wells, coated with fixed amounts of orisnted high affinity purified pofyclonal antibody,
The wells are washed thoroughly and a chromogenic substrate added. The color producad Is stopped using 8 dilule acid stop
solution and the wells read at 450 nm. The intensity of the color developed Is inversely propertional to the concentration of drug in
the sample. The lechniqua is sonsitiva to 1 ng/mi,

The Immunalysis THC Direct EISA Kit avoids extraction of urine or blood sample for measurement. It employs a polyclonal high

affinity. punfied carboxy THG antibody. Due to the proprietary method of crienting the antibody on the polystyrene micro-plate much

higher sansttivty Is achieved compared to passive adsorption. This results in extremely smal sample siza reducing matix effects
orother

MATERIALS AND EQUIPMENT

Matarists and equipment required but not supplied with the Immunalysis THC Direct ELISA Kit are itemized batow:
12x75 mm Disposable Glass to preditule samples (if required),

Manual or or ting stations.

Refrigarator (for kit storage).

Interval Timer.

Wash bottle or Plate Washer,

Microplate reader capable of reading al 450 nm. and 650 nm,

REAGENTS
Direct ELISA Kit Contents,
Compenent 192 Test Kit 480 Test Kit 4800 Test Kit
Cat¥ 205-0182 Cat# 205-0480 Catit 205-4800

96 well Micro-plata 5 50
THC-Conjugate ml G0 ml 750 ml
Neg Std. m} Sml 3x5ml
TMB Substrate 30m 2x30m 750 m)
Stop Reagent m 55ml 750 ml

Cat# 205 ELISA Cannabinoids 01-10

1. Dilute forensic specimens, to the necessary range with Phosphate Buffer Saline pH 7.0. (Urine samples are nomally diluted
1:10 for a THCA cutoff of 50 ng/ml.) The ditution factor end volume added can be adjusted basad on the laboratary’s culofl,

2. AdG 10 . of appropristely dilued calbrators and slandards to each wel in dupicato.

3. Add 10yl of in duplicate

4. Add 100 4. of the Enzyme Conjugale to each well. Tap the sides of the plate hoider ta ensure proper mi

5. Incubate for 60 minutes a1 room temperature (20-25" C) preferably in the dark, after addition of anzym: mn]ugalbm the fast
well.

6. Wash the wells 6 times with 350 . distillad water using Blthaf a sulhb\l M wmrwmh botts taking care nat lo cross
contaminate wells. If testing samples, containing samples), use 10
mM Phosphate bulfered salina pH 7.0-7.4. This wil lower pmnual mnsperzﬂc binding of hemaglabin ta the wel, thus lowering
background color.

7. Invert wells and vigorously slap dry on sbsorbent paper (o ensure all residual moisture is removed. This step is criical to ensure
that residual enzyme conjugate, does not skew results. If using an automated system, ensure that the final aspiration on the
wash cycle aspirales from cither side of the wel).

8. Add 100 . of Substrate reagent to each woll and tap sides of plaie holder to ensure proper mixing.

9. Incubate for 30 minutes at room temperature, preferably in the dark.

10. Add 100 pl. of Stop Solution to each wes, ta change the biue coler 1o yeliow.

11. Measure the absorbance a a dual wavelength of 450 nm and 650 nm.

12. Wells should be read within 1 hour of yeliow color development.

The following data represent a typical dose/response curve.

CTHC Absorbance
ngiml
0 1.985
2 1413
5 0955
10 0.751

The dosefresponse curve shown above should not be used in assay calculatons. It is recommended that at least ono in-house
po:lhve quality control sample be included wilh every assay aun.

when ¥ "] necessary

The expiration date of the Iul is stated on the label. The kit can be expected to perform satisfactorily untit the expiration
ua’e it storedin the retrigorator at 2 4°C.

Incications of Deterioration. A drop of groster than 50% in the Aq (zerc-standard abscrbance reading) for a constant incubation timo

indicates detarioration of the antibody plate, enzyme conjugate or chromogenic subsirate. A significant shift of the standard curve
1o the ight would result from deterioration of the standards. Development of biue color in the chromogenic substrate wihout the
addition of enzyme conjugate indicates contamination of the substrate.

SPECIMEN COLLECTION
Precawfions.
‘The Immunalysis Cannabinoids Dirscl ELISA Kit s ta b used with human forensic samples such as whole blood, serum, uring and
plasma. tmmunalysis has not tested all possible applications of this assay. The Cutoff criteria are Important In deciding the
sample dilutlon. It Is recommended to diluta most blood samples elther 1:5 or 1:10 depending on the cutoff used by the
laboratory.

dditives.
$Specimens to which sodium 2zids has been added affect the assay.

Storage and Hendling Instuctions.
Urine samples should be stored at 2 - 4°C until use. Sampes should be well mixed before assay. Repeaten freezing and thawing
should be avoided. Urine samples should b shipped refrigerated with Blue Ica or equivalent.

DETAILS OF THE PROCEDURE.
All reagents mus! be brought to ream temperature (20-25° C) before use.

The procedure as describad below may ba followed in sequenca using manual pipettes, Altematively all reagents may be added
using en automated pipettor.

Cat# 205 ELISA Cannabineids 01-10

a cutoff calibrator should be run with every plate.
RESULTS

I# the average sample absarbance is equal to or less than the average absorbance of the laboratory THCA/CTHC positive reference
standerd the sample is POSITIVE for cannabinoids. If the average sample absorbance Is greater than the average absorbance of
the laboratory THCAICTHC posidve reforence standard the sample s called NEGATIVE for cannabinolds.

Altomatively a dose response curve can be established by pletting standard concentration (abscissa) against comasponding
absorbance (ordinate). Values for unknown samples are obtained by interpolation from the curve.

SPECIFIC PERFORMANCE CHARACTERISTICS

Acouracy

35 whole blood samples and 60 urine samples coleced from presumed non-users were tosted in the Immunalysis Cannabinoids
Diroct ELISA Kit. One hundred percent of these nomal samples measured negative at 20 ng/ml of THCA equivalents for whole
blocd and 50 ngiml of THCA equivalents for urine. Forty whole blood samplas which were previously confirmed positive for
cannabinoids by GC-MS employing a cut-off of 10 ng/m! THCA were lested in the Immunalysis Cannabinoids Direct ELISA Kit . All
the samples were found to be positive i.e. above the cut-cff of 20 ngimi.

Precision
The precision of the Immunalysis Cannabinoids Direct ELISA Kit has been verified by assessment of the mean, standard deviation
(SD) and coefficients of variation (CV) in daia resulting trom repetitive assays.

-assay Pre
Intra-assay precisian was detemined with reference contro
A0,2,5 and 10 ng/ml standard was assayed eight times in ma same assay. Tha resulls are labulated in Table 1

Ca# 205 ELISA Cannabinoids 01-10
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7.2.4 Immunalysis Cocaine ELISA Specification

Prucision
The precision of tha Immunalysis Cocaine Metaboiite Direct ELISA Kit has boen vertfied by assessment of tha mean, standard
Aation (CV) in data ing from repatitive assays.

P
Intra-2ssay precision was delemined with referenca control
AQ, lozswwnmnlxmmwummmmmm-mm The results are tabulated in Table 1.
TABLE 1

Benzoylecgonine MeanAbs.  5.0. CV%
{ng/mi)
o 2167 0173 50
10 1117 0429 155
25 0605 0045 74
50 0418 0033 78

Assay sensitivity based on the minimum Benzoylecgoning concentration required to produce a four standard deviation from assay Ao
is 1 ngimi.

Specificity
The Ipeﬂﬁnly of the Immunalysis Coceina Molabalita ELISA for was determined by generating inhibition curves for each of the
d below ara listod in Table 2.

Cross-roschitos rlatod dngs
Compound Apprax. imt Cross-reacivy
equivalent to SGng BE
Benzoyiecgonie £ 100
Cocaine 750 666
>5000 <t
Norcoczine >5000 <
>5000 <1
Ecgonine >10000 <08
Eogonine Methyl  >10000 <05

Estar

Cross-Reactivity with Unrelated Drugs.
Maammmmhmwwmmmmmmwma:mmdzmw None of these compounds
L Inthe assay =1 ).

Ampicilin, Amobarbital, Ascorbic acid, Atropine, Barbita), Butebarbital,
Carbromal

Caficino , Carbamazepine Codeine , Chioroquina ,

10-11. Diazepam, Ethosudmide , Esttol, Estrons, Estadiol, Ethotoin, Glutethimide,
Hemhamihl Ibuprofen, Imunmnm. Lidocaine, LSD, Methadone, Methadono - primary motabolita, Mam-quabne Msthamphetanine,
Mathyl PEMA, Morphine ,
Mweﬁha. V- . PEMA. P(nidunlt
i Procaina, Nnhe. Tetracyciine,
REFERENCES
Urine Testing for buse, Netonal insti Abusa Research 73; 85-97 (1986).

0} Monograph. 7(
RK Siagel. I Nsionalinstite on g Abuse. Research Sertes 50, pp. 92-110(1858).
KG. Vereby, AC. De Pace, R B, Resikand S.J. Mule. Anal, Chem. 49:1965 (177).

Doubio An

1

2

3. M. Kogan,

4. Diagnostic Products Corp. body COCAINE/BENZOYLECGONINE Assay.
5.

8.

z

Syva Corp. EMIT COCAINE/BENZOYLECGONINE Assay.
J. Ambrs. J. Anal. Toxicol. 8:241 (1885).

IMMUNALYSIS CORPORATION

Pomona, CA 81767
(309) 394-2203.

Cat# 206 ELISA Cocaine Metabolite 5-08

REAGENTS
Kt Conents,
Componant 182 Test Kit 480 Tast Kl | 4800 Tast Kit
Catp 206-0182 Catw206-0480

96 well Micro-plate 2 S
BE- Con‘ngcte 25m BOm

Std 2ml Sml
TMB Subsiraie. 30m! 2x30m
Stop Reagent 25m! 55m)

96 wall micro-piate. The micro-plato I8 coated with polyclanal anti-dbonzoytacgonine via a spacer chain to provide opimally oriented
binding sites. The plates are sealed in a moisture and air barrier pouch with a dessicant.

£ Confuaate The conjugate solution contains a Benzoylecgonine derivativa laboled with horseradish
butfered, protsi iizers, pH 7. ining azide free ives. (Colored R
e Standara. Thi . ;. N
i) The color 3355 idine and

Stop Reagent. This centains 1 N hydrochioric acid.

Not for Inteml or Extemal Use in Humans or Animals.
There shouid be no esting or drinking within work erea.
Aways woar gloves and s rosciv
be done by mouth. imens and reapents as potentially infectious and bichazardous.
controfs
tips to reagent. Discard reagent if it tums biue.

Do ot mix reagents from difforent Kitfot rumbers.
Keep roagents ou of direct sunight
dle

X annq al reagents fo rom tsmperaturs.

prior to pippetting.
. Enm the bag wmnlninn the mh:o-ollh strips end dossicant Il\vdl u-'vd ﬂomy a fow strips are used.

;;;;_:_3'9??45"?'.‘?’?4.‘
g
3
2

General. ILis critical to pipet right at the center and botiom of each well
% ensure good mp{lula: and contbcents of variedon Microgiels supplod uy “Eppendor” or "SM” with sposable tips aro excefient
. New

Storage, The expiration dats of the kit is stated on the label. The kil can be expecied to perform satistactorily unti the expiration
data f stored in the refrigerator 2t 2 - 4°C.

Indications of Deterioration. of greater than 50% in the Ao {zero-standard ebsorbance reading) for @ constant incubation tme
indicates deterioration of the m‘hm plats, enzyme conjugate or chromogenic substrate. A significant shift of the stendard curvo 1o
the right would result fram bius colorin without the eddition
of Substrate.

SPECIMEN COLLECTION

‘Procautions.
The inmunaiyss Benzoylecgurine Dirsct ELISA Kitl 0 b0 used i hurizn farensic samples, ko whols blood, sanum and pissma
ssay. Cutoff criteria ara Important In deciding the samgple dilution.

Additives.
Specimens to which sodium azide hes been sdded affoct the assay.

Cat# 206 ELISA Coceine Metabolite 5-08

B> COCAINE METABOLITE BIRECT ELISA XIT
(Benzeyleegenine Speciic)

Ver: 0512008

tmmunalysls Corporatl

Catatog Number B06.0152 2.x 96 well plates
Catatog Number 205.0480 5 x 96 well plates
Catatog Number 208-4300 50 x 96 well plates

THE IMMUNALYSIS COCAINE METABOLITE DIRECT ELISA KIT IS INTENDED FOR FORENSIC USE ONLY.

The Immunalysls Cocalne Metabolite Diroct ELISA Kit provides only a prailminary analytical test result. A more specific

ulnmm chemical method must bs used In order to obtain a confirmed anaiytical result. Gas chromatogmphy mass
{GS-MS) Is the proferred confimmatory mathod (1}. Professlonal judgement should be applied to any drug of

2biise tast ranut, puricularly whan preliminary posiive fesults

EXPLANATION OF THE TEST

The Immuﬂur/sls Gocaine Moabolts Orect EUISA KiL s 2 speciic and serstie (i test to detect the presance of
BE)in senum, plasma and urine.

Cocai y sing in &l socia! and aaammemwunwnﬂyxmledwm
(1,2). Several methods for in urine exist (:se)
minutes in urine (3). Since the number and propartion of metaboitas

ents per mi. The Imm Mataboiite Direct ELISA Kitis a ps similar to Shosa
abtained by ethods (4-6). Native (unattered) cocsine wina concentration is far lower than that of its major metabotite
ayieeooﬂm.msrh i 100mg from 1.2 - 2.4 ughml

conoaniratons ranging rom § - S5 v for penzoyecgorine [3). Cocaine was undetectatle (f o 50 ngmi arta 12 hours er
administration in_compartson with benzoytecgonine which mmmmuanmmnmm 1t hes been suggestad that a
urs (7).

ratio of less than
PRINCIPLES OF THE PROCEDURE

Tha immunatyis Cocaino Motabais Direct ELISA Ki 1 bazed upan the comsetive birding o antbody of eniyme lsboed artigen
and uniabeled anfigen, in proportion to their concentration in the reaction mixture.

A 10 4. aiquat of a diluted unknawn specimen is incubatsd with 3 100 1. dilution of enzyme (Horseradish peroidase) lobaied
Benzoylecgorine derivalive in micro-plate wells, caated with fixed amounts of ariented high affinty purified polycional antibody. The

wells are wash: ighty
nmuhrwwmhawpuuﬂngndnummmummmmhmmmm The intansity of the color developed is.
inveraely The technique is sensitive to 1 ng/ml.

The tmmunalysis Cocalne Metabolite Direct ELISA Kit avoids exdraction of urine or blood sample for measurement. It employs an
Benzoytacgonine directed antiserum. Dua to the proprietary method of orienting the am{body on the nwww\ micro-plate much
higher mmty:mmpa punwmlwpuw This aliows an

MATERIALS AND EQUIPMENT

Materials and equipment requir not supplied wi Metabaiite Direct ELISA Kil ars itemized below:

1275 mm Disposabla Gtass o Plastic Culture Tubes to prediute samples (if required).
wal or electronic nnawipau {singie channel or muitichannel) o automated pipeting siztions.
Refrigerator (for kit o
Interval Timer.
‘Wash bottle or Plate Washer,
Microplate reader capable of reading at 450 am. and 850 nm

Caw 206 ELISA Cocaine Metabolite 5-08

Storage end Handjn Instructions

Urina samptes should ba stored ai 2 - 4°C untd use. Samples should ba well mixed or vortexed before assay. Ropeatod troezing and
thawing should be avaided. Urine samples shauld be shipped refiigeratad with Blue lce or equivatent.
DETALS OF THE PROCEDURE.

All reagents. (20-26°C) before use.

Tha procadure as described belaw may bo followod in sequence using manual pipeties. Allematvely all reagenis may be added
using &n automated pipefior .

1. Dikite forensic specimens, to the necessary range with Phosphate Buffer Saline pH 7.0. (Ilr(na samples are narmaly diuted 1:10
for a Benzoylecgonine Gutof of 300 ngiml) The dilution factor and volume added can be adjusted based on the laboratory's

Add 104, of appropriately diluted calirators and standards to each well i1 duplicate.

Add 10 . to each wel.

Add 100 4. omenzym Dmlugnnmaacnvnll Tep e sides of the plate holder to ensuro proper mixing.

tncubste > by tha nm after additon of enzyme conjugate to the last well.

LTS

wawmmsmnasw.nssnuassﬂm ble plalo washer or wash bottie taking care not to coss
contaminate wells. Sampis contaning sbnarmaty Hidh amounts of hemaoglobin (some Pastmortem semples), use 10
i Phosphate bufferad saine pH 7.0.7.4. Ths il lower polential nonepeciic Binding of homoglobin 1 0w wol, fius lowering
background color.
7. Iowert walls end vigorousy stap dy on absorbent paper 1o ensuro el residual moishure s emoved. This step s aical io ensure
not If using an automated systom, ensure that the final asgiraton on the wash
nmmmmaa of the wel,

8. Add 100 1. of Substrate reagent to each well and tap sides of plato holder to ensure proper mixing.
5. Incubats for 30 minutes at room temperature, prferably in the dark.

10. Add 100 . of Stop Soluion to each wall mmanqem 6 blu color to yellaw.

1. M of 450 nm

12, Wells Should 5o road witin 1 hour of yollow color davetopment

The following data represent a typical dosefresponse curve.

‘Benzaylecgonine Absorbance
ngmi

[ 2045

10 1455

25 Q886

50 0584
The dose/response curve shown above should nol bo used in assay cakadations. it is recommended that at least one in-house
Pposiive quaity conrol samplo bo included wth evry assay n. & dos? (e3panse Curve of & utof calBrstar should bo nun with overy

RESULTS

1 the average samplo absorbance is equal 1o or loss then the sverage absorbance of the

Isboratory positive reference standard the
sample is POSITIVE for Benzoylecgonine. If the average sample
faboratory posi the

absorbance is greater than the average absovbance of the
for

Atematvely @ dose rospanse curve can be established by pmng sisndond canceniration (sbecissa) agaist comesponding
Valuss for unknown the:

SPECIFIC PERFORMANCE CHARACTERISTICS

d 35 from presumed non-users wers lested in the Immunalysis Cocalne Metabolite

Duca EUSA Kit . Dnn hundred parcent of these normat samples measured negative at 50 ny/ml of Benzoylecgonine for whole blood

of Bonzoylecgonine for urine. Thirty five whole blood samples which were previously confimed positive for

sammmmn- by GC-MS S empioing o cutoff of 0 ngiml, were osted n the Immunsysis Cocain taboiie Direct ELISA KGt. A
the samples were found 10 be positive i.e. above the cut-oft of 50 ng/m).

Cat# 206 ELISA Cocaine Metabolite 5-08
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7.2.5 Immunalysis Methadone ELISA Specification

Pe

Intra-assay pi
A0, 125, 250 and 500 ight mas in the The resuits are tabuleted in Table 1.
Tablo 1
Methadone MeanAbs.  SD. [XZ3
{pghwell)
[ 2585 0.061 236
125 1.408 0043 204
250 0744 0045 6.03
500 0238 oot18 88

Specificity
The saecitly of the Immunalysis Mothadono Divec ELISA for was detemincd by genersing inibiton curves for esch of the
The ivities are isted in Table 2.

TABLE 2
Cross-reaciivities refated drugs.

Compound ‘Approx ng/mi  Cross-reectivities
equivalent to 300ng
Methadong

Methadone 300 100
Mathadol 600 50
EDDP >6000 <5
LAAM 2000 15
Nor-LAAM >30000 <1

Cross-Reactivity with Unrelated Drugs

Nmmanmmmmmuﬂwmm-uwmmwm a concentration af 50000 ng/m!. None of these
qual fo o greator than the assay sansivity tavel (<5 ng/mi).

i Ampicilln, Amobarbital, Ascorbic acio, Atropine, Basbital,
Benzoylecyorine, Buiabarbital, caﬂehu . Carbamazepine , Cocaine, Codeine , Chloroquine . ca.mms .Dulpnmlna.
on .

Oiazey
Eml. Estradiol, Etatoin, Glutethimide, Hmml lbu[l\ﬂ!n Imrplamlne Lidocalns, LSD, Malnaquaana Melhampmwniﬂe
Matharbital , Morphine
. Meperidine, Niacinami : il émide, PEMA, Primidon,
Procaine, Quinine, Tetracyeiine. THCCOOH

IMMUNALYSIS CORPORATION
Pomona, Ca. 31767
(309) 4520840,

Cat# 232 ELISA Methadone 5-08 4

Methadone-Enzyme Coniugate The conjugate solution contains a Mathadone darivative labeled with horseradish peroxidase in &
buffered, protein solution with stabiizers, pH 7.6 contalsing nan azide prasarvatives, (Colored Red)

Negative Standard. This batio contains drug fre® Synthei ining azide free

TMB chromoaenic subsirate. The color reagent cantzins 3,3.5,5' tetramethylbenzidine and urea peroxidase in buffer.
Stop Reagent This contains 1 N hydrochloric acid.

Precautions

1 Notfor Intema) or Extems! Uss in Humans or Animals.

2. work area.

3 Always woar giaves and a protective  Iab coal

4. No pipetting sho: and reagent infoctious and bi
& Donotadd sodium azide to samples as prasarvative.

s Donot

it tums blue.
5 Do not pourmmmonanlc substrate back into container after use.
9. Do not freeze reagents.

10. Do nat mix reagents from different kit ot numbers.

11. Keep reagents out of direct sunight.

12. Handle stop raagent with care, since Itis corrosive.

13. Bring all reagents to room lemperature.

19, samples be diluted in phosp! saline or distilled water prior ta pippetting.
15, E i icro-plate stips and dessicant is wall sealed i only @ few stips ere used.

Genoral. Precise pipetting is the essence of succosshl immunoassay. it is critical to pipet right al the centor and bottom of each
wel to ensure good replicates and coefficents of variation Micropipels supplied by "Eppendorf” or "SMI” with disposable tips are
excellont when used caretully according to Instructions ta insure the accuracy. New automatic dispensers improve
retiablo delivery.

Tho oxpiration dato of tho Kit is stated on tha label. Tha kit can be expecied lo perfom satisfactordy until the expiration
date Hf stored in the retrigerator at 2 - £°C.

Indications of Deteriocation. A drop of greater than 50% in the Aq {zero-standard absorbance reading) for a constant incubation
tme indicales deterioration of the anbody plate, enzyma conjugate or chromogenic substrato. A significant shiftof the standard
curve to the right would result from i of the standards. De blue color i

the additon of enzyme conjugate indicates contamination of the substrate.

SPECIMEN COLLECTION

The lmmmlym Methadone specific Direct ELISA Kits 10 be used with human forensic samples, Such as whole biood, ora! fluids,
serum, plasma and urine. Immunalysis has no! tested all possible applications of this assay. Cutolf criteria aro Important In
declding the sample dilution.

Additives.

Specimens 1o which sodium azide has been added affect the assay.

Storage and Handling Instructons.

Urine samples should be stored al 2 - 4C untif use. Samples should be wel; mixed before assay. Repeated freezing and thawing
should be avoided. Urine samples should be shipped refrigerated with Blue fca or equivalent.

DET) F THE PROCEDURE.

All roagents must be brought to room temperaturs {20-25° C) before use.

The procedure as described bolow may bo followed In sequence using manuat pipettes. Altematively all reagenis may bo added
using an utomated pipottor .

BLOOD
For a biood cutoff of 100 ng/ml - 200 ng/m! dilute all controls and samples 1:10 in Phosphate Buffer Saline and use 10 ul of the
diluted sample in each well.

Catif 232 ELISA Methadone 5-08 2

@B METHADONE DIRECT ELISA KIT

Catalog Number 232-0036 1 x 96 wall plates
Catalog Number 232.0420 6 x 96 wall plates
Catzlog Number 232-4800 50 96 wall plates

THE IMMUNALYS|S METHADONE DIRECT ELISA KIT IS INTENDED FOR FORENSIC USE ONLY.

Direct ELISA onty a result. A more spackic aitamatn
emm.lnl method must be used In order to obtain a confirmed analytical result. Gas raphy mass spectrometry
(GS-MS) Is the preferrod confirmatory method {1). Profassional judgement should be applied to 2ny drug of abuse tast
resuit, s are used.

[EXPLANATION OF THE TEST

The Immunalysis METHADONE Direct ELISA Kit is a apecific and senstive in-vitro test 1o detect the prasence of Methadone and in
forensic samples such 88 whole biood, oral fluids, serum and urine.

PRINCIPLES OF THE PROCEDURE

e lmmunalysis Methadone Direct ELISA Kit is based upon the compolitve tinding to antibody of enzymo labeled antigen and
labeled antigen, in propor

A 10 . atiquot of & diluied unknown specimen is incubated with @ 100 pi. dilution of enzyme (Horseradish peroxidase) lebeled
Hatnadons dertvatve in micr-plate weds, cosled with foed amourts of rented g affinity purifed polycional antibody. The wells
ubstrate added. The color produced is stopped using a dilute cid stop soluton and the
wells read at 450 nm. rnammummew«wmw"mwmp oftional o the concantration of drug In the sample. The
technique is sensitive ta 25
Tho Immunalysis WETHAGONE. Diroct ELISA Kt avokds extractin of uine or blood sample for measurement. N employs a
Methadone directed anliserum. Due (0 the proprietary methad of orienting the antibody on the polystyrens micro-plate much higher
sensidvity s achisved compared to passive sdsorplion. This ellows an exremaly small sample size, reducing matx effects and

with binding p ) of other
MATERIALS AND EQUIPMENT
Materials and equipment not supplied with the Methacone Direct ELISA Kt are ilemized below:

12x75 o Disposable Glass or Plastic Culturo Tubes to prodiute nmp!n (i required).
channel automated pipeting stations.

Refrigoratar (fr ki storage).
Intarval Timer.
/ash bottle or Plate Washer.
Microplate reader capabl of reading at 450 nm. And 650 .

REAGENTS
tm is METHADONE Dire

Companent 95 Test Kit 480 Test Kil 4800 Test Kit
Catt 232-0096 | Catp 232:0430 | Cat 232-4800
[ 5 50

96 well Micro-plate

Corjugate ml G0m
Std. m Sml 3x5mt
TMB Substrate ol 2x30ml 750 mt
Stop Rezgent m 55 mt 750m!

96 well micro-plate. The micro-plata is coated with polycional anti-Methadone via @ spacer chain to provide optimally oriented
binding sites. The plates ara sealed in a moisture and air banrier povch with  dessicant

Caté 232 ELISA Methadonc 5-08 1

‘ORAL FLUIDS/ SALIVA
For 2 saliva cutoff of 25 ng/m! - 50 ng/ml dilute all controls and samples 1:10 in Phosphate Buffer Saline and use 25 ul of the
diluted sample in each well

URINE

For a urine cutoff of 300 ng/mi ditute all contrals and samples 1:40 in Phosphate Bulfer Sakne and use 10 ! of the diuted sample
in each well,

1. Diute forensic specimens, to the necassary range with Phosphete Buffer Satine pH 7.0. The diution factor and volume added
can be adjusted based on the laboratory's Cutoff,

Add 10 . of appropriately diluted calibrators and standards fo each well in duplicate.

Add 10 . of the diluted specimens in duplicate (recommendad) to each wed.

Add 109 . of tha Enzyme Corjugate to each well. Tap the sides of the plate holder to nsure praper mixing.

Incubate for 80 minutas at room lemperature (20-25° C) preferably in the dark. ater addition of enzyme conjugate ta the last
well

LYY

Wash the wells 6 times with 350 4. distilled water using either a suitable plale washer or wash bottle taking care not 10 cross.
contaminato welis. If testing sampies containing abnormally high amounts of hemoglobin (some Postmoriem samples), use 10
mM Phosphate buffered saline pH 7.0-7.4. This will lower patantial nonspecific binding of hemogiobin to the well, thus lowering
background color.

Invert wells and vigorously slap dry on absorbent paper to ensure all residual moisture is removed. This step Is critical to
ensure that residual enzyme conjugate, does not skew results. If using an automated system, ensure that the final aspiration
on the wash cycle aspirates from eithor sida of the wall,

8. Add 100 . of Substrele reagent to each well and tap sides of piate holder to ensure proper mixing.

9. Incubata for 30 minutes &t room temperature, prefarably in the dark.

10. Add 100 4. of Stop Solution to each well, to change tho blus celor 1o yellow.

11. Measure tha absorbance at a dual wavelength of 450 am and 650 nm.

12. Wells should be read within 1 hour of yellow color development.

~

‘The following data represent & typical dosalresponse curve.
Methadone  Absorbance

Pgiwell

0 2587
125 1417
250 0752
500 0222

The daselesponse mm srcwn above should ot be usna m assay calculations. It is recommended that at least one in-house

evory assay

A dose response curve nr n nmwmmm should be run wuh every plate.

RESULTS

If the average sample absorbance is aqua! to of less than the average sbsorbence of the labaratory positive reference standard the
is POSITIVE for Methadone. If the average sample absorbance is greater than the average absorbance of the laboratory

positive raference standard the sample is called NEGATIVE for Methadone .

Altematively a dose respanse cuive can be established by pM‘Dng standard concentration (abscissa) against comesponding
{ordinate). Values for samples are obizi ion from the curve.

SPECIFIC PERFORMANCE CHARACTERISTICS

Accuracy

50 known negative urines were screened using a cutotf of 300 ngim! of Methadone with the Immunalysis Methadone Direct ELISA
kil. All 50 samples screaned negative. 25 urine samples containing amounts of Methadone greater than 300 ng/ml, canfirmed by
GC/MS wora scroened using a cutoff of 300 ng/m) of Methadone with the Immunalysis Direct ELISA Kt. All 25 samples screencd
positive at tha 300 ng/ml cutott

Precision
ion of the immunalysis Methadone Direct ELISA Kit has been verified by assessment of the meen, standard deviation
{SD) and cosfficients of vartation (CV) in dala resulting from repelitive assays.

Cat# 232 ELISA Methadone 5-08 3
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7.2.6 Immunalysis Methamphetamine ELISA Specification

The specificly af th dotarmined by sachafthe
balow The antisera e renoniies s aind i Tomia s
Table 2
Methamphetamine Antisarum Cross-reactivities
Compound ‘Approx. ngiml Crossreactvities
squivatent to SOngfmi
d-methamphstamine
Qimethamphotamine 77 3
Hmethamphetamine 625 8
d-MDMA 37 135
camphetamine 2500 2
1500 34
phydroxyomphetamine  >3000 <10
DA >5000 <10
QHMDEA 500 10
d}- MBOB 1000
d-HMA >5000 <1.0
fenfluraming 1000
d-aphedrine 4300 12
edrine >5000 <10
d,-ephedrne >5000 <t
beta - phensthylamine 5000 <10
nt >5000 <190
olaming  >5000 <10
diphenylpropolamine  >5000 <10
udoaphadiis >5000 <10
Lpseudoephediine 5000 <10
tyramine >5000 <10

Cross-Reactivity with Unrelated Drugs

Afiquots of 8 humen urine mwmmwmnmm Follawing wmm-mannmnoﬂBMnm Nane of theze compounds.
Y (1 ngimd).

gave values in tho assay

Racartic cid, Aroine, Barital, Beruzylecgorine, Butsbarbal
erbromal,

acid, , Ampicillin Amobarbital,
Cafisine , Cocaine, Carbamazspine, Codaina, Chloroguine,
in, 1

Glutathimide, nmumm Ibuproten, Imipramine, Lidocaine, LSD, Methadone, ummpdmmy metaboiits, ummm ‘Metharbital
. Mothyl PEMA,
N- PEMA, " Primidons,
Procaine, Quinine, Tetracyciine, THCCOOH,

REFERENCES

1. Urine Tosting for Drugs. anbun, Mations) nctiuts on Drup Abaze Research bonogresh, 73,1060,

2. RC. Buseit In: Advances In Analytical Technology. Vol.1. Rendall C. Baseit edd. (Blomedical Publications, Foster City, CA.
87-83).

3. Drscoll, RC., Bar, F.S., Gragg. B.J. and G.W. Moore. Determination of Therapeutic Biood Levels of Methamphetamine by GC.
J.Pharm, Sci, 60:1492.1971.
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86 wall micro-plate. The micro-plate is coated with polyciona) ant-d-methamphelarmine via & spacer chain 10 provide optimally orlented
binding sites. The plates are seaied in a molsture and air barror pouch with a dessicant.

Enzyme Conjugats The conjugate solutx
with stabilzers, pH 7.6 tren

This ins drug free synthetic.

TMB chromoganic substrats. Ths color re2gent contains 3,3'.5,5' tetramethylbenzitine and peraxide in buffer.

1

Prmuum

Not for Interna) or External Usa in Humans or Animals,
‘There should be o eating or drinking within work rea.
Adways wear gloves and a protectiva 1sb cazt.

No
Do not add sodium azido to samples as preservative.
o !

plpettpsto roagent. Discard reagent ifit tums blue.

beckinto use.
Dnmhumnqum
10. Do not mix reagants from Gferent kit lot numbers.
11. Keep reagents out of direct sunfight.

13. Bring all reagents to room temperaturo.
1 noud prios to pippetting.
15, Ensuro th micro-plato and dessi only a fewstips am used.

General. Preciso pipetting Is the essonce of sucsessh redio Immuncassay. Micropipels supplied by Eppendort™ or "SMI” with
cispasablo tps are excetiont when vsed carefully according to instructions to insure the nocessary accuracy. Now sulomatic dispensers
improve reliablo delivery.

go. The expiration dato of o i1 i statsd o the label. Tho ki can be expected 1o pertomn satisfactarly untl he expiatin date
storad In the refrigerator a1 2 - 4°C.

Indications of Deterioration. A crop of graster than 50% in the Ao valuo (zera standard absarbance reading) for & constant incubaion
timo Incatas ot of 0 oy pas, oxzymo cajugee or hiomogenkssubstula A sigifcast shfla he sindrd curo o
the right would rosut from doasoratonof o siandarcs, of blue calor in the without the addition of
enzyme conjugats indicates contamination of the substrte.

SPECIMEN COLLECTION

Precautions.

The Immunaysis Methamphetamine Direct ELISA Kit is o bo used with human forsnsic sampios, such as whalo blood, oral fluids, serum,
urine and plasma. Imrunalysis has not tasted all passiblo appications of this essay. Cutoft criteria are Emportant in declding the
sample diiution.

Additives.
5

Imens to which ido has boon added affect

Storage and Handling Instructions.
should bo stored at 2. 4 dogrees contigrade untl use. snmpmmmldhowd)mmbomnuy Repeated freazing end
thawing shoukd be aveided. Urine samples. Blus

DETAILS OF THE PROCEDURE.
All reagents must be brought to room temperature (20-25° C) before usa.

The procedure s descrived below may be followed in saquenca using manusl pipeties. Altamatively all reagonts may be addod using an
‘sutomated pipettor .

1. Dilute forensic specimens, to the accessary rango wilh Phosphate Buffer Saine pH 7.0. (Urine samplos are nommally diluted 1:20 for a
if ) be adpusied based 3

2 Addi0u
3. Add 104 of

| Canti 211 ELISA Methamphetamine 5-08

Estriol, Estrone, Estradiol, Ethotoln,
0. Meparidine,

LTS

0.

<> METHAMPHETAMINE DIRECT ELISA KIT

‘Varslon: 0572008

Immunalysis Corporation :

Catalog Number 211-0152 2 x 96 wel] platas
Catalog Number 211-0480 § x 86 wel plates
Catalog Number 2114330 50 x 36 well plates.

THE IMMUNALYSIS METHAMPHETAMINE DIRECT ELISA KIT (S INTENDED FOR FORENSIC USE ONLY.

The tmmunaiysis Me! imine Direct ELISA Kit provides only a preliminary analytical test result. A more speciic altsmate
chemical method mat be usad In order to obtain a confirmed analytical resiit. Gas chromatography! mass spectrometry (G5«
MS) is the preferred confirmetory method (1). Professionsl judgement should be applled to xny drug of zbuse test result,
particularly when pnllmlmry positiva resu'ts are used.

EXPLANATION OF THE TEST

The Immunalyais Mathamphatanine Diract ELISA Kil is a specific and sensitive in-vitro tast 1o detect the presence of d-methamphelamine
in forensic samplas such as whole blood, oral fluids, serum, plasma and urine. While the assay wit detact ampheizmine us, interference
by kmethamphetamine and pseudo-ephedring ls virtually nonexistent,

Methamphetamine is o potent cantral nervous systsm stimulani(1} with less peripheral actions than amphotamine. The (+}Hisomer also
seferad 0 s methamphatamine Is tan tmes more pofart than the ()isomar, kmethamphelairine. Amphetamines act by inducing
euphoda, Irftabiity, anxiety s active metzboli

is fusther metabolized by hydroxylation and deamination of a: Urinary excretion rates are infusnced by the urinary pH with
2cidic urine favoring the excraben of unchanged drug(2). Alkaline uring reduces the excration of unchanged methamphetaming to lass than
5% of the dosa.

PRINCIPLES OF THE PROCEDURE

The Direct ELISA Kit_(for & /s based upon the compat
antbady of enzyme tabeled antigen and unisbeled antigen, In proporton to their canceniration In the reaction micture. A 10 !, aliquol of &
ituted unknown specimen Is Incubated with 8 100 . ditutian of ef pereidase) sbeted & derivative

in micro-plate wells, coatad with fixed armounts of orianted high affinity
chromogenic substrate added, m.uwpnmud mw-dmg-w-w -mwmnmmnn:mmsommmw
toped is iqua is sensitive to 1 ngimi.

»:en!mn'achltwml compered to adsomption. This allows an extremely small semple size, reducing matrix effects and

MATERIALS AND EQUIPMENT
Matesals i Direct ELISA Itamized betow,
r Tubes & (f roguirech.
(single channel or mult! 0]

wmuuormmg.)

Wlm M\ﬂc ov Plals Washer.

Micro-plate readar capable nl reading at 450 nm and 650 nm.
REAGENTS
Immunalysis Methemphetamine Diract ELISA Kit Contants,

‘Component Test Kit 480 Test Kit 4800 Test iGt

Caw211.0182 Cat#211.0480 Caw11-4800
56 well Micro-iato s 50
M R 25 50 ml 750 mi

Neg Std i Smi 3x5mi

TMB Substrata 30ml 2x30m 750 ml

St 1 25m S5 m 750 mi

1
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A% 100 4 of y i hwel. Tap o ensuro proper mbing.
Incubate 5° L
Wash tho wells 6 times with 350 L. taking care not to cross contamingte
wells, If testing samples. pining ugh uss uffered
ssline pH7.0-7.4 i it

Immm:mdﬁgmuwlupmymmmp-mhamdwmumd
residual enzyme

critical to ensure that
conjugate, does not skew mesuls. Ifu:mgmumodmmmmmm-wnummmn-wh:yde

umm-mmrmam
Add 100 o
hummummnwmmmn poray o dak.
A 100 4. of g0 ye!

11, Monsuro

12. Wels should bo read within 1 walnﬂwwmbm

reprasenta

dmethamphetamine Absorbenca

nghml

0 1519

10 0649

3 04T

0 0.3%9
Tho dosefresponse above should not be used in 2y in-house
fontro! sample ‘overy assay run. with every plats.
RESULTS

ith

POSITIVE for methamphetamins, If the

1 to or less than the
samplo absorbance uwvmmmmmmm:mcl mlmmrypnm

roforence siandard the sample is called NEGATIVE for mathamphetamine.

Altomatively  dose responso curvo cen be established by ploténg siancard canceniraion (abscissa) sgainst coresponding ebsorbance
(ardingte). Values for ¥

SPECIFIC PERFORMANCE CHARACTERISTICS

Acsuracy
Sixty whola blood sampies and 40 urine unwlu collected from presumed non-usars were lasted in the Immunalysis Methamphetamina

Oireet EUSA Kit . One hundred percent of these nommal
Fifty fvo whole blood samples which were.

g,

samples measured negative at 50 np/m for whole blood &nd 500 ngimi for urine.
ly confirmod positive for methamphetamine by GC-MS employing 8 cutoff of 50 ng/mi,
tostod In the Immunelysis Methamphetamine Direct ELISA Kit . All of the samples were found 1o be pasitive i.c. abave the cut-off of 50

Precision
T‘h;pmdsinnn{mlnmu)yﬁi Methamphataming Direct ELISA Kit has been verified by assessment of the mean, standard davistion
(D) sont of variay palgrlly i -

Imgm Precision

n was doterminod with reference controls.

Intra-assay precisi
A0, zsundsonwmmﬂarnnuuweufmlmn-lnmunmuuy ‘Tha resulls aro tabulated in Tabie 1.

Table 1

Methamphetamine  MeanAbs, 5.0, CV%
(ngérel)

0 1652 0089 54

10 0687 0055 79

2 0504 00814 122

50 0365 00391 107
Sensitvity

Assay sensitivity based on the minimum methamphetamine concentration required to produce o four standard deviation from assay Aa is 1
ogimi.

3
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7.2.7 Immunalysis Opiate ELISA Specification

_
¥ i irad to produce 2

from assay Aa s 0.25 agimL.,

‘Soecificity
The specificity of the Immunalysis ELISA for Opiates was determined by gensrating inhibition curves for each of the compaunds listed balow
The antisera cross-roectivities aro listed in Table 2.

TABLE2
Cross Reaclivities with Related Drugs
Compound ‘Approx ngimL _ Cross-reactvities
equivalentto 25
Worphine 25 100
Oihydrocodeine 25 [
Codeine 125 200
Morphine 3-glucuronide 40 625
Morphine6-giucoronide 1000 <“
Hy: ne £
Hydromorphono 3 8
B-acatyl-morphine 30 8
Gacelyicodeine 42 07
Oxycodone 20 2
Oxymorphone 125 20
Nomorprine 800 3
Nercodeine 300 83
Neroxycadons >10000 <025
Noroxymorphone >10000 .25
Nelorphine 250 10
Meperding >5000 <05
Normeperidine 5000 <05
>5000 <03
Nerfentanyl >5000 <05
Bupranorphine >10000 <025
>10000 <025
Cross-Reactivities with Unrolated Drugs

Aliguots of 8 human urine matrix were spiked with the foowing compounds at a concentration of 10,000 ag/mL. None of these compounds.
gave values i the sssay thal wero equal 1o or grater than tha assay sensilivy level (0.25 ng/mL).

i ine, Aminopyrine, Ampicilin, Amobarbita, A.wum: acid Atopine , Barbita), Benzoylecgonine,
Butabarbital, Cllhlna Com. razepi Chloroguine ,

Estdiol, Eusmm Glutotimido, Hoxobarbitl, |mpmﬁn Imipramine, LAAM, Lidocaina, LSO, MDA, MOMA, Methadane, Msthadane-primary
tharbial , Methyl PEMA,
Vathinide &Methyiprimidone, uapenﬁm Macinamida, ‘Norathincon, NNmmﬂmunmda Nor LAAM, Nortripyline, PCP,
Phenobarbital , Phensuximids, PEMA, Primidane, Procaine,
Propaxyphens, Quinine, Secobarbita), Telrzcyciine, Tetrehytrozoline, THCCOOH , Tremadol, O-desmethyl Tramadel, N-Desmethyl Tramacol
REFERENCES
Urine Testing for f Abu Drug Aby 73,1888,

1
2. Drugs on the Job. Time Magazine, March 17, 1988

3. ELWayand T.KAdler. Bull. Wid. Hith. Org. 27358 (1962)

4. R.C.Bassht In: Advances in Analytica) Technalogy, Vol.1. Randall C. Basell sdd. (Biomedical Publications, Foster City, CA. 112- 116).
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86 well micro-piate. The micro-plate is coated with polyckanal ant-marphin via & spacer chain to provide optimatly oriented binding sites.
The piatos arc sealed in a maisture and air bamior pouch with a dessicant.

Morphine Conjunate The conjugate sclution contains 2 morphine derivalive labsled with horseradish peroxidase in a buffered, protein
sofion wilh stabiizors, pH 7.6 containing non azide presenvatives. {Colored Rod)

Negative Standard, This sins drug free synthetic urine contslning non ezido proservativos.

‘TMB chromonenic subsirate. The color reagent cortains 3.3.5,5' tetramathylbenziding and uroa peroxidaso in butfer.

This contains 1 N

Precautions
Notfor Intemal or Extemal Use in Humans or Animals.
There should be no sating or drinking within work area.
Abways woar gloves.and  protective ab coal
] . Handle all specimen: as g tious and bic

Do not add
Do ot use extermal controls =om-|nxng sodium axide.

Use disposable pipel ps to avoid contaminating dwmqemc substrate reagent, Discard reagent i It lums bius.
0o not pour e.

Do ot renzs rezgents,

10. Do not mix reagents from different Kt lot aumbers.

11 Keep reagents out of crmct sunight.

12 . sinca i

13, Bring all reagents to room temperatire.

14. Viscous forensic samples shoud ahaysbe ditd i phosphats
15, Ensurn the beg

p or di S
i only & few strips re used.

Genersl. Precise pipeting is tho essence of succosshul immmnoassay. I is critical to pipot right &t tho conter and bottom of cach well to
ensus good mplcaes and coeficents of ariaion Wcrplets suplid by "Egpondet’ of "SI i dspoaatio Bps aro excaent when
Y Y. dolivery.

Storane. The expiration date of the kit is stated on the label. The kit can bs expected o perform satisfactorily untl the expiration date if
stored in the refrigerator at2 - 4°C.

Indications of Detericzation. A drop of greater than 50% in tha Ao (zero-standard absorbance mading) for 2 constant incubalion time
indicates delerioration of the antidody plats, =nzyma wmw:u or chromagenic substrate. A significant shift of the standard curve to the
fight would result from n of the stan of blue color in the subskrate without the addition of

SPECIMEN COLLECTION

Precautions.

The Immunalysis Opiatos Direct ELISA Kit i to be used with hurnan forensic samples, such as urino, whole blood, oral fiulds, serum and
plasma, Immunalysis has not tested all possible applications of this assay. CutoH critoria are impartant in deciding the sample dilution.
Bddiives.

Specimens 1o which sodium azide has been added afied! the assay.

Storage and Handling Instructions.

Urine sampies should be stored at 2 -4°C unt use. Samples should bo well mixed before assay. Repsaled freezing and thawing should
be avoided. Usine samples should be shipped refrigerated with Blue Ice or equivalent.

DETANLS OF THE PROCEDURE,

must be broug (20-25° €} betora use.

The procedure as described below may be followed in sequence using manual pipeties. Altematively all reagents moy be added using an
automated pipettor.

1) Oilute forensic specimens, to the necessary range with Phosphaie Buffer Satine pH 7.0. {urina samples are nommally diluted 1:20 for a
cutoff level of 300 ng/mL. of morphine.) The ditulicn factor can bo adjustad based on the faboratory's culoff.

2
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<> OPIATES DIRECT ELISA KIT

Ver; 0512009

tmmunalysis Corporation:
Catalog Number 207.0192 2 x 96 well plates
Catatog Number 207-0430 5 x 96 well plates

Catatog Number 2074300 50 x 88 well plates

THE IMMUNALYSIS OPIATES DIRECT ELISA MIT IS INTENDED FOR FORENSIC USE ONLY.

The Immunalysis Oplatas Giract ELISA Kit provides only & prefiminary analytical test resuit. A more specfic altomato chemicat
method must be used in order to obtain a confirmed analyticel result, Gas chromatographyl mass spectrometry (GC-MS) is the

preferred (8). Clinlcal Judgement shocld be applied to any drug of abuse test
sull, praliminiary pos! used.
EXPLANATION OF THE TEST

The (mmunalysis Opiates Direct ELISA Kit is a spacific and sensitive in-vitro tes! to detect the presencs of Opiates in forensic sampies such
s whate blood, oral fluids, serum, plasma and urine.

Heroin/marphine abuse s a major problem in aciaty (2). In the body, both heroin (diacetyimorphine) and morphine are fargely converted fo
morphine-3-gtucuronide (MG)(3). The Immunalysis Opiates ELISA Kit moasures heroin, morphine, codeine, hydrocodone and their
metaboites.

PRINCIPLES OF THE PROCEDURE

The Immunalysis Opiates Diract ELISA Kit (Inr morphine equivalents mmummn is based upon the compelite inding to antbody of
n proportion to their

A 10 b alotof  ited unksve pecimen s Incubaled w8 100, Gt ofexce (orsermdsh porcdase ebied morptine
derivative In micro-plate wells, coated with fixed amounis of arlented high affnity purfied ntibody. The wells are washed
thoroughly and a chromogenic subsirate added, The color produced Is stopped using a dilute acid suapsnluﬂm and the wolls read at 450 am.
The intensity of the color developed is inversaly proportions! to the concentration of crug in the sampls. The technique is sensitive ta 0.25
ngimL.

Tha tmmeunalysis Opiates Direct ELISA Kit svaids extrection of urine semple for maasurement It employs an Opiates directed antissrum. Dus
to the propristary method af arienting the antibody an the polystyrsne micre-plate euch higher sensitivily is achieved compared o passive
adsorption. This allows an extramely small sample siza foducing matrix effects and inteference with binding proleins(s) or other macro-
molecules,

MATERIALS AND EQUIPMENT

is Opiates Direcl ELISA

12:75 mm Cisposabie Glass o lasic Culture Tubes o prodiuta samples (f roquirea,
ingta channel or Pipetting stasons.
Rnlnpumluf (’nr kit storage).
Interval Times
Wash bot o Plata Washar.
Microplats reader capabi of reading at 450 am. and 650 nm.
REAGENTS
Immunalvsis Oplates Direct ELISA Kil Contents,
‘Component 192 Test Kit 480 Tes! Kit 4800 Tost Kit
Catp 207.0192 | Cat®207.0480 | Cate 207-4800
96 well Micro-piate 5 50
Morphine-Conjugats 25m 60 ml 750 mL
td i Sml 3x5mh
TMB Substrate 30 mi 2x30mL 750 mL
25 ml S5 ml 750 mL
1
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2) Add 10 4. of appropriatety diluted calibrators and standards (o each well in dupticate.

3)  Add 10 41, of the diluled apecimens in dupticate (racammendod) to each wedl.

4) Add 100 13, ot the Enzyme Conjugala o each well. Tap the skies of tho piata holder 10 ensure praper Mmixing.

5)  Incubate for 60 minutes at room temperaiure (20-25° C) profarably in tha dark, after addition of enzyme conjugats to the Last wel.

6) Wash the wells 6 times with 350 .. dislilled watsr using either @ suitable plate washer or wash bottle taking care not to cross
‘conteminate wels. If festing samples containing abnarmally high amounts of hemagiobin (somo Pastmortem samplas), use 10 mM
Phuwm» buffered satino pH 7.0-7.4. This will lower potential nanspecific binding of hemoghobin to the well, thus lowering background

=}

Invnn wells and vigorously siap dry on onsure a isture is remaved. This step is critcal to ensure that
ogitual enzyme confga, doss Aol skew results, If sing an automated sysiem, ansure that o final aspratn on the wash eycle
‘spirates from sithor side of the woll
8 Add 100 . of Substrate reagent to oach well and 1ap sides of plato holdar to ansure proper mixing.

9} Incubate for 30 minutes at room temperature, preforably in the cark.

10) Add 100 wl. of Stop Solution to each well t chenge the bius color 1o yetow,

11) Measuro the absorbance at a dunl wavelength of 450 om and 650 nm.

12) Wells should ithin 1 hour of y

The followi roprasent a typical
Morphine Absorbance
ngmL
0 2689
[] 1238
10 0794
% 0133
The hown above shoutd ot be usad i calculatons. I in-house positive quality

control samplo be included with every assay run,
A doss response curve br a cutoflcalibrator shoud be fun with every plale.

RESULTS

1t the average sampe absorbanca s equal to of less than the average absarbance of the laboratory morphine pasitive reference standard the
sampi is POSITIVE for Opiales. If the average sample absorbance is greater than the average absorbance of the laboratory morphine
positive reference standard the sample is calied NEGATIVE for Oiates.

Anematively @ dose respanse curve can be eslablished by plotting standard concentration (abscissa) against comesponding absorbance
(ordinate). Vaues for urknown semples aro obtained by interpolation from the curve.

SPECIFIC PERFORMANCE CHARACTERISTICS

Accuracy

40 whola blood samplos and 40 uri were tostod in tho iates Diroct ELISA 1G1 .

memncmummammnamu|nwmummnzswmmmmuwmmwmwmmywrmm

samples which wer previousy cafimed posiive for Opiates by GC-MS emplying 8 cukofl of 25 ngint wero ested i the Immusalysis
it . Allof ol positive i.o. abavo the cut-off of 25 ngiml..

Procision
The precision of te Imerunslysis Opiatos Direct ELISA K& has boen verifid by sssessmont of the mean, standard devistion (SD) and
coofficients of

Intra-assay Precision
Intra-assay precision was dolermined with reference controls. A 0,5, 10 and 25 ng/mL standand was assayed five times in the same assay.
The rasults aro tabutatod in Tablo 1.

TABLE 1
Momhine  MeanAbs.  S.D. cv%
[og/mb)
L] 2654 021 79
5 1.188 0.145 121
10 0.806 0093 11.5¢
2% 0.099 LX0 1
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7.3 Appendix 3 — ELISA QC Charts

7.3.1 Benzodiazepine Control Charts

ELISA Benzo Control Chart Cutoff
an 0
+
£5.0
800 L
2 0 A + L
T
£ 700 A + + +F 4+
o - +
¢ 650 L+ [
g ++ + o+
£ 600 4T
E, + + +
£ 550 1
a T
B sng
45.0 -
400 T T T T T T T T T
0 5 10 15 20 25 30 a5 40 45 50
Run
——Mean-3SD ——Mean-25D ——Cut-offMean ——Mean+2SD ——Mean+3SD
ELISA Benzo Control Chart -50%
90.0
+
+
850 ot N
80.0 ‘ +
E’ + 4 M +
g 7501 . T +
= + +
@ 700 t4 Ty Ft *
- .
€e50 4+ i +
£ +
[ +
Q 60.0 -
4
o -
500 A
450 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 a5 40 45 50
Run
Mean-3SD Mean-2S5D ——-50% Mean Mean+2SD Mean+3SD

Page 94




ELISA Benzo Control Chart +50%
70.0
+ + +
+
5.0 + L t_
o + + +
£ 60.0 +
z * + -
o + ++ +
@ 550 +
S Lo+ NRES A
k= Lt
w04 + ot
@
o
450 +
400 T T T T T T T T T
n £ n 15 ar 25 an a5 40 45 50
Run
Mean-35D Mean-25D +50% Mean Mean+2SD Mean+3SD
7.3.2 Cannabinoid Control Charts
ELISA THC Control Chart Cutoff
110.0
105.0 N i
=)
£100.0 - T
r ¥ —
E ++ +7+ +
= 950 4 +
s + o4 " +
o 92.0 4
85.0 : : . . .
0 £ 0 15 20 25 30 3£ 40 45 50
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ELISA THC Control Chart -50%

110.0
100.0
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ELISA THC Control Chart +50%
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7.3.3 Cocaine Control Charts

ELISA Cocaine Control Chart Cutoff
850
80.0
-
g 75.0
.-E B N L
@ 70047 o+ . *
a + + +
+
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ELISA Cocaine Control Chart +50%
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7.3.4 Methadone Control Charts
ELISA Methadone Control Chart Cutoff
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ELISA Methadone Control Chart -50%
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7.3.5 Opiate Control Charts

ELISA Opiates Control Chart Cutoff
ann
80.0
o 700 -
=
T _ ++
'nEn 0.0 . .
@ 500 - +
g
= g +
E 400 4 + . ) . ., N
+
0.0 A il
10.0 1
00 T T T T T T T T
0 5 10 15 70 75 an 35 an 50
Run
——Mean-3SD ——Mean-25D ——Cut-offMean ——Mean+2SD ——Mean+3SD
ELISA Opiates Control Chart -50%
0.0
£5.0 A
50.0
g
=450 -
c
@00 | 17 + +
< I + + e
€350 T o+ T
£ N L i i + o+
§3oo + ii+++ _ "
-
B o550 - -
20.0
150 T T T T T T T
0 5 10 15 20 25 30 38 40 50
Run
——Mean-3sD ——Mean-2S0 ——-50%Mean ——NWMean+2SD ——Mean+3SD

Page 100




Percentage Binding

ELISA Opiates Control Chart +50%
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7.4 Appendix 4 — Confirmation QC Charts

7.4.1 Methamphetamine Control Chart

Result

Methamphetamine Internal Control Chart
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7.4.

2

MDA Control Chart

MDA Internal Control Chart
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7.4.3 MDMA Control Chart
MDMA Internal Control Chart
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7.4.4 MDEA Control Chart

MDEA Internal Control Chart
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7.5 Appendix 5 - Alcohol Assay Specification

l ORAL FLUID ETHYL ALCOHOL ASSAY

Warsion; 62005

Immunalysis Corporation:
Catalog Mumber: 502-0500

THE IMMUMALYSIS ORAL FLUID ETHYL ALCOHOL ASSAY IS INTENDED FOR FORENSIC USE
OMLY.

The Immunalysis Ethyl Alcohel Assay |3 Intended for the detection of ethyl alcohol in human
oral fluid collectad with the Quantisal™ Oral Fluid collector. Specimens containing aleohal
should be confirmed with an altemate, non-cnzymatic technology such as headspace gas
chromatography.

EXPLAMATIOM OF THE TEST

Aleohol intoxication ¢an lead fo loss of alerness. coma, ceath and as well as hith defects,
Determination of ethyl aloohal in Bood and saliva g commenly used for measuring legal impaiment,
slcohol poisoring, stc. Ges chromatography and enzymatic methods are commercially availanks for
the datarminatizn ot sthyl aleohol in oialagical fuids, (1,2} The Immunalysis Ethyl Aleabol Azsay is 20
ereymalic melhod inlended for the quartitation of ethyl alcahol in human aral fluid callectad with the
Quantisal ™ oral Fluid collactar.

PRINCIPLE OF THE FROCEDURE

Immunalysis Fthyl Alcohol Assay is based on the high specifity of alcahol dehvdrogenase (ATH) far
eifiyl alzshal inthe presence of nisctinamida adganine dinuclaotide {MAD) as shown in the following:

CICH + Map "9 *’N':‘""*'“"":'”',r:l-l.'-,cl-|:| + MADH

A aliguat of the diluted cral luld 2olulion collected with the Quantisel eallector is fhen sdded to each
microplats well in duplicates. The assay buffer {RA) ard enzyme {RE)are added 0 sach well,
The plates arz then covered and left 2l BT far 15 minutes. Tha platzs are then read af 340nm.

Tha Quanlizal™ oral Tuid collaction systam collzcts 1 mbL of neat aral fluid and dilutes it with 3 ml af
preservative buller. This resulls in a1 o4 dilution factar. However since both condrzls and samoles
are diluted tha sames way all cancantrations in this inscrt refer to neat oral fluid equivalents.

MATERIALS PROVIDED:

= 1 x 58 ml bottle of Rzagent A (RA) containing Tris buffier with 0.1% sodium azide as presernvative
« 1 x 55 mL bollle of Reagent E (RE) conlaining ADH and MAD in Trie buffer with stabilizers and
0.1% sodium azide as a presendaiive

" 2 20 mL of the Quartisal extraction buffer.

F‘:l;_;l' | s
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MATERIALS REGUIRED BUT NOT PRCVIDED

« 4 wibyd alcohol calibratars - negallve (0.0g/dLy, 0.024/m0, 0.049/dL, 0.03 gidL and .18 g/idL are
needed, Any controls employed shoukd have exermal GG confirmation. These eolutinns shauld be
dilted 1 10 41 the Qusntisel™ exiracton buffer prior to oee,

6 wel fat bottom polyshyysna micro-platea (avaitabla fratn mmunalysis)

pipghrs capate of pipeting 10ul and 100ul

digposably pipetia lips.

refrigerator kor kit sterage

miteryval timae

microplate reader capabla of maasuring absorbance 3l 39 nm (avatlable from Immunalysis)

* 1 B ¥ = &

PRECAUTHING

The teat is for [oransic use only.

Dar'l usa the reagents bevond the expiralion detes.

Ethyl ateohel |8 very volatile and semplee and conbrods should be stored tightly capped in a
refrlgerator

Handle all the human fluida s il thay are patentiatly infectious
Nat for indemal g extarnal uze in humans or animale

There ghould ba na eating ot drinking in the work, areg
Ahwaya wasr gloves and a protective [ab cost

Na plpotting should be done by maulh

. D& met freara reagents

10. Kasp reagents out of direct sunight

11. Bring all reagonts to room temperature befora pracsading

Lol

Y RNE TN

REAGENT FPREPARATION
The resgenis are ready fo usa, ragulring no reconstitution or dilktions, Al eesay reagents and
samples shoukl De browght to mom lamparaiune befors e,

PROCEDUJRE

1, Dilute Fe 0.0, 0.0z, 0.04, 0.8 and 016 gdl calibrators, 1 to 4 in the Guanllsal™ extraction bufter
sclution.

2. Add 10 uL of the dliuted calibrators to the appropiats pasitans on the micro-prate in duplicale.

2 Add 10 ul of the sample solulion chisined frorm tha Quantsai™ transport ke to the approptiats
paslllans in duplicate.

5. A&dd 100 ulL of RA asaay buffsr and 100Ul of enzyme RE to cach well.

7. Cover the plates and incubata In the dark al RT for 15 minukes,

2. Read Lhe plete at 340nm :

1. Calculete ratlits

Fage 2406
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The: following datz wers obtained asad using 10 ul of sample volume from calibrators spixed with
ethanol collected with the Quantsal™ oral luid collector

FIGURE 1

Saliva alcohol collected with the Quantizal collector

! A .
—a—Zalive Alcohal

Abs, 340 A

] 008 o1
BicH gl

LIMIT OF DETECTION

11 raplicates of the negalive oral fluid collested with the Quantisal ™ oral fuid collection device were
assayed. The maan and stzndard devistion were computed. The statistical LOD of this mathod is
computed by exiranolating the value of the mean plus twe standarg deviations of tha replicates of the
nagative. This vale was computed to be 0007 gédl or 7 mg'dl

PRECISION
The fallowing data were abtainad based on 10 ulL of trestad samples 11 1o 4 dilution) with ethanol
spikad a 0.02, 0.04, 0.08 and 0,16 gidL. (20,40,80 and 160 mgfil)

Inlia assay precision was defermined by running 10 replicates af the above levels of alzohal in saliva
diluten with the Quantisal™ extraction bulfer within the same run.

| EtOH N=10 {within run)
oL Aviy, Std. | CW%
a | 023 034 1T
oan? 1.02 J.027 262
0.0 121 0021 1.75
.08 1.56 (1.054 347
04s | 209 (1.054 3.08

Inler assay precision was detarminad by running & replicates of tha above levels of aleohal in saliv
diluted with the Guantisal ™ extraction buffer per run aver 10 indegeneeart runs aver 10 days.

EtOH

gidL Mean _&8Dbh. | CW%
L Qoc 0924 0.028 280 |

0.02 1.077 O.057 5.4

s 1.184 0045 373

.05 1.503 | 0.C88 | 6.52

16 1.951 | D140 T7.19
Puge 3 afd
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ACCURALY

73 aral fluid samales collscted with the Cuantizal™ oral fluid collectar wera assayod fos lh&_pre#..-enl_:e
of Effanol by a 30 -Headspacs methad were compared with the sorrezponding valuss 2otained using
the Imrmunalysiz Srel Fluid Elhyl alzenal asssy. The correlation coellicient between the two

methods was 0.951. The results are surmmarzed belos

FIGURE 2

Correlation of Enzyme as=say (ADH) vs. GC-

Headspace

an an 100
EtoH mgl/dL ADH method

SPECIFICITY

120 140 B0

Cross reactivily wilh varioug arganic compounds were tested inihe assay.

Compound  Level Tested % Cross

meidl Hezaclivily
Acetaldelyde 2040 0
Acelone 2000 0
Albumin Snn Q
Azcorbic Acia HIKY ul
Bilirukin a0
n-Butanal 2000 ]
Craalinins 500 0
Fihylena CGiyeal 2000 2.5
D-Galactose 10 0
Glupose 3000 [
Hemoglobin 500 K
lsapraparac 2000 E.5
I eLhanol 2000 [
n-Fropanal 2000 11.5
Ribofiavin ] 0
Sodium Chlaride B0 0]
Urea BOJ0 8]

Faged ol &b
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EXTRACTION EFFICIENCY

Hegative oral fluid was spiked with sthanol at the fallewlg concantrations 40, B0 and 120 mgdl, The
concantrationa ware diluted 1 1a 4 with Ihe Quantizal™ extraction buffer and the concantralisns
vatified in the assay. An allguot of eagh songantration of the neat aral fiuid spike was poured into et
jubes and a Quanlizal™ callecton pad was phacad [heach allguot unfil the valone sdequeacy indicatar
wrned Bue. The pad was then introdwced inlo the trenspart lube containivg the extraction buffer and
capped. The tubas containing the pads weara stoeed in tha dad oysmight al reom temperature and
as3ayed the nexl day to evaluals extractinn affisisncy.

Rattvary of
Initial Spike | pad EIGH Exraction
ElcH mpfdL | mpfdL Efficiency
| 4064 38,52 97.24
TH.16 Frad 78
117 118.27 101.09

TRANSPORTATION STABILITY

Megative oral fuid was spiked with ethanol st the fallowing concentraticns 40,80 and 120 mygfdL.
Three aliqusots of each conceniretion gf the neal pral fluid ethangl spike wers patrad nlo test ubes
and 8 Quantisal™ pallection pad was placad v aach alqual untl the volume adequacy Indicatar
turned blua. Tha pad was then ntroducsd Into the transport tube contatning the extrection bulier and
cappad. One tuba of éach concenbation was stored al 2-8° C with the pads on while the other two
tubas of aach concontrathen contalning the pads were shipped via commerciad couner in a card board
shipplag box. Ths shipmant conlalned no blue e or dry ice. A lemperature recorder was inchuded
with thea ahlprrenl. Tha nest day upon receipl of the shiprient, one ube was cooled for 20 minutes in
a raffgaratar (4% C) while the sacond tube was kept on the lab bench for a comespording 3 minvtes,
Aftar 30 minulas 1he tubas were uncapped and analyzed along with the reference Wbe stored m
house al 2-8° < avernight.

Reference Tube = Tube nol shipped ot and stoesd ot 2-8° C avarnighl
Trenaport Tube | = Tuhe shipped cwvamlght vie cormmon canlar and stared on the lab banch for 30
minutes pricr o openng the ok
Transport Tube 1! = Tubes shippes] ovamight via comman carvler and siarad In the refrigerator at 4° C
for 30 minules prior o opaning the tube.

| Reference Tuke | Transport Tuba | | % of Referencs Trangport tube H
ELOH rrgrdl ELOH mgidl ube EnZH mpfdL % of Raleranca tube |
04 205 108.82 41,16 104.38 .
T5.13 i 7558 BH.2H 8027 0544
[ 11198 ] 117.9 19524 110.8 104,30

The chart racorder Includad with the 3hipment recorded a minimum temperature of 25.5° &7
7%8° F with a max of 46.8° C / 116° E. The tomperature inside the cardboard shipping box was
greater than 378" CrH00° F from Z00PM through 7.00 PM

RESULTS

Tha rate of aleadial metabaism B dapendent opon factors such a3 gender, age, body weight, use of

evesfication and geneal health candilan.

Puge 5ul §
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LIMITATIONS OF PROCEDURE
Caution: Do not uas volatlls salvents in the area when performing 1he aesay.

Ethyl Alcoihol is wolafile and precautions shauld ba iaken to prevent svaporatkn of akoohol from
sEmypes, calineatrs and contrals.

Legal aleohol intaxication levels vary. The test resutt should b imtetpraled with alinkeal slgns,
symptoms and fleld sobriety teats.

REFEREMLES
1. Basall R.C., Cravey B Disposifion of Tawde Dnige and Chamicals in Men, 41 Edition, 1995
Bp 253254
2. Beuller H.0.: Fthanol, Methods of Enzymatic Anakyeis, ol Y, 3™ sdition 1924, pp S58-R06.

Inmunalysig Comporation
Pomona, CA Q17ET

Page§ ofa

Page 109



7.6 Appendix 6 — Alcohol Stability Charts

7.6.1 Omg/dL Calibrator
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7.6.2 25mg/dL Calibrator
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7.6.3 80mg/dL Calibrator

80mg/dL Calibrator Response versus Time
1.350
1.300 *
. %% o
S 1.250
(1]
2
2 o
2 1.200 —
1.150
1.100 ; ; . .
0 5 10 15 20
Time {mins)
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