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Foreword

Developments over recent years indicate that isolated drug dependency is now
the exception, while multiple abuse and addiction have become the rule. The
drug abuser experiments with many substances with many and various effects,
consuming them sometimes simultaneously and sometimes consecutively,
sometimes even with deliberate “pharmacological matching”. Powerful
analytical techniques that are capable of detecting the broad spectrum of
addictive substances must therefore be used. The sensitivity and specificity of
some screening methods are often inadequate for the reliable determination of
substances if these are consumed at low dose rates or are seldom used. An
aspect which is becoming increasingly important is the analytical detection of
co-consumption of all substances, a practice which endangers both the patient
undergoing substitution therapy and the treatment itself.

The GC/MS method of analysis gives a large amount of information,
especially in cases of multiple drug use. A good basic knowledge of GC/MS
analysis, its power in clinical chemistry, the sample preparation process, the
chemistry and pharmacokinetics of addictive substances, the possibilities for
consumers or patients to tamper with samples, and the advantages and
disadvantages of other analytical procedures are essential prerequisites for a
competent interpretation of the results. Moreover, analysts engaged in drug
screening must continually extend their knowledge to include new substances
and/or abuse patterns.

Only with this broadly based knowledge can analysts do justice to their
responsibilities, which include the social, health-related, and juristic
consequences for the persons concerned.

Titbingen, November 1996 K.-A. Kovar



Preface

This book is written mainly for practical analysts. During many lecture tours we
have been inspired by numerous conversations to set down the many and
various possible applications of CG/MS in clinical chemistry in the form of a
book.

The aim is to enable the reader to become proficient in GC/MS analysis as
speedily as possible by explaining the fundamentals of gas chromatography and
mass spectrometry, and to include the potential applications in the field of
working medicine and drug analysis in a simple and practical form. Additional
information from other areas of specialization is intended to help the analyst in
the clinical laboratory to understand how these areas relate to his or her own
work and to assess the analytical results.

Hence, when discussing “drug screening”, the book offers information not
only about GC/MS analysis but also about other analytical methods.
Appropriate methods of sample preparation and quality assurance in the analysis
are also discussed, and information on epidemiology and pharmacology is
provided, without which an efficient drug screening is impossible.

Drug screening occupies a major part of this book, as the importance of this
work continues to increase and GC/MS analysis has been the “gold standard”
for many years.

Analysis by GC/MS has always been wrongly regarded as extremely costly,
and we consider this point in the chapter “Internal Cost Calculation”. We show
that the costs of analysis depend mainly on the loading on the machine and that
large synergy effects and low analysis costs can be achieved as a result of the
wide range of potential applications of GC/MS in clinical chemistry.

Moénchengladbach, November 1996 Petra Gerhards
Ulrich Bons
Jiirgen Sawazki
Jorg Szigan
Albert Wertmann



Modern Quadrupole GC/MS instrument used for the measurements in this book.
Shimadzu GC-17A and QP-5000/5050A series
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1. Physical Theory and Equipment Design

Gas chromatography (GC) is based on the repeated partition.or adsorption,
between a mobile phase and a stationary phase, of components to be separated
(Fig. 1-1). The mobile phase is always a gas, known as the carrier gas. The
stationary phase can be either a solid or a liquid [1].

Sample/component

Distribution
<>
Adsorption

4 Ny,
« 7>

Stationary phase Mobile phase
Fig. 1-1. Principle of GC separation

1.1 Adsorption

In adsorption chromatography, also known as GSC (gas-solid chromatography),
the components are adsorbed on a solid, stationary phase. The stationary phase
can consist of such materials as active carbon, silica gel, molecular sieves,
aluminum oxide, or Porapack.

The principle of separation is based on the fact that the various components
can be more or less strongly adsorbed by the adsorbent. In the adsorption
process, the components of a gaseous or liquid sample are reversibly united with
the surface of the adsorbent [1, 2].
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1.2 Partition

In partition chromatography, also known as GLC (gas-liquid chromatography),
the components are distributed between the two phases. Here, the stationary
phase is a liquid, which may be directly applied to the walls of the column in the
form of a thin film. Alternatively, the column may be packed with a solid
material (silica gel, kieselguhr, Chromosorb, etc.) which is impregnated with the
liquid.

For the separation of the individual components, the partition between the
phases is important. On contact of the mobile phase with the stationary phase, a
component i of one phase is transferred to the other (Fig. 1-2), and this leads to
different concentrations of this component in the two phases. The ratio of the
concentrations is given by the equilibrium constant K.

¢; (s) — concentration of component i in the stationary phase
c; (m) — concentration of component i in the mobile phase

A (initial peak width)
Transport through mobile phase (gas or liquid) HETP Peak
| c—l

Zone (at start of column) Stationary phase

of a component (liquid or solid)
¢ >
Column length

Fig. 1-2. Diffusion and transport of material in a chromatographic column

During transport through the mobile phase, the partition equilibrium is
continually re-established in the various sections of the column along its length.
One such short length of the column is known as a theoretical plate (HETP =
height equivalent of a theoretical plate). The number of these plates is a measure
of the separating power of a column. The number of theoretical plates will be
large if the column sections of this type are short (small plate height) [1, 3].
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1.3 Design of a Gas Chromatography System

Fig. 1-3. Principle of the design of a gas chromatography system

1 = carrier gas supply

2 = injector (split or splitless)

3 =column

4 = detector (FID - flame ionization detector)

5 = gas supply for the FID: a = air; b = fuel gas (hydrogen);
¢ = purge gas (argon, helium or nitrogen)

6 = serial port to computer

7 = computer for display and integration of the chromatogram and control of
the chromatography system

8 = printer (3]
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2. Injection and Headspace Technique

2.1 Injection

In gas chromatography, the samples must be introduced into the analysis system
in the form of a vapor. Vaporization can be achieved either during or after
introduction of the sample.

Liquid samples can be injected into the gas chromatograph by means of a
microliter syringe, while solid samples must be dissolved prior to injection. The
simplest method of vaporization is to use a hot injector system. Introduction of
the sample is the only critical step in gas chromatography. Problems can include
reaction of the components of the sample with each other or discrimination due
to the components.

In principle, there are four types of sample injection:

® Splitless injection

® Split injection

® Temperature-programmed injection
® On-column sample injection.

2.1.1 Splitless Injection

This method is useful for very dilute solutions. When splitless injection is used,
the column is overloaded with the solvent. For this reason, the temperature at
the top of the column is kept low (10-20°C below the boiling point of the
solvent), so that the low-volatility components and the solvent condense. This
condensation causes the components to be focussed. The method is not
recommended for volatile components, as these are eluted from the column with
the solvent. Care must be taken in this procedure to prevent the injector from
being overloaded by the quantity of liquid injected. The insert in the injector has
an interior volume of ca. 0.4 ml. As the liquid is rapidly vaporized in the
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injector, the material can enter the cold upstream pipework if the amount of
liquid is large, and condensation can occur. This can be a source of
contamination in subsequent analyses [1, 3].

2.1.2 Split Injection

In the split injection technique (Fig. 2-1), only a part of the sample is delivered
to the column. This method is used with capillary columns. Here, the sample is
injected into the carrier gas stream through a septum, vaporized in the
vaporizing tube, and then mixed with the carrier gas. The gas can be divided

Septum purging

Carrier gas

Vaporization tube

Capillary column

Fig. 2-1. Split injection {5]
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into two streams by means of an infinitely adjustable needle valve, which should
be adjusted so that a very small proportion of the sample is delivered to the
column. This method is used when concentrations in the sample are high, as the
capacity of a capillary column is low. During this process, the septum is
continuously purged with carrier gas to prevent any substances that may be
released from the septum itself (e.g. plasticizers) from reaching the column and
interfering with the analysis. If the amount of sample applied is too large, the
separating capacity of the capillary column is reduced because of overloading.
The result is an inefficient separation. Capillary columns have a low flow rate,
and a sample containing high concentrations of components must consequently
be split to prevent a broad starting peak. On splitting, only a small proportion of
the sample is delivered to the column, the rest being drawn off via the splitter
valve. It is important to have a high flow rate through the injector, so that the
sample reaches the column quickly. If the flow rate is low, the dwell time of the
sample in the injector will be too great, and the starting peak will become too
broad [3, 4].

2.1.3 Temperature-Programmed Injection

In this method of injection, the liquid sample is injected into a “cold” injector.
After introduction of the sample, the injector is subjected to temperature-
programmed heating, in which the split is programmed by an “EVENT-
programme” (an auxiliary programme). Depending on the column temperature,
a focussing effect at the top of the column can be produced. The advantage of
this procedure is that the solvent can be removed by a time-controlled split
before the actual separation takes place [1, 3].

This method is especially suitable for thermolabile components and for
components which may form artifacts at high injector temperatures. An example
of this is oxazepam. Use of a split/splitless injector leads to artifact formation,
but this can be largely prevented by use of a temperature-programmable
injector.

2.1.4 On-Column Injection

In this method, the sample is injected directly onto the column. Here, the sample
is not contained in the glass insert. Columns with a small inside diameter are
unsuitable for this technique of sample itroduction. As on-column injection is a
splitless method, only low-concentration samples can be injected. This method
is suitable for polar and thermally unstable components.
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2.2 Headspace Technique

Gas chromatography (GC) in combination with the headspace technique (HS),
known as headspace gas chromatography (HSGC), plays a dominant role in the
investigation of volatile components in samples from clinical chemistry,
biochemistry, food chemistry, and in environmental analysis. In contrast to the
usual liquid injection, which is a direct analysis method, this is an indirect
analysis method for the determination of volatile substances in liquid or solid
samples, and is used when the usual direct methods for determining volatile
substances in high-boiling, unstable, or low-volatility samples, especially in
trace amounts, do not give satisfactory results.

This special injection technique has advantages over all other methods of
analyzing volatile substances with respect to separating power, sensitivity, ease
of handling, and automation possibilities, and the headspace technique is
therefore becoming more and more widely used.

2.2.1 Static Headspace

In a static headspace, the sample is in a closed static system in which conditions
are at thermodynamic equilibrium. After establishment of the equilibrium, the

Equilibration

Time

Fig. 2-2. Static headspace. [x]; = concentration of component x in the gas phase;
[x]¢c = concentration of component x in the liquid phase; K = equilibrium
constant



2.2 Headspace Technique 11

sample is removed directly from the vapor space above the sample and
transferred to the gas chromatograph (Fig. 2-2).

For reproducible analysis, it is important that equilibrium between the phases
should first be established. This equilibrium is influenced by the conditioning
time and temperature. The removal of the sample for the GC analysis can be by
means of overpressure or underpressure, although care must be taken that the
temperature not only of the sample vessel but also of the metering device is kept
constant. The HS vessels (vials) are closed with a PTFE
(polytetrafluoroethylene) or aluminum-coated silicone septum. The septum
itself is protected from the overpressure of the interior space by an aluminum
cap. Before each analysis, a blank determination with an empty HS vial is
carried out to detect whether any constituents of the materials of the septum or
vial are being emitted.

2.2.2 Dynamic Headspace

In a dynamic headspace, there is continuous gas extraction of the volatile
substance being analyzed. In this case, the concentration of the eluted substance
changes continuously with time until it approaches zero asymptotically (Fig. 2-
3). The dynamic headspace is thus independent of the matrix, as the whole
amount is removed from the sample. The sample, liquid or solid, is in a vessel
which is continuously purged with an inert gas (carrier gas). This method gives
a greatly diluted gas stream, so that a concentration stage must be included
before the actual analysis. This can be achieved by the use of an adsorption
medium, a cooling stage, or a combination of both [6, 7].

2
Q
—
ol

>

o
T

0 °o(3

7

—»°

Time [x:] =0

Fig. 2-3. Dynamic headspace. [x]; = concentration of component x in the gas
phase; [x]. = concentration of component x in the liquid phase
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3. Columns and Carrier Gas

Separation columns for partition chromatography are divided into two
categories:

® Packed columns
® Capillary columns.

3.1 Packed Columns

These consist of glass or steel tubes with an inside diameter (ID) of 1-50 mm.
Columns with an ID greater than 5 mm are used for preparative GC.

The column packings consist of an adsorbent solid (e.g. silica gel) with a
surface area as large as possible and a fairly uniform grain size distribution. For
partition chromatography, the packing acts as a carrier material and is
impregnated with a liquid. Because of their large surface area, column packings
can take up large amounts of liquid and are therefore particularly suitable for the
separation of volatile components and gases [3].

3.2 Capillary Columns

These consist of fused silica (silicon dioxide), alkali glass or borate glass. Their
ID varies between 30 and 500 um. Column lengths are usually between 1 and
100 m.

There are three types of capillary column:

® Packed capillary columns in which the packing is an adsorbent (e.g. silica
gel). These are used for adsorption chromatography only, not partition
chromatography, and are suitable for strongly polar components.
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® Thin film capillary columns, in which the liquid phase is applied to the inner
walls of the column in the form of a thin film. Today, the liquid can also be
chemically bonded to the wall of the column.

® Thin coating capillary columns, which consist of a thin, finely divided
coating of carrier material which is then itself coated with the liquid phase [1,
2].

3.3 Stationary Phases

In partition chromatography, a wide range of compounds are used as stationary
liquid phases:

® Polysiloxanes (silicones) with various nonpolar and polar substituents
® Polyethylene glycols

® Hydrocarbons

® Esters

® Polyesters.

The stationary phases can differ in polarity. Examples of the most commonly
used phases are:

® SE-54 CB, nonpolar:

94% methylsilicone /Q cH,

5% phenylsilicone oH

1% vinylsilicone 0-Si-0-8i~0
(':H3 (‘:H3

Maximum temperature 300 — 320°C n

® OV-1701 CB, medium polarity:

88% methylsilicone I c=N

7% phenylsilicone . {éﬂz)s

5% cyanopropylsilicone 0-Si-0-Si-0
g,

Maximum temperature 280°C n
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Carbowax, polar: {o ~CH, —CHy— o}
Material with n > 500 is known as Carbowax 20 M.
When partially esterified with terephthalic acid or nitroterephthalic acid, it is
known as WG 11 or FFAP (free fatty acid phase).

Maximum temperature 220°C.

All the above grades can be used in clinical chemistry. For drug analysis a
thin film of an SE-54 grade, for example, is generally suitable, but for
amphetamines in particular the use of a column of the OV-1701 type is
recommended. Blood alcohol determinations can be carried out on a Carbowax
column on account of the polarity of the components. The column type must be
appropriate for the separation problems. All stationary liquid phases must fulfill
certain requirements:

® They must have a low vapor pressure so that they do not pass into the mobile
phase and affect the analytical results.

® There must be no chemical reaction with the components to be separated.
This could prevent them from being eluted from the column or cause them to
be chemically changed. Also, the separating power of the column is reduced.

® The stationary phases must be thermally stable over a wide temperature

range, so that any breakdown products will not lead to false analytical results
[6, 8].

3.4 Film Thickness

The uniformity of application and the thickness of the coating of stationary
phase have a great influence on the quality and separating power of the column:

® Thin films: 0.10 — 0.15 pm for low-volatility samples

® Medium film thicknesses: 0.2 — 0.3 um for standard separations
0.5 mm for special separation problems
As PCBs (polychlorinated biphenyls) 28/31

® Thicker films: 1 — 5 pum for volatile substances (blood alcohol)
Large sample amounts (high loading capacity)
Trace analysis (large concentration differences).
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Table 3-1 gives data illustrating the influence of the film thickness and the
inside diameter of the column on the capacity and phase ratio.

Table 3-1. Column parameters

Inside diameter (ID) Film thickness Phase ratio Capacity

[mm] {um] B [ng/component]
0.32 0.1 800 60- 170
0.32 0.25 320 150 - 200
0.32 0.5 160 250 — 300
0.32 1 80 400 - 450
0.32 5 16 2000 —- 2500
0.53 i 133 1000 - 1200
0.53 5 27 5000 - 6000

The phase ratio £ is calculated from

V_G r

~

Vi 2xdf

p =

where r = radius of capillary column in pm
df = film thickness in pm.

The lower the phase ratio (f) between the volume of the mobile phase and
that of the stationary phase the longer is the dwell time of the components in the
stationary phase, i.e., the retention time increases. Longer dwell times can affect
the peak shape. Peaks broadened by diffusion and adsorption lead to
quantification problems [8].

3.5 Carrier Gas

In gas chromatography, the mobile phase is the gas. Gases used include
nitrogen, helium, and hydrogen. The gases are supplied from a gas bottle and
are fed via a pressure-reducing valve into the gas chromatograph. As they have
different viscosities, the gases have different flow rates, and this affects the
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number of theoretical plates. Figure 3-1 illustrates that every gas has a minimum
HETP at a certain flow rate. The number of theoretical plates is thus a maximum
at this point.

HETP A
(mm)
~ He
- - >///— H 2
] 1 } —p
10 20 30 40 cm/s

Linear flow rate

Fig. 3-1. HETP diagram
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4. GC Detectors and Mass Spectrometry

The components eluted from the column are detected by the detector, which
emits a proportional electrical signal, e.g., a voltage.

The detector of a gas chromatograph (Table 4-1) must have high sensitivity
and reliability, simplicity of design, and a linear signal-concentration

relationship over a wide range.

Table 4-1. Overview of GC detectors [8, 9]

Detector Application/ Limit of Linearity Comments
selectivity detection [g/s]
Flame ionization Almost all 10" 10’ Universal detector,
detector (FID)  organic simple operation
substances
(C-C,C-H)
Thermal All 10® 10* Mainly for inorganic
conductivity compounds
detector (TCD)
Photoionization Halogenated 10 107 Frequent problems with
detector (PID)  aromatics and impurities
compounds with
n-bonds
MS spectrometer Universal Also provide

IR spectrometer Universal

information on the
structure of compounds

Electron capture Halogenated 10"

detector (ECD) compounds and
compounds
containing nitro-
groups

10* For the detection of
pesticides,
polychlorinated
biphenyls, and solvents.
Extremely sensitive.
Specified in official
regulations
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Table 4-1. (Contd.)

Detector Application/ Limit of Linearity Comments

selectivity detection {g/s]
Flame Compounds 10" 10° Important in food
thermoionization containing analysis. Detection of
detector (FTD). phosphorus and insecticides. Very
Also nitrogen selective, but rather
thermoionization complex in operation
detector (TID) or
phosphorus-
nitrogen detector
(PND)
Flame Compounds 1o 10* Each element requires
photometric containing its own special optical
detector (FPD) phosphorus, tin filter

or sulfur

4.1 Selectivity

This is a measure of the response characteristics towards the various
compounds. Some detectors respond to almost all compounds and are referred
to as “universal”. Others only respond to certain types of compounds and enable
the user to determine these compounds in a complex matrix. For this reason, GC
detectors are divided into three groups:

® Universal detectors respond to all components. The thermal conductivity
detector (TCD) is an example of this, as most eluates cause a change in
thermal conductivity.

® Selective detectors can be selective towards elements, structure, or other
properties. The flame ionization detector (FID) reacts selectively to
substances that are ionized in a hydrogen/air flame (very broad selectivity). It
is useful for the analysis of aqueous samples, as the water is not recorded. The
electron capture detector (ECD) is selective for halogenated compounds.

® Specific detectors can detect particular structures or elements with a high
degree of selectivity. Mass spectrometry that detects one ion only (SIM -
selected ion monitoring) has high specificity. In SIM, individual fragments
characteristic of the component being measured are detected.
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4.2 The Flame Ionization Detector (FID)

Figure 4-1 shows the construction of a flame ionization detector.

_ Combustion gases

P

7 Chimney
Tons produced by I Collect
combustion ollector
° .. _Flame
|
Make-up Air
gas S =
e—_——_"
nN)
H)
=

I Capillary chromatographic

/ column

Eluate from the column

Fig. 4-1. Schematic design of a flame ionization detector (FID)

The FID responds to compounds that yield electrically charged species on

combustion in a hydrogen/air flame, the free-radical reaction being
CH+0 - CHOt +e~

These charged species, under the influence of an electric field, are captured on a
collecting electrode and measured by an electrometer, whose output is
amplified. The field of application of the FID is very large, as it responds to
almost all organic compounds. A disadvantage is that it is often too unspecific
and insensitive for environmental analysis and the analysis of residues.
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4.3 The Electron Capture Detector (ECD)

The electron capture detector is especially suitable for halogen, sulfur, and
nitro-compounds, i.e., compounds that are able to “capture” electrons. Because
of its high selectivity and sensitivity, it is much used for residue analysis, e.g.
for volatile halogenated hydrocarbons and plant protection agents. Figure 4-2
shows the design of an ECD.

Make-up

$3Ni foil

| _ Carrier gas
and sample

OI;tlet Anode Cell

Fig. 4-2. Schematic diagram of an electron capture detector (ECD)

The beta-rays emitted from the cathode ionize the carrier gas, thereby
liberating electrons. If a pulsed voltage is applied to the electrode in the cell,
these electrons are captured, so producing an electric current. If electrophilic
molecules are introduced into the cell, these absorb electrons and become
negatively ionized. The electron density in the detector therefore decreases, so
that a smaller number of electrons are captured at each pulse. The total number
of electrons captured per unit of time (i.e. the current) can be kept constant by
increasing the pulse frequency when the number of electrons decreases. The
pulse frequency is then proportional to the concentration of the electrophilic
molecules passing through the detector [8].

4.4 Mass Spectrometry

As a component is eluted from the column, it is introduced into the quadrupole
mass spectrometer via an interface (direct or indirect). The component is ionized
in the ion source of the mass spectrometer, and the ions formed are accelerated
in the direction of the quadrupole to the detector (Fig. 4-3). The resulting
distribution of molecular fragments is characteristic of the molecule.
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Magnet 1
Filament 1
/" Extractor |
‘ / xtractor lens sem /.
e Inlet lens Quadrupole rods Y
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o

Deflection plate
fon box Focus lens 1 \ Prefilter . to detector
\ Fochs lens 2 X-ray shield
Filament 2
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Fig. 4-3. Principle of a mass spectrometer

4.4.1 Design and Function of a Quadrupole Mass Spectrometer

A quadrupole consists of four parallel metal rods in a square configuration, two
of which are connected together electrically. Ion separation takes place by
deflection by an electrical field. An alternating voltage is applied to two
oppositely located rods, producing alternating positive and negative fields
relative to the central axis. Positive ions flowing through the rod system are
accelerated toward the central axis during the positive phase and toward the rods
during the negative phase. The extent of this lateral deflection from a straight
line path depends on the applied voltage, the frequency (duration of influence of
the alternating fields), and the mass of the ions. A positive constant voltage is
applied in addition to the alternating voltage, and this causes a general
deflection toward the central axis. In the case of heavy ions, the effect of the
constant voltage predominates. Heavy ions are able to pass through the rod
system, while light ions are deflected such that they strike the rods and are
discharged. An alternating voltage whose phase angle differs by n from that of
the other alternating voltage and also a negative constant voltage are applied to
the other pair of rods. The negative voltage causes the ions to be deflected
towards the rods to a certain extent, while, for low masses, the positive field of
the alternating voltage is sufficient to bring them to the axis of the rod system.
Thus, one pair of rods blocks off low masses and the other high masses. Suitable
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adjustment of the constant and alternating voltages ensures that only ions of a
particular mass are able to pass through the rod system [10].

4.4.2 Detection

When ions strike the detector, they generate an electrical signal which is
proportional to the number of ions. The secondary electron multiplier (SEM) is
essentially a current amplifier. The ions strike the surface of a sheet of a special
alloy, a “dynode”, and cause electrons to be emitted from this. Because of the
cascade design of the SEM, these electrons strike the next dynode and in turn
cause more electrons to be emitted. A high voltage is applied to the first dynode,
and, with the aid of a chain of resistors, voltages decreasing in magnitude are
applied to all the subsequent dynodes. This gives a signal amplification of up to
106-fold. The output from the SEM is fed to an electrometer-amplifier, which
converts the current into a voltage proportional to the measured value. This can
be further electronically processed, and is normally digitized and stored by the
data processing station.

4.4.3 Sample Introduction — the GC/MS Interface

When several components are ionized simultaneously, this leads to overlapping
spectra. In order to obtain spectra of single substances, complex mixtures must
be separated before they can be analyzed in the MS. The combination of GC and
MS has the advantage that the components are already in vapor form and enter
the MS separately. A capillary column with an inside diameter of 0.32 mm or
less can be directly connected to the MS via the interface, which prevents the
pressure due to the carrier gas in the ionization chamber from becoming too
high. Megabore capillaries (I.D. 0.53 mm) and packed columns require a special
interface.

A direct sample introduction system is suitable for pure liquids and solids.
Here, the sample is placed on the point of a movable rod which can be
introduced into the ion source through a special valve. The sample is then
vaporized and broken down into ionized fragments.

4.4.4 The Total Ion Current (TIC)

The total ion current (TIC) is the current due to the total number of ions passing
through the analyzer (Fig. 4-4). It is necessary to measure this because part of
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the total ion stream is removed and discharged on the quadrupole rods. The
remainder, i.e. the part of interest, reaches the detector, where it is amplified and
converted into an electrical signal, which is fed to the data processing station.
The TIC is a measure of the ion yield, and hence indirectly also of the vapor
pressure in the source.

Sum of f
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Fig. 4-4. Total ion current (TIC) [8]

To identify the compound, the signal is split up to show the fractions of the
individual masses, i.e. 2 mass spectrum (Fig. 4-5).

Sum of
intensities
per scan

Intensity

miz
o

Time (s)

Fig. 4-5. Splitting in a mass spectrum. m/z = mass/charge ratio [8]
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4.4.5 Selected Ion Monitoring (SIM)

In drug analysis, it is often necessary to analyze complex mixtures. However,
often only certain components are of interest. For these components, selected
masses (molecule-ions and characteristic fragments) are recorded during the
complete GC analysis as one mass after another is selected in a cyclic manner.
Only in the case of the GC peak that contains the component of interest (the
target compound) is the signal of all the selected ions in the correct intensity
ratio observed. The gas-chromatographic retention time can also be used as an
additional criterion of identity.

4.4.6 Data Processing

In most cases, all ions are recorded with their relative intensities. In the
presentation of the data, the ion with the highest intensity (the “base peak™) is
usually assigned a value of 100, and the other ion intensities are given as a
percentage of this (% relative intensity).

Simitarity Search
Display Post Search Report! Help

SCREENC.D81 R.T.: 17.667 Scan No.: 851

 Spectra Comparison ]

337 149470

226 241 256 24 351

Hit No. SLi Name Mul.ﬂ Mol.Form.
1] 84] Diacetvimorphineg 369 H23N
2| 84| Diacetylmorphine 369{C21H23N0S
3| 83{Diacetylmorphine 369| C21H23NOS
4] 80| Diacetylmorphine 369 C21H23INO5S
5} 78| Diacetylmorphine 369! C21H23NOS
61 77| Diacetylmorphine $S Marphinan-3,6-diol, 7.8 369|C21H23NO5
71| 77| Heroin-M [6-acetyl-morphine} P1628 327 C13H21NO4
8| 75| Morphin 2AC @pPir79 369| C21H23NOS
9| 72| Diacetylmorphine 369! C21H23NOS

10| 70{Morphinan-3,6-.alpha.-diol, 7.B—d|dehydro-4,d 3271 C1SH21NO4

£l :
Fig. 4-6. Example of a library search
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The interpretation of spectra is considerably facilitated by modern data
processing. In commercial libraries, €.g. the NIST 75.000 or the Pfleger-Maurer-
Weber library for drugs and pesticides, reference spectra are available that can
be compared with the measured spectra, the degree to which the measured
spectrum matches the entry in the library being known as the “similarity”. The
library search can be fully automated (Fig. 4-6), which represents a considerable
saving in time.

Today it is also possible to use private libraries. These can be extremely
useful, especially in the area of drug analysis.

A library also facilitates the identification of the individual components. A
suitable preliminary search can enable the characteristic masses to be
determined and placed under the TIC chromatogram as mass fragments (Fig. 4-
7.

A
Sum of
intensities
per scan

Total ion chromatogram

j\\J /\ A \
J L

_ Mass chromatograms

g R M ,____‘_’

Fig. 4-7. Mass fragments under a total ion chromatogram [8]

Commercial libraries contain additional information, e.g., structures,
molecular masses, and, if applicable, trade names of compounds (Fig. 4-8).
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Fig. 4-8. Information typically available in a commercial library
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5.1 Methods Based on Internal Standards

In evaluation using an internal standard, a known amount of another component
is mixed with the sample. This component must fulfill the following conditions:

® It must not be already present in the sample.

® It must be chemically similar to the target compound.

® It must have similar retention properties.

® It must not react with or chemically change the sample.

Quantification is performed by comparing the standard peak area with the
sample peak area. A factor (the response factor) between the sample and the
standard must be derived, as equal amounts of sample and standard are detected

by the detector with very different sensitivities.

The response factor of component i is calculated from

i
4; x Gy
fi — response factor of the component

G; — weighed amount of the component
Ggr — weighed amount of the standard
Agt — peak area of the standard

A; — peak area of the component.

The component i itself is calculated from

4 x fi x Zy
E x fg x Ay

Componenti =
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E - weighed amount of the sample without internal standard
fst —response factor of the internal standard
Zgs — weighed amount of the internal standard.

The disadvantage of this method is that an internal standard is necessary for
each component group.

5.2 Standard Addition

Here, a definite amount of the component to be quantified is added. The change
in peak area caused by the increase in concentration is used to quantify the
component. Improved quantification is obtained if various concentrations are
added to the sample, so that a straight line is obtained when the peak areas are
plotted against the concentrations (Fig. 5-1).

A
Area

.

Component Concentration
P +Amounta +Amountb +Amountc

Fig. 5-1. Example of standard addition. a, b and ¢ represent concentrations of a
component added to the sample

A straight line can be obtained from the results (linear regression). The
regression coefficient 72 gives a measure of the linearity. The closer 72 is to
unity, the more accurately is the relationship between X and Y represented by a
straight line.
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The concentration of the sample by the standard addition method is calculated
from:

o= S X 4
Asl - AO
¢ — concentration of the sample

cst — concentration of the standard
Ag - peak area of the component in the sample without addition
Ags — peak area of the component in the sample with standard.

5.3 External Calibration

In this method, the components to be determined are added individually in
definite amounts. The peak areas obtained are then plotted against the
concentration. This method is also used for the preparation of a calibration
curve. The disadvantages of the method are that production of the curves is
time-consuming and matrix effects are ignored [1-3].

5.4 Quantification in the Split Mode

In analysis in the split mode, improvements can be obtained if certain errors are
excluded from the outset. A split flow can be pre-set to give a predetermined gas
flow rate at the inlet to the column, but the true split flow is often different from
the “pre-set” value. In many cases, more sample material enters the column than
the “pre-set” amount.

The rapid vaporization of the liquid sample in the vaporization chamber
resembles an explosion. In a short time, a gas volume is produced in the injector
that is often larger than the volume of the injector.

The increase in the pressure at the inlet of the column causes an increase in
the flow rate in the column (Period A). When the pressure returns to its normal
value, the flow rate in the column decreases. Sometimes the flow direction
reverses momentarily if the pressure at the inlet of the column is higher than
that in the injector. The flow rate through the split valve changes in an
analogous manner but for a different time and to a different extent. This is
important for the splitting of the sample when the “cloud” of sample vapor
reaches the split point.
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The injection of 2 pl liquid gives a cloud of vapor with a volume of ca. 0.5
ml. Consequently the pressure wave, starting from the center of vaporization
below the outlet of the hypodermic needle, affects the gas flow rate into the
column and through the split valve. The split ratio is obtained using this
relationship. Figure 5-2 shows the change of pressure at the inlet to the column
and the flow rate in the column. The split flow rate behaves similarly. The
pressure wave is “sharp” when it passes through the column inlet and broad
when it passes through the split valve.

Injection A
-l

Flow rate in the column

—— T

Flow rate in
the injector
Time
———— Pl P
Period A Period B Period C

Fig. 5-2. Schematic diagram of the changes of pressure and flow rate during injection
caused by the explosive expansion of the sample during vaporization [11]

The flow rate through the column and the split valve changes in various
ways, so that the split ratio varies. The effect of the sample splitting depends on
the moment at which the cloud of vapor passes the split point. If the needle
discharges the sample near to the column inlet, the pressure wave delivers most
of the sample vapor into the column, but if the sample is discharged at a point
above the column inlet, the cloud of vapor passes the split point just when the
pressure drop begins (Period B). The pressure at the inlet of the column is then
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relatively high, and only a small proportion of the vapor enters the column.
Thus, the pressure wave generated when the sample vaporizes changes the
carrier gas flow rate at the moment when the sample is split.

Many samples are focussed at the column inlet because of recondensation.
This occurs at the point of transition from the heated injector to the column,
which is 10-20°C cooler than the boiling point of the solvent. If no solvent is
present, the components themselves recondense. If the sample vapor
recondenses at the column inlet, this leads to a drastic reduction in volume. The
pressure at the recondensation point falls because more sample material is
drawn into the column.

To quantify the split flow, three criteria must be fulfilled:

® The peak areas must be proportional to the concentration in the sample.

® The relative sizes of the peaks must be identical with the previously
calculated values or with relative areas found during splitless injection.

® The relative sizes of the peaks in the chromatogram must remain constant,
even if the analytical conditions are changed (temperature, split ratio, flow
rates, etc.).

The term “linearity” is used today to indicate that the split ratio is identical
for all sample components. This is the basic precondition for ensuring that the
small amount of sample material analyzed by the column has the same
composition as the sample in the injector. However, it does not mean that the
true split flow must be the same as the “pre-set” split flow. A complementary
concept is the idea of discrimination, which is the opposite of linearity.
Discrimination is not a very important effect in the headspace technique as the
sample is already in vapor form, but it is considerably more significant in liquid
injection [11].

5.5 Limits of Detection

The signal-to-noise ratio S/N is a measure of the lowest detectable concentration
of a substance. Only when the difference AS between the measured value P and
the average value of the noise N is three times as large as the standard deviation
s of the noise can it be stated with 99% certainty that a measured value P in the
chromatogram can be regarded as a signal and not as a component of the noise.

The limit of detection (Fig. 5-3) is used to describe the sensitivity of a
detector [5].
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Fig. 5-3. Limits of detection: the condition AS =P - N 23s



References for Part 1 35

References for Part I

[1] Schlegelmilch, F., Vorlesungsscript Instrumentelle Analytik, Fachhochschule
Niederrhein, Krefeld, September 1990.

[2] Giinther, W., Schlegelmilch, F., Gaschromatographie mit Kapillar-Trennsiulen,
Band 1, Wiirzburg: Vogel Verlag, 1986.

[3] Schomburg, G., Gaschromatographie, 2. Aufl., Weinheim: VCH Verlag, 1986.

[4] Sandra, P., Sample Introduction in Capillary Gas Chromatography, Volume 1,
Heidelberg: Huethig Verlag, 1985.

[5] Szigan, J., Diplomarbeit, Fachhochschule Niederrhein, Krefeld, 1993/94.

[6] Schlegelmilch, F., Analytik fliichtiger Schadstoffe in Umweltproben, FHN-
Broschiire Fachhoschule, Niederrhein, Krefeld, 1990.

[7] Hachenberg, H., Die Headspace-Gaschromatographie als Analysen- und
Messmethode, 2. Aufl., Hoechst, 1988.

[8] Geissler, M., Einfiihrung in die Gaschromatographie, Shimadzu Europa GmbH,
Duisburg, 1993.

[91 Naumann, H., Heller, W., Untersuchungsmethoden in der Chemie, 2. Aufl,
Stuttgart: Thieme Verlag, 1990.

[10] Budzikiewicz, H., Massenspektrometrie: Eine Einfiihrung, 3. erweiterte Aufl.,
Weinheim: VCH Verlag, 1992.
{11] Grubb, C., Quantitation by Split Injection, Classical Split and Splitless Injection in

Capillary GC, Heidelberg: Huethig Verlag, 1988.



Part II Drug Screening



GUIMS in Clinical Chemistry
Petra Gerhards, Ulrich Bons, Jirgen Sawazki, Jorg Szigan & Albert Wertmann
Copyright © WILEY-VCH Verlag GmbH, 1999

6. Epidemiology of the Abuse of Drugs and
Medicaments

Ulrich Bons

6.1 Introduction

As long as people abuse drugs and medicaments, there will always be a need to
analyze for these materials to aid diagnosis and point towards a possible
therapy, e.g., in-patient detoxification. Also, in the field of substitution therapy
with methadone, narcotics legislation and the guidelines of the German medical
council (NUB) prescribe continuous control analyses, in particular to detect and
exclude the consumption of other drugs or medicaments at the same time as the
methadone, a practice that can cause reactions that can greatly endanger the
health of the patient. Control analyses can also be necessary, for example, to
comply with regulations of legal or medical organizations.

The analyst’s awareness of which substances (some quite new) are being
consumed and in what form, and which examples of abuse are in vogue,
necessarily lags behind that of the consumers. Drug addicts are not lacking in
ideas for circumventing supply problems by using other substances or by
changing consumption habits in other ways. The analyst can therefore often
only react after the drug scene has acted. It is self-evident that powerful
analytical methods must be used to cope with the broad spectrum of drugs of
abuse as fully as possible. If the sensitivity and specificity of the screening
methods used are not capable of detecting even minute consumed doses of little-
used materials and the addict is consequently not convinced of the effectiveness
of these methods, news of this spreads rapidly among the patients concerned.

Analytical results, with their frequently personal, juristic, social and
economic consequences for the person to whom they relate, are very important,
and stringent demands are made not only on the apparatus in the investigating
laboratory but also on the investigating personnel themselves. A knowledge of
the chemistry and pharmacokinetics, including metabolism and excretion, of the
addictive substances, therapeutic medication, methods of sample preparation,
and the specificity and limits of detection of the chosen analytical procedure
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have a decisive influence on the quality of the analytical results. The method
ultimately chosen in a particular instance depends on the epidemiology,
previous history, and status of the patient.

6.2 Specific Data and Trends

Almost daily we read press reports of record-breaking quantities of drugs used
or of the dramatic reduction in the age at which drug abuse starts. In these
reports, certain substances are always at the forefront of popular awareness
while many others are hardly ever mentioned. For example, press comments on
the relevant annual reports for 1994 highlighted the consumption of
amphetamine derivatives, but detailed information on the LSD market, which
was developing in parallel, could in general only be obtained from the reports
themselves.

None of the widely quoted statistics embrace all those individuals dependent
on drugs and medicaments, but always only those who attract attention because
of crime, their lifestyle, or their social environment. In the case of
benzodiazepines, appetite-suppressants and combinations of analgesics with
caffeine, the low-dose dependence of the patient is often associated with social
conditions, so that the problem is often seen in the context of the particular
decade in which the abuse occurs. The same is true of the experimental drug-
taker who discontinues his or her consumption after a short time and is not
noticed. For this reason, exact national statistics on consumption behavior are
difficult to obtain. Moreover, it is possible to detect trends, e.g. the appearance
of new dependence phenomena, patterns of abuse, drug combinations or
methods of application, and the analyst must arrange his work accordingly.

6.2.1 Opiates/Opioids

6.2.1.1 Heroin

Heroin has a special place among the opiates, as most of our practical
knowledge of drug dependence has come from experience with this drug. The
behavior of heroin addicts attracts more attention than that of other drug users
and is more likely to lead to crime and to committal for therapy. In most
statistics, heroin users feature disproportionately in comparison to users of
cannabis or benzodiazepines. Heroin users are in most cases polytoxicomanes,
also using substances such as cannabis, codeine, cocaine, benzo-diazepines
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and/or alcohol. Other drugs such as sedative antidepressants (doxepin,
amitriptyline, etc.) or antihistamines (diphenhydramine, doxylamine) are often
also used. The starting age for heroin is, on average, ca. 20 years [1].

Heroin can be obtained on the illicit drugs market in the form of the base,
and it is dissolved with ascorbic acid or citric acid with gentle heating before it
is injected. The active substance content of heroin packets is not quoted, but
varies between ca. 1% and 80%, an average figure being ca. 20% [2]. This
ignorance of the undeclared dilution of the drug therefore often leads to
overdosing, which is often fatal. “Cutting” of the drug is done with caffeine,
paracetamol, codeine or diazepam. In the drug scene, a mixture of heroin and
cocaine is known as “speedball” [3].

Heroin can sometimes be very pure and can then be smoked, a practice that
is increasingly replacing injection. Many young people are meanwhile switching
to other substances such as amphetamine and its derivatives or to cocaine,
whose consumption is said to produce a more intense “high”.

6.2.1.2 Codeine

The habit-forming potential of codeine in comparable antitussive doses is
considerably lower than that of morphine, but the codeine dose can be increased
so much in extreme cases that an effect comparable to a heroin “high” can be
produced. Average daily dose rates are between 500 and 750 mg, but can be
increased tenfold in an extreme case. Most codeine users show dependence
behavior, taking the drug regularly over a long period not merely to get over
heroin supply problems, although the drug is often taken in combination with
heroin [4]. The starting age (which is tending to rise) for codeine abuse is
somewhat higher than that for heroin, i.e. 23-24 years. If the medicinal
preparation consisting of codeine combined with paracetamol or acetylsalicylic
acid and containing a comparatively low dose of codeine phosphate
hemihydrate (10-50 mg) is used to achieve the above-mentioned codeine dose
rates of 750-7500 mg/day, there is a high risk of intoxication due to the 10-15
g/day of peripheral analgesics which are also taken.

6.2.1.3 Dihydrocodeine (DHC)

The epidemiological data for DHC is analogous to that for codeine, although
this substance is more favored than codeine by drug users. In the frequently
practiced DHC substitution therapy, a 2.5% solution is used, but patients in a
few cases have increased the usual daily dose from the 300-500 mg range to as
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much as 5000 mg, adding alcohol as an “accelerator” and other psychotropic
substances such as heroin, benzodiazepines and cocaine. Substitution without
use of other substances is rare [5].

6.2.1.4 Methadone

A change in the narcotics regulations (BtmVV) on 01.02.93 first allowed the use
of methadone in Germany as a centrally active analgesic for opiate substitution.
The oral use of methadone can suppress withdrawal symptoms, but, in contrast
to heroin, does not give any euphoric effect: there is no “high”. However, this
sensation can be induced by intravenous application and/or combination with
alcohol, benzodiazepines, etc. Therefore, the legal authorities require that the
substance should be supplied in a form that cannot be applied parenterally
(addition of viscous and acid-containing substances) and that regular urine
testing should be carried out.

The illicit drugs market deals in methadone just like DHC, but abuse is less
often observed than with the three opiates mentioned above [6]. As it is also
available without the substances added to prevent parenteral administration,
abuse by intravenous application is relatively common.

6.2.1.5 Tramadol

Apart from Valoron N®, this substance is the only centrally active analgesic
that is not prohibited by the BtmVV. Abusers are sometimes found among
medicament-dependent patients who additionally consume other substances
such as peripherally active analgesics, benzodiazepines or antidepressants. This
substance is not common in the drug scene, and frequency of abuse shows large
regional variations.

6.2.1.6 Tilidine

The abuse of Valoron®, which was formerly widespread, decreased to an
insignificant level after the single-substance preparation became subject to the
BtmVV reulations (01.04.1978). The grade of Valoron® now available contains
not only tilidine but also the opiate antagonist naloxone, making intravenous
application almost impossible. Furthermore, it still to some extent retains its old
“image” as a temporary aid in the drug scene, and the number of users is
correspondingly low.



6.2 Specific Data and Trends 43

6.2.1.7 Other Centrally Active Analgesics

Fentanyl and its derivatives are currently seldom abused, or at least such abuse
tends not to be noticed. The same applies to pethidine and the other opiates/
opioids. However, changes in the drug scene could quickly lead to a change here
also.

6.2.2 Peripheral Analgesics

The abuse of peripherally active analgesics and combinations of these,
especially with caffeine, is well enough known, although concrete quantitative
data are hard to find. The ready availability of these substances, which can be
obtained for self-medication in every pharmacy, results in their widespread
consumption. Approximately 70% of users prefer combinations with caffeine to
single-substance preparations. Here, the combination of the caffeine with the
euphoric effect of the analgesics is decisive for the abuse. Both groups of
preparations are also used by alcohol-dependent people to treat morning
hangovers.

Daily doses of 10-20 g (40 g) based on paracetamol or acetylsalicylic acid
(aspirin), also in combination with alcohol, are often kept up over several years
by alcohol- or medicament-dependent people. These substances are not of great
importance for drug users. Sometimes phenacetin is consumed as this, like
aspirin and paracetamol, has a euphoric effect in high doses, but this substance
has not been sold in Germany since 1987. Metamizol, ibuprofen and
propylphenazone are also relevant.

The habit of abusing peripherally active analgesics is often established at an
early age. Later, appetite suppressants, amphetamines as stimulants, and
benzodiazepines or laxatives may be taken. Peripheral analgesics therefore play
a not inconsiderable role as starter drugs, and there is a special danger of dose
increase due to addiction and chronic abuse.

6.2.3 Benzodiazepines

Benzodiazepines, introduced in the early 1960s, have almost completely
displaced barbiturates and bromurides from the list of prescribed drugs. Because
of their better compatibility, fewer side effects and lower toxicity, they
represented an innovative contribution to the treatment of mainly psychic
disorders [7].
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The problems of benzodiazepine abuse are well enough known and are as old
as this group of substances itself. All benzodiazepines have the potential to be
addictive and represent some of the most commonly prescribed medicaments
worldwide. Their abuse is therefore highly relevant epidemiologically. At a
conservative estimate, ca. 1 000 000 people are addicted to benzodiazepines in
Germany alone. This means that the abuse of these substances comes in third
place after alcohol and nicotine. They are often the first substances of abuse for
young people, coming before alcohol and nicotine [8]. Out of this appalling
total, the main substances, which patients suffering low-dose dependence
consume in therapeutic doses, sometimes over decades, are bromazepam,
diazepam, dipotassium chlorazepate, flunitrazepam, lorazepam and oxazepam.
Hangover effects due to the often slow elimination of substances and their
metabolites prompt the taking of stimulants on the “morning after” [9].
Benzodiazepines abused by polytoxicomanes include diazepam, flunitrazepam
and bromazepam.

The differences between the various diazepines with respect to the nature
and duration of the effects of they produce are obviously of little relevance to
the abuse of these substances.

6.2.3.1 Diazepam

Diazepam is the most abused substance of all the benzodiazepines. Not only
drug addicts, who use the substance as a bridging aid and to intensify other drug
effects, have experience of diazepam, but so also do most medicament-
dependent people and alcoholics. The age of first use is lower than in the case of
other benzodiazepines, sometimes as early as childhood. Diazepam is therefore
also important in the introduction of drugs to people who later exhibit mono- or
polytoxicomania.

The age of first use varies over a wide range, the average being 20-25 years,
and, with the exception of a small number of experimental users, most patients
abuse this substance over a period of at least 3 years. In a few cases, the
duration of dependence exceeds 25 years [1].

6.2.3.2 Flunitrazepam

Flunitrazepan is very well known in the area of general abuse of
benzodiazepines. It is mainly taken by polytoxicomanes, who also use heroin,
DHC, cocaine etc., usually in doses of up to 20 mg/day. The extent of the abuse
of this drug among this group remains at a high level, and no decrease is yet in
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sight. In the drug scene, flunitrazepan is marketed as a hard drug. The
combination with heroin and cocaine is known as “speedball cocktail”.

Limitation of the dose of this drug (since 01.04.94) to 1 mg per unit of
medication (e.g. tablet) has hardly changed the abuse pattern. Dependents adjust
the number of units of medication taken according to the “feeling”, although the
problems of procurement are multiplied accordingly.

6.2.3.3 Bromazepam

Abuse of the other benzodiazepines is typified by bromazepam abuse, which is
in third place in the abuse statistics. It is consumed in similarly increasing
amounts by all patient groups (drug, medicament, and alcohol abusers).
Although a few individual dose rates reach 100 mg, most users do not attract
attention or are detected too late because of low dose rates. Drug users also
combine the substance with other benzodiazepines.

6.2.4 Barbiturates

Barbiturates now no longer play any part in the treatment of sleep disturbance
and psychiatric problems, as in most cases they can now be replaced by better
tolerated substances with a more favorable side-effect profile. Only
phenobarbital is of therapeutic value in the treatment of epilepsy, although
thiopental and methohexital are still used to produce general anesthesia. Almost
all other barbiturates have been withdrawn from the market and are subject to
the legislation covering narcotics formulations. For this reason, barbiturates
(“lallas™) are seldom abused, and only then by a small group who seek not only
to experience their opiate effects but also to distance themselves from their
surroundings. Because of this change in demand, there has been a shift in
consumption in favor of sedative antidepressants such as amitriptyline and
doxepin.

6.2.5 Other Sedatives and Addictive Substances

6.2.5.1 Chlormethiazole

The abuse of this substance often follows therapeutic use (treatment of
alcoholism or delirium). Consequently, the patients come from the circle of
alcohol abusers or people dependent on both alcohol and medicaments. The
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transition to abuse of this substance, also in combination with other
medicaments, occurs at an average age of 33-34 years. The dose can range from
therapeutic levels up to a maximum exceeding 25 g/day. The abuse of
chlormethiazole shows no sign of decreasing. Dose rates and duration of abuse
still remain at a very high level [1].

6.2.5.2 Antihistamines

Diphenhydramine is consumed as well as doxylamine to a small extent. Both
substances are also found as “intensifiers” in plant-derived hypnotic drugs used
in self-medication. Sedative antihistamines are regularly consumed by
alcoholics and medicament-dependent people over long periods. The
dependence of most patients does not tend to attract clinical attention.

6.2.6 Amphetamines and Related Substances

6.2.6.1 Substances of the Drug Scene

The abuse of amphetamine and its derivatives has recently undergone a virtual
rebirth. Many unscrupulous chemists worldwide are taking part in the
production of “speed”, “rosenspeed” and “edelkoks” (the most commonly used
names), which contain amphetamine or methamphetamine in widely varying
concentrations according to the country of origin. Also, there is a continually
increasing use of the so-called techno-drugs of the ecstasy group (see Fig. 6-1):
3,4-methylenedioxy-ethylamphetamine = MDE, 3,4-methylenedioxyamphet-
amine = MDA and 3,4-methylenedioxymethamphetamine = MDMA (“ecstasy”
= “XTC”, “Adam”, “Eve” etc.) [10]. These substances are supplied in tablets of
various sizes, colors and pressed densities. The usual patterns embossed on the
tablets (hammer and sickle, diamond shape, ADAM, Popeye etc.) act as a kind
of trade mark, but do not allow any conclusions about the actual composition to
be drawn.

In parallel with the growing quantities of amphetamines used, the abuse of
these newer products is also increasing. Principally young people, especially
participants in the techno-scene, use their hallucinogenic and stimulant effects
[11]. The duration of abuse seldom exceeds 1 year. Patients mainly do not
attract attention, as consumption takes place sporadically and for limited
periods. The proportion of experimental users who turn away from the drug
after a short period is high. Those drug users who in the past consumed only



6.2 Specific Data and Trends 47

benzodiazepines as proprietary medicaments along with the illegal drugs
derived from plants (heroin, cannabis and cocaine) are now also using
substances of this group to an increasing extent, and the further spreading of this

drug abuse has not yet ceased.
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“Look-alikes” are also on offer as tablets or powder which contain no
narcotic agent but whose appearance resembles that of illegal products.
Substances sold as substitutes for cocaine and amphetamines include, e.g.,
mixtures containing high doses of caffeine.

6.2.6.2 Psychoanaleptics and Antihypotonics

The amphetamines with a primarily psychoanaleptic effect are mainly subject to
the narcotics laws or are no longer on the market. Medicaments such as
fenetyllin (the substance most abused by young people in the mid-1980s),
amfetaminil and methylphenidate are no longer used in significant quantities.
Prolintane, marketed as an antihypotonic until 1994, is still occasionally used.
However, the likelihood of encountering any of these today is fairly remote.

6.2.6.3 Appetite Suppressants

The abuse of appetite suppressants is widespread, but concrete numerical data
are difficult to obtain as most abusers do not attract attention clinically. The
eating disorders leading to this abuse also show themselves in the consumption
of laxatives and diuretics. Some patients combine appetite suppressants such as
norephedrine, norpseudoephedrine or amfepramon with benzodiazepines. The
sympathomimetic effect of these substances can compensate in these cases for
the morning hangover effects of the tranquilizers.

Harmful slimming formulations, which still appear from time to time year
after year, often contain, as well as amfepramon and fenfluramine,
benzodiazepines and diuretics. The current and usually not apparent abuse of
these products was brought to the attention of the public in the summer of 1995
when the media drew attention to the use by patients of these dangerous
products for weight reduction over long periods, especially in the Cologne-
Aachen region. The period of use of permitted proprietary medication also
consistently considerably exceeds the medically recommended 4-week period
for supplementary therapy for the treatment of diet-related excess weight.

6.2.7 Designer Drugs

The term designer drugs is used mainly by the popular press to describe, often
falsely, all synthetic drugs, especially the second generation amphetamines.
Correctly defined, it describes analogs of substances that are controlled by being
subject to legal restrictions [12]. Chemical manipulation (methylation, chain
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extension etc.) changes the parent substances so that a new chemical substance
is formed which is no longer subject to the narcotics laws but has undergone
only small changes in its pharmacodynamic effects.

The principal substances of this type are:

® Amphetamine derivatives excluding “ecstasy”

® Tryptamine derivatives

® Phencyclidine derivatives

® Fentanyl! derivatives (e.g. a-methylfentanyl = “china white”)
® Pethidine derivatives = prodine

Quantitatively, the abuse of these substances is not very significant in Germany.
However, this situation could change at any time.

6.2.8 Cannabis

In the Federal Republic of Germany, cannabis is mainly consumed in the form
of the dried resin (“hashish”). Cannabis is the most important drug from the
point of view of duration and extent of abuse. Almost all drug abusers consume
this substance, mainly by smoking [13], along with opiates and tranquilizers.
However, many young people who are only mild drug abuseres have experience
of cannabis. The proportion of regular consumers is very high, and consequently
the proportion of occasional experimental users is very low. Although cannabis
is relevant as an introductory drug, its consumption does not necessarily to lead
to a career of drug abuse, although the way is undoubtedly prepared. A number
of other substances can also act as an introduction to general drug taking. Thus,
cannabis is in third place after alcohol and nicotine in the list of drugs of
introduction.

The average age of introduction to cannabis consumption is 15-17 years, and
the duration of abuse is, on average, 6—7 years [1].

6.2.9 Cocaine

In the past, cocaine was always something special because of its high price.
Also, the wave of crack-taking in the 1980s hardly touched the Federal Republic
of Germany. However, this situation has changed greatly as a result of the
falling world price of cocaine [14]. The South American cartels have taken over
the European market, and sales are rising.
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Most cocaine consumers are polytoxicomanes. One seldom encounters
people who inhale or smoke cocaine only. Cocaine is generally taken by
sniffing, but intravenous injection does occur. Introduction to cocaine
consumption takes place at an age between 15 and 30 years, and the proportion
of experimental users is rather high at ca. 20%, as with all stimulants. The
proportion of regular cocaine consumers is certainly decreasing to some extent,
although cocaine competes with other stimulants whose total consumption has
increased. The number of first consumers of cocaine in Germany continues to
rise, the increase in 1994 being 33.2%.

As amphetamine derivatives and cocaine are often used as alternatives, any
increase in the supply of these substances favors increased cocaine abuse.
Procurement problems decrease when amounts of imported material increase.
So far, synthetic substances produced in Germany are cheaper.

6.2.10 Other Hallucinogens

The group of hallucinogens includes 40-50 substances, including their different
forms. These are very heterogeneous in their chemical structure. Not only
substances with the basic indole structure such as LSD and the secale alkaloids,
but also parasympatholytic substances (piperidine derivatives), phenylethyl-
amines such as mescalin, substances present in nutmeg, isoxazole derivatives
(muscimol) and quinoline alkaloids (aconitine) have hallucinogenic effects. We
must also include the synthetic substances of the amphetamine type, the
designer drugs and some medicaments used in the treatment of Parkinson’s
disease. Many of these substances, especially those of plant origin, are
obtainable with no (or only minor) criminal involvement, and should not be
underestimated, especially in the drug scene in East Germany, although only
individual cases can be established with certainty [15].

6.2.10.1 Lysergic Acid Diethylamide (LSD)

The known consumption of LSD has fallen well behind that of the opiates and
the various forms of cannabis on offer, although LSD abuse continues to
increase. This abuse in central Europe has not yet got back to the level of the
1980s, when, for example, 20% of American High School leavers admitted
having experience of LSD. Most members of the drug scene have in fact had
experience with LSD. In most cases, consumption is not regular, and the
proportion of experimental users is high, as would be expected. In parallel with
the large increase in confirmed LSD “trips”, the number of first users is also
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increasing [16]. The age of first use, at 17-18 years, only slightly exceeds that
for cannabis.

6.2.10.2 Other Indole Derivatives

The abuse of the South American drug ololiuqui, whose main active constituent
is lysergic acid amide, is rare in Europe, and this also applies to the compounds
harmine and harmaline derived from lianas, e.g., of the genus Banisteriopsis.
The hallucinogenic effects of bufotenine (5-hydroxy-N, N-dimethyltryptamine),
which is present in the secretion of the agua toad (Bufo marinus), are also
sought by overseas drug users only [17]. However, the abuse of psilocine (4-
hydroxy-N, N-dimethyltryptamine) and psilocybine is of increasing significance
in Germany. Both substances are present in fungi of the genus Psilocybe, which
are found worldwide. The Central and South American species Psilocybe
exicana and P. cubensis contain psilocybine in concentrations ten times greater
than those present in the native European species P. semilanceata and P.
montana. The products sold as “magic mushrooms” or “LSD mushrooms” are
grown and harvested both in the tropics and in Germany [18].

6.2.10.3 Mescalin

The use of peyotl or “mescal buttons” is also not limited to middle America.
Mescalin-containing powder is encountered more and more in Europe, where
the users are primarily members of the drug scene. However, continuity of
supply of mescalin is problematical. The peyote cactus Lophophora williamsii is
also grown occasionally in Germany.

6.2.10.4 Nutmeg

Hallucinogenic effects from nutmeg can be achieved from doses of 5-30 g.
Also, elemicin and myristicin, which are present in this familiar spice, can be
converted by transamination reactions to the two phenylethylamines 3,4,5-
trimethoxy-amphetamine (TMA) and 3-methoxy-4,5-methylenedioxyamphet-
amine (MMDA), whose psychoactive effects are well known (see Fig. 6-1).
Nutmeg oil is also consumed in closed wards and prisons [3, 15].
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6.2.10.5 Piperidine Derivatives

Abuse of members of the nightshade family (Solanaceae) sometimes occurs, a
practice to be very strongly discouraged for toxicological reasons. The active
constituents scopolamine, atropine and hyoscyamine cause hallucinatory effects
and excited states. In higher doses they have a depressant effect on the central
nervous system. Deadly nightshade (belladonna), henbane and thorn apple are
usually consumed by drug abusers experimentally. These plant-based drugs are
acquired legally or in the drug scene [1].

6.2.10.6 Fly Agaric

Fly agaric (Amanita muscara), which is similar to the tropane alkaloids, is also
used by drug addicts. This abuse takes place over only a short period of time.

6.2.10.7 Biperiden

The Parkinson agent biperiden causes psychotic states at high dose rates (10-15
mg/day). Abuse of this drug was at one time rare, but drug-dependent and
medicament-dependent people now sometimes use it. The deliberate production
of a Parkinsonoid state by the neuroleptic effects of biperiden has also been
described.

6.2.11 Substances Taken by Sniffing

The problem of drug inhalation (glue sniffing) by children and young people is a
phenomenon of which little is known. These substances are easily obtained
everywhere at small expense, and are cheaper than cannabis or other drugs.
Inhaled substances are the most important substances of first use. As well as the
common solvents such as acetone (nail varnish remover), ethyl acetate, nitro-
compounds used as thinners, trichloroethane (e.g. Tipp-Ex®) and various
hydrocarbons, other highly volatile substances such as gasoline are inhaled at
sometimes high dose rates [19]. Currently, chloroethane and refrigerant sprays
of various compositions are assuming greater importance, and the inhalation of
deodorant spray has already led to deaths among young people, usually by
suffocation by the plastic bag pulled over the head to concentrate the volatile
materials or from the neurotoxic effects of overdosing with these substances.
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7. Methods of Sample Preparation
for Drug Analysis

Petra Gerhards, Jorg Szigan

7.1 History of Sample Preparation

In drug screening, the biological matrix is of special importance because of its
complexity. In order to detect and identify the drugs that it contains, these must
be separated from the matrix. The endogenous components such as proteins and
lipids, which can interfere with the analysis, must be removed. As some drugs
are present in only trace amounts, a concentration stage must be included before
injection (Fig. 7-1).
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Fig. 7-1. Scheme for the concentration of drugs

For many years, liquid-liquid extraction (LLE) was used for the preparation
of samples with biological matrixes, but this technique is no longer as important
today. The reasons for this include:
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® The large amounts of solvent
® The formation of emulsions
® The fact that automation is not possible.

Solid phase extraction (SPE) was developed during the last 10 years as an
effective analytical tool for the isolation and purification of a wide range of
compounds. For many applications in pharmacy and biomedicine, it is playing
an increasingly important part in sample preparation both for trace
concentrations and for the isolation of substances on a preparative scale [20].

SPE has some special advantages over the traditional liquid-liquid extraction
technique. These include:

® Higher selectivity, as a large number of sorbents and solvents are available
for the various applications

® Cleaner extracts, as the components being analyzed are selectively
concentrated and can be eluted from the column (see Fig. 7-2)

® More reproducible results, as SPE is based on specific molecular interactions

® Easy handling of the columns, enabling several samples to be treated
simultaneously

® The fact that automation is possible [21].

HN

FFE FPE

Fig. 7-2. Liquid-liquid extraction (LLE) and solid phase extraction (SPE)
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7.2 The Principle of Solid Phase Extraction

Solid phase extraction is a physical extraction process that takes place between a
liquid and a solid phase. The solid phase has a stronger affinity for the isolate
than for the solvent in which the isolate is dissolved. When the sample solution
passes through the bed of sorbent, the isolate becomes concentrated on the
surface of the sorbent while the other constituents of the sample pass freely
through the bed [20]. The SPE process is illustrated in Fig. 7-3.

1.5 ml urine + 20 pl 5
B-glucuronidase 2 Elution of drugs
Incubate fatat 56°C 1 3 Methanol/NH,

for 60 min Introduction of sample

Conditioning with methanol  Elution of interfering substances
Pre-equilibration with with 0.1 M phosphate buffer,
0.1 M phosphate buffer 0.1 M HAC and methanol

Fig. 7-3. The principle of sample preparation by solid phase extraction (SPE)

I. Column Conditioning

To ensure high and reproducible recovery, it is necessary to treat the column
sorbent with a solvent. For cartridges, in which the sorbent is based on bonded
silica gel, this procedure is necessary as the dry sorbent is pre-packed, and in
this condition the active side chains are not available for interaction with the
components. For non-polar and multi-bed phases, the sorbent must in some
circumstances be preconditioned with several solvents, such as methanol
followed by water or a buffer solution. The organic solvent used here has the
function of solvating the bound functional groups and of activating the
hydrocarbon chains. Also, organic residues are removed from the sorbent. Water
or a buffer solution is then added to prepare the column for the aqueous sample.
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II. Sample Introduction

After the preconditioning of the column, the prepared sample is added and then
drawn through by means of a slight vacuum. A definite low flow rate is
necessary in order to concentrate on the column all the various types of drugs
which can be present in a biological sample. Normally, the flow rate is 1.5
ml/min.

III. Washing of the Column and Adjustment of the pH

Not only the drugs, but also many endogenous components become
concentrated on the column, so that it must be washed with water or a suitable
solvent in order to selectively remove the impurities. The solvent used for
washing must be carefully selected so that no loss of the drugs occurs during
this step. As it is not easy to find a solvent that fulfills this requirement one
hundred per cent, a compromise must be found between acceptable recovery
rates and an acceptable removal of the impurities. The cleaning process must be
appropriate for the subsequent analysis. In some cases, the pH of the column is
fixed by this step. This is necessary to give the required selectivity for the drugs,
whose elution depends on the pH.

IV. Drying of the Column

If the eluent used, e.g. chloroform, is not miscible with water, it is advisable to
remove any aqueous residues from the column so that this water will not cause
problems in the elution of the drugs and in the GC analysis of the extract.
Aqueous residues on the column can be removed by suitable organic solvents,
centrifugation, or application of a vacuum.

V. Elution of the Drugs

The elution of the drugs from the column is carried out with a suitable solvent.
This must be powerful, so that a small amount will completely elute the drugs. It
must also be selective, so that interfering components are not eluted at the
saame time [21].

7.2.1 Practical Aspects

In recent years, several mixed-bed cartridges for drug analysis have been
developed. Columns of this type include Bond Eluat Certify (Varian), Clean
Screen (Worldwide) and Narc-2 (Baker).
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These SPE cartridges contain cation exchange groups and lipophilic groups
(C-18 or C-8 groups). These enable a wide range of drugs to be retained and
then selectively eluted. The drugs are eluted in two fractions:

® Basic drugs
® Acidic drugs.

The acidic drugs are eluted in the first fraction, and the basic drugs in the
second. The extracts and the recovery rates, especially in the case of the
benzodiazepines (flunitrazepam), are cleaner and better using the mixed-bed
phase than using pure C-18 columns [21, 22].

The materials used are:

— Methanol, acetone, chloroform (Merck, HPLC quality)

— B-glucuronidase (Merck)

— Nalorphine (Sigma or Promochem/Wesel))

— Phosphate buffer (0.1 mol/l, pH 6, KH2PO4 analytical grade, Merck)
— Acetic acid (0.1 mol/1, pH 3)

— Ammonia/methanol (1:9 v/v), must be freshly prepared every day.

7.2.1.1 Sample Preparation for the Matrix Urine

As many drugs, e.g., benzodiazepines and opiates, are excreted as glucuronides,
an enzymolysis is necessary before the SPE is performed, but, in the case of
opiates, it is important that the period of incubation with B-glucuronidase should
not exceed 45 min. This is to prevent 6-monoacetylmorphine from being
hydrolyzed to morphine, thereby preventing the detection of possible heroin
abuse. Because of the high salt level in the urine, the latter must be diluted with
water or a phosphate buffer. This is especially important if ion exchange takes
place first as an extraction stage. The cations of the salt compete with the drugs
for the free bonding sites, leading to poorer recovery rates.

The toxicologically relevant drugs are basic or acidic, and can therefore be
eluted successively from the column by using different pH values (see Fig. 7-4).
This is achieved by washing the column with 0.1 M acetic acid (pH 3). With this
conditioning, the acidic, neutral and slightly basic drugs exist as non-polar
components, and can be eluted from the column by lipophilic solvents. The
basic drugs are retained by the cation exchange groups and are then eluted by
ammoniacal methanol.
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Incubate 1.5 ml urine + 20 pl B-glucuronidase at 56°C for 60 min and
add 50 pl nalorphine (internal standard 100 pg/mi)
U

Activate the FPE cartridge with 3 m] methanol
and condition with 3 ml phosphate buffer

Mix urine with 3 ml 0.1 M phosphate buffer and pass through the cartridge
using a slight vacuum

Wash with 3 ml O.IUM phosphate buffer
Treat with 0.5 ml 0.1 M acetic acid, pH 3, using a slight vacuum
Pass 50 pl methanol through the cartridge using a slight vacuum
Dry by applyirhg high vacuum
Elute the acidic fraction with ﬁ ml acetone/chloroform (1:1)
Dry by applyirﬁg high vacuum
Elute the basic fraction with 2 linl ammoniacal methanol (1%)
Evaporate the eluates separately at 40°C in a stream of N2
Incubate the residue with acetifl anhydride for 30 min at 60°C
Evaporate
U
Take up the residue in 50 ul methanol

Inject 1 pl into the GC for analysis

Fig. 7-4. Scheme for sample preparation in drug analysis {21, 23]
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The recovery rates using Bond Eluat Certify and the sample preparation
procedure described above lie between 80 and 103% [21].

In drug analysis, serum, plasma and whole blood are analyzed as well as
urine. Serum and plasma, like urine, can be processed without additional
treatment.

The main problem with whole blood is the presence of the red corpuscles,
which can adhere to the cartridge and lead to poor reproducibility. Some drugs
can bind to the red corpuscles or become entrapped inside them. It is therefore
important to hemolyze the red corpuscles before injection onto the column.

The various methods of hemolysis that can be used include the addition of
methanol, acetone or zinc sulfate/methanol, or the use of ultrasound. Zinc
sulfate has the disadvantage that it forms zinc hydroxide with hydroxyl ions and
blocks the column. Both solvents have the disadvantage that losses can occur on
injection of the sample. To prevent these losses, the solvent should be
evaporated off in a water bath before introducing the sample to the column. All
three methods have the further disadvantage that they cause protein
precipitation, causing drugs to be entrapped. The use of an ultrasound bath is
therefore preferable.

7.2.1.2 Sample Preparation for the Matrix Whole Blood

The whole blood (1 ml) is placed in an ultrasound bath at ambient temperature
for 15 min. Phosphoric acid (6 ml, 0.1 M, pH 6) is added, and the mixture is
vortexed for 30 s and centrifuged at 1500 rpm for 15 min. This is then followed
by the sample preparation procedure described above [21)].

7.3 Liquid-Liquid Extraction (LLE)

In liquid-liquid extraction, Toxi-Tubes A produced by DRG Toxilab are used.
Urine (5 ml) is added to the reaction liquid in the tube and mixed by shaking for
2 min. The tube is then centrifuged for 5 min at 2500 rpm. The clear supernatant
is separated and evaporated. The residue is acetylated and injected into the GC.
As well as the Toxi-Tubes A, Toxi-Tubes B are manufactured for acid
extraction, especially for barbiturates.

SPE and LLE are compared below.
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7.4 Comparison of SPE with LLE

Flunitrazepam and morphine are used here as examples for this comparison.

= : : Sareitan 8 GC Parameters
Fite Display GC Program! QOption Help

Owven Temp.[*C): 80.0 Tm [ —206.422.334]
Owven Equil.Time[min]: 0.00 1
Injector Temp.["C): 280.0 1
Interface Temp.["C]: 320.0
Sampling Time{min): 1.00 !
Column Length(m] 25.0 ! 1 o Il
Column Diameterimm] |0.25 : ¢ L = = Deh)
_ E‘r:ssure iﬂ
ISP"“'”“ . Rate_Pressurd_Time
Column Pressure(kPa): |92.7 0 : 92.7 2.00
Column Flow{mifmin:  [1.8 2l —20[ 7007000
Linear Velocity: 471 3 0.0 0.0 0.00
Split Ratio: 25 | T T T
Total Flow[ml/min]: 50.0 } Program Time(min): 40.11
sstes T inserondtioio) _ feple

Display MC!
~Mass Range

Start M{Z: End M/Z: 499
Scan Interval(sec): IU.BQ I Threshold: l"l[ll] I |

rAcquisition Time
Solvent Cut{min): GC program time[min): 29.50
Start Time(min): End Time(min):

Realtime Monitor

Spectrum Display: @Es_iéamﬁi O MC
rDetector Gain Time Program
Detector Yolts[kV): 1.70 { O MS Program

Fig. 7-5. GC/MS parameters used
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After sample preparation, the samples, with the parameters shown in Fig. 7-
5, were measured. The column used was a nonpolar 25 m capillary (e.g. SE-54-
CB or HT-8), 0.25 mm LD., 0.25 um film. The column was run using a
temperature program: 80°C for 2 min, 15°C/min increase to 200°C, 7°C/min
increase to 295°C, 20°C/min increase to 340°C, and holding at 340°C for 6 min.
The high initial temperature in the column program was used to avoid long
cooling times for the gas chromatograph. This enabled a higher sample
throughput per day to be achieved.

The following criteria were compared:
® Background
® Responses of the individual components

® Substance groups detected.

Figure 7-6 shows a chromatogram and the MS spectrum of flunitrazepam. This
sample was prepared with a Bond-Eluat-Certify cartridge.

Cotinine
N Methadone
/
Morphine 2AC
7-amino-flunitrazepam AC
10 20 )

Fig. 7-6. Gas chromatogram of a urine after sample preparation by solid phase
extraction (SPE). MS spectrum of 7-amino-flunitrazepam AC
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The comparison between SPE and LLE shows that with LLE both acidic and
neutral components such as barbiturates and ibuprofen are detected. This can be
seen from Fig. 7-7.

Ibuprofen-ME

¥

Vinylbital-ME 7-amino-flunitrazepam AC

/

b

Fig. 7-7. Gas chromatogram of a urine after sample preparation by liquid-liquid
extraction (LLE)
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Morphine 2AC 7-Aminoflunitrazepam AC

SPE

LLE E
/ LL \ SPE

Retention time 2 26 petention time

Fig. 7-8. The effect on thegas chromatogram of sample preparation of morphine and
7-amino-flunitrazepam by solid phase extraction (SPE) compared with liquid-
liquid extraction (LLE)

It can also be said that the detection of morphine using LLE is poorer. Figure
7-8 shows a comparison between morphine and 7-amino-flunitrazepam prepared
using SPE and LLE. With LLE, better results are obtained for 7-amino-
flunitrazepam, as shown by the peak height.

In general, it can be said that SPE is a good method of purifying and
concentrating urine. The advantage of LLE lies in the saving of time. Especially
in emergency analysis, time is an important factor. LLE may also be used if a
matrix is of such a consistency that SPE is not possible. An example of this is
the analysis of stomach contents for a toxicological investigation [22].

Special Note

The sample preparation procedures described above can be used for the majority
of drugs of abuse. Exceptions include cannabis, LSD and one or two others. A
special preparation technique is used to determine these substances, but this is
not discussed further here.
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7.5 Quantitative Determination of Derivatized Drugs

7.5.1 Introduction

In some cases, the quantitative determination of an abused drug may be needed,
for example, if this is prescribed by Section 24a of the German traffic law.

Cannabis is by far the most commonly used illicit drug. Most people who
abuse hard drugs such as heroin also abuse cannabis. Tetrahydrocannabinol
(acid and A’-metabolite) is regulated in the German traffic law (see Table 7-1),
and amphetamine, opiates (morphine) and cocaine (as benzoylecgonine
metabolite) are also mentioned.

7.5.2 Determination of the Detection Limits

To determine the detection limits of the system, a methanolic standard solution
is first analyzed. The standard solution contains the native substance and also
the d3-labeled substance in which three hydrogen atoms are replaced by three
deuterium atoms, this being used as an internal standard for the quantification of
the native drug. A standard solution is measured first because the derivatization
of the compounds can vary. Some analysts use MSTFA or BSTFA for
derivatization. For our application, PFP (pentafluoropropionic anhydride for -
OH groups and pentafluoropropanol for -COOH groups) is used. One reason for
using this reagent is that it is compatible with the other derivatization reagent,
acetic anhydride, which we also use. If TMS is used, there can be problems if
the previous sample analyzed was derivatized with acetic anhydride, which
dissolves TMS from the glass liner and the column, so that the ion source can be
contaminated. Other possible methods for the derivatization of opiates are the
use of propionic anhydride or methylation. Few PFP or propionic anhydride
derivatives are included in the Pfleger-Maurer-Weber library. Table 7-1 shows
the compounds to be determined, the molecular masses of the unlabeled and d3-
labeled compounds used and the legally required detection limits.
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Table 7-1. Used m/z and limits

Compound Native masses d, masses Limit by law in
whole blood (ng/ml)

Amphetamine PFP 118; 190 121; 193 50

Benzoylecgonine PFP 300; 421 303; 424 50

DELTA-9-THC PFP 377; 460 380, 463 5

Morphine PFP 414; 577 417; 580 10

Figure 7-9 shows the ion sets in single-ion monitoring (SIM) for the
determination of the detection limits. A bovine blood was spiked with the
unlabeled and the deuterated compounds in the concentrations shown in Table
7-1 derivatized with PFP.
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Fig. 7-9. SIM ion sets for the derivatized drugs

7.5.3 Sample Preparation and Analysis of Real Samples

Before starting the sample preparation, it is necessary to know the
concentration/time curve of the compound in blood. The deamination time
depends on the compound and in some cases also on the abuse behavior of the
person. It is very important to know the kinetics. Cocaine is metabolized to
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benzoylecgonine is recommended for the determination of cocaine abuse.These
kinetics are very well explained by P. X. Iten [23). Figure 7-10 shows the curve
for amphetamine as an example.

10 mg (+)-Amphetamine-Sulfat ora!

40

time {h]
Fig. 7-10. The metabolism of amphetamine in blood (page 89 in {1]).

The sample preparation is carried out as described in Chapter 7. The
derivatization is performed with 70 ul PFP alcohol and 100 pl PFP anhydride. If
PFP is used for the derivatization it is necessary to use water-free ethyl acetate
to dissolve the residue.

For the determination of THC-COOH and also A9-THC, a C-18 cartridge
preconditioned with methanol can be used, and the elution is done with
acetonitrile. We normally use the complete sample preparation procedure for the
determination of all compounds that could be present.

In some cases, sample preparation by liquid-liquid extraction (LLE) is used.
With a good solid phase extraction (SPE), a concentration factor of up to 40 can
be achieved. This concentration factor also means that the detection limits for
the method can be 40 times better than the detection limits for methanolic
standards. This is why we use SPE to generate our calibration curves for drugs
in blood. A bovine blood 1s spiked with the standards and afterwards prepared
by SPE. By generating a calibration curve from a real matrix all matrix effects
are taken into consideration. Figure 7-11 shows a calibration curve for
morphine-PFP.
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The results and the sensitivity are much better when methanolic standards
are used for the calibration curve, because then no matrix effects are taken into
consideration. Using SPE as the sample preparation method, a detection limit
for
THC of 100 fg can be achieved. Figure 7-12 shows the determination of 3 ng/ml
A9-THC in whole blood using LLE [24].
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Fig. 7-11. Calibration curve for morphine

Another example of the quantitative determination of a drug is provided by
LSD. Because of the very high retention index (3595) of the LSD-TMS
derivative, chromatography is not easy. Well-deactivated silylated inserts are
recommended. The extracts from a human specimen should be free of matrix
(reextraction). For the derivatization, the extremely dry residue is taken up in
BSTFA/TMCS (Fluka 15238) and derivatized for 20 min at 70°C. Instead of
pure BSTFA/TMSC, a 30-50% solution in a dry solvent such as acetic acid,
diethyl ether or dioxan can be used.



68 7 Methods of Sample Preparation for Drug Analysis

| Partial Requantitation - PEPNEU.MET
e

o] Name : THC
SiM - KGN D

“Draw Chromatogram -

Ret.Time[min) 18.009
Intensity 6256
Slope[*1000/min]-12

™ integration Time Program

17 Canceli;

Fig. 7-12. Determination of A9-THC in a real sample

For the determination of the LSD derivatives, a GC-17A in combination with
a QP-5000 has been used. A J&W column type DB-5MS with ID 0.25 mm,
length 25 m and film thickness 0.25 um was used for the chromatographic
separation.
In view of the high retention index of LSD/TMS, the use of a shorter column
with a thinner film should be considered. Using single-ion monitoring (SIM)
with GC/MS, the separation can be done on a shorter column without
endangering the quality of the results.

Figure 7-13 shows the multi-ion chromatogram generated from the full scan
and the library search result of a 20-ng LSD standard which was derivatized
with BSTFA.
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Fig. 7-13. Scan mode chromatogram and library search result of 20 ng/ml LSD/TMS
(absolute) measured in full scan

It should be noted that derivatization with BSTFA requires a completely
water-free atmosphere. In the presence of small amounts of water (atmospheric
moisture levels), derivatization can be disturbed, and loss of substance can
occur. To derivatize the sample, the vial is put on the hot injector for around 45
min. The sample should then be analyzed immediately, as the peak area
decreases with increasing time.

Figure 7-14 shows the extract of a urine sample spiked with LSD/TMS and
LSD-d3/TMS. The samples were measured in SIM, in which two significant
masses for LSD and the internal standard LSD-d3 were chosen. When analyzing
LSD, the samples must be stored in brown glass vials or protected from light in
order to prevent loss of the compound due to reactive breakdown.
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500 pg LSD/TMS and LSD-d3/TMS
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Fig. 7-14. Extract of a urine sample spiked with LSD and LSD-d,
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Fig. 7-15. Extract from a non-spiked urine

Figure 7-15 shows the extract after solid-phase extraction (SPE) from a non-
spiked urine. This experiment was carried out to investigate the influence of the
matrix.

SPE shows some advantages over LLE:

® Purity of the extracts
® Concentration of the compound.
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Medicine, University of Tiibingen, for his support for the LSD application.
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8. Drug Screening from Urine by GC/MS

Ulrich Bons, Jiirgen Sawazki

8.1 General Aspects of Drug Screening from Urine

The object of drug screening is to detect drugs of abuse or to demonstrate that
they have not been taken (see Chapter 6). Drug screening has continually
increased in importance over recent years in parallel with the increase in drug
consumption and the developments in analytical equipment, no end to these
trends being currently in sight. Thus, this technique can be important in
detoxification therapy for drug abusers, or alternatively could serve to rule out
drug-induced psychoses and support a psychiatric diagnosis. The results of drug
screening are also important in the investigation of possible criminal offenses or
illegal drug dealing. Also, as an accompaniment to methadone substitution
therapy for drug abusers, the legal authorities require the routine use of
approved diagnostic laboratory procedures. This analysis must be able to detect
the co-consumption of all those substances the abuse of which compromises the
object of the substitution procedure [26]. Here, the most important aim is to
prevent any fatalities which could occur if patients undergoing substitution
therapy consume other drugs and medicaments in addition to methadone,
behavior which could lead to supra-additive pharmacological effects.

The analytical methods used must be sensitive to the broad spectrum of
relevant substances from antidepressants to cerebral stimulants of the amine
type, bearing in mind the variations in abuse behavior that must continually be
kept under observation, so that the method remains credible and the patient can
be treated in the best possible manner.

The authors attempt to describe the potential applications and limitations of
GC/MS as a screening method for the rapid and reliable determination of drugs
of abuse and to compare it with alternative viable procedures.
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8.1.1 Differentiation between Drug Screening and
Other Screening Procedures

In addition to the above-described methods for determining drugs of abuse,
screenings are also carried out to answer toxicological questions or in the area
of doping control. Toxicological screening is used to detect organic and
inorganic compounds in a biological matrix. In this connection, it should be
noted that ethical drugs and drugs of abuse are the second most important cause
of poisoning after ethanol intoxication [27]. GC/MS is a combination of
techniques that is very well adapted to the identification of most organic
compounds, as no other analytical equipment can determine a larger number of
such substances with equal sensitivity and specificity [28]. The method
described in this Chapter is also applicable to the investigation of intoxication
by ethical drugs and drugs of abuse, and leads to concrete results in a short time,
which is extremely important in clinically relevant investigations. Doping
control mainly involves the elimination of the possibility that improvements in
sporting achievements are the result of, e.g., the use of anabolic substances such
as hormones or other medicaments. GC/MS is an important aid in this screening
process, and the methods described below are used for the investigation of
certain aspects of the problem.

8.1.2 Sample Material

The use of blood as a sample material for drug screening has hitherto been of
minor importance. However, blood or serum is now being increasingly used in
the detection of drugs of abuse, especially in connection with traffic offenses, as
only precise quantitative results can enable conclusions to be drawn concerning
the competence to drive of the persons concerned [29]. Interlaboratory
investigations on this subject are described by the German association for
toxicological and forensic chemistry (Gesellschaft fiir Toxikologische und
Forensische Chemie, GTFCh). The wide variations in the concentrations in
urine of drugs of abuse and the abundance of metabolites of a given substance
(e.g. phenothiazine) sometimes found in urine means that blood presents itself
as the most suitable starting material for the reliable determination of
concentrations. Moreover, blood contains fewer interfering substances than
urine. The investigation of hair is a special case of drug screening in which the
length of the hair enables drug consumption over long periods of time to be
investigated [30]. The exact earmarking and identification of the sample
material is especially important in hair analysis [31]. The use of the GC/MS
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system is especially suitable for the analysis of drugs in hair because of its very
high sensitivity. However, the sample preparation described in this book has not
been tested with hair as the sample material.

For most questions involving drug screenings, the test material routinely
used is urine. This material is as a rule free of problems, does not involve
invasive procedures and is obtainable in large amounts, and the concentrations
of the medicaments and drugs are always appreciably higher in urine than in
blood. Disadvantages include the above-mentioned physiologically caused
concentration fluctuations of abused substances in urine, so that false
interpretations of quantitative statements about the drug content of a urine
sample can very easily be made. This is especially likely if a patient has
consumed a drug with a long elimination half-life and is tested daily. In normal
circumstances, the first morning urine sample of a drug user contains the highest
concentration of the drug, but there are many possibilities for the drug content to
be influenced, whether deliberately or not. For example, if a patient takes in a
large amount of liquid before the urine sample is taken for a drug screening, the
drug concentration in the urine can be considerably reduced, and can sometimes
briefly fall below the limit of determination of the screening method chosen,
causing a “detection gap”. Measurement of the creatinine content can give an
indication of any manipulation of the urine by dilution, and can be
recommended as a credibility test. In many laboratories, urine samples whose
creatinine content falls below 30 mg/dl (1760 pmol) are regarded as having
been manipulated [32]. The pH of the urine also affects the drug concentration.
Normal values of urine pH are in the range 5-8, depending on the metabolic
situation. Most relevant substances in drug screening are bases, so that
concentrations of these in urine at pH 5 are higher than those at pH 8, as in
slightly acid media these substances are partly present in protonated form, so
that resorption is hindered. The pH of the urine can also be influenced by the
oral ingestion of large amounts of ammonium chloride pastilles, ascorbic acid
(pH reduction) or sodium carbonate (pH increase).

8.1.3 Possibilities for Manipulation of Samples

Patients who believe that samples taken from them will show positive analytical
results frequently attempt to interfere with the analysis by adding various
substances to the urine in order to hinder the detection of the drugs.
Immunological methods can sometimes even give false positive results after
manipulation of the urine, which, in the absence of confirmatory analysis, can
place the credibility of the chosen method in doubt. Drug screening by GC/MS
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is considerably less susceptible to manipulation than are immunological
methods, although the addition of a surfactant to the urine can cause
considerable problems in sample preparation for GC/MS analysis by interfering
with the extraction process. Control of the pH of the urine is not a sufficient
precaution against the addition of surfactants. However, a large addition of
surfactant can usually be detected from the cloudiness produced in the sample.
The best protection against unpleasant surprises caused by manipulation of the
urine must always be the consistent monitoring of the method of obtaining the
sample.

8.1.4 Immunological Methods of Analysis

There are two principal methods of drug screening, namely the immunological
and chromatographic methods. The immunological methods detect the presence
of drugs in urine by an antigen-antibody reaction, which is measured in various
ways. Immunological methods give a result within a few minutes and, for a first
test, demand a lower level of expertise and experience from the analyst than do
chromatographic methods. However, extensive knowledge of the cross-
reactivities of the methods used and the metabolism of the relevant substances
are essential preconditions for the responsible application of immunological
tests and interpretation of the results in drug screening.

In this context, the cross-reactivity characterizes whether and to what extent
individual antigens of various structures are detected by particular antibodies.
Even those structures not associated with drugs can show a cross-reactivity to
antibodies in drug tests. A very comprehensive investigation and documentation
of the cross-reactivities of the immunological tests used is therefore as
important for the analyst as an adequate sensitivity of detection of the relevant
medicaments and drugs and their metabolites. Whereas many manufacturers’
tables of cross-reactivities of immunological reagents towards important
medicaments are very comprehensive, the results for the metabolites produced
from these substances are often incomplete. This subject is discussed in more
detail below, where the various types of drugs are dealt with individually.

In recent years, rapid tests for immunological drug screening have become
more available from a large number of companies, many of which are simply
marketing organizations. In contrast to the classical immunological methods,
these rapid tests can be used without sophisticated equipment and can provide
immediate results on the spot to law enforcement officials, drug treatment
experts, care workers, or general practitioners dealing with methadone
substitution therapy. Unfortunately, the documentation of the cross-reactivities
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of such tests is often sparse, which leaves open many questions concerning the
ability of the method to detect relevant substances or undesired cross-
reactivities. It is then left to the user to first of all carry out a number of
comprehensive and hence expensive investigations to validate the methods prior
to using the material in a responsible manner. However, this situation does not
deter the user, who may be an inexperienced analyst and poorly informed about
the problems described above, from using such tests. The risk of false
interpretation of the “information” that these rapid tests yield is correspondingly
high. The need for confirming such information, including negative information,
by chromatographic procedures can therefore not be overemphasized.

8.1.4.1 Immunological Tests on Single Substances and Groups of
Substances

Reagents produced especially for the determination of particular drugs such as
cannabis (11-nor-A9-tetrahydrocannabinol-9-carboxylic acid), benzoylecgonine
(a cocaine metabolite) or methadone are characterized by their high sensitivity
and specificity. The often high sensitivity of the tests is a function of the
targeting of the antibody, usually towards a single very characteristic antigen
structure. This leads, for example, to the situation that an easily obtainable
commercial test is able to detect the cocaine metabolite benzoylecgonine with
great sensitivity (300 ng/ml), although a urine sample from a drug-free patient
gives a negative result even after addition of appreciable amounts of cocaine
(see Section 8.3.6). Compared with group tests, the high specificity of the
antibody gives a smaller risk of undesired reactions with other antigen
structures, reducing the danger of false positive results.

In immunological tests on amphetamines, barbiturates, benzodiazepines and
opiates, results that apply only to groups of substances can be obtained, where
each group comprises 2 large number of relevant substances. The antibody,
developed using one or more of the substances often present in urine which are
members of the group concerned, has variable reaction sensitivity towards the
individual drugs and metabolites of this group of substances. The greater the
structural differences between the substances being measured and the
calibration substances, the more can the cross-reactivities differ. This means
that the members of a large group of substances and their metabolites can have
very different cross-reactivities. The individual relevant substances are therefore
detected with varying sensitivity. Thus, in many cases, consumption of the low
therapeutic doses of lorazepam (0.5-2 mg/day) commonly prescribed today is
not detectable because of the low cross-reactivity with the known
benzodiazepine reagents. The low affinity of lorazepam to benzodiazepine
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antibodies thus leads to a false negative result in many cases. The cross-
reactivities of the immunological group tests of different manufacturers towards
antigen structures present in urine can differ considerably. The discussion of the
relevant groups of drugs of abuse (see Section 8.3) therefore also includes the
current data from the manufacturers on the cross-reactivities of the most
important of these substances towards immunological reagents. A reaction of a
non-relevant substance with an antibody is also theoretically possible. This
would give a false positive result, with potentially grave consequences for the
patient and for the credibility of the analysis. To avoid such a situation, all
positive results of immunological tests are confirmed by some other method. It
should also be noted that immunological reagents are not available for all
relevant substances or substance groups. Antihistamines, biperiden,
chiormethiazole, tilidine and tramadol cannot (yet) be determined by
immunological techniques.

8.1.4.2 Principles of Current Immunological Tests (Selected)

CEDIA (Boehringer Mannheim)

The abbreviation CEDIA stands for homogeneous cloned enzyme donor
immuno-assay. The CEDIA test is based on the the enzyme f3-galactosidase,
which is split by genetic technology into two inactive fragments, an enzyme
acceptor (EA) and an enzyme donor (ED). On addition of the EA to a solution
containing ED, the fragments recombine spontaneously to form the intact
enzyme. The ED is coupled with the antigen structure (drug). In the sample, the
free antigen structure (drug) competes with the ED antigen structure for the
antibody. An ED-antigen-antibody complex is no longer able to recombine with
the added EA to form an intact enzyme. The number of recombined enzymes
formed in the sample correlates with the amount of free antigen structures
(drugs) originally contained in the sample. The extent of the substrate reaction
of the intact enzyme is measured spectrophotometrically at 660 nm [33].

EMIT

Enzyme-linked multiplied immuno-assay (EMIT) is also a homogeneous
enzyme immuno-assay. A definite amount of an antigen marked with glucose-6-
phosphate dehydrogenase is added to the urine sample. This antigen competes
with the analyte (drug) contained in the urine for the bonding sites (which are
available in limited amounts) of the antibodies. Excess glucose-6 phosphate
dehydrogenase, whose activity is not greatly weakened by the immune reaction,
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now oxidizes glucose-6 phosphate and reduces nicotinic acid amide adenine
dinucleotide (NAD) to the hydrogenated compound NADH. The NADH formed
is determined spectrophotometrically at 340 nm. The measured UV emission is
directly proportional to the concentration of the antigen (drug) contained in the
urine.

FPIA

The measurement principle of fluorescence polarization immuno-assay (FPIA)
is based on the measurement of the change in polarization of emitted light.
Fluorescein, on excitation by short-wave polarized light, emits green
fluorescence with rotation of the plane of polarization. An antigen structure
(drug) bonded to fluorescein leads to a lower degree of polarization than a
fluorescein-antigen-antibody complex. Antigen structures (drugs) from the
sample and fluorescein-antigen compounds compete for binding to the antibody.
The resulting decrease in polarization is directly proportional to the
concentration of the drug present in the sample [34]. This measurement
principle is able to detect very low concentrations of a drug, as even small
decreases in polarization can easily be measured. The user could arrange for the
threshold value (cut-off) to be reduced in order to further improve the sensitivity
of the method. However, because of the large number of possible sources of
interference, a reduction in the cut-off value is not advisable, as this can lead to
an increase in the number of false positive results.

TriageTM 8 (Merck)

Whereas the immunological tests described above can only be used in
conjunction with a photometer suitable for the measurement principle
concerned, the Triage test simply requires a test cassette which is approximately
the size of a credit card. This makes it possible to conduct the test in the
presence of the patient. In contrast to the photometric test methods, which
express the analytical results in numerical form, a positive result is indicated by
the development of a color in a result zone. With the aid of the test cassette, a
urine sample can be tested for up to eight substances or groups of substances. In
the testing system, gold-bonded antigens compete with the drug for the bonding
sites on the antibody. In the result zone, monoclonal antibodies are bonded to a
membrane. If no drug is present in the sample, all the gold-bonded antigens are
bonded by free antibodies. No further reaction is then possible in the result zone.
Only in the presence of the drug in the sample do free antigen structures come
into contact with the monoclonal antibodies of the result zone and cause a color
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change due to the antigen-antibody reaction [35]. A disadvantage is that the
extent of drug consumption is more difficult to estimate from this test than from
results determined photometrically.

8.1.5 Chromatographic Methods

Of all the chromatographic methods, high-performance liquid chromatography
with diode array detection (HPLC/DAD) and gas chromatography with mass
spectrometric detection (GC/MS) are currently the most important. Both
methods detect single substances and their metabolites, which distinguishes
them from the immunological group tests. Moreover, thin-layer
chromatographic methods give the possibility of confirming positive results
obtained using immunological methods. Often, if medicaments or drugs of
abuse are taken, several metabolites of these substances are excreted, and, even
if concentrations in the urine are low, the various peaks from the same starting
substance may be identified, increasing the certainty of the analytical results.

In addition, the analyst can obtain information about accompanying
medication, which can be helpful, at least as a credibility test. Against the
advantage of the more detailed and abundant information afforded by
chromatographic analysis can be set the disadvantage of the greater amount of
time and higher level of expertise required of the investigating personnel
compared with immunological methods. Therefore, in our laboratory,
chromatographic methods are not used if the same information can be obtained
more quickly from an immunological test. The detection of cannabis abuse is an
example of this.

Also, the use of chromatographic methods does not exclude the principle of
confirming a positive result by using a completely different method, as no
method is completely error-free.

8.1.5.1 Gas Chromatography with Mass Spectrometric Detection

The use of GC/MS for the determination of medicaments and drugs of abuse
must be regarded as the “gold standard”, as no other method enables so many
substances to be determined with certainty and sensitivity [36]. As early as
1985, the GC/MS system had been put forward by the Deutsche
Forschungsgemeinschaft as the most informative method used in the
determination of addictive substances [27]. However, as the costs of this method
of analysis were very high at that time, its use was reserved for special
investigations. Even now, GC/MS is often only used in the field of forensic
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medicine and for confirming positive screening results. This limitation to such a
small application area is hard to understand, as the modern quadrupole mass
spectrometer used in drug screening provides mass spectra with satisfactory
resolution, while costing only a fraction of the cost of the equipment used ten
years ago. The total costs of GC/MS analysis have also fallen considerably as a
result of the use of powerful computers, which now enable mass spectra to be
compared in a fraction of the time needed ten years ago, when this was a manual
task performed by referring to books.

The basic equipment of the analyst who is interested in drug screening from
urine by GC/MS must include comprehensive data collections. To answer
questions about mass spectra of drugs of abuse or their metabolites, derivatized
or underivatized, and their retention indices, a number of libraries of spectra are
commercially available. These can now be obtained from many equipment
manufacturers and are linked to the equipment software as a standard facility.
Information on the analytical methods to be used and their limits of detection or
the metabolism and pharmacology of the relevant substances can be obtained
from the reference books or information sheets provided by the pharmaceutical
manufacturers.

In this connection, it is well known that the limits of determination of
individual substances for these special investigations can be improved by
optimizing a method to suit a particular problem, e.g., by the choice of certain
molecular fragments (SIM). However, bearing in mind the complexity of the
relevant substances, more attention should be paid to the question of how many
substances or accompanying medicaments, after consumption in concentrations
associated with therapy or abuse, can be determined with sufficient sensitivity in
the urine using a GC/MS method of general application. The limits of detection
of important substances are discussed in Section 8.2.1.5. It should also be
pointed out that in GC/MS analysis the quality of the analytical results is
extremely dependent on the capabilities of the people who evaluate them.

8.1.5.2 High Performance Liquid Chromatography with Diode Array
Detection (HPLC/DAD)

An important method alongside GC/MS is HPLC/DAD, which is used in the
analysis of addictive drugs. HPLC operates at lower temperatures than those
used in gas chromatography, so that it has the advantage of being able to
analyze for thermolabile substances such as the phenothiazines, which can be
detected unchanged. Derivatization steps, which are necessary in the field of
GC/MS analysis to achieve sensitive detection of compounds containing
hydroxyl or carboxyl groups, are not necessary with this method. Thus, even
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individual substances and metabolites of the important benzodiazepine group
can be sensitively detected without great sophistication [37]. The identification
of the substances by the diode array detector is carried out using photometric
measurements at wavelengths in the range 190-380 nm. Necessary
preconditions for this method of analysis are therefore absorption in this range
and a sufficiently high molar extinction coefficient such that a substance in low
concentrations will be detected. Unlike the UV detector, the diode array detector
provides important information about an unknown peak, namely its UV
spectrum. The diode array detector is therefore preferable to the UV detector for
drug screening in spite of its lower sensitivity. As, in some cases, many different
substances can often have similar UV spectra, stable retention times are very
important for the reliable identification of a consumed substance by the
HPLC/DAD method, although the assignment of a peak to a substance based
simply on knowledge of the retention time would be irresponsible, bearing in
mind the large number of possible substances in urine.

8.2 GC/MS Methods of Drug Screening from Urine

Before describing GC/MS methods suitable for drug screening from urine, it
should first be emphasized that all screening methods are compromises between
detection sensitivity on the one hand and the detection of as many medicaments
and drugs of abuse as possible on the other. By use of the SIM mode, in which
individual significant masses are scanned, the sensitivity with respect to the TIC
(see Section 4.4.4) can be considerably improved. Interfering background
masses originating from matrix components, column bleeding or accompanying
therapeutic medication are suppressed, and only the characteristic masses of the
target substance are scanned. However, against the advantage of sensitivity must
in this case be set the disadvantage of the high selectivity, which excludes all
other substances from the analysis. Therefore, the SIM mode is not particularly
suitable for a drug screening test. The situation is different in the United States,
where the NIDA (see Section 8.2.1.5) prescribes the analysis of certain
substances only, in contrast to the German law. Here it is quite logical to the use
SIM, which also enables the low concentrations of drugs in serum to be
determined.

As the time required for the various methods of analysis to produce a result
varies, the urgency of the investigation may be another (though usually
secondary) factor to consider when choosing a particular method. In
consequence, a screening method cannot include all relevant substances with
equal sensitivity, nor can a highly specific method detect all substances at the
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limit of detection. The choice of the method of sample preparation also has an
influence on the sensitivity of the analysis. In the methods of drug detection
described below, both the advantages and the disadvantages of these methods in
comparison to other methods are described.

8.2.1 General Aspects of Screening Methods

8.2.1.1 Silanized Insert and Silanized Glass Wool

The sample is introduced via the septum of the injector into a small glass tube
(the insert). After 100 injections, the septum should be changed to prevent air
from passing through the pores formed in it by the needle. One end of the
capillary column projects into the insert, which contains some glass wool, to
prevent the capillary column from being soiled and to prolong its useful life.
The glass wool also serves to give better vaporization and distribution of the
sample. The medicaments and drugs or their metabolites in the urine often
contain hydroxyl, amino, or carboxyl functional groups. These reactive groups
can react intensively with each other in the injector or with components of the
column film, which considerably reduces the sensitivity with which the
equipment can separate and detect these substances. Silanization of the insert
and the glass wool very effectively shields these groups on the surface of these
components of the injector. Underivatized substances such as amphetamine,
morphine or some benzodiazepines therefore reach the column largely
unaffected and can be detected with good sensitivity. After 100 measurements,
or at least after 1 week, the insert and the glass wool are replaced. Figure 8-1
demonstrates, with the aid of a standard mixture, the increase in the sensitivity
of detection following the fitting of a silanized insert. Both silanized inserts and
silanized glass wool are commercially available.

For reasons of cost, used inserts are subjected to the following treatment in
the author’s laboratory to enable them to be re-used:

An insert is cleaned with chromic acid, dried, and then

® Degreased in acetone/n-hexane (1:1) and dried in nitrogen,

® Silanized for 2 min in dimethyldichlorosilane at room temperature in a closed
vessel in an ultrasonic bath.
Warning: very corrosive and highly flammable liquid!!

® The silanization reagent is allowed to drain away well. The insert is then dried
with nitrogen if necessary and placed in an ultrasonic bath for 10 min.

® The insert is dried with nitrogen.

® ]t is then immediately fitted or stored under a nitrogen atmosphere.
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All operations must be carried out at subatmospheric pressure. It must be
carefully noted that dimethyldichlorosilane is very poisonous and highly
flammable. The insert must on no account be touched by hand; tweezers must
be used.

Diphenhydramine —
— Tramadol
Cocaine
Oxazepam
Codeine
Ephedrine Chloroquine
I Quinine
Haloperidol
Thioridazine
Amphetamine .
I _ \ I
N, )
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Fig. 8-1. Chromatogram of a standard mixture for quality assurance, with (black) and
without (gray) silanization of insert and glass wool

8.2.1.2 Chromatographic Columns

Nonpolar capillary columns in which the stationary phase contains methyl
groups as well as small proportions of phenyl and vinyl groups are suitable for
drug screening. Columns of this type are available from several manufacturers.
The chemically bonded phases are thermally stable up to at least 300°C. The
useful lifetime of a column for drug screening depends on the purity of the
sample and the quality of the sample preparation. In the author’s laboratory, 800
tests of satisfactory quality can be carried out with one column. If the column is
used beyond this number of tests, many substances can no longer be determined
with acceptable sensitivity. Low sensitivity can also be caused by damage to the
stationary phase at the end of a capillary. A better measurement result can be
obtained in many cases by shortening the column at both ends.
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8.2.1.3 Temperature-Pressure Programme

The optimum column temperature at the time of injection should be 20-30°C
below the bp of the solvent used. For methanol (bp 65°C), the optimum column
temperature should therefore be ca. 40°C. However, as cooling the column to
this low temperature between the two measurements is too time-consuming,
optimum focusing of the sample on the column is omitted and the analysis is
begun at a column temperature of 60°C. This saving in time of ca. 10-15 min
per analysis enables the frequency of sample testing to be increased. To focus
the sample on the column, the temperature is held at 60°C for a period of 90 s.
The oven is then heated to 160°C in 4 min. The solvent peak is suppressed as
the filament is switched on only after 2.5 min. The measured signal appears
after 3 min. To improve the separation of the components, the heating rate is
decreased to 10°C/min (method A, see Section 8.2.2) or 5°C/min (method B, see
Section 8.2.3) after 160°C has been reached. As in the latter part of the
chromatogram no components that cause separation problems are eluted, a
higher heating rate of 15°C/min (method A) or 20°C/min (method B) is used.

Oven Temp.[°C): 60.0 'C;BG kPel
Oven Equil.Time(min}: [0.00 Ji60
Injector Temp.["C): 260.0
interface Temp.'C):  |280.0 20 12
Sampling Time(min}: 1.00
Column Length(m} 25.0 14 g
Column Diameter{mm] |0.25
Splitless ? & |

16 ~ 20{min)

Column Pressure(kPa): [30.0

Column Flow([ml{min): 0.8

. Rate | Temp. | Time
Linear Velocity: 36.4 0 N 1.50
- ) 1| 25.0] 160.0] 0.00

Split Ratio:

pltfiafo: 48 2| 10.0] 200.0] 0.00
Total Flow(ml/min): 40.0 3| 15.0] 280.0] 5.7
4l 0.0] 00| 000
5] 0.0 0.0 o0.00

Program Time(min]: 20.00

Fig. 8-2. Hard copy of the menu-driven temperature-pressure control system based on
the CLASS 5000° software
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The final temperature of 280°C is reached after 5.17 min (A) or 6 min (B), so
that all components of the sample are eluted before the next injection. The
pressure program, which is set up after the temperature program, is arranged so
that the linear velocity of the carrier gas remains constant at 32.4 cm/s (method
A) or 27.5 cm/s (method B) during the total duration of the analysis. A pressure
program that fits the temperature program in this way is easily set up with the
aid of software (see Fig. 8-2).

8.2.1.4 Internal Standard

In quantitative chromatographic analysis (e.g. monitoring antiepileptic drugs), it
is standard practice to add an internal standard, as this gives a marked
improvement in the quality of the result. However, use of an internal standard
for drug screening from urine is not yet universal. From the point of view of the
precision and accuracy of an analysis, an internal standard is not essential, as it
is not possible to draw firm conclusions from concentrations of drugs found in
the urine (see Section 8.1.2). However, from the point of view of quality
assurance, the use of an internal standard is appropriate, as with its aid the
effectiveness of the sample preparation and the success of the derivatization
step, if any, can be assessed (see Chapter 13). The choice of a suitable internal
standard presents problems, as the following criteria should be fulfilled:

The internal standard

® must not be present as an excretory product in the urine,

® should not interfere with the determination of substances of interest,

® should enable the quality of the derivatization to be checked,

® should react to the condition of the silanized insert and the column with
sensitivity similar to that associated with the substances of interest, and

® should simulate the properties of as many substances of interest as possible
on sample preparation.

It is not possible to fulfill the last requirement completely because of the
large number and heterogeneity of the substances that can conceivably occur in
drug screening. The substance recommended in Chapter 13, nalorphine, comes
very close to being completely satifactory. This opiate antagonist does not
normally occur in the urine of a drug patient, represents the properties of the
opiates, and enables the quality of the derivatization to be tested. As can be seen
from Fig. 8-3, nalorphine is eluted after the opiates of interest. The quantitative
evaluation of peaks is therefore seldom hindered by nalorphine.
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Fig. 8-3. Chromatogram of a urine with added internal standard derivatized with acetic
anhydride.
1 = Cotinine; 2 = Caffeine; 3 = Methadone-M. (EDDP); 4 = Oxazepam art.;
5 = Methadone; 6 = Nordiazepam; 7 = 6-Monoacetylmorphine; 8 = Heroin;
9 =Nalorphine-AC; 10 = Nalorphine-2AC

8.2.1.5 Detection Sensitivity

It is important for the analyst to have knowledge of the sensitivity of a method if
it is to be chosen to solve a particular analytical problem.

For determining medicaments and drugs in urine, the sensitivity of an
analytical method is usually adequate if these substances can be detected at low
consumption rates such as occur in low-dose dependence on benzodiazepines
etc. In requests for analyses, which mainly originate from psychiatric clinics,
high sensitivity methods are therefore insisted upon, as shown, for example, by
the threshold values (cut-offs) for drug screening from urine specified by the
United States National Institute of Drug Abuse (NIDA). This institute has issued
the cut-off values listed in Table 8-1 as the limits for positive drug screening
[32], which are approximated to by most immunological reagents. However, in
group tests, these cut-off values do not give any indication of the detection
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sensitivity of other unlisted members of the group of substances, as the cross-
reactivities of substances of a particular substance group can show very great
variation. This is discussed in more detail in Section 8.3.

Tabie 8-1. NIDA limits of detection for drug screening from urine [pg/mi]

Substance/substance group Compound Cut-off value
Amphetamine D-Amphetamine 1.0

Cannabis 11-Nor-A’-THC-9-carboxylic acid ~ 0.05

Cocaine Benzoylecgonine 03

Opiates Morphine 0.3
Phencyclidine Phencyclidine 0.025

The methods of analysis chosen for confirmatory investigations should be
more sensitive than the primary method. For example, if the positive result of an
immunological group test is to be confirmed, the exact nature of the substance
to be determined accurately is not yet known. Even a mixture of substances
could have given the positive result. In this case a chromatographic
confirmation of the result is only possible if the detection sensitivities of the
methods for the substances of the group test lie well below the cut-off values of
the immunological method used.

8.2.1.6 Method Validation

Before samples from patients are analyzed, every new method must be
validated. In the validation investigations, the limits of capability of the method
must be established and the weak points recognized. When setting up a method
to be used for measuring a large number of substances, e.g. the analysis of
medicaments and drugs from urine, it is not immediately possible to check the
detection sensitivity of the method for all relevant substances and their
metabolites. In this case, it is advisable to limit the checking to very important
and analytically problematical substances. However, the determination of exact
limits of detection for these substances, which would often be possibie under
optimal experimental conditions, is not the most important factor, as the
condition of the chromatographic column, the insert and the ion source, for
example, has a great influence on detection sensitivity. The data obtained should
therefore only serve to enable the user to get an approximate idea of the sort of
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concentrations at which the substances in the urine can be determined with
routinely available GC/MS equipment. Table 8-2 gives an overview of the
sensitivity of detection of the methods described in Section 8.2.2.

Table 8-2. Limits of detection of drugs from urine after sample preparation

Substance Concentration of the substance in ng/ml urine
Not derivatized Acetylated

I Amphetamine 300 50
Ephedrine 300 50

It 3-Hydroxybromazepam 600 300
Desmethyldiazepam 1 1
7-Amonoflunitrazepam 1 1
Oxazepam 1000 10

III Benzoylecgonine 600 10 (PFP)®
Cocaine 50 -

v Codeine 10 10
DHC 10 10
EDDP 10 -
Methadone 10 -
Morphine 300 10

* Pentafluoropropionic anhydride derivative

To determine the sensitivity of detection, mixtures of drugs and their
metabolites (I-IV) were prepared. We deliberately mainly chose substances
which can interact with the materials of the injector and the column film
because of their reactive groups and which therefore cannot be analyzed by
GC/MS totally without problems. All these substances are possible components
of a urine sample.

First, the methanolic solutions were injected in underivatized form in
increasing concentrations (0.5 ng/ml — 10 pg/ml) and measured by method A. In
the next step, we added 3% of the methanolic solutions to a drug-free urine.
After solid-phase extraction and concentration of the eluate by evaporation (see
Section 8.1.2.10), 1 ul of the solution was injected. The concentrations which
still enabled a substance to be identified immediately and the three next lower
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concentrations were analyzed after acetylation (see below) with the gradients of
method B in order to determine the limits of detection after derivatization also.
The calculation of the retention indices for all important substances is also an
important and necessary task. Retention index tables were produced in 1958 by
Kovats using n-alkanes as standards to enable gas chromatographic retention
time results obtained within a laboratory and by a number of laboratories to be
compared [38]. However, according to Kovats, retention indices are defined
only for isothermal operation [39] and therefore cannot be used for a
temperature program. Nevertheless, retention index tables can also be used for
our methods. If a mixture of ca. ten substances which cover as broad a retention
time spectrum as possible is injected, the information contained in a retention
index table can be used for this work. The retention index of a substance is
calculated from its retention time and the known retention indices of two
substances that were eluted before and after the substance under investigation
(see Fig. 8-4). The information contained in the retention index can be used
directly for the confirmation of results (see Section 8.2.1.6) when interpretating
uncharacteristic mass spectra obtained in drug screening. In Table 8-3, the

51 7
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2 Unknown peak 10
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Fig. 8-4. Mixture of substances for the calculation of retention indices of unknown
Peaks
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Number Retention time RT (s)  Substance Retention index (RI)
01 258 Amphetamine 1160
02 342 Ephedrine 1375
03 552 Diphenhydramine 1870
04 594 Tramadol 1973
642 Unknown peak 227?
05 702 Cocaine 2200
06 750 Oxazepam 2320
07 768 Codeine 2375
08 792 Morphine 2455
09 840 Chloroquine 2575
10 906 Quinine 2800
11 1008 Bromperidol 3050
12 1038 Thioridazine 3125

contained in the retention index can be used directly for the confirmation of
results (see Section 8.2.1.6) when interpretating uncharacteristic mass spectra
obtained in drug screening. In Table 8-3, the retention indices for several
substances obtained from the literature [38] are compared with indices
calculated with the aid of comparable substances.

The retention index of the unknown peak is calculated with the aid of the
neighboring substances:

RTunknown - RTtramadol =48s
RUs = (RIcocaine — RImMQl = —22l = 2.10 RI/s

(RTcocaine - RTtramadol) 108 s

RIunknown = RItra[nadol + 48 X 2.1 = 1973 + 100-8 = 2073.8

Reference to the library of reference spectra shows that the unknown peak
could be metoprolol. The retention index for metoprolol is given in the literature
as 2080 [38].
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Table 8-3. Comparison of some retention indices taken from the literature with
retention indices calculated by method A

Substance Measured retention Retention index from Calculated retention
time the literature index
MDA 6.58 1495 1474
MDE 6.91 1560 1555
MDMA 6.65 1790 1510
Metamizol 10.33 1995 1998
Methadone 11.36 2160 2180
Methadone M (EDDP) 10.60 2040 2061
Methylecgonine 6.31 1465 1465
Methylephedrine 6.12 1430 1435
Metoclopramide 13.69 2610 2530
Metoprolol 10.70 2080 2074

As can be seen from Table 8-3, the calculated retention indices mostly
correspond well with the values given in the literature. Discrepancies greater
than 50 retention index units are rare. We could not confirm the literature value
of the retention index for MDMA with our measurements. Every laboratory
when validating methods for calculating retention indices should compare with
results from the literature in order to be able to use retention indices from the
literature to confirm its own measurement results. The choice and optimization
of the sample preparation method is also part of the method validation of drug
screening. This procedure has already been described in Chapter 7.

8.2.1.7 Quality Assurance

Method validation is a procedure for checking the capabilities and possible
weak points of a method, although the quality of the analysis as a routine
operation must also be established. The detailed procedure is described in
Chapter 13. As well as internal quality assurance, participation in
interlaboratory testing is also of great importance as a method of external
quality assurance for drug screening. With the aid of such interlaboratory tests,
not only is the capability of the analytical equipment tested using substances in
low doses or of rare occurrence, but the analyst’s expertise is kept up to date on
a regular basis. The results of an interlaboratory test also give a good overview
of the effectiveness and application potential of the various methods of drug
screening.
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8.2.1.8 Mass Spectra

The mass spectra described here were obtained by electron impact ionization at
a potential difference of 70 V, so that the energy of the electrons was 70 eV. If
electrons with this energy collide with organic molecules, the extent of
fragmentation is usually high and the reproducibility of the mass spectra is good
[40]. Most drugs of abuse when subjected to electron impact ionization give
very specific mass spectra, many of which contain key fragments from which a
rapid identification of substances is possible (see Fig. 8-5).
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Fig. 8-5. Characteristic mass spectrum with the result of the library search

Based on its library search [41], the computer suggests the presence of the
following substances in the unknown mass spectrum:
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Hit  Significance Molecular mass Name

1 93 273 Oxazepam, hydrolyzed, acetylated

2 80 231 Oxazepam hydrolyzed

3 60 259 BDMPEA

4 55 272 Chlorphenoxamine-M, hydrolyzed, acetylated
5 54 315 Phenothiazine-M, twice acetylated

The good agreement with the proposal in first place enables a relatively
certain identification of the unknown spectrum to be made. On the other hand,
some mass spectra contain as their basis peak a less characteristic mass
fragment whose size much exceeds that of the other mass peaks. In these cases,
in spite of subtraction of the peak background, a false interpretation of the mass
spectrum is possible, especially if compounds with appreciably different
structures lead to these uncharacteristic spectra following similar fragmentation
behavior (see Fig. 8-6). The results of the automatic library search should not
therefore be used without careful thought. Their credibility should be checked,
for example, by referring to the retention indices.
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Fig. 8-6. Uncharacteristic mass spectrum with the result of the library search
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Hit Significance = Molecular mass Name
1 93 337 Doxepin-M (hydroxy-) AC isomer -1
2 93 337 Doxepin-M (hydroxy-) AC isomer-2
3 92 58 Acetone
4 92 291 Tramadol-M (O-desmethyl-) AC
5 91 291 Melitracene
6 91 241 Benzalkonium chloride
7 91 339 Propoxyphene
8 90 213 Benzalkonium chloride
9 9 353 Dosulepin-M (hydroxy-) AC isomer-2
10 88 323 Cyamemazine

8.2.1.9 Evaluation

In drug screening, mass spectra which show intense peaks at m/z 58 or 72 and in
which the remaining peaks have less than 3% of this intensity must be regarded
as poorly characterized. As shown in Fig. 8-7, after a computerized library
search the computer suggests structurally different substances with high
significance rates that differ only slightly from each other.

In order to avoid coming to false conclusions in such cases, the following
procedures are possible:

® Reference to the retention indices of the unknown substance

® A search for other peaks (metabolites) in the chromatogram which support the
result

® Derivatization and remeasurement of the sample.

If the library search is limited to only a small number of suggestions, it is
even possible for the computer not to include in its list of suggestions the
substance actually present in the sample. Therefore, ten suggestions should be
listed after any library search by the computer. In the case illustrated in Fig. 8-7,
identification of the peak would probably be more reliable if a sample was
derivatized with acetic anhydride (see Section 8.2.1.11) and injected again, as
the acetylation product shows more characteristic masses than the starting
material. Figure 8-8 shows the mass spectrum of the same peak after acetylation
in comparison with the result of the library search. The substance suggested in
first place (phentermine) differs very considerably from methamphetamine,
which is suggested with high significance in Fig. 8-7.
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Fig. 8-7. Uncharacteristic mass spectrum with the result of the library search
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Hit Significance Molecular mass Name
1 94 191 Phentermine AC
2 92 191 Methamphetamine AC
3 90 249 Ephedrine 2AC
4 90 249 Pseudoephedrine 2AC
5 88 205 Pentorex AC
6 86 149 Methamphetamine
7 85 249 Pholedrine 2AC
8 83 307 Oxilofrine 3AC
9 82 291 Cyclopentolate
10 80 279 Oxilofrine ME 2AC
50-

—[le— —

a

Fig. 8-9. Chromatogram of a sample with some highly concentrated substances:

1 = fentanyl
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After injection of the prepared urine sample, saturation of the detector can
occur rapidly with some peaks. The resulting mass spectra are less suitable for a
library search, as the ratios of the individual masses to each other differ from
those in the library, in which the spectra are measured at lower concentrations,
and false results of the automatic library search can be obtained. Poorly
separated peaks can also be a result of substance concentrations that are too
high. A practical example is illustrated in Fig. 8-9. This urine sample was
obtained from a patient who had been operated on a few hours earlier and who
had received 250 pg fentanyl, as well as other substances, during the operation.
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Fig. 8-10. Hard copy of a computer display for determining fentanyl with mass

fragments

The best way to avoid mistakes in the identification of poorly separated
peaks is to inject a sample of lower concentration. Alternatively, the retention
times may also be taken into consideration to confirm the identification. These
problems especially affect the evaluation of chromatograms of samples from
polytoxicomanes who consume high doses, as in these cases both very small and
very large peaks of relevant substances must be identified (e.g. benzodiazepines
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with opiates). Bearing in mind the wide variations in the nature of the abused
substances or groups of substances and in the concentrations of these present in
urine, the evaluation of the chromatograms should be performed manually.

One of the advantages of mass spectrometry over other chromatographic
detection methods is that for the chromatogram evaluation significant mass
fragments of individual substances can be represented in amplified form,
enabling even superimposed signals to be identified. It is advantageous when
dealing with this problem to prepare tables of mass results. The chromatogram
shown in Fig. 8-9 was subsequently processed by the computer for the
determination of fentanyl (see Fig. 8-10). This enables the identification of the
relevant peaks to be considerably speeded up, as the number of peaks to be
assessed can be minimized because the mass fragments have been preselected.
Thus, the more specific the problem, the more effectively can the evaluation be
automated. The characteristic mass fragments of the relevant substances are
listed in Section 8.3.

This mass spectrum of fentanyl does not agree very well with the library
spectrum, as several additional substances together with their metabolites are
present in high concentrations in the sample. In this case, the sample can be
measured again after optimization of the scanning range to suit the problem (m/z
130-345 Dalton). The result is shown in Fig. 8-11. The mass spectrum can now
be identified with certainty.
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Fig. 8-11. Chromatogram with amplified mass fragments and the mass spectrum of
fentanyl of the sample shown in Fig. 8-9 after optimization of the scanning
range

The software supplied with commercial equipment often also supports the
documentation of the sample evaluation. Identified peaks of a chromatogram
can be stored in a table, and if a chromatogram needs to be looked at later, these
data can be retrieved quickly. Because of the high measurement sensitivity of
mass spectrometric detectors, carry-over of highly concentrated components
such as dihydrocodeine can falsify the results from subsequent samples. To
prevent this kind of unpleasant surprise, chromatograms should at least be
evaluated in the chronological order of the samples. “Blank runs” or methanol
injections after analyzing samples of this type minimize the risk of false positive
results.

8.2.1.10 Sample Preparation, Glucuronide Breakdown

For all the chromatograms in this book from this point onwards, 1.5 ml urine
was incubated with 20 ul B-glucuronidase at 56°C for 45 min and prepared by
the solid phase extraction method described in Chapter 7. The partially
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evaporated eluates were taken up in 100 pl methanol and placed in a 1.5 ml PE
vial, further evaporated to dryness, derivatized in accordance with the analysis
required, and taken up again in 25 pl methanol. Assuming a one hundred per
cent recovery rate, the concentration of the drug in the methanolic extract is 75
times as high as that in the starting material. Using this method, good recovery
rates, i.e. between 80 and 100%, of basic substances are obtained. Neutral
substances such as caffeine are partially eliminated by the methanol washing
stage and therefore appear to a lesser extent (<50%) in the eluate. Liquid-liquid
extraction (LLE) of neutral substances from urine, a process which also extracts
acidic substances such as the barbiturates, gives considerably better recovery
rates. However, it is of some importance that, because many neutral hormones
and fatty acids are co-extracted from the urine, the detection of low-dose
dependence, especially that of benzodiazepines, can be a problem, as the ranges
of retention times of relevant benzodiazepine metabolites interfere with those of
the physiologically neutral components. Only a targeted search for the
characteristic mass fragments, e.g. by having an idea of what to look for, can
solve the problem. More detailed information on sample preparation and
derivatization can be found in Chapter 7.

8.2.1.11 Derivatization

Of the large number of different derivatization methods for the determination of
medicaments and drugs, acetylation with acetic anhydride is one of the
commonest. Reaction with acetic anhydride leads to volatile derivatives that
reach the detector in higher yields than do the starting substances. Oxazepam,
morphine and the polar carboxy-, hydroxy- or amino-metabolites of many
medicaments are examples of this, so that the derivatization of such substances
considerably increases their detection sensitivity, and although it may not be
necessary to derivatize some substances, it can considerably improve the
certainty of the identification of the mass spectrum, as explained in Section
8.2.1.9. For the broad spectrum of drug screening, acetylation is advantageous
as a routine procedure, as the mass spectra of most derivatives of drugs of abuse
are listed in the libraries of reference spectra. The reaction with
pentafluoropropionic anhydride is another widely used derivatization method
(see also Chapter 7.5), although the library lists of mass spectra of reaction
products, especially those of the benzodiazepiness, are often less than
comprehensive and need to be supplemented. The use of this derivatization
method assumes that the mass range scanned can be extended to at least 600
Dalton (morphine-2PFP: 577 Dalton). The software for the GC/MS usually
enables a laboratory-produced library of mass spectra to be used. In the
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descriptions of the mass spectra, the retention time of the peak and the method
used for the measurement are also included. Thus it is not necessary to confirm
a result by calculating the retention time from the retention index. The reaction
with acetic anhydride causes the chromatogram of the measured sample to
contain a large number of other peaks due to impurities (and sometimes also to
the derivatization process) in addition to those of the desired derivatives. The
temperature-pressure program of the GC/MS used must take account of this. If
the acetic anhydride is mixed with pyridine as a proton absorber the number of
interfering peaks very much increases. For this reason, acetic anhydride only is
used in the process of derivatization and somewhat lower yields are tolerated.
This subject is discussed in more detail in the Sections on the individual
groups of drugs, especially where important members of a group or their
metabolites do not give satisfactory results using the method described here.

8.2.2 Screening Method A, without Derivatization

The choice of the GC/MS method depends on the precise nature of the
analytical problem as well as on the method of sample preparation. Very many
substances and their metabolites can be determined even in subtherapeutic
concentrations without problems and without any derivatization on the basis of
the sample preparation methods described above. This applies to the habit-
forming drugs, e.g. chlormethiazole, the opiates/opioids codeine,
dehydrocodeine, methadone, tilidine and tramadol, and cocaine and its
metabolite methylecgonine. Substances such as amphetamine, ephedrine,
morphine and the cocaine metabolite benzoylecgonine can usually be
determined after high-dose consumption without derivatization by GC/MS, even
on the following day. However, for lower urine concentrations, derivatization of
the substances is essential in order to at least reach the limits of determination of
immunological methods. The equipment and the chromatographic conditions
used for drug analysis in our laboratory are listed in Tables 8-4 and 8-5.

Table 8-4. Chromatographic equipment for drug analysis

Gas chromatograph: GC-17 (Shimadzu)

Mass spectrometer: QP 5000

Software: CLASS 5000

Libraries: PMW-TOX 2, NIST 75000 and libraries produced by the user
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Table 8-5. Chromatographic conditions for the measurement of underivatized urines
(method A)

Injection volume: 1 pl, splitless
Injector temperature:  260°C
Oven temperature: 60°C

Holding time: 1.5 min
Temperature program: Heating rate End temperature ~ Holding time
25°C/min 160°C
10°C/min 200°C
15°C/min 280°C 5.17 min
Carrier gas: Helium

Carrier gas pressure:  Pressure 30 kPa
Linear velocity of

carrier gas: 32.4 cv/s

Pressure program: Rate of increase End pressure Holding time
16 kPa/min 93 kPa
7.2 kPa/min 125 kPa
9.5 kPa/min 170 kPa 5.38 min

Column: SE-54 (CS Chromatographic Service), 25 m, 0.25 mm LD.,
0.25 um film

Interface temperature: 280°C

Detector voltage: 20kV

Time for solvent

removal: 2.5 min

The advantage of this method lies in the saving of time. If the practical
situation permits it, the derivatization step in the sample preparation can be
omitted. The chromatogram of this underivatized urine as a rule contains up to
30% fewer peaks than the same urine treated with acetic anhydride, so that the
analysis time can be reduced by 10 min compared with that for the derivatized
urine. The smaller number of peaks also enables the time needed for the
evaluation of the chromatogram to be reduced. The disadvantage that some
important substances such as oxazepam and morphine cannot be determined
with sufficient sensitivity without derivatization means that it would be
extremely inadvisable to omit this step when carrying out drug screening (see
Section 8.2.1.5).

In our laboratory, we also prefer to omit derivatization when confirming the
results of analysis by HPLC/DAD. For the the latter method of analysis, solid
phase extraction as described in Chapter 7 is carried out and the residue is taken
up in 100 pl methanol. Of the remainder of the methanol extract for HPLC
analysis, 1 pl is injected into the GC/MS.
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8.2.3 Screening Method B, including Derivatization
with Acetic Anhydride

Derivatization of the urine extract with acetic anhydride enables almost all the
addictive substances recovered by means of the sample preparation process to
be determined, at least down to the level of 100 ng/ml initially present in the
urine. The only exception is the cocaine metabolite benzoylecgonine, as this can
only be determined at this sensitivity by methylation or reaction with
pentafluoropropionic anhydride. However, other cocaine metabolites,
principally methylecgonine, are determined without difficulty by this method,
so that the poor sensitivity of the benzoylecgonine method for determining
cocaine consumption by urine analysis is not of any great significance.

As already discussed in Section 8.2.2, the number of peaks in a
chromatogram increases considerably on derivatization. Figure 8-12 shows the
chromatogram of a sample before and after acetylation. Method B (Table 8-6)
will give increased separation using a slowly rising temperature-pressure
program.

Fig. 8-12. Chromatogram of sample from a patient after consumption of tilidine,
before (above) and after (below) acetylation of the sample:
Above: 1= Tilidine-M (TM) (phenylcyclohexanone); 2 = TM-bis-nor;
3 = TM-nor
Below: 1= Tilidine-M (TM) (phenylcyclohexanone); 2 = TM-artifact AC;
3 = TM-bis-nor AC; 4 = TM-bis-nor-oxime; 5 = TM-nor AC;
6 = TM-bis-nor-hydroxy
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Fig. 8-12. (For legend see p. 96)



106 8 Drug Screening from Urine by GC/MS

Table 8-6. Chromatographic conditions for the measurement of acetylated urines
(Method B)

Injection volume: 1 pl, splitless
Injector temperature: 280°C
Oven temperature:  70°C

Holding time: 1.5 min
Temperature Heating rate End temperature Holding time
program: 20°C/min - 160°C
5°C/min 250°C
20°C/min 300°C 6.0 min
Carrier gas: Helium
Carrier gas pressure: 40 kPa
Linear velocity of
carrier gas: 27.5 c/s
Pressure program:  Rate of increase End pressure Holding time
10 kPa/min 90 kPa
3 kPa/min 140 kPa
13 kPa/min 180 kPa 6.26 min
Column: SE-54 (CS Chromatographic Service), 25 m, 0.25 mm LD.,
0.25 pym film

Interface temperature: 300°C
Detector voltage: 20kv

Time for solvent 2.5 min
removal:
Duration: 3-32.5 min

Masses measured: 55-509 Dalton
Scanning interval:  0.92s
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8.3 Determination of Addictive Substances
and Groups of Substances

Possible methods for analyzing addictive substances and the wusual
accompanying medication are described below. Apart from A9-THC, only basic
substances or groups of substances are discussed. All substances except the A9-
THC metabolites can be extracted by the sample preparation method described
in Chapter 7. Unless otherwise stated, in the GC/MS chromatograms shown, 1.5
ml urine was prepared by the solid phase extraction process described, the
residue was taken up in 20 pl methanol, 1 pl of this was injected without
derivatization, and this was measured by method A (see Table 8-5). In the
various Sections, chromatographic methods of determination are compared with
the immunological alternatives. This comparison is very important, as the
chromatographic confirmation of immunological drug screening results, which
is a widely used practical technique, requires detailed information about the
immunological method used. Detailed knowledge of the threshold
concentrations of the relevant substances is therefore very important.

The list of the immunological reagents given is not claimed to be in any way
complete. We emphasize that comparable results can sometimes be obtained by
other immunological methods not described here. Having regard to the large
number of rapid immunological tests, we have, in the interests of clarity of the
comparative tables, selected one product of this type to compare with the other
methods. Information about the cross-reactivities of the various substances
towards the immunological tests has been obtained from the current information
sheets provided by the manufacturers.

8.3.1 Opiates/Opioids

Opioids are those substances that can activate localized opioid receptors in the
pain-controlling system of the body. Their action can therefore be antagonized
by naloxone. From a clinical point of view, morphine is the most important
substance of this group. It is obtained from opium, which is the brownish latex
obtained from cuts made in the unripe but fully grown fruits of Papaver
somniferum, the opium poppy. Opium contains not only morphine but also over
thirty other alkaloids (Fig. 8-13) including the isoquinoline alkaloids codeine,
papaverine, noscapine, thebaine and others, which make up ca. 25% of the
opium. The alkaloids in opium are sometimes present as salts of meconic acid.
The opiates form a separate subgroup within the opioids whose member
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Fig. 8-13. Chromatogram of a heroin preparation dissolved in methanol.
= caffeine; 2 = codeine-AC; 3 = monoacetymorphine;
4 = diacetylmorphine; 5 = papaverine; 6 = noscapine

substances can be directly structurally derived from morphine (heroin, codeine,
dihydrocodeine etc.).

The synthetic opioids, whose basic structure shows a very important
similarity to morphine, i.e. a phenylpropylamine configuration [42] with an
asymmetric carbon atom in close proximity to aromatics, are
pharmacodynamically different only in respect of the central and peripheral
effects in their characteristic spectrum. Apart from the opiates mentioned, only
tramadol and tilidine are abused in significant quantities. All the opioids are of
therapeutic value, primarily because of their analgesic and antitussive effects.
The usual daily dose rates of the substances discussed here, depending on the
strength of their effects, lie between 20 mg (morphine) and 400 mg (tramadol),
but can be greatly increased, especially in pain control therapy of malignant
diseases. Products derived from pethidine and fenatyl are described in Section
8.3.4.
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8.3.1.1 Metabolism

The opioids mentioned above are mainly excreted renally (via the kidneys). The
proportion excreted in the bile (via the gall bladder) always lies approximately
between 10 and 20%. Figure 8-14 shows the important steps in the metabolism
of some opiates.

HaC- c HsC- c 0 HsC-O (f?
i ;i >N-CHy d%i%éi;EN CHg iigéizEN CHj
=

HiC- C o]
0 Diacetylmorphin 3-Monoacetylmorphin Codein
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HO Hé;ﬂi;ﬂ\ HaC-O
Q — o | o]
N-CHj, N-CHs CN-H
Z HO HO 7

HyC-C-O
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N e

0}

|
HO™ >
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Fig. 8-14. Some important stages in the metabolism of opiates (without glucuronides)

® Codeine is excreted via the kidneys mainly unchanged or as the conjugate
with glucuronic acid. Amounts of norcodeine (10-20%) and morphine (5-
15%) considerably exceed the amounts of the other metabolites
(normorphine, hydrocodone, dihydrocodeine), which are present only in
traces {43, 44].
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® Dihydrocodeine (DHC) is more extensively used than codeine as a
substitution drug by heroin addicts. Prescribed weekly rations can sometimes
be as high as 2000 ml of a 2.5% solution, i.e.,, 50 g per week. The
concentrations found in the urine are correspondingly high, and this rapidly
leads to saturation of the detector. So far, this substance is not permitted for
drug substitution, and control tests to rule out possible co-consumption are
not required legally. The metabolism of DHC proceeds in analogy to that of
codeine via O- and N-demethylation to nordihydrocodeine and
dihydromorphine. In contrast to codeine, which is almost completely excreted
in the urine within 24 h, the elimination of DHC is slower, and intoxication
with this substance is therefore more difficult to treat than heroin intoxication
[45].

® Elimination of heroin (diacetylmorphine) is 80% renal. Metabolic
inactivation mainly gives morphine-3-glucuronide together with a few
percent of the metabolites 6-monoacetylmorphine, non-conjugated morphine
and normorphine. Unchanged diacetylmorphine can be detected only in trace
amounts if at all. The hydrolysis of heroin via 3-acetylmorphine takes place to
a small extent only [44].

o After the consumption of morphine, it is rapidly resorbed and distributed in
the organism. Up to 90% of the dose is excreted renally within the first 24 h,
mainly as glucuronides, and 10% is eliminated via the bile in the feces.
Normorphine seldom comprises more than 1% of the amount of substance
present in the urine. The percentage of free morphine present increases in
parallel with the acidity of the urine [46].

® Noscapine and papaverine, like morphine, are members of the group of
isoquinoline alkaloids, but are not opioids. However, both of these substances
are discussed here as they are important constituents of opium and occur
when this is processed to obtain heroin. Percentages of these two alkaloids in
heroin vary greatly, in many cases enabling it to be classified in various
grades. Therapeutically, noscapine is used as an antitussive, but papaverine is
seldom used for this purpose because of its spasmolytic and vasodilating
effects. After heroin is taken, considerable quantities of these two substances
sometimes appear in the organism. The metabolites, formed by demethylation
and conjugation with glucuronic acid and sulfate, are mainly excreted renally.

® Tilidine, after being taken orally, undergoes an intensive first-pass effect to
form nortilidine, the actual active substance. Other metabolites include
bisnortilidine and hydroxylation and conjugation products (see Fig. 8-12). Of
the amount taken, 10% is excreted in the bile. The commercial preparation,
for oral application, also contains a proportion of naloxone to prevent abuse
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by intravenous injection. The N-desalkyl- and 6-hydroxyderivatives of this
substance are excreted renally [46].

® Tramadol, after being taken orally, is almost completely resorbed.
Metabolism takes place by demethylation and conjugation with glucuronic
and sulfuric acids. O-desmethyltramadol has a stronger analgesic effect than
that of tramadol, but all other O- and N-desmethyl metabolites are
pharmacologically inactive. In humans, the proportion of tramadol excreted
unchanged renally is ca. 30% of the applied dose [46].

8.3.1.2 Analysis

The determination of opioids is one of the most important tasks of drug
screening. In substitution therapy with methadone, it is necessary to ensure that
these substances are not being used at the same time as the methadone. All the
immunological reagents are able to detect the opiates, but only as a group of
substances, and the task of distinguishing between the individual substances or
detecting the other opioids must be by means of chromatography. This is
especially important when heroin addicts are given codeine or DHC, a widely
used substitution therapy, as any co-consumption of opiates in addition to these
heroin substitutes cannot be detected analytically by the use of immunological
screening methods. The cross-reactivities of various immunological methods for
determining individual opioids are listed in Table 8-7, and, although the
sensitivities, after glucuronide cleavage, are always high enough to detect the
most important opiates in urine, positive measurement results obtained using
immunology should only be regarded as “very probably positive”, as false
positive results which cannot be confirmed by chromatography occur again and
again [47].

Table 8-7. Cut-off values of some opioids, substances naturally associated with them
and their metabolites found in urine {pg/ml]

Substance CEDIA®DAU Emit®d.a.u.  dau-TRAK®  Triage" 8%
Codeine 0.24° 1.0 0.38 03
Dihydrocodeine 0.6 0.26 04 0.3
6-Monoacetylmorphine 0.37 0.38 0.1 -
Morphine 03 0.3 0.3 0.3
Morphine-3- 0.37 3.0 0.3 0.49

glucuronide
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Table 8-7 (Cont.)

Substance

CEDIA®DAU Emit®d.a.u.

dau-TRAK®  Triage™ 8®

Norcodeine
Normorphine
Noscapine
Papaverine
Tilidine

Tramadol

- 15

35 25
1000 >100
1000 >100

* The figures for the cross-reactivities are taken from the information provided by the
manufacturers. Cross-reactivities not provided in this information are indicated by a
dash (). This symbol has the same meaning in subsequent Tables.

50
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Fig. 8-15. Chromatogram of the urine sample of a polytoxicomane.
1 = nicotine; 2 = cocaine-met. artifact; 3 = methylecgonine; 4 = cotinine;

5 = meconine; 6 = codeine; 7 = morphine
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After cleavage of conjugates, all substances and their metabolites in the
chromatogram can be detected by GC/MS. Morphine can be determined without
derivatization because of its two free hydroxyl groups, but only after high doses
of morphine or heroin have been consumed and if concentrated pure substances
are used in the analysis (see Fig. 8-15). The limits of detection of the other
relevant opioids (50-100 ng/ml urine) are considerably better than those
achieved by immunology even without derivatization, but it is strongly
recommended that derivatization of morphine, e.g. with acetic anhydride, should
be performed to give sensitive enough detection. This technique also increases

the sensitivity towards DHC and codeine.
3
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Fig. 8-16. Chromatogram of a urine after derivatization with acetic anhydride.
1 = meconine; 2a-d = tramadol-met. acetylated; 3 = codeine; 4 = acetyl
codeine; 5 = diacetylmorphine; 6 = temazepam acetylated; 7 = norcodeine
acetylated

After consumption of heroin, meconine, papaverine and noscapine can be
detected in the sample material by GC/MS. This information is also useful for
differentiating between illegal heroin consumption and the possible therapeutic
consumption of a morphine-based proprietary medicine. Table 8-8 below shows
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the characteristic mass fragments of the important underivatized opioids and
their metabolites and associated compounds.

Table 8-8. Opiates, their accompanying substances and metabolites without

derivatization
RI Name Characteristic masses with intensities
2375  Codeine 299,00 229,
2410  Dihydrocodeine 301,40 244,
2400  Dihydrocodeine-M (O-desmethyl-) 28700 230,,
1780  Meconine 194,, 176, 165,00
2455  Morphine 285,00 268,¢
2500  Heroin-M (3-acetyl-morphine) 327,00 3104 285,
2535  Heroin-M (6-acetyl-morphine) 327,00 268, 124,,
3130  Noscapine 412, 220,40
2820  Papaverine 339,, 338,00 324,,
2805  Papaverine-M (O-desmethyl-) 325, 324,,, 310,
1835  Tilidine 273, 176, 97100
1820  Tilidine-M (nor-) 259, 83,00
1840  Tilidine-M (bis-nor-) 245, 83, 69,00
1950  Tilidine-M (bis-nor-hydroxy-) 2615 85,00
1945  Tramadol 263, 58,00
1975  Tramadol-M (O-desmethyl-) —-H,O 231, 184, 58,00
2200  Tramadol-M (hydroxy-) 279, 234, 58,00

The chromatogram in Fig. 8-16 to some extent reflects the multiplicity of
relevant peaks which occur when drug screening using the derivatized urine of
polytoxicomanes.

When the urine extract is derivatized with acetic anhydride, morphine is
converted into the two monoacetyl derivatives and diacetylmorphine, and
codeine and DHC are converted into the analogous 6-acetyl esters (Table §-9).
The metabolites of noscapine and papaverine, like those of morphine, can be
determined with adequate sensitivity only after derivatization.

Reaction with pentafluoropropionic anhydride as the derivatization reagent
gives compounds with high and very characteristic masses (Table 8-10). When
this method of analysis is used, the mass range has an upper limit of at least
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600 Dalton, while the determination of acetylated opioids only requires the
scanning of masses up to 500 Dalton.

Table 8-9. Acetylation products of the opioids and opium alkaloids detectable in urine

RI Name Characteristic masses with
intensities

2500 Codeine-6-AC 341, 282,

2620  Diacetylmorphine (heroin) 369, 327,60 3104

2490  Heroin-M (3-acetylmorphine) 327,00 310, 285, 215

2535  Heroin-M (6-acetylmorphine) 32750 268,; 162, 124,

2435  Dihydrocodeine-6-AC 343,50 3004,

2490  Dihydrocodeine-M (O-desmethyl-) AC ~ 329,,, 2874

2700  Dihydrocodeine-M (nor-) AC 329, 87

2910  Papaverine-M (O-desmethyl-) AC 367, 324, 308,

2100  Tilidine-M (bis-nor-) AC 287, 111 69,0

2165  Tilidine M (nor-) AC 301, 125,50 834,

2295  Tramadol-M (N-desmethyl-) -H,O AC 273, 200,00 864
2465  Tramadol-M (bis-desmethyl-) ~-H,0 AC 301, 228, 86,0

Table 8-10. Pentafluoropropionylation products of the opioids and opium alkaloids
detectable in urine

RI Name Characteristic masses with intensities
2430 Codeine PFP 445,00 282,

2360 Codeine-M (0-desmethyl-) 2PFP 571, 414,

2360 Dihydrocodeine PFP 447, 390y

2490 Heroin-M (3-acetylmorphine) PFP  473,; 268,40

2650 Heroin-M (6-acetylmorphine) PFP 473, 430y, 414,y

2360 Morphine 2PFP 5775, 4144,
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The chromatogram in Fig. 8-17 shows some derivatization products with
pentafluoropropionic anhydride (PFP) from the urine of a consumer of cocaine
and heroin.
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Fig. 8-17. Polytoxicomania: chromatogram of a urine sample after reaction with PFP.
1 = benzoylecgonine-PFP; 2 = cocaine; 3 = morphine-2 PFP; 4 = codeine-
PFP; 5 = 3-acetylmorphine-PFP

The opioids and their metabolites can be identified very specifically in the
acetonitrile gradients of HPLC/DAD. Even structurally similar compounds such
as codeine and dihydrocodeine can be clearly differentiated, although, in
analogy to GC/MS, it can be necessary here also to measure highly
concentrated samples a second time after dilution. After the sample preparation,
in contrast to GC/MS, no further steps are necessary. When heroin is consumed,
not only do its metabolites appear in the HPLC chromatogram, but so also do
the characteristic peak patterns of the variously metabolized substances
noscapine and papaverine, whose presence in the urine increases the certainty of
the analytical result. The sensitivity of detection is sufficient to resolve
questions concerning results of immunological tests, so that this method can
also be used as a universal method for the routine analysis of opioids.
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8.3.2 Benzodiazepines

The benzodiazepines form a group of over 40 substances, approximately half of
which are available in Germany in proprietary medicines. All benzodiazepines
have anticonvulsant, anxiolytic, muscle-relaxant and sedative/hypnotic
properties, although the various substances differ from each other with respect
to the strengths of these effects. Most substances are available as tranquilizers/
hypnotics and some as anticonvulsants or muscle relaxants. A habit-forming
potential is common to all benzodiazepines, and a small number of these
substances are abused extremely frequently. These are discussed further below.

As well as the opioids cocaine and cannabis, polytoxicomane drug abusers
also consume bromazepam, diazepam and flunitrazepam in high doses, and
fatalities among drug abusers and substitution patients can often be blamed on
the consumption of these substances, often in combination with alcohol [48].
Patients who suffer low-dose dependence, in addition to consuming the three
above-named substances, also consume therapeutic amounts of dipotassium
clorazepate, flurazepam, lorezepam, nitrazepam or oxazepam, sometimes also in
combination with amphetamines or antihistamines.

8.3.2.1 Metabolism

Benzodiazepines are metabolized in various ways, mainly involving reduction
steps, dealkylation, hydroxylation in position 3, and conjugation with glucuronic
acid. The glucuronides should be cleaved enzymatically during sample
preparation to optimize the sensitivity of determination [49]. Table 8-11 lists
elimination half-life times of the most important benzodiazepines and some of
their metabolites.

The most important benzodiazepine is diazepam, which is one of the longest-
acting benzodiazepines, having a plasma half-life of 20-100 h. On
demethylation, desmethyldiazepam (= nordazepam) is formed, and this is then
hydroxylated to form oxazepam (Fig. 8-18). A breakdown to oxazepam via
temazepam also takes place to a small extent. All the metabolites are
pharmacologically active and are present in the urine as glucuronides.
Unchanged diazepam is present in the urine in trace amounts only. The long
half-life of the first metabolites enables them to be detected in the urine for a
long period, which can be up to 3 weeks after the last use of the drug at high
dose rates. The extent of elimination via the bile is 10% of the consumed
amount.

Bromazepam, in analogy to diazepam, is first broken down to the 3-hydroxy-
derivative, which is the main metabolite in the urine. Later reactions, involving
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cleavage of the 1,4-benzodiazepine configuration, lead to 2-amino-3-hydroxy-5-
bromobenzoyl pyridine and 2-(2-amino-5-bromobenzoyl) pyridine, both of
which have a benzophenone structure. All the metabolites form conjugates with
glucuronic acid. Bromazepam that has not been deactivated can sometimes be
detected in the urines of polytoxicomane patients (see Fig. 8-19).

Table 8-11. Plasma half-life times of some important benzodiazepines and their

metabolites
Name Half-life time [h]
Bromazepam 10-20
Diazepam 20-100
Desmethyldiazepam 40-100 (200)
Oxazepam 4-15(25)
Flunitrazepam 10-20 (70)
7-Aminoflunitrazepam 20-30
Flurazepam 1-3
N-(2-hydroxyethyl)-flurazepam 10-20
Desalkylflurazepam 20-130 (280)
Lorazepam 12-16
Midazolam
a-Hydroxymidazolam i
Nitrazepam 18-38

The metabolic deactivation of flunitrazepam illustrated in Fig. 8-20 proceeds
via demethylation and hydroxylation to give desmethylflunitrazepam, an active
metabolite, and 3-hydroxyflunitrazepam. However, these two compounds are
only important in blood analysis. The main metabolite in the urine is the 7-
amino-derivative, which is sometimes present as the acetamido-compound.
7-Aminodesmethylflunitrazepam and 3-hydroxy-7-acetamidoflunitrazepam are
also relevant flunitrazepam metabolites in the urine, but the starting substance
itself does not normally appear. Approximately 10% of the dose is excreted via
the bile with the feces.
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Fig. 8-18. Metabolism of some important benzodiazepines

The short half-life of flurazepam is due to a marked first-pass effect. The
main metabolite in the urine is N-(2-hydroxyethyl)-flurazepam (Fig. 8-21),
which, with desalkylflurazepam, are the pharmacologically active substances
responsible for the cumulative effects of the starting substance.
Didesethylflurazepam can also be detected in the urine.
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Fig. 8-19. Chromatogram of the sample from a patient with amphetamine and
benzodiazepine abuse.
1 = d-norpseudoephedrine; 2 = etophylline; 3 = bromazepam HY; 4 =
morphine; 5 = bromazepam; 6 = cafedrine

Other flurazepam derivatives not shown in this scheme (Fig. 8-21), e.g.
produced by oxidation of the alkyl side chain to the carboxylic acid derivative,
are quantitatively insignificant. All metabolites are to some extent present as
conjugates with glucuronic or sulfuric acid. The proportion of the dose excreted
in the bile, as is normal for most benzodiazepines, is ca. 10%.
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Fig. 8-20. Metabolism of flunitrazepam

Lorazepam is mainly excreted in the form of its glucuronide. As can be seen
from Fig. 8-22, other metabolites such as quinazoline and hydroxyphenyl
derivatives can be detected as well as small amounts of the unchanged substance
[44]. It should be noted that all signals are very small compared with the other
peaks.



8 Drug Screening from Urine by GC/MS

o

\

HsC
- N
“N-CHy~CHp N

b

H5C3 )j/g/ i
O

Flurazepam N \@
3 |
%

HsC. :

5§:N*CH2*CH2~N N

06

Monodesethyl-
flurazepam Cl ‘
v
(0]
HOCH, ~CHy A

GNCHpCHN N g

N-(2-hydroxyethyl)- : @

flurazepam cl l

0
I
HN-CHp~CHp-N_ N

F
Didesethyl- @

flurazepam cl l

Didesethyl-
flurazepam

Desalkyl- H-N N

flurazepam O //l

Desalkyl- cl
3-hydroxyflurazepam

Fig. 8-21. Overview of the metabolism of flurazepam (part)
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10 20 30
Fig. 8-22. Chromatogram of a urine after high-dose lorazepam consumption.
1 = lorazepam artifact; 2 = lorazepam HY; 3 = lorazepam

The main metabolites of nitrazepam are 7-aminonitrazepam, 7-acetamido-
nitrazepam, and a benzophenone derivative. The proportion of glucuronides is
comparatively small.

8.3.2.2 Analysis

The problems of benzodiazepine abuse have been known about for a long time.
Nevertheless, the extent of the abuse of these substances and the consequences
of their pharmacodynamic interactions with other drugs and medicaments are
often underestimated. Consequently, the problems of determining these
substances and their derivatives in urine accurately and with good sensitivity are
not appreciated to an equal extent by all analysts or by all who submit samples
to them.
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Table 8-12. Cross-reactivitiesof some benzodiazepines and their metabolites in urine

[mg/ml]
Substance CEDIA®DAU Emit®d.au.  dau-TRAK® Triage™ 8®
Bromazepam 0.27 04 03 2.5
3-Hydroxybromazepam - - - -
2-Amino-3-hydroxy-5- - - - -
bromobenzoylpyridine
2-(2-Amino-5- - - - -
bromobenzoyl)pyridine
Diazepam 0.04 0.04 03 0.35
Desmethyldiazepam 0.07 0.06 0.2 1.0
Desmethyldiazepam - - - 0.3
glucuronide
Oxazepam 0.25 0.2 09 0.75
Oxazepam glucuronide >1000 - - 0.6
Flunitrazepam 0.14 0.1 0.15 0.3
Desmethylflunitrazepam - - - -
3-Hydroxyflunitrazepam - - 10 -
7-Aminoflunitrazepam - - 20 7.5
7-Acetamido-flunitrazepam - - - -
7-Amino-1-desmethyl- - - - -
flunitrazepam
Flurazepam 0.08 0.1 20 0.75
Monodesethylflurazepam - - 6.0 -
N-(2-hydroxyethyl)- - 0.06 12 -
flurazepam
Didesethylflurazepam - - 3.0 -
Desethylflurazepam 0.06 0.1 0.7 1.5
Desalkyl-3- - - - -
hydroxyflurazepam
Lorazepam 0.17 1.0 20 5.0
Lorazepam glucuronide >1000 - ~ 04
Midazolam - 0.07 03 1.0
o-Hydroxymidazolam - - - -
Nitrazepam 0.2 0.2 40 0.5
7-Aminonitrazepam - - 22 -

7-Acetamidonitrazepam
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In analogy to the opiates, the benzodiazepines have hitherto been determined
by immunological methods as a substance group only. While the four most
important opiates and their metabolites are always determined with high
sensitivity, in the case of the most important benzodiazepines this is only true
for those substances whose metabolism takes place via desmethyldiazepam and
oxazepam (see Fig. 8-18) and for flurazepam, provided that sample preparation
is always carried out. For example, although flunitrazepam can be determined
by immunological methods, as indicated in Table 8-12, its main metabolite in
urine, the 7-amino-derivative, is only likely to give a positive measurement
signal in very high concentrations, i.e. 10-20 pg/ml. The same is true for
bromazepam, which also can be detected immunologically only at high dose
levels. Concrete figures for the detection sensitivity of the bromazepam
metabolites cannot be obtained from the information sheets provided by the
manufacturers, and the stuation is not helped by the fact that two metabolites of
bromazepam, being benzophenone derivatives, no longer have the characteristic
structure of the 1,4-benzodiazepines and therefore do not possess a suitable
antigen structure for this method of analysis. Thus, the two highly relevant
substances bromazepam and flunitrazepam, together with lorazepam, cannot be
accurately determined in the range of low-dose dependence by the
immunological method.

HPLC/DAD is very important in benzodiazepine analysis. After enzymatic
cleavage of the conjugate, the individual metabolites of the benzodiazepines can
be clearly distinguished from each other and identified in the chromatogram, so
that, for example, the co-consumption of bromazepam when diazepam therapy
is in progress can be detected. In sample material of low concentration, for
example, the determination of several metabolites of the same starting substance
considerably improves the quality of the analytical results. The limit of
detection of HPLC is more than adequate in the region of 10-20 ng/ml for
routine and confirmatory analysis.

The use of GC/MS in benzodiazepine drug screening usually necessitates a
derivatization step during sample preparation if this method of analysis is to be
satisfactory for low dose ranges. Benzodiazepines are usually excreted as polar
hydroxy- or amino-compounds, which undergo strong interactions with the
materials of the injector and the column film. Therefore, only small proportions
of these substances reach the detector in underivatized form. A chromatogram
typical of these substances is shown in Fig. 8-23. With high dose rates of
diazepam in the case of a polytoxicomane, considerably larger amounts of
desmethyldiazepam reach the detector than of oxazepam.
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If a measurement of benzodiazepines in the low therapeutic dose rate area is
required, acetylation is generally advisable. Table 8-13 lists some substances
which can be determined after high dose rates without derivatization.
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Fig. 8-23. Chromatogram of the urine of a diazepam user.
1 = cotinine; 2 = carbamazepine-M. artifact; 3 = oxazepam-HY;
4 = oxazepam-M. artifact; 5 = doxepin-M.; 6 = codeine; 7 = norcodeine;
8 = desmethyldiazepam; 9 = nalorphine

Table 8-13. Benzodiazepines and their metabolites that can be determined in urine
without derivatization

RI Name Characteristic masses with intensities
2670 Bromazepam 315, 236,00

2250 Bromazepam HY 276, 247,

2470 Bromazepam-M (3-hydroxy-) 313, 284,

2520 Diazepam-M (nor-) 2704 269,, 242, 241,
2050 Diazepam-M (nor-) HY 2314, 230, 77100

2400 Diazepam-M (nor-hydroxy-) HY 247,, 246,y

2750 Diazepam-M (nor-hydroxy-) 286,, 258,00

2615 Flunitrazepam-M (amino-) 283,00 2554

2470 Flunitrazepam-M (desalkyl-) 288,00 260, 259,
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RI Name Characteristic masses with intensities
2650 Flunitrazepam-M (bi-desethyl-)}-H,O 313,40
2440 Lorazepam 302, 239, 75100
2140 Lorazepam artifact 288, 287, 253,00
2580 Midazolam 325, 310,00
2830 Midazolam-M (amino-) 341, 310,40
2785 Nitrazepam-M (amino-) 251,00 223
2320 Oxazepam 2685 7T
2050 Oxazepam HY 2314, 230y 77100
2070 Oxazepam artifact - 1 240, 239,60 205,
2625 Temazepam 3004, 271,00
2050 Temazepam-M HY 2314, 230, 77100
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Fig. 8-24. Chromatogram of an underivatized sample from a polytoxicomane.

1 = methylecgonine; 2 = meconine; 3 =

EMDP; 4 = EDDP; 5 = methadone;

6 = codeine; 7 = morphine; 8 = 7-aminoflunitrazepam; 9 = papaverine-M
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Compared with the opioids, benzodiazepines are consumed in relatively low
doses, the daily dose seldom exceeding 100 mg. Consequently, benzodiazepines
and their metabolites usually give much smaller signals in the chromatogram
than those of the opioids and are sometimes unrecognized. The chromatogram
of the urine sample from a polytoxicomane patient (Fig. 8-24) illustrates this
problem. The signals from the opioids etc. are far bigger than those from 7-
amino-flunitrazepam.
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Fig. 8-25. Chromatogram of an oxazepam urine after acetylation.
1 = oxazepam acetylated

Acetylation of the benzodiazepines leads to the analogous acetamido- and
acetyl-derivatives, whose characteristic mass fragments are listed in Table 8-14.
After acetylation, the limit of detection by GC/MS (around 30 ng/ml) is good
enough for the confirmation of all immunological analytical results (see Fig. 8-
25). Reaction of benzodiazepines with pentafluoropropionic anhydride,
analogous to acetylation, is another possibility. However, the commercially
available spectrum libraries are often incomplete in the case of these reaction
products.
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Table 8-14. Benzodiazepines and their metabolites that can be determined in urine after

acetylation
RI Name Characteristic masses with intensities
2490 Bromazepam HYAC 318, 247 121,40
2580 Bromazepam-M (hydroxy-) HYAC 334, 247 40
3000 Diazepam-M (nor-hydroxy-) AC 328,, 2864, 258,00
2245 Diazepam-M (nor-) HYAC 2734 230,00
2950 Flunitrazepam-M (amino-) AC 325,00 297,
2725 Flurazepam-M (hydroxy-ethyl) AC 374, 314,
3025 Flurazepam-M (di-desethyl-) AC 373, 273400
2820 Midazolam-M (hydroxy-) AC 383, 310,60
3150 Nitrazepam-M (amino-) AC 293,00 265,
2245 Oxazepam HYAC 2734, 230,
2730 Temazepam AC 342, 271,00
2245 Temazepam-M HYAC 2735, 230,40
2790 Temazepam-M (hydroxy-) AC 342, 300, 272,00

8.3.3 Amphetamines

In recent times, no other group of substances has featured more frequently or
more intensively in the media than the amphetamines, the so-called “designer”
drug “ecstasy” being in the forefront of these reports. A common feature of
these substances is their stimulation of the central nervous system, which
depends .on the release of catecholamines. Therapeutically, substances of this
group are used as appetite suppressants, antihypotonics and psychoanaleptics.
They can be divided into five groups:

® Amphetamines and methamphetamine
® Phenylethylamines

® Methylenedioxyamphetamines

® Methoxyamphetamines

® Methylenedioxybutanamines.
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Amphetamine, methamphetamine and their molecular variants are also known
as amphetamines of the first generation, and members of the other four groups
as amphetamines of the second generation.

Amphetamines and Methamphetamine

These two substances are derived from the catecholamines or from ephedrine,
fenetylline being another member of this group. As they do not contain hydroxyl
groups, they are highly lipophilic and therefore easily overcome the blood-urine
barrier. Because of their powerful stimulant effect on the central nervous system
and their consequent habit-forming potential, they are covered by the narcotics
regulations. Their principal effects are feelings of enhanced energy and
euphoria. Reduction in the desire for food or sleep eventually leads to a state of
exhaustion, and after long use, physical decline, with sympathomimetic effects
on the heart and circulation. Chronic abuse sometimes results in psychotic and
paranoid states. These substances are mainly consumed by young people and
members of the drug scene. Apart from these highly active stimulants, there are
also less powerfully acting substances whose importance in drug screening is
often underestimated. The group includes ephedrine and its derivatives
propylhexedrine and prolintane, which are also thought to have be potentially
addictive. Abuse of the appetite suppressants also plays a central role in this
connection.

Phenylethylamines

The most important natural substance among the phenylethylamines is mescalin,
the substance present in Lophophora williamsii, Cactaceae. Synthetic products
bought and sold in the drug scene also include 3,4-dimethoxyphenylethylamine
(DMPEA) and 4-bromo-2,5-dimethoxyphenylethylamine (BDMPEA). These
hallucinogenic substances cause optical and acoustic illusions, which have often
been deliberately experienced and then recorded [15]. The resulting psychoses,
especially in cases of chronic abuse, have sent consumers into a state of
exaggerated self-perception in which they have injured themselves while
imagining, for example, that they can fly.
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Methylenedioxyamphetamine Derivatives

The most important of these substances are 3,4-methylenedioxyamphetamine
(MDA), 3,4-methylenedioxyethylamphetamine (MDE) and 3-methoxy-4,5-
methylenedioxyamphetamine (MDMA) (see Section 7.2.6.1). MDMA, first
synthesized as an appetite suppressant in 1914, and MDA, which has been
commercially available since 1910, are strictly speaking not designer drugs (see
Section 8.3.4), but all three are often referred to as such and are bought and sold
under the name “ecstasy”. A new market for these substances, especially in the
techno-scene, has developed and grown at a very high rate in recent years.
These amphetamine derivatives of the second generation give a feeling of
increased contact and communication, and personal problems are judged
optimistically. Because of these effects, these substances are also described as
love drugs, and this is reflected in the names used in the drug scene: “Adam” for
MDMA and “Eve” for MDE. However, use of these drugs is dangerous. Apart
from the effect of stimulating the central nervous system, there are also
hallucinogenic effects, especially with MDA. The sympathomimetic effects
combined with an increased readiness to expend energy tend increasingly to
cause circulatory damage, which can have a fatal outcome due to heart
stoppage, apoplexy, circulatory collapse or hyperthermia. Non-fatal side effects,
partly caused by toxic metabolites, are also considerable, and can include
neurotoxicity, liver damage and psychoses [50].

These important products are not all synthetic. The oral consumption of
5-30 g nutmeg will produce hallucinogenic and entactogenic effects. The two
constituents elemicine and myristicine (see Fig. 6-1) are converted by
transamination in the liver to 3,4,5-trimethoxyamphetamine and MMDA [15].

Methoxyamphetamine Derivatives

In these amphetamine derivatives, the hallucinogenic effects are predominant,
exceeding those of the phenylethylamines many times over. Thus, for example,
2,5-dimethoxy-4-methylamphetamine (DOM) has approximately 100 times the
effect of mescalin [11]. Its effects of “serenity, tranquility, and peace” give the
product its scene name “STP”. All substances, including 3,4,5-trimethoxy-
amphetamine (TMA), which is also a metabolite of elemicine (a constituent of
nutmeg), and 4-bromo-2,5-dimethoxyamphetamine (DOB), have been almost
completely displaced by the methylenedioxyamphetamines and today play an
insignificant role in the drug scene.
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Methylenedioxybutanamines

The substances of this amphetamine subgroup have an effect similar to that of
the methylenedioxyamphetamines. Although these sometimes have a
hallucinogenic as well as an entactogenic effect, the former disappears on
nitrogen substitution, in analogy to MDMA. These substances are currently
regarded as of little importance in the drug scene.

8.3.3.1 Metabolism

Amphetamine, Methamphetamine, Fenetyllin

The main route of metabolic breakdown of the amphetamines is oxidative
deamination to give phenylacetone, which is further broken down to benzoic
acid and excreted as hippuric acid after the latter has been conjugated with
glycine. A less important process includes hydroxylation reactions to 4-
hydroxyamphetamine and norephedrine. The excretion of amphetamine is very
dependent on the pH of the urine. An acidic pH leads to accelerated elimination
of amphetamine such that the unchanged fraction excreted can increase from
30% to 75% of the amount taken. Approximately 90% of the amphetamine
consumed is excreted under normal pH conditions in 3—4 days in the urine.
Methamphetamine is to a small extent metabolized to amphetamine. Under
normal conditions, most of the dose consumed is eliminated renally within 24 h,
partly as the 4-hydroxy derivative but mainly unchanged [44). Fenetyllin is
broken down to amphetamine and etofyllin, but is also excreted unchanged in
the urine, depending on the dose taken.

Ephedrine, Methylephedrine, Propylhexedrine, Prolintane

The biotransformation of ephedrine proceeds via demethylation to norephedrine
and via oxidative deamination followed by conjugation, in analogy to the
metabolism of amphetamine. Over 90% is eliminated via the kidneys within 24
h, up to 75% unchanged, 8-20% as norephedrine and the rest after oxidative
deamination. Methylephedrine is 33% unchanged and is 8% excreted as
ephedrine. The excretion rate also depends on the pH of the urine.
Desmethylpropylhexedrine and 4-hydroxypropylhexedrine, metabolites of
propylhexedrine, can be determined in the urine [44]. Prolintane, a
benzylbutylpyrrolidine product, is to some extent changed oxidatively in the
liver. This mainly produces hydroxylated metabolites, but also produces
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compounds with a lactam structure. The unchanged substance can be detected in
the urine as well as the metabolic products [51].

Mescalin

Most of the mescalin dose is excreted unchanged in the urine, but considerable
amounts of 3,4,5-trimethoxyacetic acid are also present. The other products in
urine, mainly N-acetylated O-desmethyl derivatives, are present in smaller
quantities.

MDA, MDE, MDMA

The metabolic deactivation of MDE proceeds via dealkylation to MDA and
piperonylacetone, leading to the formation of a hippuric acid derivative. As well
as these three metabolites, 3,4-dimethoxy- and 4-hydroxy-3-methoxyamphet-
amine derivatives can be detected in the urine [10]. An analogous route for
MDMA has also been described [52].

The two relevant constituents of nutmeg, elemicine and myristicine, become
centrally active substances by transamination in the liver. The effects of the
biogenic products 3,4,5-trimethoxyamphetamine and MMDA have been known
for a long time. After consumption of these drugs, the urine also contains
various methoxypropenylphenols, especially 2,6-dimethoxy-4-(2-propenyl)-
phenol (Fig. 8-26).

Methoxyamphetamines

After consumption of p-methoxyamphetamine (PMA), more than 80% of the
amount of substance taken is excreted within a day via the urine, up to 15%
unchanged, >25% in the form of the free 4-hydroxyamphetamine, and ca. 50%
as conjugated 4-hydroxyamphetamine. The remainder, in analogy to
amphetamine, is further metabolized [44]. In analogy to PMA, TMA undergoes
a demethylation to form mono- and di-O-desmethyl derivatives. In
methoxyamphetamines, two methoxy groups are located in the para position
(DOB, DOM), so that demethylation to hydroquinone is also possible [51].
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Fig. 8-26. Chromatogram of a urine sample after consumption of large quantities of
nutmeg.
1 = phenol-2-methoxy-5-(1-propenyl); 2 = phenol-2,6-dimethoxypropenyl;
3 = phenol-2,6-dimethoxypropenyl

8.3.3.2 Analysis

Both immunological and chromatographic methods are available for
determining amphetamine consumption from urine. For the immunological
determination, it is important that the sample should not be previously stored
unrefrigerated for a period of days, as amines produced by putrefaction can give
a positive amphetamine result [53]. As can be seen from Table 8-15, the most
important members of this very large and heterogeneous group of substances
can be determined with sufficient sensitivity by the immunological method.
However, in amphetamine determinations there is a considerable danger of false
positive immunoassay results that cannot be confirmed by GC/MS.
Confirmation of an analytical result after prolonged storage can become
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problematical if amphetamine derivatives are absorbed from the plastic material
of the sample containers [53]. A potential effect on the test result from
accompanying medication also cannot be excluded. In cases of this kind,
patients who have received high doses of promethazine or perazine have been
investigated in our laboratory, but by no means all the samples from the patients
who received this high dose of phenothiazines gave a positive amphetamine
result. This only occurred when glucuronide cleavage was carried out as
described earlier. Figure 8-27 shows the amount of promethazine metabolites in
the urine after therapeutic doses had been taken.

Table 8-15. Cut-off values of some amphetamines and their metabolites

Substance CEDIA®DAU Emit®d.au®  dau-TRAK®  Triage™ 8%
D-Amphetamine 0.3 0.3 0.28 1.0
Ephedrine 60.0 1.0 10.0 500.0
MDA 13.6 35.0 0.4 20
MDE - - - 25
MDMA 043 34.0 - 20
D-Methamphetamine 0.3 1.0 0.38 1.0
Prolintan - - - -
Propylhexedrine - 20 20 20
Trimethoxy-

amphetamine - - 100.0 -

*Group test for amphetamines; there is also a more specific amphetamine test.
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Fig. 8-27. Chromatogram of a urine with promethazine metabolites.
= amphetamine; 2 = MDMA; 3 = MDMA-met. (-desmethylenyl-methyl);
4a-f = promethazine-met

The connection between the sweetener cyclamate and false positive
amphetamine results is discussed in [54].

Chromatographic methods can detect the whole spectrum of amphetamines
and their metabolites and enable the various drugs to be distinguished from one
another. The successful determination of amphetamines and their derivatives by
HPLC/DAD requires a precise knowledge of the retention indices, although the
sensitivity is often limited to concentrations above 300 ng/ml. Here, the GD/MS
method gives clearly better results. Figure 8-28 illustrates the metabolism of
MDE and MDMA using an underivatized sample.
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Fig. 8-28. Chromatogram of a urine after consumption of MDE and MDMA.
1=MDA; 2 =MDMA; 3 = MDMA-met.; 4 = MDE

In sample preparation, the temperature for evaporation of the solvent should
not exceed 60°C, as some amphetamine derivatives are rather volatile. For the
evaluation of the mass spectra of amphetamine derivatives, it is preferable to
begin the scanning range at 50 Dalton. This avoids the unspecific but very
intense base peak at 44 m/z and makes it easier to interpret the mass spectra
obtained [55]. Advantage is taken of this technique in the mass fragments in
Table 8-16.
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Table 8-16. Amphetamine derivatives with RI and characteristic mass fragments

RI Name Characteristic masses with intensities
1100 Amphetamine formy! artifact 147, 921,, 56,00

1375 Ephedrine 146, 131, 58,00

1370 Ephedrine-M (nor-) 117, 105, 57 100

1230 Etilamphetamine 162, 148, 72100

2830 Fenetylline 326, 250, 207,

2125 Fenetylline-M (etofylline) 224,, 194, 180,60

1250 Fenfluramine 230, 159, 72400

1630 MBDB 207, 178, 135, 72100
1495 MDA 179, 136, 105,

1465 MDA-M (desmethylenyl-methyl-) 181, 138,00 122

1560 MDE 207, 163, 135, 72100
1465 MDE-M 181, 138,00 1225

1495 MDE-M (desethyl-) 179, 136,50, 105,

1640 MDE-M (desmethylenyl-methyl-) 209, 137,, 122, 72,100
1790 MDMA 193, 135, 58,00

1810 MDMA-M (desmethylenyl-methyl-) 195, 137, 58,00

1690 Mescalin 211,, 182,40

1195 Methamphetamine 148, 134, 58,00

1885 Methamphetamine-M (hydroxy-) 150, 135, 58100

1430 Methylephedrine 161, 115, 72100

1720 Prolintane 216, 174,, 126,00

2135 Prolintane-M (hydroxy-phenyl-) 232, 190, 126,44

1170 Propylhexedrine 155, 140, 58100

1475 Propylhexedrine-M (hydroxy-) 171, 156, 5800

Although many relevant substances can be determined with sufficient
sensitivity even without derivatization, it is preferable to acetylate the samples
as a standard procedure. After this acetylation, more characteristic mass spectra
are obtained (see Figs. 8-7 and 8-8), as the intensity of the molecule peaks
increases and fewer fragments are formed (Table 8-17) [55]. The identification
of the substances is also improved by the derivatization step. The samples
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shown in Fig. 8-29 contain small amounts of acetylamphetamine and the
derivatization products of some methylenedioxyamphetamines.

Table 8-17. Acetylated amphetamine derivatives that can be determined in urine

RI  Name Characteristic masses with intensities
1505 Amphetamine AC 177, 86,

1795 Ephedrine 2AC 249, 148, 58,4

1675 Etilamphetamine AC 205, 114,, 72,6

1995 MBDB AC 249, 176;; 72,

1860 MDA AC 221, 162,

1930 MDA-M 2AC 265, 206, 164,y

1985 MDE-AC 249, 162,

2080 MDE-M (desmethylenyl-methyl) 2AC 293, 206, 72,0

2140 MDMA AC 235, 162, 58,y

2115 MDMA-M (desmethylenyl-methyl) 2AC 279, 206, 58,4

1575 Methamphetamine AC 191, 100, 58,0

1995 Methamphetamine-M (hydroxy-) 2AC 249, 176, 58,4

1495 Methylephedrine AC 162, 134, 72,4

1510 Phentermine AC 191, 134, 117, 1005 58,4
2485 Prolintane-M (oxo-di-hydroxy-) 2AC 347, 279, 1984

1570 Propylhexedrine AC 197, 182, 1004

2390 Tryptamine AC 202, 143, 1304

2440 Tryptamine 2AC 244, 143, 1304
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Fig. 8-29. Chromatogram of the urine of an “Ecstasy” user after derivatization.
1 = amphetamine-AC; 2 = MDA-AC; 3 = MDMA-AC; 4 = MDE-AC

8.3.4 Designer Drugs

In order to circumvent the narcotics laws, chemical analogs of opioids or
hallucinogens, which are chemical entities of a new “design”, are synthesized
worldwide in various laboratories. Their pharmacodynamic effects resemble
those of the parent substances, which are covered by the narcotics regulations,
but their habit-forming potential is often many times greater (see Chapter 6).
The possibilities for varying the structure of the model substances in order to
develop substances with stronger effects are manifold. Thus, for example, over
1000 derivatives of fentanyl are theoretically possible, and there is a
correspondingly large number of substances that show hallucinogenic,
entactogenic or centrally stimulating effects.

The drugs are present in dangerously variable concentrations in the materials
that are consumed. This dose risk is further increased by the presence in the
product of impurities which are side products of the synthesis or starting
substances. The designer drugs are divided into five different groups, although
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the pharmacodynamic profiles of the various substances do not exactly coincide
with these groups.

8.3.4.1 Pharmacology and Metabolism

The substances most commonly referred to as designer drugs are derived from
amphetamine, which has been discussed in Section 8.3.3.
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Fig. 8-30. Fentanyl and derivatives not used medicinally

Fentanyl, a short-duration analgesic, is the parent substance of other
medicaments which are used in human and veterinary medicine and are
permitted for premedication for anesthesia, combination anesthetics and other
indications in the field of intensive medicine and anesthesia. All medical
preparations of this group have a short-term effect and are therefore of limited
interest for the drug scene. Drug abusers therefore prefer molecular variants
with longer-term effects, and approximately 30 of these are now available on the
illegal market. The fentanyls produce euphoric effects comparable to those of
heroin, and they may be used in combination with cocaine. The products that are
not used medicinally are therefore regarded in the drug scene as full substitutes
for heroin. Fentanyls are many times stronger than morphine in their effects,
fentanyl itself by a factor of 100-200, but the depressant effect on respiration is
marked, and artificial respiration is necessary in anesthesia. The danger of
overdosing and death due to respiratory paralysis is very great compared with
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heroin, and this is exacerbated by the variable purity of the illegal drugs. The
structures of the commonest products are shown in Fig. 8-30 [56].

The metabolism of the illegal substances of the fentanyl group probably
involves steps analogous to the deactivation of fentanyl and its derivatives used
in medicine. The oxidative N-dealkylation of the piperidine ring leads to the
corresponding carboxylic acid and norfentanyl derivatives. Other metabolites
are produced depending on which of the many possible substituents are present.
The great majority of these substances are excreted renally in the form of
inactive metabolites, and the proportion of unchanged fentanyl derivatives in the
urine is ca. 10% [44].
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Fig. 8-31. Phencyclidine derivatives

Phencyclidine and its derivatives are analogs of ketamine, which is used
therapeutically as an anesthetic. Phencyclidine itself, until the late 1970s, was
indicated for this use in the field of veterinary medicine, as in 1965 its use in
human medicine had been discontinued because it caused states of excitation
and confusion. The symptoms caused by abuse are strongly dependent on the
dose, ranging from feelings of euphoria and floating to paranoid states of
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excitement. Intoxicated patients show much reduced sensitivity to pain. Focal
and generalized attacks, which sometimes end in the status epilepticus, are not
uncommon. After resorption, phencyclidine, which is highly lipophilic, becomes
distributed in the body mainly in the fatty tissues and slowly finds its way into
the central nervous system (CNS). On prolonged use, the effects can persist for
several days because of the extremely long lifetime of the substance in the CNS.
Phencyclidine is hydroxylated in the liver and excreted via the kidneys mainly
as glucuronides of 4-hydroxypiperidine or 4-hydroxycyclohexyl derivatives,
which then appear in the urine along with the unchanged substance and
phenylcyclohexylamine. Figure 8-31 shows some of the many possible
phencyclidine derivatives, which differ primarily in the strength of their effects.
They include PCE, which has an effect approximately five times as strong as
that of phencyclidine (PCP) [57, 58].
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Fig. 8-32. Structural relationships between pethidine and prodines

The model substance of the prodines is pethidine (meperidine), a centrally
active analgesic with the 4-phenylpiperidinecarboxylic acid structure. The
prodines are really inverse pethidine derivatives, whose piperidine system is
linked by an ester bond to an aliphatic carboxylic acid. Important members of
this as yet not very widespread group include MPPP (1-methyl-4-
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phenylpropionoxypiperidine) and PEPAOP (1-phenethyl-4-phenyl-4-acetoxy-
piperidine). The effects and side effects resemble those of heroin, although the
possible side products of the prodine synthesis are responsible for the much
more problematical consequences of the abuse of this drug: MPTP (1-methyl-4-
phenyl-1,2,5,6-tetrahydropiridine) and PEPTP, the analogous N-phenethyl
compound (Fig. 8-32) cause destruction of dopaminergic neurones in the
substantia nigra and consequently the Parkinson syndrome [53].

The metabolism of the prodines must be assumed to be hydrolysis of the
ester, formation of the corresponding piperidinol derivatives, and N-
dealkylation, which is the most important step. Possible hydroxylation products
analogous to those formed in the metabolism of phencyclidine may also be
produced.

The analogs of the biogenic amine tryptamine are mainly found in plants, but
sometimes also in the animal kingdom (bufotenine), and are traditionally used,
especially in South America, as ritual drugs to produce prophetic visions
through hallucinatory experiences. The constituents of the plants used for this
are partly derivatives of the neurotransmitter serotonin (5-hydroxytryptamine).
Bufotenine, psilocine, psilocybine and 5-methoxydimethyltryptamine are also
consumed in Europe to some extent [15]. The effects of these natural drugs,
which last for several hours, manifest themselves as euphoria followed by
optical and acoustic hallucinations and psychedelic effects. There is a cross-
tolerance to the synthetic tryptamines, which produce the same effects. Of these,
dimethyltryptamine (DMT), its ethyl homolog (DET) and the more strongly
acting 2- and S-methoxytryptamines are in circulation and are so far not covered
by the narcotics laws. Fatalities following high doses of ethyltryptamine
(etryptamine or “love pills”) with co-consumption of alcohol have been
reported.

Tryptamines are metabolized in the liver partly to indoleacetic acid
derivatives. Psilocine, the active form of psilocybine, also occurs unchanged in
the urine [44].

8.3.4.2 Analysis

With the exception of the amphetamines, “designer drugs” are as yet rather
rarely used, as discussed in Chapter 2. Samples are very seldom submitted to
laboratories for analysis for these substances. This is especially true for the
derivatives of fentanyl. Because of the very low doses taken, the dealkylated
metabolites can only be determined by GC/MS. Figure 8-9 shows the
chromatogram of an analytical sample taken from a patient who had received
fentanyl in therapeutic doses.
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The dose rates associated with the phencyclidine derivatives require the
sensitive methods of determination which immunology and chromatography
provide. The immunological reagents marketed for the determination of
phencyclidine can determine phencyclidine (PCP) itself with the highest
sensitivity, followed by the thienyl derivatives and the N-alkylamines. Some
important cut-off values of immunological tests are listed in Table 8-18.

Table 8-18. Cut-off values of some phencyclidine derivatives in urine
Substance CEDIA®DAU Emit®d.au®  dau-TRAK®

Phenyicyclidine (PCP) 0.025 0.025 0.1

4-Phenyl-4-piperidinocyclohexanol

(4-OH-PCP) 0.032 - -
1-(1-Phenylcyclohexyl-4-hydroxy-

piperidine (PCHP) 1000 - -
1-(1-Phenylcyclohexyl-)morpholine

(PCM) - 0.09 -
1-(1-Phenylcyclohexyl-)pyrrolidine

(PCPy/PHP) 0.025 0.06 -
1-1-(2-Thienyl)-cyclohexyl-morpholine

(TCM) - 0.17 -
1-1-(2-Thienyl)-cyclohexyl-piperidine

(TCP) 0.1 0.03 -
1-1-(2-Thienyl)-cyclohexyl-pyrrolidine

(TCPy) - 0.075
N,N-Diethyl-1-phenyl-cyclohexylamine

(PCDEA) - 0.35 -
N-Ethyl-1-phenyl-cyclohexylethylamine

(PCE) 0.1 - -

®  The rapid tests MAHSAN-PCP (MAHSAN Diagnostika) and microLINE Screen for

PCP (mélab) can determine phencyclidine (PCP) at a urine concentration of 0.025
pg/ml and TCP at 2.5 pg/ml (MAHSAN or 0.05 pg/ml (microLINE).

The sensitivity of determination by GC/MS exceeds that by immunology, so
that concentrations as low as 500 pg/ml can be determined in the urine [59]. The
fragmentation of the variously substituted compounds (Table 8-19) enables the
consumed PCP derivatives and their metabolites to be distinguished from each
other.
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Derivatization with acetic anhydride increases the sensitivity towards the
secondary amines of the group and the hydroxylated phencyclidine metabolites.
The esters and amides so formed are listed in Table 8-20 below.

Table 8-19. Phenylcyclidine derivatives with characteristic masses

RI Name Characteristic masses with intensities
1910 PCP 243, 200,4, 186, 91,
1960 PCM 245, 202, 168, 9
1525 PCC 192, 191, 149, 122,,
2020 PCIP 258, 99,00

1570 PCDI (=PCDEA) 203, 160,4, 146,

1480 PCME 189,, 146,4, 91,6

1625 PCPR 2175 1744, 91,

1975 TCM 251, 165, 97100

1810 TCPy 235, 165,, 97 100

1535 TCDI 209, 165,, 97100

The chromatogram of a sample which contains phencyclidine (PCP) is
described in Chapter 13.

Table 8-20. Acetylated phenylcyclidine derivatives with characteristic masses

RI Name Characteristic masses with intensities
1920 PCE-AC 245, 188, 158, 91,00
1870 PCM-AC 231, 158, 91,00

1965 PCPR-AC 259, 158,; 91,00

Prodines and their metabolites, like the fentanyls, can be determined from
body fluids only chromatographically. As no urine samples have so far been
available to us for this type of analysis, Fig. 8-33 should be referred to. This
shows the results of an analysis after therapeutic consumption of 25 mg
pethidine, the model substance of the prodines.
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Fig. 8-33. Chromatogram of the urine of a pethidine consumer.
1 = pethidine; 2 = tramadol

8.3.5 Cocaine

Cocaine is used medicinally as a local anesthetic for the eye, but is traditionally
a drug of abuse. Because of the fall in the price of cocaine, its significance as an
addictive drug has greatly increased. Usually, cocaine is used by
polytoxicomane patients together with opiates, benzodiazepines and cannabis.

8.3.5.1 Metabolism

Only 1-4% of cocaine consumed is excreted unchanged in the urine. In urine
with an acidic pH, the unmetabolized fraction can rise to 9%. Cocaine is mainly
eliminated as benzoylecgonine and methylecgonine (Fig. 8-34), the metabolism
ratios of both metabolites being in the range 30-65%. After cocaine is
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consumed, the metabolites can be detected in the urine for 2-3 days, depending
on the dose. The amount of the unchanged substance after very high doses
reaches measurable concentrations.
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O-H Ecgonin

Fig. 8-34. Metabolism of cocaine
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8.3.5.2 Analysis

Both immunological and chromatographic methods are available for the
determination of cocaine consumption by urine analysis. Table 8-21 gives an
overview of the cut-off values of current immunological tests for
benzoylecgonine. Methylecgonine also shows appreciable cross-reactivity with
the antibodies in some immunological cocaine tests. The reaction behavior
towards cocaine itself is less favorable in most tests.

Table 8-21. Cut-off values of cocaine metabolites in urine [pg/ml]

Substance CEDIA®DAU Emit®d.au.  dau-TRAK® Triage™ 8®
Benzoylecgonine 03 03 03 0.3
Methylecgonine >10 000 0.12 - -

Cocaine 0547 - 0.3 0.75

The rapid single-step ToxiQUICK-C test (Biomar) detects benzoylecgonine at
concentrations above 0.05 pg/ml.

Benzoylecgonine and cocaine can be determined by HPLC/DAD, whereas
the molar extinction coefficient of methylecgonine does not permit UV
detection with DAD. To confirm a positive immunological result close to the
cut-off value, 5 ml urine should be prepared according to the method given in
Chapter 7. The determination of cocaine consumption with GC/MS is carried
out by measuring methylecgonine after injection of an underivatized urine
extract (Table 8-22). As can be seen from Fig. 8-35, an artifact is formed from
part of the methylecgonine by splitting off a water molecule. Benzoylecgonine
without derivatization is visible in the chromatogram because of the free
carboxyl group, but only in cases of high-dose cocaine consumption. To confirm
an immunological cocaine determination by GC/MS that is close to the
threshold, one of the derivatization methods mentioned below is recommended.

Table 8-22. Cocaine and metabolites that can be determined in urine

RI Name Characteristic masses with intensities
2200 Cocaine 303,, 1824 82,00
1280 Methylecgonine (-H,0), artifact ~ 181,, 152,46

1465 Methylecgonine 199, 82,00

2570 Benzoylecgonine 289, 124,,,
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Fig. 8-35. Chromatogram of the sample from a polytoxicomane with cocaine
consumption.
1 = nicotine; 2 = cocaine-met. artifact; 3 = methylecgonine; 4 = cotinine;
5 = meconine; 6 = codeine; 7 = morphine

As an alternative to methylation, treatment of the sample with a mixture of
pentafluoropropionic anhydride (PFP anhydride 100 pl, Aldrich 25, 238-7) and
pentafluoropropanol (PFP propanol 70 ul, Aldrich 25, 747-8) gives derivatives
that are easily measured [60]. The sensitivity of determination of
benzoylecgonine can be so much improved by derivatization that even
determination from serum is possible. Figure 8-17 shows a derivatized sample
in which the benzoylecgonine is present as the PFP derivative.
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8.3.6 Chlormethiazole

The range of uses of chlormethiazole extends from the treatment of
sleeplessness and mental disturbance of various origins to the prevention of
withdrawal symptoms and therapy for the various types of delirium during the
treatment of alcoholics. The therapeutic doses range from 200 to 4000 mg/day.
The elimination half-life lies between 3 and 7 h. The addictive nature of this
drug is so great that it should be prescribed to a patient for the minimum
possible time. Its therapeutic range is narrow. Overdosing or co-medication with
other substances such as ethanol etc. can lead to a large fall in blood pressure or
respiratory failure. Nevertheless, it is often abused by patients suffering alcohol
withdrawal symptoms, who consume chlormethiazole and ethanol at the same
time. Dose rates can sometimes rise to 20 g/day. The determination of
chlormethiazole metabolites in urine is therefore often of toxicological
significance.

8.3.6.1 Metabolism

Chlorme