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Upon selecting the appropriate specimen (1), the isolation of toxicologically relevant compounds
from the biological matrix is essential for their successful detection and identification in systematic
toxicological analysis (STA).

The following guidelines on sample preparation for the systematic toxicological analysis of
biological specimens provide recommendations for sample pre-treatment and sample extraction.
Due to the large number of toxicologically relevant compounds in STA, there is no one particular
standard procedure for a comprehensive sample preparation. Different procedures that have been
published in the literature are often complementary because they focus on a different spectrum of
targeted analytes. These procedures can be run in parallel or in sequence, and the analytical
toxicologist has to decide how they should be applied in each individual case to be investigated.
Therefore, sample preparation - like sample collection - is case-dependent in STA.

BACKGROUND

STA is the application of an adequate analyticetegy for the detection and identification of aany as
possible potentially toxic compounds and their foeliZes in biological samples. This usually invavéhe
detection and identification of a a “general unkh@s opposed to the confirmation or exclusion okapected
substance from a finite list.

In cases involving drug-facilitated crimes, atteatpand accidental poisonings, and in cases of niysgedeaths,
the most frequently used liquid specimens for STéwine and blood. In cases involving a living jegbserum
or plasma and in postmortem cases, vitreous humbrcarebrospinal fluid may be used as well. Infiblel of
postmortem toxicology, additional specimens suchasgric content, bile, different tissues, and kamples are
frequently analyzed.

Urine is the best specimen for comprehensive dnagpmison screening (2). The accumulation of drpggons,
and their metabolites in urine will often resulthigher concentrations than in blood, aiding inirtlietection;
moreover drugs and poisons can be extracted frame @ior days or longer. A disadvantage of urinecgpens
has to be recognized in instances where death ey rapidly after exposure to a drug or poidonthese
cases, the urine specimen may test negative farahsative agent, so caution must be used in direguasults
in such cases and alternative specimens must alaadlyzed.

In blood, serum, plasma, vitreous humor, cerebnadgiuid and tissue samples, the expected coratbmts are
often much lower than in urine but, due to the w&hotime-window for their detection, there is ardiéidnal
possibility for the interpretation of a possibléoxication or an impairing effect at the time ofgaing or the
moment of death.

In order to detect phase Il metabolites of drugs$ poisons as well, a further pre-treatment step wihydrolytic
cleavage of the conjugate bond (de-conjugation) gtitong acids, bases, or enzymes must be perfopniadto
extraction. Care has to be taken to avoid the diedian of analytes and the formation of by-prodaetd artifacts
(due to the possibly too harsh conditions of samppdtreatment).



Because the physico-chemical properties of toxgiokdly relevant compounds differ greatly, non-séle
extraction procedures are needed which cover a wadiety of possible target compounds. Differenthods
have been applied to isolate drugs from biologgmdcimens; the most frequently used procedure$icarid-
liquid extraction (LLE), and solid-phase extracti@PE).

In order to monitor the whole STA procedure, ingrstandards that mimic the physico-chemical prigeiof
the possible analytes have to be added at thegtgplbssible stage (prior to sample pre-treatment).

The recommendations that follow are specific teesas which STA will be performed on biological speens.



RECOMMENDATIONS

1.0 - INTERNAL STANDARDS

For any STA procedure, the internal standards shimgresent acidic, neutral, and basic compoundkffefent
polarity and volatility, during the steps of samppge-treatment, extraction, fractionation, purifioa,
concentration, derivatization (if applied), sep@amatand detection. Therefore, multiple internalnstards should
be added at the earliest possible stage in a waty tbmogeneity of the sample is guaranteed anckiprot
precipitation by the organic solvent added withititernal standard is prevented. The added corat@nirshould
be representative for the case under investigai@og. between therapeutic and toxic concentrati@table
isotope-labeled internal standards are recommewndieth mass spectrometry is applied as a detectiomitpoes;
active drugs should only be used as internal stdsdahen no alternative is available and after fingotheir
absence in the sample.

2.0 - HEADSPACE ANALYSIS AS PART OF STA (3-5)

Volatile substances are often implicated in forersses as a result of substance abuse, accideiates, for
physiological reasons, therapeutic use, industsipbsure, or criminal utilization.

Additional screening for volatile substances is iadispensable part of STA because these substearees
generally not detected after usual sample preparatly LLE or SPE.

Volatile compounds are mostly eliminated, unchangedexhalation. Blood can therefore be used tealéhese
substances. Often a simple dilution with a buféethe only sample preparation needed.

When static headspace GC is used as the identficabd detection method, special attention shbelgaid to
the choice of conditions for sample pre-treatmeair(ple pH, ionic strength, incubation temperatare) GC-
temperature and GC-column (polarity, film thicknegs order to optimize extraction yields and separa
capacity.

When classical headspace equipment is not availadilgic solid-phase micro extraction (SPME) is an
inexpensive, easy to use alternative. Different §HMer types allow the adsorption of volatile asei-volatile
compounds onto the fiber, from which they are thatesorbed in the GC injector. The choice of filypet the
conditions for sample pre-treatment (sample pHicistrength, stirring, incubation time and tempeara} as well

as headspace and desorption conditions (time, t@tupe, and fiber carry-over) need to be considehathg
development of the procedure.

An enhancement of extraction yields is possiblegisiynamic extraction methods, such as solid-pdgmamic
extraction (SPDE) and in-tube extraction (ITEX).vitwer, they require special equipment and automatio

3.0 - SAMPLE EXTRACTION

3.1 - Sample Hydrolisis

Beta-glucuronidation of hydroxyl-, carboxyl-, aminand thiol-groups as well as sulfation of hydrexghd
aminogroups are the major phase Il metabolism pathwr he resulting glucuronated and sulfated caigsyare



relatively stable. For a proper detection of theepacompound and phase | metabolites, hydrolgsieeded, and
this procedure is therefore frequently appliedrinaisamples.

Hydrolysis can be performed in a strong acidic @sib milieu. Incubation at 100A°C accelerates thardlysis

and yields almost complete cleavage. Standard guwes use 37% hydrochloric acid for 15 min at 1GDA°
When time is a limiting factor, this type of hydysis is often preferred. However, the disadvantsgthe

destruction of compounds sensitive to strong acidti@lkaline conditions, such as benzodiazepinesaioe,

acetylated opiates, etc. Therefore the applicatiostrong acids or bases for hydrolysis should dsdricted to

emergency cases, where fast results are essential.

In all other cases enzymatic hydrolysis shouldéx@fed: Although more time-intensive, cleaner etraan be
achieved and, due to mild hydrolysis-conditionabsity of the analytes as well as a minimum offacts can be
expected.

Different types of enzymes are commercially avadabut the most frequently used are Beta-gluculase from
E. coli or Helix pomatia, sometimes combined withlgulfatase. In order to achieve reliable resitlis crucial to
pay attention to the pH and temperature optimahef different preparations of purified glucuronidassd
sulfatase.

Beta-glucuronidase from E. coli provides the latge$ optimum of all glucuronidases, which is sikthbetween
5.5 and 7.5, whereas Beta-glucuronidase from Hpalinatia works best between pH 4.5 and 5.5. Thedestyre
optimum for Beta-glucuronidase from E. coli and ilgdomatia lies at 50°C and 60°C, respectively.aBet
glucuronidase-arylsulfatase from Helix pomatia fles the advantage of the cleavage of glucuromdesalfate
conjugates at the same time, but the glucuronideBeity is not as high as in the E. coli prepamatiMoreover,
E. coli solution leads to cleaner extracts in congoa to Helix pomatia Beta-glucuronidase/ arylatae.

A typical procedure for the enzymatic hydrolysisgidcuronides is to mix 1 mL of urine with interrethndards
(glucuronides) and 1 to 2 mL of buffer and theratlnl Beta-glucuronidase (approx. between 1.000 ar@b@
units per mL urine) and - when necessary - sukatasl incubate at 37° overnight (approx. 16 hjatdeast 90
min at 50°C. After incubation, the pH of the sadutiis adjusted appropriately for liquid-liquid ooligl-phase
extraction.

The cleavage of ether groups such as morphinedsgunide generally takes more time than hydrolydis
phenolic glucuronides like morphine-3-glucuronide.

In general glucuronides should also be added emigltstandards when a hydrolysis step is applied.

3.2 Sample Pre-Treatment

Immunoassays and some analytical instruments (@sdC-MS) can handle direct application of urinengkes
(sometimes after dilution) or precipitated bloodhe$e are rapid and simple procedures, but immuagasse
restricted to a very limited number of target atedy and the co-injected large amount of matrix maunmds can
interfere with the ionization process in LC-MS (dan suppression). Moreover, when precipitatioapplied - or
occurs unnoticed during sample preparation - aeslgtn be lost by adsorption and occlusion. In Stigh
approaches are risky, because neither the targgtaands nor the composition of the matrix are knawthe
beginning of the analysis. Therefore sample prejoeras a key issue in STA, and can only be singalifwhen
the toxic compounds can easily be separated frareds volatile matrix components (e.g. gases atatile
compounds) or special extraction devices can bdiegpigsuch as solid-phase micro extraction; SPME) a
described above. However, the isolation of the irgrd group of less volatile drugs (such as moagshof-



abuse, pharmaceuticals, herbicides and pesticigesgrally requires more complex procedures for samp
preparation.

Samples that are comparable to a purely agueousicsol(such as urine) require only a minimum of plm
pretreatment (such as dilution and centrifugatifmm) further LLE or SPE. Biological specimens thantain
proteins (such as blood, vitreous humor, and cesglimal fluid) require special attention and oftermore
intensive pre-treatment (such as additional profgiecipitation - bearing the risk of analyte logsfore
extraction. In all cases where homogeneity of spens is questionable (this is true for nearly aktmortem
specimens) and in the case of solid specimens (aactissue samples), homogenization with a mecaknic
blender (such as Ultra-Turrax Tube Drive, IKA, Sey Germany or gentleMACSA4,¢ Dissociator, Miltenyi
Biotec GmbH, Bergisch Gladbach, Germany) or witissurs (followed by enzymatic/proteolytic digestiwith
trypsin or other peptidases and subsequent fdmafdr elimination of crude residues) is necesgaigr to any
further pre-treatment and extraction.

A high protein content of the sample will result émulsions with LLE and, together with other induéu
particulate materials, may impede the flow of thecsmens through the SPE cartridges and adsoranilgtes.
Different techniques to remove proteins by preatfh have been applied. An example would be tlop-ty-
drop addition of an organic solvent such as acttlenimethanol, or acetone (about three timesvitiame of
sample) while vortexing. As mentioned before, grofgecipitation bears the risk of adsorption andlasion of
target compounds, resulting in low recovery rated, an the worst case, in failure to detect thenégal
unknown" .

Simply diluting or homogenizing the sample withappropriate buffer (such as 0.05 M phosphate bpifei7.4;
by a ratio 1:5 to 10; v/v) can therefore be thdgrable solution. This common approach facilitatesspecimens
flow through a SPE cartridge by reducing the sasiplescosity. In addition, the sample may be treatean
ultrasonic bath, and after centrifugation and/tirdfiion the resulting supernatant is then usedHerextraction.
This approach is also applicable to putrefied postem tissue samples if dilution is increased (ntbes 1:10).

3.3 Liquid-Liquid Extraction (LLE).

LLE is recommended as a fast, inexpensive andi@ffiqgorocedure and works especially well with bgal
fluids with very low protein content. Moreoverjstbased on well-defined thermodynamic relationslaipd has a
wide dynamic range (6).

The extraction should be performed at various pies(e.g. pH 2 to 3 and pH 8 to 9) and the pthefdample
has to be strictly controlled, therefore adjustmeitit buffer solutions is recommended:

« Acidic buffer (such as sodium dihydrogen phosphate)

e Weakly basic buffer (such as sodium hydrogen cat&)r(for amphoteric drugs, such as morphine, the
basic phase should not exceed the pH of 9)

e Saturation with neutral salts is recommended (¢agl)

« A phase ratio (organic/aqueous) of one to two ghbelthe aim in order to avoid co-extraction chi@é
amount of interferences

The following mixtures of solvents have been recanded for use in STA procedures (7,8):

« Diethyl ether/ethyl acetate (1:1; v/v)
« Dichloromethane/isopropanol/ethyl acetate (1:1/2wYy



It should be kept in mind that these two solversgehbeen applied mainly for the screening of unmeen used
with other matrices (e.g. tissue samples) dirtyaets can be expected. Therefore additional savenmixtures
and special extraction procedures might be necggsseiuding derivatization techniques (such astyagon,
methylation, and silylation) (9-12).

For an example of the consecutive extraction oftnaguacidic and basic compounds, see the following
comprehensive extraction scheme for STA:
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Figure 1: LLE Scheme for STA (click on picture to enlarge)

Emulsions: During LLE, stabile emulsions can ocdarthis case the problem might be overcome byeei#tn
increase of the phase ratio (organic/aqueousytaration with neutral salts, or freezing of thei@ous phase, or
the application of supported LLE (adsorption of #tpieous phase on diatomaceous earth before éxtradgth
water immiscible organic solvent).

3.4 Solid-Phase Extraction (SPE)

SPE may be used as an alternative to LLE, espgei@ién specimens containing high amounts of prdtaire to
be extracted, or automation of the whole extractioocess is needed. SPE has been successfullyedppli
postmortem toxicology to extract body fluids ars$tie samples, when appropriate sample dilutiorusag (20).
Sample pre-treatment (as described above) is éssenEPE to allow continuous flow of the speciméhrough
the SPE cartridges and to avoid clocking.

SPE vyields high extraction efficiency, which accoodates smaller sample sizes, thereby reducing reolve
consumption. The analytes are isolated from theeaas sample onto a solid sorbent; for STA prefgrabl
sorbent that shows a minimum of selectivity. Thesdents can be based on either surface-modified siith a
non-polar retention mechanism (such as RP2 up ttBRPr they are polymerbased, also with a hydrbmho
character. Some polymeric sorbents additionallywshgdrophilic characteristics via polar-modificatio



Based on these sorbents, so-called &€cemixed-mdaenssh€ce with additional electrostatic interacti(such as
cation exchange) have been developed. They areently applied for STA, because they allow obtaina
sequential isolation of acidic/neutral compoundd aasic compounds. The two extracts are usuall{yzeth
separately in order to facilitate the proper sefi@raand detection of basic compounds, as the admact is
cleaner than the acidic/neutral one. Additionallgshing- and elution-steps have to be optimizeéwoid

discrimination of certain analytes.

Examples for the application of SPE in STA candaenfl in the literature (13-23).
3.5 Derivatization

To enlarge the spectrum of detectable substances BIC is applied as a detection-technique, deziatdin can
be performed prior to or during the extraction.

An important prerequisite for this approach is dvailability of reference data (e.g. retention tineass spectra)
for the corresponding derivatives of toxicologigalelevant compounds. Trimethylsilylation is onetioé most
common derivatization techniques for GC analysisweler, acetylation (e.g. with acetic anhydride) Basic
and neutral compounds and methylation (e.g. walzalinethane) for acidic drugs prior to or duringdlkeaction
have been proposed (9,11,12,24-26).

Silylating agents are able to react with a widecgpen of functional groups (hydroxyl-, carboxylmalic-, and
amino-groups) and for this reason silylation istipafarly suitable for STA. However, silyl-derivaés are very
sensitive to moisture and therefore the reactiaulshoccur under strictly anhydrous conditions.id#ht and
reproducible silylation may be obtained with a met of MSTFA-toluene (1:4 v/v) containing 5% TMCS
prepared just before use and filtered over anhyismaium sulphate (30 min at 75A°C or 1 min in arowave
oven, 2450 MHz, 750 W). A further advantage oflatipg agents is that they do not require evapomadif the
excess reactant prior to GC separation (24).

3.6 General Remarks

Every extraction procedure consists of severalsstepd each one of them can aid or impair the dveral
performance. For example, the removal of solverggeds special attention, because some semi-volatile
compounds (such as amphetamines) can easily bédtlisstherefore crucial to evaluate the concditnastep and

all other steps of the chosen extraction procedarefully. Substances with different physico-chexhproperties
should be used for extensive testing under laboratonditions to ensure the procedures' "fitnesspiapose”

and to explore its limits.



SUMMARY

These guidelines should assist forensic toxicotedisthe process of developing an adequate syrébegample
preparation, because this is a crucial part ofSf& procedure. The isolation and enrichment ofdokigically
relevant compounds is the prerequisite for thelisegquent detection and identification. There isara single
procedure that covers all toxicologically relevanbstances, therefore complementary techniquesxtoaction
have to be combined.

Since no selective clean-up is possible in STArgd number of interferences from the sample maiithbe co-
extracted. Therefore powerful analytical proceduaes necessary to ensure sufficient separationaaodrate
detection and identification of the unknown compasin
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