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SUMMARY

Two liquid — liquid (LLE) and three solid phase (SPE) extra-
ction methods for the GC/MS analysis of serum samples
have been evaluated as a function of time, repetability and
chromatographic cleanness of the extracts. 45 common
drugs (representative for the following pharmacological
classes: sedatives, antidepressants, opiates, barbiturates,
analgesics, anti-epileptics and beta blockers) have been stu-
died. Very clean extracts could be obtained by “back-extrac-
tion” of alkaline extracts (LLE “A” method) but at the price
of low extraction yields and the loss of acidic substances.
The more straightforward alkaline extraction ("LLE B"
method) was fast but the extracts contained many endoge-
nous molecules. The SPE methods (using Chromabond,
Certify and Clean Screen cartridges) all gave good extrac-
tion yields with relatively low standard deviation but they are
time consuming and thus may be mainly interesting when
time is not a limiting factor.
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RESUME

Deux méthodes d’extraction liquide-liquide (LLE) et trois
méthodes d’extraction en phase solide (SPE) pour des ana-
lyses d’échantillons de sérums par CGP/SM ont été évaluées
en fonction du temps, de la répétabilité et de la propreté des
chromatogrammes obtenus avec les extraits. 45 médicaments
usuels (représentatifs de classes pharmacologiques sui-
vantes :@ sédatifs, antidépresseurs, opiacés, barbituriques,
analgésiques, antiépileptiques et béta-bloquants) ont été tes-
tés. Des extraits trés propres ont été obtenus par ré-extrac-
tion d’extraits alcalins (méthode LLE “A”) mais au prix de
rendements d’extraction faibles et de la perte des substances
acides. L’extraction alcaline directe (méthode LLE “B”) est
rapide, mais les extraits contenaient de nombreuses molé-
cules endogénes. Les méthodes SPE (faites sur colonnes
Chromabond, Certify et Clean Screen) ont toutes donné de
bons rendements d’extraction et des coefficients de variation
relativement faibles mais elles sont lentes et sont probable-
ment plus intéressantes pour les investigations ou le temps
n’est pas un facteur limitant.

MOTS-CLES
Extraction en phase solide, extraction en phase liquide/liqui-
de, analyses CPG/SM.
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Introduction

High Performance Liquid Chromatogrpaphy — Diode
Array  Detection (HPLC-DAD) and Gas
Chromatography/Mass Spectrometry (GC/MS) are the
techniques which today are established in most labora-
tories for routine toxicological screening (1, 2).

Reverse phase-HPLC coupled to UV-DAD gives high-
ly repeatable results and limits of detection (LOD) and
limits of quantification (LOQ) sufficiently low to allow
detection and quantification of many drugs frequently
encountered in acute intoxications (3). Its limitations
however are the similarity of many UV spectra (benzo-
diazepines, tricyclic antidepressants, ...), relatively low
separation capacity of the columns (frequent overlap-
ping of peaks) and the impossibility to detect drugs not
absorbing in the UV range (e.g. valproic acid, mepro-
bamate).

GC/MS on the other side generally gives good separa-
tion and the fragmentation pattern observed in MS
spectra generally allows unambiguous identification of
the compounds detected. Serum analysis by GC/MS
however is of limited popularity as endogenous biomo-
lecules, present in high concentration, often interfere
with the drugs that are to be detected. The work-up of
serum in order to carry out GC/MS analysis is always a
compromise between (a) pure extracts but low extrac-
tion yields with the risk of not detecting important
xenobiotics and (b) high extraction yields but presence
of endogenous compounds with the risk of chromato-
graphic interferences.

The aim of the present work was to compare the analy-
tical performances of 5 different extraction methods
[two involving liquid-liquid extraction (LLE) and three
involving solid phase extraction (SPE) using commer-
cially available cartridges for serum analysis by
GC/MS. A general overview of the use of SPE in syste-
matic toxicological analysis has been published (4).
45 drugs frequently encountered in clinical and forensic
toxicological analysis have been investigated by using
spiked serum samples. Evaluation of the extraction
methods will be discussed as a function of (a) the time
needed for the extraction procedure, (b) the extraction
yield (carried out on a limited number of drugs) and (c¢)
the cleanness of the extracts e.g. presence of endoge-
nous substances interfering with the xenobiotics

Materials

Chemicals and reagents

Ethyl acetate, methanol, hexane, dichloromethane and
2-propanol were purchased from Lab-Scan analytical
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sciences (Labscan Ltd., Dublin, Ireland). 1,2-dichlo-
roethane was obtained from Sigma (Steinheim,
Germany). Acetic acid, concentrated HCl, NaOH and
pyridine were obtained from UCB (Louvain, Belgium).
Acetic anhydride was purchased from Fluka (Buchs,
Switzerland). Ammonium sulphate and potassium
dihydrogenophosphate were obtained from Merck
(Darmstadt, Germany).

Chromabond C18ec cartridges were purchased from
Macherey-Nagel (Hoerdt, France), Certify cartridges
were purchased from Varian (Zaventem, Belgium) and
Clean Screen cartridges were purchased from SDS
(Seltz, France).

Instrumentation

Electron impact (EI) mass spectra were recorded with
a mass selective detector from Hewlett-Packard
(5971 A-Series II) fitted with a 12 m Ultra-2 capillary
column from HP with 0.2 mm internal diameter and
0.33 mm film thickness. Helium was used as carrier gas
at a flow rate of 0.5 ml/min. The ionisation voltage was
70 eV, the injector temperature was 260° C and the
detector temperature was 280° C. The initial column
temperature was 70° C (2 min.) ; ramp 20° C/min ; final
temperature 280° C (11.5 min). The MS spectra were
recorded in scan mode from 50 — 650 Thompson.
Injection was in the splitless mode.

Extraction methods
1) Method 1 : LLE "A'" (back-extraction)

To 0.5 ml of the spiked serum specimen were added
0.5 ml of a saturated ammonium sulphate solution,
0.5 ml of pH 9.5 ammonium buffer and 5 ml of extrac-
tion solvent (hexane/dichloromethane/2-propanol,
60/40/2, v/v/v). The solution was mechanically agita-
ted for 5 minutes and centrifuged for 3 minutes at
4000 rpm. The layers were separated then 3 ml of water
and 50 pl of HCI 12 M were added to the organic layer.
After agitation and centrifugation as above, the
aqueous phase was neutralised with 50 ul NaOH 12 M
and 1 ml of pH 9.5 ammonium buffer was added.
Extraction of this layer with the same solvent as above
was then carried out. . '

After evaporation of the organic layer at 40° C under a
stream of nitrogen, the residue was acetylated using
50 pl of pyridine and 50 pl of acetic acid anhydride for
20- minutes at 90° C. The mixture was evaporated at
40° C with nitrogen and the residue was dissolved in
100 pl of ethyl acetate / methanol (9/1 v/v). 1 ul of this
solution was injected into the GC/MS system.
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2) Method 2 : LLE "B"

The initial method has been described by Brau et al.
(5). It has been used with some modifications.

To 0.5 ml of serum were added 1 ml of pH 9.5 ammo-
nium buffer, 0.5 ml of a saturated ammonium sulphate
solution and 5 ml of the extraction solvent consisting in
1,2-dichloroethane / dichloromethane / hexane / 2-pro-
panol (96/52/132/20, v/v/v/v). The mixture was agita-
ted for 5 minutes and centrifuged for 5 minutes at
5000 rpm. Acetylation and final work up was carried
out as described for method 1.

3) Method 3 : SPE Chromabond C18ec
(250 mg)

Conditioning of the cartridges was carried out with
1 ml of methanol followed by 1 ml of deionised water.
0.5 ml of spiked serum was adjusted to pH 9.5 with
0.5 ml ammonium buffer and deposited on the cartrid-
ge. The cartridge was then washed twice with 0.5 ml of
a H,O / methanol (1/3, v/v) mixture and once with
0.5 ml of n-hexane. It was then centrifuged for 1 min at
5000 rpm. Drugs were eluted with 2 x 750 ul of metha-
nol / dichloromethane (1/1, v/v). Acetylation and final
work up was carried out as described for method 1.

4) Method 4 : SPE Certify (130 mg)

The cartridges were conditioned by 2 ml of methanol
followed by 2 ml of pH 6.0 phosphate buffer. 0.5 ml of
the serum was then deposited on the cartridge. The car-
tridge was washed successively with pH 6.0 phosphate
buffer (1 ml), a mixture of pH 6.0 phosphate buffer /
methanol (8/2, v/v) (1 ml) and 1 M acetic acid (1 ml),
then dried under vacuum for 2 minutes. Washing was
continued by passing 1 ml of hexane over the cartridge,
drying under vacuum for 5 min and centrifugation at
5000 rpm for 1 minute. Drugs were eluted using 2 ml
of a mixture of dichloromethane / 2-propanol / ammo-
nium hydroxyde (85/15/2, v/v/v). Acetylation and final
work-up was carried out as described for method 1.

5) Method S : SPE Clean Screen (200 mg)

‘Conditioning of the cartridges was carried out using
successively 3 ml of methanol, 3 ml of deionised water
and 1 ml of pH 6.0 phosphate buffer. 0.5 ml of the
serum was adjusted to pH 6.0 by adding 0.5 ml of phos-
phate buffer and deposited on the cartridge. The car-
tridge was washed with 3 ml of deionised water and
1 ml of acetic acid 1M and then dried for S minutes
under vacuum. Washing was carried out by 2 ml of
hexane followed by drying under vacuum for 2
minutes. Acidic and neutral substances were eluted by
a mixture consisting of hexane/ethyle acetate (1/1, v/v).

The cartridge was then washed with 3 ml of methanol
and dried for 5 minutes under vacuum. Alkaline sub-
stances were eluted using a mixture of dichlorometha-
ne / 2-propanol / ammonium hydroxide (78/20/2,
v/v/v). The elutes were mixed and evaporated under a
flux of nitrogen. Acetylation and final work up was car-
ried out as described in for method 1.

6) Determination of extraction yield

Extraction yields (E.Y.) have been determined for ali-
memazine, amitriptyline, fluoxetine, methadone, mor-
phine and diazepam, using methaqualone as internal
standard. In order to be in the best possible conditions,
we used rather high concentrations of drugs and inter-
nal standard: alimemazine 1.0 mg/L, amitriptyline
2.0 mg/L, fluoxetine 2.0 mg/L, methadone 1.0 mg/L,
morphine 1.0 mg/L, diazepam 1.0 mg/L, methaqualone
10 mg/L.

Each extraction method was performed 5 times using
spiked serum specimens and methaqualone as internal
standard (A). Each extraction procedures was then per-
formed once more using serum spiked with methaqua-
lone only. In these cases, the drugs were added to the
serum extracts at a concentration corresponding to an
extraction yield of 100 % (B). The extraction yield was
calculated as follows :

[TIC (A) drug / TIC (A) methaqualone] / [TIC (B) drug
/ TIC (B) methaqualone] x 100

(TIC = total ion current).

Results and Discussion

The five extraction methods were chosen as a function
of the specific advantages they were supposed to offer.
Typical chromatograms obtained by the 5 extraction
procedures, from the same spiked serum specimen are
presented in figure 1.

The method “LLE A” involves 2 extraction steps. It has
been designed in order to eliminate the maximum of
acidic substances, i.e. fatty acids and cholesterol which
are usual interfering compounds in GC/MS. The
method thus has the theoretical advantage of providing
clean chromatograms but has the drawback that most of
the acidic substances will be lost. The "LLE B" method
involves a single extraction step in alkaline condition;
it is the fastest of all the methods tested. The extraction
solvent has been optimised for alkaline substances, aci-
dic drugs bring generally present at high concentrations
and a relatively low extraction yield still being suffi-
cient for their detection and also for semi-quantitative
estimation if the adequate internal standard is used.
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Figure 1 : Typical chromatograms obtained by the 5 different extraction procedures (zoom 7-15 minutes, A = methadone, B =
methaqualone, C = amitriptyline, D = fluoxetine, E = alimemazine, F = diazepam, G = diacetylmorphine).
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The extraction mixture has the advantage of being of
lower density than the serum layer making its recovery
easy and still possesses the extraction quality of chlori-
nated solvents.

The three SPE methods show important differences.
The SPE cartridges used were an "end-capped" C18
from Chromabond and two different “mixed” cartridges
(Certify and Clean Screen) with 50 % C8 modified sili-
ca (using non-polar Van de Waals forces for retention)
and 50 % ionic groups (using polar cation-anion inter-
actions for retention). These cartridges are generally
recommended for the extraction of drugs and drugs of
abuse from biological matrices. SPE is more time
consuming than LLE but cleaner extracts can be obtai-
ned. The Certify and Clean Screen cartridges gave inter-
esting low abundances in endogenous fatty acids and
still good extraction yields for the drugs tested. The
methaqualone peak (10 mg/L, retention time 10.40 min)
is the most important peak in these chromatograms.

The approximate time needed for the extraction (inclu-
ding evaporation of the solvent (10 min) and derivati-
sation procedure (20 min)) to be completed are given in
table 1. The "LLE B" method is the fastest and the
easiest to perform. This may be an important conside-
ration in acute intoxication cases where time is an
important factor. The "Clean Screen" extraction proce-
dure is the most time consuming because two different
elution steps (one for alkaline and one for acidic and
neutral drugs) are used.

The extraction yields are given in table II.

Back-extraction (method "LLE A") gave very low
extraction yields for morphine and nordazepam. This
may be explained by the amphoteric nature of these
compounds. For example, the pKa values for morphine
are 7.93 (tertiary amine) and 9.63 (phenolic hydrogen).
At the working pH of 9.5, an important fraction of mor-
phine is in the ionic form, thus being soluble in the
aqueous layer and diminishing the extraction yield.

Much better results were obtained by the “LLE B"
method with extraction yields varying between 33.3 %
(morphine) and 74.0 % (alimemazine and diazepam).
The presence of non-polar n-hexane in the extraction
phase was probably responsible for the relatively high
extraction yield of diazepam. The extraction yield of
morphine was better for "LLE B" because the method
only consists of 1 extraction step as compared to 3
extraction steps in "LLE A". A drawback of the "LLE
A" method is the high RSD values as compared to the
other methods. Relatively constant and high extraction
yields (above 65 %) were obtained using SPE methods.
RSD values obtained by Chromabond and Certify car-
tridges are higher for most substances than those obtai-
ned by Clean Screen cartridges, which might be explai-
ned by non-homogeneous extraction phase support.

A limiting factor of GC/MS analysis of serum extracts
often is the presence of large amounts of endogenous
biomolecules which overlap with relatively small
amounts of xenobiotics. The extraction procedure aims
at eliminating these interfering substances. The relative
amounts of the most important endogenous molecules

Tableau I : Approximate time needed to complete the extractions (including evaporation and derivatisation steps).

LLE A

LLEB

-Chromabond

Certify

CleanfSéreen

Time (min)

65

45

65

70

95

Tableau 1I : Extraction yield of selected drugs from spiked serum (E Y = extraction yield, RSD = relative standard deviation,

n=>5).

LLE A LLEB Chromabond Certify Clean-Scre‘eri
EY RSD EY RSD EY | RSD EY RSD EY | RSD

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Alimemazine 48.7 12.8 74.0 28.9 94.6 21.2 94.4 11.3 76.2 7.6
Amitriptyline 33.5 20.5 82.6 28.5 83.7 12.2 85.7 12.1 77.2 2.3
Fluoxetine 43.6 20.2 82.2 334 89.0 14.6 88.3 9.8 67.1 8.2
Methadone 499 10.9 89.5 20.2 109.5 34.9 77.0 9.8 79.5 10.6
Morphine 7.1 9.3 333 46.1 94.8 8.3 65.6 26.3 76.1 10.6
Diazepam 9.7 10.7 74.0 28.0 107.8 19.4 87.3 14.4 60.4 59
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Tableau III : Drugs used for the comparative study of extraction methods. (C = Chromabond, D = Certify, E = Clean Screen,
= not detected, “+” = low intensity peak, “++" = high intensity peak).

&y

Therapeutic Conc.

Drug range (mg/L) (mg/L) LLEA | LLEB C D E
Alimemazine 0.05-0.40 0.40 ++ ++ + + -
Alprazolam 0.02-0.06 1.00 - - - - -
Alprenolol 0.05-0.10 1.00 ++ ++ ++ ++ ++
Amitriptyline 0.05-0.20 0.20 ++ ++ ++ ++ ++
Atenolol 0.20-0.60 1.00 - - - -
Bromazepam 0.08-0.17 2.00 + - ++ - -
Carbamazepine 4.50-9.00 5.00 - ++ + ++
Clomipramine 0.05-0.15 0.20 - ++ + ]
Codeine 0.01-0.05 2.00 ++ ++ ++ + -
Desipramine 0.08-0.25 0.25 + + ++ + o+
Diazepam 0.13-0.75 0.20 - ++ ++ + +
Diclofenac 0.05-0.50 3.00 - ++ + +
Diltiazem 0.05-0.30 1.00 + + +
Diphenhydramine 0.03-0.11 1.00 ++ + ++
Dosulepine 0.05-0.15 0.40 ++ ++ ++ + ++
Doxepine 0.10-0.25 0.25 ++ ++ + + ++
Doxylamine 0.07-0.20 1.00 + ++ - ++
EDDP 0.10 0.50 - - - - -
Ethosuximide 40.0-100.0 25.00 - + ++
Flunitrazepam 0.01-0.02 1.00 - + -
Fluoxetine 0.09-0.50 0.50 ++ ++ ++ ++ ++
Imipramine 0.05-0.15 0.20 ++ ++ + +
Levomepromazine 0.03-0.15 0.10 -
Lorazepam 0.02-0.30 1.00 - + -
Lormetazepam 0.00-0.01 1.00 - ++ ++ ++ ++
Meprobamate 10.0-25.0 20.00 + + - + +
Methadone 0.10-0.75 1.00 ++ ++ ++ + ++
Metoprolol 0.10-0.60 1.00 + + + + +
Morphine 0.08-0.12 0.20 - + -
Nordazepam 0.20-0.80 1.00 - + + +
Nortriptyline 0.12-0.25% 0.25 + + ++ + ++
Oxazepam 1.00-2.00 2.00 - - ++ + -
Paracetamol 10.0-25.0 10.00 - + + + +
Phenobarbital 20.0-40.0 30.00 + + - ++ ++
Phenytoin 8.0-20.0 5.00 - + + ++ +
Pholcodine 0.50 1.00 + + + - +
Promazine 0.10-0.40 0.10 - + + ++ -
Propoxyphene 0.10-0.75 1.00 + ++ ++ ++
Propranolol 0.05-0.15 1.00 - + +
Prothipendyl 0.05-0.20 0.50 + ++ ++ ++
Sulpiride 0.04-0.60 0.50 - + ++ + -
Temazepam 0.30-0.90 0.40 - ++ + + +
Thioridazine 0.20-1.00 1.00 - + + + +
Trazodone 0.07-1.70 2.00 - - - -
Verapamil 0.09-0.35 1.00 - - - - -
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(myristic acid, palmitic acid, linoleic acid and choles-
terol) are highest for the “LLE B” method and lowest
in the “LLE A” method. Intermediate results are obtai-
ned by the SPE methods (all extractions have been per-
formed on the same serum). The absolute amounts of
fatty acids recovered are of course depending on the
amount present before extraction and these vary from
one serum to the other.

In table III are represented all the 45 drugs tested by the
5 different extraction methods. The therapeutic ranges
(6) and the concentrations used in this study are given
together with an indication of the peak height at the
chosen concentration. The concentrations of several of
these drugs were chosen above therapeutic levels
because they are not easily detected by GC/MS in the
full scan mode.

It has to be emphasized that no simple relation exists
between a good extraction yield and the peak height of
the substance on the chromatogram. Thermal instabili-
ty, non-volatility of the substance, low ionisation yield
or overlapping of different peaks may significantly
reduce the detectability of a drug.

Conclusion

The choice of an extraction method for a "general unk-
nown" screening is always a compromise between rapi-
dity and quality (cleanness) of the extracts. Of the five
methods tested in this paper, the "LLE A" method pro-
vided the cleanest extracts but at the cost of low extra-
ction yields and of loosing acidic and neutral sub-
stances. Paracetamol, valproic acid, salicylic acid and
meprobamate for example may not be detected at low
concentration. This method thus is of interest if small
concentrations of alkaline xenobiotics are to be detec-
ted and if the time factor is not crucial. The "LLE B"
method is fast and high extraction yields are obtained.
This 1s at the cost of the presence of relatively high
amounts of endogeneous biomolecules. The method
seems most interesting in acute intoxication cases
where detection and quantification of alkaline and aci-
dic drugs are to be obtained quickly. As "LLE A", the
three SPE methods are relatively labour intensive.
Their advantage over LLE methods is a good repetabi-
lity and relatively clean extracts.
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