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Abstract

Apart from blood and urine, experts have been discussing the suitability of other endogenous excretions (e.g. saliva and sweat) or
body parts (e.g. hair and nails) as being suitable for the detection of drugs. All these specimens should be regarded as complemen-
tary rather than alternative materials. Hair does not seem to be an appropriate material for driver drug testing at road sites or (as
the sole basis) for explanation of road accident circumstances. At least two aspects of road safety must be discussed. The first is
road site control conducted to test for impairment of psychomotor efficiency mentioned above. Blood, saliva and urine may be
used. The second is confirmation of abstinence from drugs. Methods of analysing hair content have been successfully used in fo-
rensic medicine for years. It is, for example, possible to verify the abuse of drugs in this matrix. The paper presents a quantitation
method for benzodiazepines in hair. Liquid-liquid extraction with diisopropyl ether was used for preconcentration of analytes.
The most common benzodiazepines group on the Polish drug market was analysed by this method. Liquid chromatography mass
spectrometry with atmospheric pressure chemical ionisation was used for hair analysis. Two cases of known history of benzo-

diazepine ingestion were presented to demonstrate the usefulness of the method.
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1. Introduction

The results of hair analysis for the presence of in-
toxicants and/or psychotropic agents have many ad-
vantages in comparison with results of analysis of
e.g. urine or blood. The slow deposition of the analyte
in growing hair means that analysis of an appropriate
hair segment allows us to detect substances which
were taken a few months earlier. Usually, hair is ana-
lysed whose length corresponds to a six month period
of taking narcotics, thus about 6—-10 cm. From the
practical point of view, hair is a good material for anal-
ysis, since its collection is simple, as is transportation
and storage. Hair is taken for examination from the

back of the head, as then hairs are characterised by the
smallest variability of growth and influence of the pro-
cess of aging and sex. However, obtaining a suitable
amount of hair (100-150 mg) for analysis can be
a problem. In order to obtain such an amount, quite
a large bunch of hair has to be collected from the stud-
ied person (the thickness of a pencil). It should be
noted that 1 cm of hair weighs only about 0.05 mg.

Doubts can also arise concerning contamination
and interpretation of obtained results. Hair care proce-
dures can also significantly influence results of analy-
sis [11].

Apart from analysing hair for the presence of typi-
cal intoxicants and psychotropic agents, researches
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also consider medicines, e.g. from the benzodiaze-
pines group. This is because of their effect on the
psychomotor efficiency of drivers.

Benzodiazepines are mentioned in the decree of the
Minister of Health of 11.06.2006 concerning analysis
methods for the presence of substances acting simi-
larly to alcohol. It is believed that there is a particular
risk of drivers causing an accident during the first two
weeks of use of some benzodiazepines. Testing drivers
for the presence of benzodiazepines takes on a special
meaning in the light of results of testing of drivers sus-
pected of driving under the influence of psychoactive
substances. Drugs from this group are detected in ev-
ery third case, and in screening analyses of drivers who
have not been involved in car accidents, the number of
positive samples is 3%.

Benzodiazepine derivatives belong to the psycho-
tropic drugs group; their action is mainly sedative,
hypnotic and antianxiety-relieving; their use can eas-
ily lead to psychical and physical addiction. Sudden
discontinuation of drugs from this group can cause
withdrawal symptoms (convulsions). Treatment of in-
somnia or its prevention by use of benzodiazepines is
very common in Poland. It is the most often used drug
group for this kind of disease.

The methodology of determination of benzodiaze-
pines in body fluids is well described, unlike methods
of hair examination, which have only become a focus
of interest for forensic toxicologists in recent years. In
the study of benzodiazepines, gas chromatography
with flame ionisation detection as well as with electron
capture detection proved to be inadequate due to rich
biological background and low concentrations of
analytes. Most often determination of benzodiazepi-
nes in hair is performed by means of immunological
methods [7, 8, 9] or chromatographic methods coupled
with mass spectrometry. Due to low concentrations,
a considerable number of applications utilise chemical
ionisation with negative-ion monitoring mode
(e.g. GC-MS/NCI) or LC-MS/MS [1, 2, 4, 5].

The number of benzodiazepines encompassed by
examinations is usually not large — this is mainly due
to practical considerations. Yegles, examining hair
collected from 21 persons, demonstrated the presence
of nordiazepam in 20 cases, diazepam and oxazepam
in 15, and flunitrazepam in 8 cases. The maximal con-
centrations of these drugs were 1.8 ng/mg, 2.2 ng/mg,
3.4 ng/mg and 9.5 ng/mg, respectively. In their conclu-
sion, the authors stated that nordiazepam is the most
frequently used drug in the benzodiazepines group
[12]. Analysis of hair for the presence of various
groups of substances carried out by Kintz revealed the
presence of benzodiazepines, whose concentrations

were from 0.37 ng/mg for nitrazepam and 2.41 for
nordiazepam. From this group, diazepam and flunitra-
zepam were also present. Cirimele showed that lora-
zepam concentrations determined by LC-MS/NCI in
hair of 16 cm length increased from the end to the bulb
from 31 to 49 pg/mg [3]. However, analysis of volun-
teers’ hair after taking a single dose of clonazepam
performed by Negrusz and associates showed the pres-
ence of only 7-aminoclonazepam in concentrations be-
low 10 pg/mg [6].

In this paper, a procedure of benzodiazepines de-
termination was proposed by means of liquid chroma-
tography coupled with mass spectrometry (LC-MS
with use of atmospheric pressure chemical ionisation).

2. Materials and methods

The following standards and solutions: oxazepam,
lorazepam, nordiazepam, clorazepate, temazepam, di-
azepam, estazolam, nitrazepam, clonazepam, flunitra-
zepam, prazepam (internal standard) (Sigma, USA),
acetonitrile (Merck, Germany), water (distilled in
quartz distillation apparatus), diisopropyl ether
(Sigma, USA), sodium phosphate and hydrophosphate
(POCh, Poland) and formic acid (Ubichem, United
Kingdom) were used.

Analyses were performed on a liquid chromato-
graph HP-1100 Series (Agilent Technologies). Chemi-
cal ionisation mode at atmospheric pressure (APCI)
was applied. A from pseudomolecular ions of the ana-
lysed benzodiazepine group were registered.

Optimisation of chosen parameters of the method,
in which the height of the peak of the given analyte
constituted the criterion of assessment, encompassed
the following:

— mass spectrometer parameters (fragmentor voltage,
vaporiser temperature, capillary voltage, drying gas
temperature, nebuliser pressure, corona current);

— extraction parameters (extraction pH, solvent, time
of extraction);

— chromatographic conditions (column, gradient
program).

The influence of individual parameters on the in-
tensity of the analyte signal was analysed by means of
the flow injection analysis technique (FIA). In Table I,
the obtained optimal parameters of the mass spectrom-
eter are presented.

As a result of the research described above, di-
isopropyl ether was selected as an extractant (Fig-
ure 1), the pH of the extraction environment reaction
as pH 6—7 and the duration of extraction — longer than
30 seconds.
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Fig. 1. Optimisation of solvent type for extraction of group II (1 — diisopropyl ether,
2 —diethyl ether, 3 —n-butyl chloride, 4 —n-propyl chloride, 5 —n-pentane, 6 — n-hexane).

TABLE I. MS PARAMETERS

Parameter Value
Capillary voltage 4200V
Fragmentor voltage 100V
Corona current 5 uA
Drying gas temperature 320°C
Vaporiser temperature 320°C

In order to remove possible residues that are the re-
sult of contact of hair with the external environment
that could contain benzodiazepines, hair was subjected
to washing. The decontamination stage consisted in
washing hair twice with methylene chloride for 5 min-
utes. Hair was spread out and dried at room tempera-
ture. Before beginning extraction, hair was subjected
to homogenisation. To this end hair was cut with scis-
sors into short segments (1-2 mm), and then ground in
a ball mill. The process of extraction is presented be-
low.

To 50 mg ground hair was added 200 pl phosphate
buffer (pH 7.4) and 20 pl of internal standard at a con-
centration of 2.5 pg/ml (prazepam). Hair was com-
pletely dissolved in phosphate buffer at a temperature
0f 40°C for 24 h. Extraction was performed with 1 ml
diisopropyl ether by shaking the sample on a shaker
for 30 s. The sample was centrifuged at 6000 rpm.
600 pl was taken for evaporation under a stream of ni-
trogen and the dry residue was dissolved in 50 pl of
mobile phase (50:50).

Separation was performed using a LiChroCART
(125 x 4 mm) column with LiChrospher RP select B
phase (Merck). The flow rate of the mobile phase was
1 ml/min. Gradient conditions were applied (Table II).
20 pl-injections were executed by autosampler. The
mobile phase consisted of 0.1% formic acid in aceto-
nitrile (B) and in water (A).

TABLE II. GRADIENT PROFILE IN THE LC-MS METHOD

Time [min] Phase [B]
0 30
15 70
16 30
21 30

3. Validation

The elaborated method was validated using a com-
puter program named Validation Manager (Merck) to
aid in calculations. Within and between group preci-
sion was calculated on the basis of a series of six repe-
titions (n = 6) of analyses of hair enriched with
a mixture of benzodiazepines at concentrations of 0.2
or 0.5 ng/ml. Series were repeated over three days
(p = 3). The analysed concentration was chosen taking
into account the concentrations used for therapeutic
purposes. For clonazepam, estazolam, nitrazepam, flu-
nitrazepam are taken at lower doses than the rest of the
analysed benzodiazepines. The obtained results are
presented in Table III.

With the exception of clorazepate, for which re-
peatability amounted to CV.,;30%, other values of CV'
were satisfactory. It should be noted that clorazepate
occurs as a sodium salt, 80% of which undergoes
decarboxylation in the stomach to nordiazepam.
Clorazepate intake is thus confirmed most often
through demonstrating the presence of nordiazepam.
Studies of linearity have shown that in all cases the de-
termination coefficient was higher than 0.95 in the
tested concentration ranges. Appropriate equations
and their determination coefficients are presented in
Table IV.
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TABLE III. PRECISION OBTAINED DURING VALIDATION (CV [%], ASSAY NUMBER # = 6; GROUP NUMBER p = 3).

Benzodiazepine ClVyyg CVig CVy, Target _ Calculated.
[%] [%] [%] concentration concentration
[ng/mg] [ng/mg]

Clonazepam 19 22 29 0.2 0.19
Clorazepate 30 38 49 0.2 0.18
Diazepam 8 15 17 0.5 0.48
Estazolam 12 17 21 0.2 0.19
Flunitrazepam 10 11 16 0.2 0.18
Lorazepam 6 13 15 0.5 0.47
Nitrazepam 12 16 20 0.2 0.18
Nordiazepam 9 13 16 0.5 0.50
Oxazepam 8 26 28 0.5 0.47
Temazepam 10 9 14 0.5 0.49
Prazepam (IS) — - - 1 -

CVy, — within-group coefficient of variation; CV,, — between-group coefficient of variation; CV;, — total coefficient of variation.

TABLE IV. CALIBRATION CURVE EQUATIONS AND THEIR COEFFICIENTS OF DETERMINATION

Benzodiazepine Calibration line equation Determination coefficient
Clonazepam y=0.649-x — 0.006 0.965
Clorazepate y=0.529-x — 0.007 0.979
Diazepam y=5.744-x — 1.033 0.995
Estazolam y=0.501-x-0.011 0.951
Flunitrazepam y=1.905-x - 0.051 0.956
Lorazepam y=1.774x-0.104 0.998
Nitrazepam y=10.585x—-0.004 0.985
Nordiazepam y=0.477x-0.056 0.994
Oksazepam y=1.13510"x-6.054-10"° 0.993
Temazepam y="1.704-x — 0.840 0.993

The limit of detection LOD was below 50 pg/mg,
and in the case of flunitrazepam below 10 pg/mg. It
was established that determinations would be perfor-
med in the range 0.25-5 (10) ng/mg, although from
analyses of precision and accuracy it can be concluded
that repeatability for concentrations of the order of
0.2 ng/ml is characterised by values of CV below 20%
and thus these concentrations can be determined.

4. Results

The elaborated method was used for analysis of
real samples taken from two persons (drug addicts),
who were known to take benzodiazepines. Analysis of
the first segment of length 2 cm showed the presence
of drugs from the benzodiazepine group.

In person I, the following were detected: flunitra-
zepam 0.7 ng/mg, nordiazepam 1.0 ng/mg, oxazepam
0.5 ng/mg, diazepam 0.9 ng/mg, temazepam < 0.1 ng/mg
(about 0.05 ng/ml). In person II, the following were de-
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Fig. 2. Chromatograms obtained for analysis of hair taken from person II.
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tected: nordiazepam 1.3 ng/mg, diazepam 3.0 ng/mg,
oxazepam < 0.1 ng/mg, temazepam < 0.1 ng/mg,
flunitrazepam < 0.1 ng/mg (Figure 2). Because of the
small amount of hair, a single sample of mass 50 mg
was prepared for analyses. Determined concentrations
were typical for persons who regularly (for therapeutic
purposes) take benzodiazepines. As the quoted litera-
ture shows, concentrations of this order are also re-
corded in drug-addicts.

5. Conclusions

The presented method can be used for hair analysis
for the presence of benzodiazepines used for therapeu-
tic purposes (a few weeks therapy) or for monitoring
persons abusing drugs from this group. Low concen-
trations in hair after a single dose, especially in the
case of benzodiazepines, whose doses are low
(e.g. flurazepam, flunitrazepam or lorazepam) make it
impossible or difficult to use this method because — as
the quoted papers show — their concentrations are be-
low the limit of quantification in the presented method.
Because of the long biological half-life of benzodia-
zepines, their effects can last for several days after the
end of therapy.

The answer to the question concerning whether
a suspect was being treated with benzodiazepines at
the moment of the accident can be obtained upon anal-
ysis of an appropriate segment of hair. Thus, the de-
scribed method should be useful for testing drivers,
when appropriate changes in the law make it possible
to use the results of this kind of analysis.

Hair can be and is used (Austria, Germany) for the
purpose of testing drivers before issuing or renewing
a driving license. It serves as a complementary mate-
rial, supplementing body fluids such as blood, urine
and saliva, and, furthermore, serves as additional ma-
terial aiding in interpretation in medical examinations.
The results of hair analyses can also be used in epide-
miological studies of drivers [10]. In this respect, they
are significantly better than other types of material,
both as a complementary material and as a means of
verifying the authenticity of answers of surveyed
drivers.
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WLOSY JAKO MATERIAL. KOMPLEMENTARNY W BADANIACH
KIEROWCOW NA OBECNOSC W ICH ORGANIZMACH SRODKOW
DZIALAJACYCH PODOBNIE DO NARKOTYKOW

1. Wstep

Wynik badania wtoséw na obecnos$¢ srodkow odu-
rzajacych i (lub) substancji psychotropowych posiada
wiele zalet w porownaniu z wynikami badan np. moczu
Iub krwi. Powolne odktadanie si¢ analitu we wzrasta-
jacym wtosie powoduje, ze analizujac odpowiedni seg-
ment wlosa, mozna wykry¢ substancje przyjmowane
kilka miesigcy wezesniej. Przecigtnie analizuje si¢ wlosy,
ktorych dtugo$¢ odpowiada sze§ciomiesigcznemu okre-
sowi przyjmowania narkotykow, a wigc okoto 6-10 cm.
Z praktycznego punku widzenia wlosy sa dobrym ma-
teriatem do analizy, gdyz ich pobieranie jest proste, po-
dobnie jak przewozenie i przechowywanie. Wlosy do
badan pobiera si¢ z tylnej czgsci glowy, gdyz wowczas
charakteryzuja si¢ najmniejsza zmiennoscia wzrostu oraz
wplywem proceséw starzenia oraz wplywu pici. Pro-
blemem moze by¢ natomiast posiadanie odpowiedniej
ilosci wloséw do analizy (100—150 mg). Uzyskanie ich
sprawia, ze nalezy pobra¢ catkiem spory pek wloséw od
osoby badanej (grubosci otéwka). Nalezy pamigtaé, iz
1 cm wlosa wazy jedynie okoto 0,05 mg. Watpliwosci, ja-
kie moga si¢ pojawi¢, dotycza rowniez zjawiska konta-
minacji oraz interpretacji uzyskanych wynikow. Takze
zabiegi pielggnacyjne moga w znaczy sposob wptyna¢ na
wynik analizy [11].

Oproécz badan wtosow na obecnos¢ typowych $rod-
kéw odurzajacych i substancji psychotropowych, bada-
niami obejmuje si¢ rowniez leki np. z grupy benzodia-
zepin. Spowodowane jest to ich wptywem na sprawno$¢
psychomotoryczna kierowcy. Benzodiazepiny sa wymie-
niane w rozporzadzeniu Ministra Zdrowia z dnia
11.06.2003 r. dotyczacym sposobu przeprowadzania ba-
dan na obecno$¢ substancji podobnie dziatajacych do al-
koholu. Uwaza sig, ze u kierowcow szczegodlne niebez-
pieczenstwo spowodowania wypadku wystepuje podczas
pierwszych dwoch tygodni stosowania niektorych ben-
zodiazepin. Badania kierowcow na obecno$¢ benzodia-
zepin nabieraja szczegolnego znaczenia w §wietle wyni-
koéw badan kierowcow podejrzanych o prowadzenie po-
jazdow pod wptywem substancji psychoaktywnych. Leki
z tej grupy wykrywane sag w co trzecim przypadku,
a w badaniach przesiewowych kierowcow, ktorzy nie
brali udziatu w wypadkach drogowych, liczba probek po-
zytywnych stanowi 3%.

Pochodne benzodiazepiny naleza do grupy lekow
psychotropowych; dziataja gtéwnie uspokajajaco, nasen-
nie i przeciwlgkowo, tatwo prowadza do uzaleznienia

psychicznego i fizycznego. Nagle odstawienie lekow
z tej grupy moze spowodowaé wystapienie objawow abs-
tynencji (drgawki). Leczenie bezsennosci lub przynaj-
mniej jej zapobieganie z uzyciem benzodiazepin jest
bardzo powszechnym zjawiskiem w Polsce. Jest to grupa
lekow najczgSciej stosowana w tego typu dolegliwos-
ciach.

Metodyka badan benzodiazepin w ptynach ustrojo-
wych jest dobrze opisana w przeciwienstwie do metod
badania wtosow, ktore od kilku lat ciesza si¢ zaintere-
sowaniem toksykologow sadowych. W badaniach ben-
zodiazepin zaré6wno chromatografia gazowa z detekcja
ptomieniowo-jonizacyjna, jak i detekcja wychwytu elek-
tronow, okazaty si¢ niewystarczajace ze wzgledu na za-
réwno bogate tlo biologiczne, jak i niskie st¢zenia ana-
litbw. Oznaczanie benzodiazepin we wlosach wykony-
wane jest najczesciej przy uzyciu metod immunologicz-
nych [7, 8, 9] oraz przy uzyciu metod chromatogra-
ficznych sprzgzonych ze spektrometria mas. Ze wzgledu
na niskie st¢zenia znaczna liczbg aplikacji stanowia me-
tody wykorzystujace chemiczna jonizacjg w trybie mo-
nitorowania jonéw ujemnych (np. GC-MS/NCI) lub
LC-MS/MS [1, 2, 4, 5].

Liczba benzodiazepin obejmowana badaniami jest
zazwyczaj mata, co wynika raczej z praktycznego punktu
widzenia. Yegles, badajac wlosy pobrane od 21 osob,
wykazat obecnos¢ nordiazepamu w 20 przypadkach, dia-
zepamu i oksazeapmu w 15, a flunitrazepamu w 8 przy-
padkach. Maksymalne stgzenia tych lekoéw wynosily od-
powiednio 1,8 ng/mg, 2,2 ng/mg, 3,4 ng/mg oraz
9,5 ng/mg. W konkluzji autorzy stwierdzili, ze nordiaze-
pam jest najczesciej uzywanym lekiem sposroéd benzo-
diazepin [12]. Badania wloséw na obecnos$¢ réznych
grup substancji prowadzone przez Kintza wykazaly
obecnos$¢ benzodiazepin, ktorych stgzenia wynosity od
0,37 ng/mg dla nitrazepamu oraz 2,41 dla nordiazepamu.
Z grupy tej obecne byly roéwniez diazepam oraz flunitra-
zepam. Cirimele wykazal, Zze st¢zenie lorazepamu wy-
znaczone metoda LC-MS/NCI wzrastalo w badanych
przez niego wtosach o dtugosci 16 cm od ich konca do ce-
bulki od wartosci 31 do 49 pg/mg [3]. Natomiast badania
wtoséw ochotnikow prowadzone przez Negrusza oraz
wspOtpracownikdw po przyjeciu jednorazowej dawki
klonazepamu wykazaly jedynie obecnos¢ 7-aminoklo-
nazepamu w stezeniach ponizej 10 pg/mg [6].

W niniejszej pracy zaproponowano procedurg ozna-
czania benzodiazepin metoda chromatografii cieczowej
sprzezonej ze spektrometriag mas (LC-MS z wykorzysta-
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niem chemicznej jonizacji pod cis$nieniem atmosfery-
cznym).

2. Materialy i metody

Zastosowano nastgpujace wzorce oraz odczynniki:
oksazepam, lorazepam, nordiazepam, klorazepat, tema-
zepam, diazepam, estazolam, nitrazepam, klonazepam,
flunitrazepam, prazepam (stdandard wewngtrzny) (Sig-
ma, Stany Zjednoczone), acetonitryl (Merck, Niemcy),
wode (destylowana w destylarce kwarcowej), eter di-
izopropylowy (Sigma, Stany Zjednoczone), fosforan
i wodorofosforan sodu (POCh, Polska) oraz kwas mrow-
kowy (Ubichem, Wielka Brytania).

W badaniach uzyto chromatograf cieczowy sprzgzo-
ny ze spektrometrem mas HP 1100 firmy Agilent Tech-
nologies. Aparat byl wyposazony w komor¢ do che-
micznej jonizacji pod cisnieniem atmosferycznym
(APCI). Rejestrowano sygnat pochodzacy od pozornych
jonow molekularnych badanej grupy benzodiazepin.

Optymalizacja wybranych parametrow metody, w kto-
rej kryterium oceny stanowila wysoko$§¢ piku danego
analitu, obejmowala:

— parametry spektrometru mas (napigcie fragmentora,
temperatura odparowalnika, napigcie kapilary, tem-
peratura gazu osuszajacego, ciSnienie gazu nebuli-
zujacego, prad korony);

— parametry ekstrakcji (pH $rodowiska, rozpuszczalnik
czas ekstrakcji);

— warunki chromatograficzne (kolumna, profil gradientu).
Badania wplywu poszczegolnych parametréw na in-

tensywno$¢ sygnatu analitu wykonano technika prze-
ptywowej analizy wstrzykowej (FIA). W tabeli 1 za-
mieszczono uzyskane optymalne parametry spektrome-
tru mas.

Efektem powyzej opisanych badan byt wybor eteru
diizopropylowego jako ekstrahenta (rycina 1), odczynu
srodowiska ekstrakcji o wartosci pH 6—7 oraz czasu eks-
trakcji powyzej 30 sekund.

Dla usunigcia ewentualnych pozostatosci bedacych
wynikiem kontaktu wloséw z zewngtrznym Srodowis-
kiem mogacym zawiera¢ benzodiazepiny, wlosy pod-
dano myciu. Etap dekontaminacji polegatl na dwukrot-
nym myciu wlosow chlorkiem metylenu przez 5 min.
Wiosy roztozono i suszono w temperaturze pokojowe;j.
Przed przystapieniem do ekstrakcji poddano je homoge-
nizacji. W tym celu wlosy pocigto nozyczkami na mate
odcinki (1-2 mm), a nastgpnie mielono w miynie kulo-
wym. Ponizej podano przebieg ekstrakcji.

Do 50 mg zmielonych w wtosé6w dodano 200 pl bu-
foru fosforanowego (pH 7,4) 120 ul standardu wewngtrz-
nego o stgzeniu 2,5 pg/ml (prazepam). Wlosy roztwa-
rzano w buforze fosforanowym w temperaturze 40°C
przez 24 godziny. Ekstrakcje przeprowadzono z uzyciem

1 ml eteru diizopropylowego przez wstrzasanie probki na
wstrzasarce przez 30 s. Probke odwirowywano przy
6000 obr/min. 600 pl pobrano do odparowania w stru-
mieniu azotu, a pozostalo$¢ rozpuszczano w 50 ul fazy
ruchomej (50:50).

Rozdziat prowadzono na kolumnie LiChroCART
(125 x 4 mm) z wypetnieniem LiChrospher RP select B
firmy Merck. Natgzenie przeptywu fazy ruchomej wyno-
sito 1 ml/min. Stosowano elucj¢ gradientowa (tabela II).
Wstrzyknigcia realizowane byly przez automatyczny po-
dajnik prébek i posiadaty 20 pl. Faze ruchoma stanowity:
woda (A), acetonitryl (B) z dodatkiem kwasu mréwko-
wego w ilosci 1000 pl/l fazy A i B.

3. Walidacja

Opracowana metod¢ poddano walidacji, stosujac
komputerowy program wspomagajacy obliczenia o na-
zwie Validation Menager firmy Merck. Precyzjg wew-
natrz- oraz mig¢dzygrupowa obliczono na podstawie serii
szesciu powtorzen (n = 6) analiz wloséw wzbogaconych
mieszaning benzodiazepin o stezeniu 0,2 lub 0,5 ng/mg.
Serie powtarzano w ciagu trzech dni (p = 3). Stezenie ba-
dane dobrano na podstawie podziatu ze wzgledu na wy-
sokos¢ stgzen terapeutycznych. Klonazepam, estazolam,
nitrazepam, flunitrazepam przyjmowane sa bowiem
w dawkach nizszych niz pozostate benzodiazepiny objete
badaniami. Uzyskane wyniki zamieszczono w tabeli I11.

Z wyjatkiem klorazepatu, dla ktorego powtarzalnosé¢
wynosita CVys30%, pozostate wartosci CV byly zadawa-
lajace. Nalezy zaznaczy¢, ze klorazepat wystepuje w po-
staci soli potasowej, ktora juz w zotadku ulega w 80%
dekarboksylacji do nordiazepamu. Fakt przyjecia klora-
zepatu potwierdza si¢ wigc najczgsciej poprzez wyka-
zanie obecno$ci nordiazepamu. Badania liniowos$ci wy-
kazaty, ze we wszystkich przypadkach ich wspotczynnik
determinacji byl wyzszy niz 0,95 w badanym zakresie
stezen. Odpowiednie rownania wraz z wspotczynnikami
determinacji zamieszczono w tablicy I'V.

Granica detekcji LOD wynosita ponizej 50 pg/mg,
a w przypadku flunitrazepamu ponizej 10 pg/mg. Za-
lozno, ze oznaczenia wykonywane bgda w zakresie
0,25-5 (10) ng/mg, cho¢ z badan precyzji i doktadnosci
mozna wnioskowaé, ze powtarzalnos¢ dla stezen rze¢du
0,2 ng/mg charakteryzuje si¢ warto$ciami CV ponizej
20% i stgzenia te moga by¢ oznaczane.

4. Wyniki badan

Opracowang metodg uzyto do analizy probek rze-
czywistych pobranych od dwoch oséb (narkomandw),
o ktoérych wiadomo byto, ze przyjmowaly benzodiaze-
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piny. Analiza pierwszego segmentu o dtugosci 2 cm wy-
kazata obecno$¢ lekow z grupy benzodiazepin.

U osoby I wykryto: flunitrazepam 0,7 ng/mg, nor-
diazepam 1,0 ng/mg, oksazepam 0,5 ng/mg, diazepam
0,9 ng/mg, temazepam < 0,1 ng/mg (okoto 0,05 ng/mg).
U osoby II: nordiazepam 1,3 ng/mg, diazepam 3,0 ng/mg,
oksazepam < 0,1 ng/mg, temazepam < 0,1 ng/mg, flunit-
razepam < 0,1 ng/mg (rycina 2). Ze wzgledu na niewielka
ilo$¢ wlosow do badan sporzadzono po jednej probce
o masie 50 mg. Wyznaczone st¢zenia byly typowe dla
0séOb regularnie (w celach terapeutycznych) przyjmuja-
cych benzodiazepiny. Jak wynika z cytowanego pis-
miennictwa, rowniez tej wielko$ci stezenia rejestrowane
sa u narkomandow.

5. Wnhnioski

Zaprezentowana metoda nadaje si¢ do analizy wto-
s6w na obecno$¢ benzodiazepin w przypadku stosowania
ich w celach terapeutycznych (kilkutygodniowa terapia)
lub monitorowania 0os6b naduzywajacych leki z tej gru-
py. Niskie st¢zenia we wtosach po jednorazowym przyjg-
ciu szczegodlnie w przypadku benzodiazepin, ktdrych
dawki sa niskie (np. flurazepam, flunitrazepam lub lora-
zepam) uniemozliwia lub w znacznym stopniu utrudnia
stosowanie tej metody, gdyz — jak wynika z cytowanych
prac — st¢zenia ich sg nizsze niz granice oznaczalno$ci
w prezentowane] metodzie. Poniewaz benzodiazepiny
charakteryzuja si¢ dlugimi biologicznymi okresami pot-
trwania, to ich wptyw moze utrzymywac si¢ przez kilka
dni po zakonczeniu terapii. Odpowiedz na pytanie, czy
w chwili zdarzenia podejrzany znajdowat si¢ w trakcie le-
czenia benzodiazepinami, moze by¢ udzielona na pod-
stawie badan odpowiedniego fragmentu wlosow. Opi-
sana metodyka badania wloséw powinna wigc okaza¢ sie
przydatna w badaniach kierowcoéw, gdy odpowiednie
zmiany w prawie umozliwig wykorzystanie wynikow ta-
kiej analizy.

Wtosy moga by¢ i sa wykorzystywane (Niemcy,
Austria) w celach kontroli (badan) kierowcow przed wy-
daniem lub zwrotem prawa jazdy. Stanowia one materiat
komplementarny zaré6wno dla plynéw ustrojowych ta-
kich jak krew, mocz oraz §lina, ale rowniez pod wzgle-
dem interpretacyjnym do badania lekarskiego. Wyniki
badan wlos6w moga by¢ takze wykorzystywane w ba-
daniach epidemiologicznych wérod kierowcow [10]. Pod
tym wzgledem znacznie przewyzszaja one inne rodzaje
materiatow, rowniez jako element uzupetniajacy badz
weryfikujacy prawdziwos$¢ deklaracji ankietowanych
kierowcow.
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