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BENZYDAMINE (TANTUM) IN DRIVER’S BLOOD.
ANALYTICAL AND EVALUATION PROBLEMS
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Abstract

A case is presented in which benzydamine, recommended on the Internet as a “recreational” agent, was determined in a blood
sample taken from a driver suspected of driving under the influence of substances acting similarly to ethyl alcohol, in accordance
with forensic requirements. It was determined by the high performance liquid chromatography-atmospheric pressure chemical
ionisation-mass spectrometry method. A simple liquid-liquid extraction in alkaline reaction with application of ethyl acetate was
used. A good linearity of benzydamine determination was obtained in the range 10-1000 ng-ml™". Detection and quantification
limits of, respectively, 3 ng:-ml ' and 10 ng-ml"' were obtained. Tandem mass spectrometry (MS-MS) and the method of standard
addition were used with the aim of differentiation between benzydamine and methadone. The benzydamine was disregarded by
the judge in the trial, because it was not on the list of intoxicating and psychotropic substances. However, this compound has simi-
lar effects to alcohol and hallucinogenic specimens when it is orally consumed. Nevertheless, the driver was convicted,
as1 1-nor-9-carboxy-A’-tetrahydrocannabinol (THC-COOH) at a concentration of 66 ng-ml™' was determined in his blood.
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1. Introduction

In the 1970’s, Eggers [5] showed that hallucination
could be caused by consumption of compounds which
were not commonly considered as hallucinogenic com-
pounds. Benzydamine (BZ; 1-Benzyl-3-[3-(dimethyl-
amino)propoxy|-1H-indazole) was mentioned among
them. The first information about intentional (“recre-
ational”) consumption of BZ concerned a 22-year old
man who, according to information published on the
Internet, took 500 mg in the form of Tantum Rosa
preparation. This is used for irrigation (douche) by
women. It caused 12-hour hyperactivity, excitement
and hallucination as well as muscle weakness for ca.
48 hours [1]. BZ is a component of various medicines
(e.g. Tantum, Hascosept, Difflam), which can be bought

without prescription, i.e. over-the-counter (OTC). It is
an externally applied drug. It has local anti-inflamma-
tory, analgesic, anaesthetic and antiseptic activity. It is
absorbed into the blood to a minimal degree. Oral con-
sumption, i.e. contrary to the manufacturer’s recom-
mendations, causes a reaction similar to deliriants and
stimulators [1, 7]. According to information obtained
from Internet discussion groups, 15 minutes after con-
sumption of 500 mg of BZ, weak visual and auditory
hallucinations and “spectral shapes” should occur. Ad-
ditionally, it was mentioned (in these Internet discus-
sion groups) that auditory and visual hallucinations oc-
cur after consumption of larger doses (up to 3000 mg)
as well as impairment of motor system and mental
functions. Moreover, pupil enlargement, hepatodynia
and kidney pain, dehydration and insomnia could be
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also observed. Therefore, BZ can be considered as an
unconventional drug of abuse or “recreation drug”,
which can be bought without prescription in spite of
having psychotropic activity.

A maximum concentration of ~800 ng-ml™" after
consumption of 100 mg BZ was achieved after 2 h, and
the half-life period was ~13 h [4]. A maximum concen-
tration of BZ (454 ng-ml") in male blood was ob-
served at 90 minutes after consumption of 50 mg (it
was also determined at a concentration of 5 ng-ml ™" af-
ter 56 hours). 61 ng-ml"' was determined immediately
after 5 mg subcutaneous injection. Moreover, its con-
centration was 37 ng-ml ' 3 h after rinsing of oral cav-
ity with a solution containing 50 mg BZ [2]. When
applied locally (i.e. in accordance with recommenda-
tions), high BZ concentrations were observed only in
tissues around the site of local application, and its re-
distribution from tissues to blood stream was minimal
[4, 8]. BZ concentration in serum after mouth rinsing,
vaginal irrigation or per rectum application is much
lower than after oral consumption. Some papers have
been published concerning determination of BZ in bi-
ological material by high-performance liquid chroma-
tography coupled with fluorometric detection [11, 13]
or mass spectrometry [6, 9, 11]. The mentioned meth-
ods were only applied in specific research on metabo-
lism and pharmacokinetics of BZ. Until now, no
papers have been published evaluating their useful-
ness for forensic toxicology. Simultaneous determina-
tion of BZ and methadone (MET) by detection with
multiple reaction monitoring mode was possible using
the LC-MS-MS procedure worked out by Stanley and
Foo [12]. These compounds are characterised by the
same transformation of the pseudomolecular ion,
i.e. transition, m/z 310 — 265, and very similar reten-
tion times (R7, which for BZ is 9.00 min, and for MET
9.17 min). This makes the usefulness of this method
for forensic purposes debatable because of a possible
shift of RT +0.2 min. In this situation, when ion
m/z 310 (Figure 1) occurred during a screening analy-

H
] RT: 21.08
120+ AN 9415432
] SN: 1081
100] BP: 310.2
g
g "
2 o)
5 7
& a0
B9 o019 2043 2169 2188 245 2230 2244
1 3102 3104 3102 3102 3101 3102 3103

R e s e SRR S S R S
Time (min)

Fig. 1. A fragment of a chromatogram which was difficult to in-

terpret and was the basis for deciding to perform additional ana-

lysis to differentiate between (MET) and benzydamine (BZ).

sis of a driver’s blood sample by the HPLC-MS meth-
od, an additional analysis was carried out with the aim
of confirming or rejecting the presence of these com-
pounds (i.e. MET and BZ).

2. Aim of work

The main aim of the work was to validate the
HPLC-APCI-MS technique applied in analysis of
compounds acting similarly to ethyl alcohol as well as
to evaluate its usefulness for identification and deter-
mination of BZ in blood for forensic purposes. More-
over, the technique was tested in practice during
analysis of a blood sample of a driver who was sus-
pected of driving under the influence of a substance
acting similarly to alcohol.

3. Materials and methods
3.1. Case description

A driver — a 29-year-old man, 181 cm tall, 83 kg —
constituted a threat on the road, as he had overtaken
cars waiting at traffic lights and driven on a hard shoul-
der pavement. He was stopped by the Police. It was ob-
served that a passenger was hiding something under
a passenger seat. Policemen smelt the characteristic
smell of marihuana during the control. A green-brown
plant substance and glass “pipe” were found in a plas-
tic bag under the passenger seat. The driver was tested
using breathalyser shortly after being stopped, and nei-
ther a state of drunkenness nor a state after drinking al-
cohol were ascertained. The driver’s blood was col-
lected in two test-tubes (BD Vacutainer) at 9 pm,
i.e. ca. 4 hours after the incident, and an analysis was
requested with the aim of determining compounds
which have a similar influence on the human body to
ethyl alcohol.

3.2. Materials

The following materials were used for calibration:
blood (other than evidence blood; it was free from
ethyl alcohol and substances having a similar influ-
ence on the human body to ethyl alcohol), BZ and an-
hydrous ethyl acetate (Sigma, USA), amphetamine
D-11 and diazepam D-5, MET (in the form of metha-
nol solutions at 1 mg~rnl’l concentration, Cerilliant,
USA), methanol and acetonitrile at LC-MS purity
(Riedel-de Haén, Germany), ammonium formate and
formic acid (Fluka Chemie, Germany), ammonium
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carbonate (J. T. Baker, USA) as well as deionised wa-
ter which was filtered by application of Mili-Q system
(Milipore, USA).

3.3. Equipment

A Thermo Finnigan Surveyor liquid chromato-
graph was used. It was equipped with a gradient pump
and an automatic injector coupled with an ion trap
mass spectrometer LCQ Advantage Max (Finningan,
San Jose, USA), in which chemical ionisation under
atmospheric pressure (APCI) in positive ion mode was
applied. X’calibur software was used to control the lig-
uid chromatograph and the mass spectrometer, and for
data processing.

3.4. Liquid-liquid extraction

25 pl of each internal standard solution (i.e. am-
phetamine D-11 and diazepam D-5 at 10 ug-ml’1 with
the aim of obtaining concentrations of 500 ng-ml™")
was added to 0.5 ml of analysed blood. After that,
0.5 ml of carbonate buffer (pH 9) was added and the
sample was mixed. Extraction, by shaking with 5 ml of
ethyl acetate, was performed for 15 minutes. Next, the
samples were centrifuged at 2000 g for 10 minutes,
and the supernatant was put into test-tubes (Eppen-
dorf, 2 ml) and evaporated to dry residue at 45°C (in ni-
trogen stream). The dry residue was dissolved in 50 pl
of mobile phase before analysis.

3.5. HPLC-APCI-MS procedure

Chromatographic separation of extracts was car-
ried out on a Purospher 125 x 3 RP-18¢ 5-pum column
with a LiChroCART 4-4 Purospher RP-18e pre-col-
umn (Merck, Germany) with application of a two-
component mobile phase, which, at the beginning,
consisted of 95% phase A (25 mM solution of ammo-
nium formate at pH 4.5 made by addition of formic
acid) and 5% phase B (acetonitrile) with a flow of
0.4 ml/min. After 2 minutes, the proportions of the mo-
bile phase were changed gradually up to obtaining
100% phase B at 43 minutes. The starting proportions,
1.e. 95% A and 5% B, were restored over a 15 minute
period after the 45-minute analysis. The whole chro-
matographic procedure took 60 min. The injection vol-
ume was 20 pl.

The optimal parameters of the mass spectrometer
were: temperature of ion source = 450°C; ionisation
gas, nitrogen = 70 arb (arbitrary unit of LCQ instru-
ment); support gas, nitrogen = 10 arb; capillary tem-
perature = 180°C and corona current = 5 pA. lons in

the range from 90 to 650 amu (full scan mode) were
analysed during quantitative analysis. The signal from
pseudomolecular ions [M+H]" was recorded at
m/z = 310 for BZ and MET, m/z = 147 for amphet-
amine D-11 and m/z =290 for diazepam D-5 (TableI).
Tandem mass spectrometry MS-MS was used for
discrimination between BZ and MET. Normalised col-
lision energy = 45% was used, and daughter ions were
monitored in full scan mode in the range 85-400 amu.

TABLE I. CHROMATOGRAPHIC PARAMETERS OF

ANALYSED ANALYTES
Analyte Retention time ~ Monitored ion
[min.] [m/z]

Benzydamine 21.20 310
Methadone 22.56 310
Amphetamine 10.22 147

D-11

Diazepam D-5  25.97 290

3.6. Calibration curve

A calibration curve was drawn up by addition of
BZ to blank blood, i.e. blood which had been checked
to be free of ethyl alcohol and substances acting simi-
larly to ethyl alcohol. BZ was added in such amounts
that the obtained concentrations were: 10, 50, 100,
200, 500, 1000 ng-ml". Samples were extracted in the
way described in the liquid-liquid extraction section.
A standard procedure was used for obtaining of a cali-
bration curve.

4. Method validation

The procedure for obtaining a calibration curve de-
scribed above was performed six times at 1-7 day in-
tervals with the aim of method validation. This al-
lowed method specificity to be ascertained (Fig-
ure 2A). A very satisfactory limit of detection (LOD)
was obtained, which was 3 ng-ml™' (Figure 2B) at
a noise to signal ratio (N/S) = 4. The limit of quantifi-
cation (LOQ) was setas 10 ng-ml ™", i.e. the lowest con-
centration of BZ used for the calibration curve (Fig-
ure 2C). The recovery level of BZ for 50 and
1000 ng-ml™', which was calculated as the ratio of the
analytical signal obtained for a sample after blood ex-
traction to the signal obtained for a “blank™ extract
sample, to which BZ was added, was respectively:
85.5% (£6.2%, n = 6); and 78.8% (+1.3%; n = 6).
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Fig. 2. A fragment of chromatogram which presents results of
blood sample analysis: A — “blank”, B — with addition of
benzydamine equal to LOD, i.e. 3 ng:ml ', C — with addition of
benzydamine equal to LOQ, i.e. 10 ng-ml .

Amphetamine D-11 was used as an internal
standard, because the correlation coefficient for
this compound was higher than for diazepam D-5.
The linearity in the whole range of BZ concentra-
tions, i.e. from 10 ng-ml™" to 1000 ng-ml™', was ac-
ceptable and its parameters are presented in Fig-
ure 3. Fully satisfactory accuracy and precision of
BZ determination are presented in Table II.

5. Results and discussion

The presence of BZ in driver’s blood was con-
firmed by the method of addition of BZ and MET
to analysed blood (Figure 4) and by the MS-MS
method (Figure 5). The BZ concentration deter-
mined in the analysed sample, by the method de-
scribed in the “Methods and materials™ section, was
108 ng-ml™" (Figure 1). 11-nor-9-carboxy-A’-tetra-
hydrocannabinol (THC-COOH) was determined at
a concentration of 66 ng-ml" in the analysed blood
by application of the GC-MS method (modifica-
tion of method proposed by Rojek and Ktys [10]).

y = 0.0008x + 0.0055
R? = 0.996

AA(BZ)/AA[A-d11)

Concentration (ng ml™)

Fig. 3. Calibration curve for benzydamine in the range
of concentration from 10 to 1000 ng~ml".

TABLE II. VALIDATION PARAMETERS OF THE LC-APCI-MS METHOD USED FOR BENZYDAMINE DETERMINATION

Provided concentration =~ Mean found concentration SD Precision Accuracy [%] n
[ng-ml '] [ng-ml '] [ng-ml '] [% RSD]

10 12 1.32 11.32 116.69 6
50 45 291 6.39 90.97 12
100 90 4.89 5.43 90.20 6
200 199 6.94 3.50 99.32

500 517 26.28 5.09 103.31

1000 958 41.97 4.38 95.77 12
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Fig. 4. Fragments of a chromatogram presenting: A — driver’s blood with addi-
tion of 100 ng-ml™' methadone, B — driver’s blood with addition of 100 ng-ml™
benzydamine.
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Fig. 5. A —a fragment of an MS-MS chromatogram obtained for driver’s blood
with addition of 100 ng-ml"' methadone, B — mass spectrum of benzydamine,
C — mass spectrum of methadone obtained by the LC-APCI-MS-MS method.

Other intoxicants and psychotropic
specimens were not detected.

On this basis, it was concluded in
the expert report that the driver was
after the use of psychotropic sub-
stances (THC, marihuana). The ac-
cused tried to explain in the court
that he was only a passive smoker.
The second case (expert) report pre-
pared by the authors of this paper
disproved this defence strategy, be-
cause the concentration of THC-
COOH was higher than concentra-
tions that have been determined
amongst persons exposed to mari-
huana smoke [3]. The influence of
BZ on the driver’s behaviour was not
taken into account during the trial as
it was not on the list of substances
acting similarly to ethyl alcohol or
intoxicants and psychotropic speci-
mens. However, the driver, before
his blood sample was collected,
e.g. at the moment he was stopped,
could have been under the influence
of the joint activity of BZ and THC.
This means that it is very probable
that his psychomotor functions were
disturbed to a higher level than could
be ascribed to the influence of THC.

It could be concluded, beyond
any reasonable doubt, that BZ was
consumed for “recreational” purpo-
ses in the analysed case. It was not
possible to reach a concentration of
108 ng-ml™" of this substance after
external application, in the light of
current knowledge about absorption
and distribution of this substance.
Thus, it was confirmed that there is
a legal issue linked with consump-
tion of specimens containing BZ — it
is not just a theoretical problem, but
one that exists in practice. At the
same time, there is a lack of suitable
and clear-cut legal regulations to
counteract its abuse: 1i.e., there
should be, on the one hand, a prohi-
bition of non-restricted sale of sub-
stances containing BZ and, on the
other hand, it should be included on
the appropriate drug register.
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6. Conclusions

1. Specimens containing benzydamine are consumed
with the aim of evoking states similar to narcotic
states. Therefore, there are grounds for testing for
this compound in drivers’ blood.

. Therefore, if ion m/z = 310 occurs during a stan-
dard analysis, in the authors’ opinion, determina-
tion should be repeated using the MS-MS method
with application of full scan mode and the method
of addition of BZ and MET should also be applied.
This is the only way which allows categorical
identification of these compounds.

. Analytical procedures presented in this paper have
demonstrated that it is possible to determine con-
centration of BZ in blood in accordance with fo-
rensic toxicology requirements. Moreover, ac-
cording to information published in scientific jo-
urnals, it is possible to infer on this basis about
ways of administering preparations (medications)
containing BZ.
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BENZYDAMINA (TANTUM) WE KRWI KIEROWCY.
PROBLEMY ANALITYCZNE I OPINIODAWCZE

1. Wstep

W latach 70. ubiegtego wieku Eggers [5] wskazal na
mozliwo$¢ wystgpowania halucynacji spowodowanych
spozyciem zwiazkow, ktore nie sa uwazane powszechnie
za halucynogenne, a wérdd nich wymienit benzydaming
(BZ, 1-benzyl-3-[3-dimetylaminopropoksy]-1H-indazol).
Pierwsze w Polsce doniesienie celowego ,rekreacyjne-
g0” uzycia BZ dotyczylo 22-letniego me¢zczyzny, ktory,
kierujac si¢ informacja znaleziong w Internecie, przyjat
500 mg tej substancji w postaci preparatu Tantum Rosa
uzywanego przez kobiety do irygacji, czego skutkiem
byla trwajaca 12 godzin hiperaktywnos¢, podniecenie,
halucynacje oraz ok. 48 godzinne ostabienie migsni [1].
BZ jest sktadnikiem wielu lekéw (m.in. Tantum, Hasco-
sept, Difflam), ktére sa powszechnie dostgpne bez re-
cepty (OTC — ang. over-the-counter). Przeznaczona jest
do stosowania zewngtrznego. Miejscowo dziatala prze-
ciwzapalnie, przeciwbolowo, znieczulajaco i antyseptycz-
nie. Do krazenia wchtania si¢ w minimalnym stopniu.
Przyjeta doustnie, czyli sprzecznie z zaleceniami produ-
centa, wykazuje natomiast dziatanie podobne do $rod-
kéw powodujacych majaczenie (ang. deliriants) oraz sty-
mulantow [1, 7]. Wedtug internetowych grup dyskusyj-
nych, po 15 minutach od zazycia BZ w dawce 500 mg po-
winny wystapi¢ lekkie przywidzenia i przestyszenia oraz
,widmowe ksztalty”. Jest tam takze mowa o tym, ze przy
spozyciu wyzszych dawek (siegajacych nawet 3000 mg)
pojawiaja si¢ halucynacje wzrokowe i stuchowe oraz do-
chodzi do uposledzenia funkcji motorycznych i umy-
stowych, a ,,podrézom” tym towarzysza na ogét powigk-
szenie zrenic, bol watroby i nerek, odwodnienie orga-
nizmu i bezsenno$¢. W tym swietle BZ mozna wigc zali-
czy¢ do tzw. naduzywanych nickonwencjonalnych le-
koéw (ang. unconventional drugs of abuse) lub ,,lekéw re-
kreacyjnych”, ktore sa dostepne bez recepty, mimo ze
wykazuja dzialanie psychoaktywne.

Po podaniu doustnym w dawce 100 mg BZ osiaga
maksymalne stezenie ~800 ng-ml™' po 2 h, a czas jej
pottrwania wynosi ~13 h [4]. Maksymalne stgzenie BZ
we krwi mezczyzn obserwowane w 90 minucie po do-
ustnym jej podaniu w dawce 50 mg wynosito 454 ng-ml™
(za$ wykrywana byla w stezeniu 5 ng-ml™' jeszcze po
56 godzinach), natychmiast po podskérnym podaniu 5 mg
stwierdzono 61 ng-ml ™', za$ 3 h po przeptukaniu jamy
ustnej roztworem zawierajacym 50 mg BZ osiagnglo
37 ng-ml ' [2]. Przy zastosowaniu miejscowym (j. zgod-
nym z zaleceniami) wysokie stezenia BZ wystepuja je-
dynie w tkankach otaczajacych miejsce aplikacji, a jej
redystrybucja z tkanek do krwiobiegu jest minimalna

[4, 8]. Po ptukaniu ust, przemywaniu pochwy i podawa-
niu per rectum, st¢zenie BZ w surowicy krwi jest wigc
wielokrotnie mniejsze niz po podaniu doustnym. Istnieje
kilka doniesien na temat oznaczania BZ w materiale bio-
logicznym w oparciu o wysokosprawng chromatografie
cieczowa w potaczeniu z detekcja fluorymetryczna [11,
13] lub masowa [6, 9, 11]. Wspomniane metody stosowa-
ne byly jednak w ukierunkowanych badaniach metabo-
lizmu i farmakokinetyki BZ. Oceny ich przydatnos$¢ do
analizy toksykologicznej dla celéw sadowych nie zna-
leziono. W metodzie LC-MS-MS opracowanej przez
Stanleya i Foo [12] mozliwe jest rOwnoczesne oznacza-
nie BZ oraz metadonu (MET) przy detekcji prowadzone;j
w trybie MRM (ang. multiple reaction monitoring mode).
Zwiazki te charakteryzuje bowiem identyczna trans-
formacja jonu pseudomolekularnego (ang. transition,
m/z 310 — 265) oraz znacznie zblizony czas retencji (R7,
ktory dla BZ wynosi 9,00 min, a dla MET 9,17 min), co
czyni dyskusyjna przydatnos$¢ tej metody dla potrzeb
sadowych ze wzgledu na mozliwy dryft RT = +0,2 min.
W tej sytuacji, gdy w trakcie przesiewowej analizy me-
toda HPLC-MS krwi kierowcy pojawit si¢ sygnal jonu
m/z 310 (rycina 1), podjgto dziatania zmierzajace do po-
twierdzenia lub wykluczenia obecno$ci obu tych sub-
stancji (tj. MET i BZ).

2. Cel pracy

Glownym celem pracy byta walidacja techniki HPLC-
APCI-MS stosowanej w analizie zwiazkow dziatajacych
podobnie do alkoholu, a ponadto ocena jej przydatnosci
do identyfikacji i oznaczania BZ we krwi dla potrzeb
sadowych oraz sprawdzenie jej w praktyce do zbadania
konkretnej probki krwi pobranej od uczestnika ruchu
drogowego podejrzanego o kierowanie pojazdem pod
wplywem $rodka dziatajacego podobnie do alkoholu.

3. Opis przypadku, materialy, aparatura
i metody

3.1. Opis przypadku

Kierowca, o ktorym mowa wyzej (mgzczyzna lat 29,
wzrost 181 cm, waga 83 kg), spowodowal zagrozenie
w ruchu drogowym, gdyz ominat oczekujace na §wiat-
fach pojazdy i przejechat powierzchnia wytaczona z ru-
chu drogowego. Zostal wigc zatrzymany przez policjg.
Zaob- serwowano przy tym, ze pasazer samochodu cho-
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wat co$ pod siedzeniem pasazera. Podczas kontroli poli-
cjanci wyczuli won charakterystyczna dla palonej mari-
huany, a pod siedzeniem pasazera (w woreczku folio-
wym) znaleziono substancjg roslinna koloru zielono-bru-
natnego oraz szklana ,,lufke”. Wkrétce po zatrzymaniu
kierowce przebadano za pomoca elektronicznego urza-
dzenia kontrolno-pomiarowego i wykluczono nie tylko
stan nietrzezwosci, ale rowniez stan po uzyciu alkoholu.
O godzinie 21.00 (tj. ok. 4 godziny po zdarzeniu) od kie-
rowcy pobrano krew do dwoch fiolek (BD Vacutainer)
i zlecono jej badanie pod katem obecnosci w niej ,,$rod-
kéw dziatajacych podobnie do alkoholu (narkotykow)”.

3.2. Materiat

Materiat stuzacy do wykonania kalibracji stanowity:
krew (inna nizdowodowa, przebadana i wolna od etanolu
oraz srodkow podobnie do niego dziatajacych), BZ i bez-
wodny octan etylu (Sigma, Stany Zjednoczone), amfeta-
mina D-11 i diazepam D-5 oraz MET (w postaci roz-
tworow metanolowych w stezeniu 1 mg-ml’l, Cerilliant,
Stany Zjednoczone), a ponadto metanol i acetonitryl
o czystosci LC-MS (Riedel-de Haén, Niemcy), mrow-
czan amonu i kwas mrowkowy (Fluka Chemie, Niemcy),
weglan amonu (J. T. Baker, Stany Zjednoczone) oraz wo-
da dejonizowana filtrowana przy uzyciu Mili-Q system
(Milipore, Stany Zjednoczone).

3.3. Aparatura

Uzyto chromatografu cieczowego Thermo Finningan
Surveyor wyposazonego w pompg gradientowa i automa-
tyczny dozownik sprz¢zony ze spektrometrem mas typu
putapka jonowa LCQ Advantage Max (Finningan, San
Jose, Stany Zjednoczone), w ktéorym zastosowano che-
miczna jonizacj¢ pod ci$nieniem atmosferycznym
(APCI) w trybie jondw dodatnich. Chromatograf cie-
czowy 1 spektrometr masowy pracowaty przy tym pod
kontrolg programu X’calibur, ktéry wykorzystano row-
niez do obrébki danych.

3.4. Procedura ekstrakcji ciecz-ciecz

Do 0,5 ml krwi dodawano po 25 pl roztworu standar-
dow wewngetrznych (tj. amfetaminy D-11 oraz diazepamu
D-5 w stezeniach 10 pg-ml™ dla osiagniccia stezen wy-
noszacych 500 ng-ml™), a nastepnie 0,5 ml buforu wegla-
nowego (pH = 9) i mieszano. Ekstrakcja (przez wytrza-
sanie z 5 ml octanu etylu) trwata 15 minut. Nastgpnie
proébki wirowano przy 2000 g przez 10 minut, po czym
supernatant przenoszono do proboéwek (typu Eppendorf,
2 ml) i odparowywano do sucha w temperaturze 45°C
(w strumieniu azotu). Przed oznaczeniem sucha pozos-
tatos$¢ rozpuszczano w 50 ul fazy ruchome;j.

3.5 Procedura chromatograficzna HPLC-APCI-MS

Rozdziat chromatograficzny ekstraktow przeprowa-
dzono na kolumnie Purospher 125 x 3 RP-18e 5-um
z prekolumna LiChroCART 4-4 Purospher RP-18¢ (Merck,
Niemcy) z zastosowaniem dwusktadnikowej fazy rucho-
mej sktadajacej si¢ poczatkowo z 95% fazy A (25 mM
roztwor mrowczanu amonu o pH 4,5 ustalonym przez do-
datek kwasu mrowkowego) i 5% fazy B (acetonitryl)
o przeptywie 0,4 ml/min. Po 2 min proporcje fazy ru-
chomej zmienialy sig¢ stopniowo do osiagnigcia w 43 min
100% fazy B. Stan wyjsciowy, tj. 95% A i 5% B, przy-
wracano stopniowo pozniej od 45 min przez 15 min. Cata
procedura chromatograficzna trwata wige 60 min. Obje-
to$¢ nastrzyku ekstraktow wynosita 20 pl.

Optymalnymi parametrami dla pracy spektrometru
masowego byly: temperatura zrodta jonéw — 450°C; gaz
jonizujacy — azot, 70 arb (arbitrary unit of LCQ instrum-
ent); gaz pomocniczy — azot, 10 arb; temperatura kapila-
ry — 180°C oraz prad korony — 5 pA. Do analizy ilos-
ciowej zastosowano opcj¢ monitorowania jondéw w za-
kresie 90-650 amu (full scan mode). Sygnat pochodzacy
od pozornych jonéw molekularnych [M+H]" rejestrowa-
no przy wartosciach m/z =310 dla BZ i MET, m/z = 147
dla amfetaminy D-11 oraz m/z = 290 dla diazepamu D-5
(tabela I).

Spektrometri¢ mas MS-MS wykorzystano dla r6zni-
cowania BZ od MET. Zastosowano przy tym znorma-
lizowang energig kolizji = 45%, za$ jony potomne mo-
nitorowano w trybie peilnego skanowania w zakresie
85— 400 amu (full scan).

3.6. Krzywa kalibracyjna

Krzywa kalibracyjna sporzadzono przez dodawanie
BZ do przebadanej wczesniej (pod katem etanolu i $rod-
kéw podobnie dziatajacych) krwi wzorcowej (,,blank™),
w takiej ilo$ci, aby otrzymane st¢zenia wynosity: 10, 50,
100, 200, 500, 1000 ng-ml’l. Probki ekstrahowano w spo-
sob przedstawiony w procedurze. Krzywa kalibracyjna
utworzono w sposob standardowy.

4. Walidacja metody

W tym celu w odstgpach 1-7 dni przeprowadzono
szesciokrotnie opisang wyzej kalibracj¢ w petnym za-
kresie. Wykazano w ten sposob specyficznos¢ metody
(rycina 2A). Osiagnic¢to bardzo dobra granice detekcji
(LOD), ktora przy stosunku szumu do sygnatu (N/S) =4
wynosita 3 ng-ml™ (rycina 2B). Za limit oznaczalno$ci
(LOQ) przyjeto 10 ng-ml', tj. najmniejsze stezenie BZ
uzyte dla krzywej kalibracyjnej (rycina 2C). Wielkos¢
odzysku BZ dla 50 i 1000 ng-ml™, ktora kalkulowano
jako stosunek sygnalu analitu uzyskanego z probki po
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ekstrakeji krwi do sygnatu uzyskanego z probki ekstraktu
,,blank”, do ktoérego dodawano BZ, wynosita odpowied-
nio: 85.5% (£6.2%, n = 6);1 78.8% (£1.3%; n = 6).

Jako standard wewngtrzny zastosowano amfetaming
D-11, poniewaz w jej przypadku uzyskany wspotczynnik
korelacji byt wyzszy niz dla diazepamu D-5. Stwierdzono
liniowo$¢ uzyskanej krzywej kalibracyjnej w calym za-
kresie stezen BZ (tj. od 10 ng-ml™" do 1000 ng-ml "), kto-
rej parametry przedstawia rycina 3. W pelni zadowala-
jaca doktadnosc i precyzje oznaczen BZ zawiera za$ ta-
bela II.

5. Omoéwienie wynikow badan i dyskusja

Obecno$¢ BZ we krwi kierowcy potwierdzono me-
toda dodatku wzorcéw BZ i MET do badanej krwi (ry-
cina 4) oraz metoda MS-MS (rycina 5). Stezenie BZ w tej
prébce oznaczone w sposob opisany w rozdziale 4 tej
pracy wynosito 108 ng-ml™' (rycina 1). W badanej krwi
stwierdzono réwniez obecnos$¢ (zmodyfikowang metoda
GC-MS wedlug Rojek i Ktys [10]) 11-nor-9-karboksy-
delta-9-tetrahydrokannabinolu (THC-COOH) w st¢zeniu
66 ng-ml™'. Nie stwierdzono natomiast innych $rodkoéw
odurzajacych i psychotropowych.

Na tej podstawie w opinii przyjgto, ze kierowca znaj-
dowat si¢ w stanie po uzyciu substancji psychotropowej
(THC, marihuany). Oskarzony przed sadem probowat to
thumaczy¢, utrzymujac, ze byt jedynie biernym palaczem,
ale druga opinia autorow niniejszej pracy te lini¢ obrony
obalita, poniewaz st¢zenie THC-COOH byto wyzsze od
tych, ktore stwierdzano u oséb eksponowanych na dym
z marihuany [3]. W trakcie procesu pominigto natomiast
oddzialywanie BZ na organizm kierowcy, gdyz nie znaj-
duje si¢ ona w wykazie §rodkéw dziatajacych podobnie
do alkoholu oraz srodkéw odurzajacych i substancji psy-
chotropowych. Tymczasem kierowca, przed pobraniem
proby krwinp. w chwili zatrzymania, mogt znajdowac si¢
pod skojarzonym dziataniem BZ i THC, w zwiazku
z czym prawdopodobne jest, iz jego funkcje psychomoto-
ryczne byly zaburzone w stopniu wyzszym od tego, jakie
przypisa¢ nalezatoby wytacznie dziataniu THC.

Nie ulega ponadto watpliwosci to, ze w omawianym
przypadku BZ zostala zastosowana doustnie w celach
»rekreacyjnych”. W §wietle wiedzy na temat wchtaniania
i dystrybucji tej substancji wykluczone byto bowiem
osiagnigcie stwierdzonego stezenia (108 ng-ml™) po
aplikacji zewngtrznej. Potwierdzono zatem, ze nie tylko
teoretycznie, ale rowniez w praktyce istnieje problem
prawny zwiazany z doustnym przyjmowanym preparat-
ow zawierajacych BZ, do przeciwdziatania ktéremu brak
wlasciwych, jednoznacznych przepiséw prawnych, tj.
z jednej strony zniesienie wolnej sprzedazy preparatow
zawierajacych BZ, a z drugiej wpisanie jej do odpow-
iedniego wykazu lekow.

6. Whnioski

1. Preparaty zawierajace benzydaming sa uzywane do-
ustnie w celu wywotania stanow zblizonych do nar-
kotycznych. Istnieje zatem uzasadniona podstawa do
monitorowania we krwi kierowcoéw takze tego
zwiazku chemicznego.

2. W zwiazku z powyzszym, jezeli w trakcie rutynowej
analizy pojawi si¢ jon m/z =310, to zdaniem autoréw
niniejszej pracy oznaczenie nalezy powtorzy¢ z wy-
korzystaniem metody MS-MS ze skanowaniem
pelnego zakresu jonéw potomnych (full scan) oraz
metody dodatku wzorca BZ i MET, gdyz tylko w ten
sposob mozna jednoznacznie zidentyfikowac oba te
zwiazki.

3. Procedury analityczne przedstawione w tej pracy
wyjasniaja za$, ze mozliwe jest zgodne z wymagani-
ami toksykologii sadowej oznaczanie st¢zenia BZ we
krwi, a z przegladu piSmiennictwa wynika, Ze mozna
na tej podstawie wnioskowaé odnosnie do sposobu
zaaplikowania preparatu zwierajacego BZ.
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