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ABSTRACT: Drugs used in anaesthesia and premedication are sometimes detected
during routine forensic screening analysis of blood and urine samples taken from per-
sons injured in various accidents. Six cases subjected to expert examination at the In-
stitute of Forensic Research in Cracow in 2003 are presented in order to illustrate
analytical and interpretation problems. Samples were sent to the Institute for analy-
sis for the presence of drugs, narcotics or substances acting similarly to alcohol and to
ascertain whether injured persons were under the influence of these drugs during the
incident. Only in one of the analysed blood samples was a psychotropic drug that is not
on the prescription list in Poland – �9-tetrahydrocannabinol (�9-THC) – detected, and
in one case morphine – a drug of abuse but also an analgesic medicament – was de-
tected at a concentration of 100 ng/ml. Pharmacological drugs (thiopental, midazolam,
lidocaine) were identified in each analysed material – these medicines could have been
administered as part of the medical aid given to the injured persons. Determined con-
centrations of these drugs were within the therapeutic range, except in one case where
the concentration of midazolam in blood was exceptionally high – 20 �g/ml. In this case
there was a note in the blood sample collection records that the patient had undergone
an operation requiring general anaesthesia. Intravenous injection of midazolam and
collection of the blood sample a short time later explain the very high concentration of
this drug found. In the remaining cases, there was no information about the condition
of injured persons or the medicines administered to save their health or life after the
accident. These kinds of information are very important for the expert analyst, espe-
cially when the amount of collected biological material – particularly blood – is small.
Moreover, this information is indispensable for interpretation of results of chemi-
cal-toxicological analysis concerning the influence of the identified substance on the
human organism at the moment of the incident.
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INTRODUCTION

The number of analyses carried out on body fluids collected from users of
public roads for the presence of substances acting similarly to alcohol is in-
creasing sharply. Analyses of body fluids taken from perpetrators and vic-



tims of other unfortunate accidents are also common and constitute a signif-
icant problem. In most expert examinations of this kind, analysts have only
one type of material at their disposal, secured in small amounts, and only
scant information about the circumstances of the incident. Even today with
satisfactory access to modern analytical techniques, performing multidirec-
tional toxicological analyses in such cases is impossible and interpretation of
results is difficult and limited. Six cases subjected to expert examination at
the Institute of Forensic Research in Cracow in 2003 have been presented to
illustrate analytical and interpretation problems.

DESCRIPTION OF CASES

Case 1. Blood (7 ml) collected from a driver in connection with a road acci-
dent where two persons died was submitted for analysis “for the presence of
psychotropic or narcotic substances”.

Case 2. A blood sample (6 ml) was taken from a pedestrian who was in-
volved in a road accident in order to perform analyses “for the presence of
substances acting similarly to alcohol”.

Case 3. Blood (2,5 ml) was collected from a man in a case of “a suicidal
gunshot wound” for analysis “for the presence of intoxicating substances,
pharmacological drugs and poisons”.

Case 4. Blood (5 ml) secured in a case of “exceeding of powers by police-
men and shooting of an unknown man” was sent in for analysis “for the pres-
ence of intoxicating substances”.

Case 5. A blood sample (10 ml) was taken from a man who had received
an accidental electric shock at work. The specimen was sent in for analysis
for “the presence of intoxicating substances”.

Case 6. A urine sample (approx. 6 ml) collected from a participant in
a road accident was sent in for analysis “for the presence of narcotic drugs,
psychotropic substances and barbiturates”.

Materials collection records were enclosed with samples of fluids in all
cases. However, only in the case of the man who received an electric shock
was information included in the record about the condition of the victim at
the moment of collection of material for analysis – he was in a state described
as “after resuscitation (unconscious, anaesthetised)”.

TOXICOLOGICAL INVESTIGATIONS

Due to a lack of specific targeting of analysis, in all cases specimens were
analysed in accordance with procedure that is obligatory at the Institute.
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First, screening analyses were performed with use of immunochemical
methods and high-performance liquid chromatography (HPLC-DAD). Posi-
tive results were confirmed by targeted analytical procedures using instru-
mental methods. Furthermore, all blood samples were analysed for amphet-
amine and its analogues, and also �9-tetrahydrocannabinol (�9-THC) and
11-nor-9-carboxy-�9-tetrahydrocannabinol (THCCOOH). Amphetamines were
determined by liquid chromatography coupled with mass spectrometry with
atmospheric pressure chemical ionization (LC/MS-APCI), and cannabinols
were determined by gas chromatography with mass spectrometry with neg-
ative chemical ionization (GC/MS-NCI).

Screening methods

Blood samples were analysed for the presence of opiates and also benzo-
diazepines and barbiturates that are commonly abused together with them.
The fluorescence polarisation immunoassay (FPIA) method with applica-
tion of TDx tests manufactured by Abbott was used. Opiates and barbitu-
rates were detected using tests intended for detection of these substances in
urine, whilst benzodiazepines were detected with use of tests for serum. Use
of tests on material different to that intended by the manufacturer meant
that samples required preliminary preparation. Blood samples were diluted
3 times with distilled water for benzodiazepines and barbiturates proce-
dures, whilst blood samples for opiates procedure were precipitated with ac-
etone, centrifuged and then dissolved in Abbott’s dilution buffer in order to
obtain samples that were 5 times concentrated.

Syva Rapid immunochemical tests by Dade Behring were applied to
urine samples for identification of drugs from the above mentioned groups
and also cocaine, amphetamines and cannabinols.

Screening analysis was performed by the HPLC-DAD method using
LaChrom D-7000 System apparatus by Merck/Hitachi operating in condi-
tions of the Chrom-Tox system for identification of drugs developed by
Merck. Liquid-liquid extraction dependent on pH from three different medi-
ums: acidic (pH 2), alkaline (pH 9) and strongly alkaline (pH 13) was used for
the purpose of extraction of xenobiotics. Solvents used for extraction were,
respectively, ethyl ether, ethyl acetate and a mixture of n-hexane and
isoamyl alcohol (99:1). Separation of compounds present in extracts was
achieved on a LiChroCART 125 � 4 column with LiChrospher 60 RP Select B
packing material (Merck). A mixture of acetonitrile and 25 mM triethyl-
ammonium phosphate buffer solution (pH 3) was used in gradient mode as
a mobile phase.
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Confirmation methods

HPLC-DAD or LC/MS-APCI was used for confirmation of the presence
and quantification of xenobiotics in blood and urine. Targeted extraction
was applied, depending on the type of xenobiotic. Specimens for quantifica-
tion of barbiturates were extracted with diethyl ether (pH 2) and the ex-
tracts analysed by the HPLC-DAD method. A reversed phase column and
gradient conditions were applied (the same as in the screening method). The
mobile phase consisted of a mixture of acetonitrile and water with addition
of 85% phosphoric acid (100 µl/l).

Analysis of benzodiazepines and opiates was performed by the
LC/MS-APCI method with use of HP-1100 Agilent Technologies apparatus.
Blood samples used for quantification of benzodiazepines were extracted di-
rectly with diisopropyl ether (pH 7,4) directly, while urine samples were first
subjected to enzymatic hydrolysis (�-glucuronidase with arylsulphatase for
12 hours at 37oC). Blood samples for quantification of opiates were also hydro-
lysed and then extracted with a mixture of methylene chloride and iso-
propanol (9:1) from an alkaline medium (pH 9). Separation in both cases was
carried out on a LiChroCART 125 � 4 column with Purospher RP-18 e packing
material. The mobile phase was made up of a mixture of acetonitrile and wa-
ter with addition of 100 �l of concentrated formic acid in 100 ml of each sol-
vent. Analyses were carried out in selected ion monitoring (SIM) mode.

Targeted analyses

Blood samples for quantification of amphetamine and its analogues were
extracted with n-butyl chloride from an alkaline medium (pH 12). Obtained
extracts were analysed by the LC/MS-APCI method. Separation was
achieved on a LiChroCART 125 � 3 column with Purospher 60 RP-18 e pack-
ing material. The composition of the mobile phase was similar to that used
for quantification of benzodiazepines.

Quantification of cannabinols was carried out using an Agilent Technol-
ogies gas chromatograph 6890 Series equipped with mass selective detector
5973 Series (GC/MS-NCI).

For this purpose, blood samples were extracted with diisopropyl ether
from an alkaline medium (pH 13). Then, the obtained extracts were deriva-
tized using trifluoroacetic anhydride (TFAA) and analysed for �9-THC. Sam-
ples were also analysed for the presence of THCCOOH. For this purpose, the
water phase after extraction of �9-THC was acidified with hydrochloric acid
(pH 3). Then it was extracted with a mixture of hexane and ethyl ace-
tate (7:1), and the obtained extracts were derivatized using a mixture of
TFAA and pentafluoro-1-propanol (PFP). Separation was performed on an
AT-5MS capillary column [3].
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RESULTS AND DISSCUSION

Results of toxicological analyses obtained in the mentioned cases are pre-
sented in Table I.

TABLE I. RESULTS OF TOXICOLOGICAL ANALYSES OF BODY FLUIDS COLLECTED
FROM VICTIMS OF ACCIDENTS.

Case description
(kind and quantity of

material)

Screening
analysis

[FPIA, SYVA]
HPLC-DAD
Chrom-Tox

Quantitative
analysis

LC/MS-APCI
[ng/ml]

Quantitative
analysis

HPLC-DAD
[ng/ml]

Targeted
analyses

LC/MS-APCI
GC/MS-NCI

[ng/ml]

1

Driver who caused
a road accident where

two persons died
(blood – 7 ml)

[BAR (+), OPI,
BZD (–)]

thiopental
furosemide

–
1600

–

Amphetamine (–)
�9-THC – 1,2

THCCOOH – 15

2
Participant

in road accident
(blood – 6 ml)

[BAR (+), OPI,
BZD (–)]

thiopental
7000

Amphetamine,
�9-THC (–)

3
Suicidal wound
from a gunshot
(blood – 2.5 ml)

[BAR (+), OPI,
BZD (–)]

thiopental

~2100
(FPIA)

Amphetamine,
�9-THC (–)

4

Exceeding of powers
by policemen and

shooting of unknown
man (blood – 5 ml)

[BZD (+–), OPI,
BAR (–)]

midazolam (?)
50

Amphetamine,
�9-THC (–)

5
Electric shock accident

(blood – 10 ml)

[BZD, OPI (+),
BAR (–)]

midazolam

20000
morphine – 100

Amphetamine,
�9-THC (–)

6
Participant in road

accident
(urine – 6 ml)

[BZD (+) OPI,
BAR, KOK,

KAN, AMF (–)]*
midazolam
lidocaine

2500

3600
Amphetamine,

�9-THC (–)

AMF – amphetamine, BAR – barbiturates, BZD – benzodiazepines, KAN – cannabinols, KOK –
cocaine, OPI – opiates, (–) – negative result, (+) – positive result, * – results obtained by SYVA
test.

Barbiturates were identified in three cases, benzodiazepines in two cases
and opiates in one case as a result of screening of blood samples using the
FPIA method, and also Syva tests on urine. Further screening analyses of
blood and urine performed by HPLC-DAD under Chrom-Tox system condi-
tions revealed a barbiturate in a driver’s blood (case 1), identified as
thiopental. Moreover, furosemide was found in his blood. Thiopental was
also detected in the blood of the pedestrian who was the victim of a road acci-
dent (case 2) and in the blood of the man who wounded himself by gunshot
(case 3). A drug from the benzodiazepines group, identified as midazolam,
was detected in the blood of the man who received an electric shock (case 5)
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and in the urine of the participant in a road accident (case 6). Furthermore,
lidocaine was also found in the analysed urine. Midazolam traces were also
detected in the blood of the man who was shot by policemen (case 4).

Using the LC/MS-APCI or HPLC-DAD method, thiopental was deter-
mined in blood at concentrations of 1.6 �g/ml (case 1), 2.1 �g/ml (case 3) and
7.0 �g/ml (case 2). Midazolam was determined in blood at concentrations of
50 ng/ml (case 4) and 20 �g/ml (case 5). Concentrations of midazolam and
lidocaine determined in urine were 2.5 �g/ml and 3.6 �g/ml, respectively.
Furthermore, a compound from the opiate group, detected (besides mida-
zolam) in the blood of the electric shock victim, was identified as morphine
using the LC/MS-APCI method. Its concentration was 100 ng/ml. Amphet-
amine and its analogues were not detected, using targeted analysis, in any of
the materials from the mentioned cases. Only the driver who caused a fatal
road accident (case 1) had in his blood �9-THC at a concentration of 1.2 ng/ml
and its inactive metabolite THCCOOH at a concentration of 15 ng/ml.

Assessment of obtained results of toxicological analyses allows us to state
with complete confidence only in the first case that the driver, in whose blood
�9-THC was detected, was, at the moment of the incident, under the influ-
ence of a psychotropic substance after abuse of cannabis (marihuana, hashish).

In all six cases, it can not be excluded that the medicinal drugs detected
during analyses (thiopental, midazolam, lidocaine, morphine) were admin-
istered in order to save the health or life of the victims of accidents.

Thiopental, ascertained in the first three persons (two participants in
road accidents and the perpetrator of the attempted suicide by gunshot) is
a drug from the barbiturates group. It has soporific, anaesthetic, amnestic
and anticonvulsant activity. It is used for induction of general anaesthesia
and as an anaesthetic for short surgical procedures. The drug decomposes
rapidly and is metabolised to pentobarbital. Thiopental present in the blood
in unchanged form can indicate that it was introduced into the organism
a short time before blood collection for analysis. Lack of detection of pento-
barbital in blood excludes one-off taking of thiopental a long time prior to
testing and also multiple administration of this drug even in therapeutic
doses. Determined quantities of thiopental in these three cases were within
the therapeutic range, which in steady state is between 1.0–5.0 µg/ml, or
even 25–42 µg/ml. The latter values are considered extreme but permissi-
ble [2]. The concentration determined in the second case (7 �g/ml) is reached
15 minutes after intravenous injection of 400 mg of thiopental [1]. Thio-
pental concentrations were significantly lower in the first and third case
(1.6 and 2.1 µg/ml).

Midazolam is a strongly acting imidazole derivative of benzodiazepine
that produces sedating, soporific, amnestic, anxiety-relieving, hypotonic
and anticonvulsant effects. It is used orally as a hypnotic drug, and also
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intramuscularly and intravenously for induction of anaesthesia and preme-
dication, e.g. for surgical procedures. The midazolam concentration deter-
mined in the blood of the shot man was within the therapeutic range – be-
tween 40 and 250 ng/ml [2]. Its concentration in blood taken from the person
who had received an electric shock was paradoxically high and considerably
exceeded the range of toxic concentrations – 1000–1500 ng/ml [2]. Such
a concentration of midazolam can occur in blood a short time after intrave-
nous administration of this drug.

The remaining drugs found in body fluids – furosemide and lidocaine –
are often given during therapeutic interventions.

SUMMARY

It is a fact that specialised laboratories have at their disposal increas-
ingly good apparatus for performing requested toxicological analyses. This
enables analysis of an ever wider range of compounds at lower concentra-
tions. Currently, the most common limiting factor in toxicological analyses
is the insufficient amount of material (blood, urine) at the analyst’s disposal.
In such cases, especially if there is a lack of precise specification of the target
of analysis, the analyst often has to quantify medicines that he detects in
screening analyses – these drugs may have been given to the injured person
to save health or life after the accident. Frequently analyses for the presence
of these drugs would not be necessary, if the analyst had been informed
about operations on the injured person, e.g. surgical interventions or resus-
citation. The agency or body that is ordering the analyses is most often inter-
ested in establishing whether the given person was under the influence of
narcotic drugs or psychotropic substances during the incident, which could
have influenced his/her behaviour during the incident. Lack of data about
the circumstances of the incident make even a laboratory interpretation of
results impossible.
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ŒRODKI FARMAKOLOGICZNE W P£YNACH USTROJOWYCH
OFIAR WYPADKÓW. ANALIZA 6 PRZYPADKÓW

Ewa CHUDZIKIEWICZ, Maria KA£A

WSTÊP

Liczba analiz p³ynów ustrojowych pobranych od u¿ytkowników dróg publicznych
na obecnoœæ œrodków podobnie dzia³aj¹cych do alkoholu gwa³townie wzrasta. Anali-
zy p³ynów ustrojowych pobranych od sprawców i ofiar innych nieszczêœliwych wy-
padków stanowi¹ równie¿ czêsty i istotny problem. W wiêkszoœci tego typu ekspertyz
analityk dysponuje jednym rodzajem materia³u, zabezpieczonym w niewielkiej iloœ-
ci, a ponadto sk¹pymi informacjami o okolicznoœciach zdarzenia. Nawet w czasach
zadawalaj¹cej dostêpnoœci do nowoczesnych technik analitycznych przeprowadzenie
w takich przypadkach wielokierunkowych badañ toksykologicznych jest niemo¿liwe,
a interpretacja wyników nie³atwa i ograniczona. W celu zilustrowania trudnoœci
analitycznych i interpretacyjnych, przytoczono szeœæ przypadków bêd¹cych przed-
miotem ekspertyz wykonanych w Instytucie Ekspertyz S¹dowych w 2003 roku.

OPIS PRZYPADKÓW

Przypadek 1. Do badañ „na obecnoœæ œrodków psychotropowych lub odurza-
j¹cych” nades³ano krew (7 ml) pobran¹ od kierowcy, a zabezpieczon¹ w zwi¹zku z wy-
padkiem drogowym, w którym œmieræ ponios³y dwie osoby.

Przypadek 2. Od osoby, która uczestniczy³a w wypadku drogowym jako pieszy,
pobrano próbê krwi (6 ml) celem przeprowadzenia badañ „na zawartoœæ œrodków po-
dobnie dzia³aj¹cych do alkoholu”.

Przypadek 3. Do badañ nades³ano krew (2,5 ml) pobran¹ od mê¿czyzny, a zabezpie-
czon¹ w sprawie „samobójczego uszkodzenia cia³a przez postrzelenie” celem przepro-
wadzenia badañ „na zawartoœæ œrodków odurzaj¹cych, œrodków farmakologicznych
i trucizn”.

Przypadek 4. Do badañ nades³ano krew (5 ml) zabezpieczon¹ w sprawie „prze-
kroczenia uprawnieñ przez funkcjonariuszy policji i postrzelenia N.N. mê¿czyzny”
celem przeprowadzenia badañ „na obecnoœæ œrodków odurzaj¹cych”.

Przypadek 5. Od mê¿czyzny, który uleg³ nieszczêœliwemu wypadkowi w pracy
przez pora¿enie pr¹dem, pobrano próbê krwi (10 ml) do badañ „na zawartoœæ
œrodków odurzaj¹cych”.

Przypadek 6. Do badañ nades³ano mocz (oko³o 6 ml) pobrany od uczestnika wy-
padku drogowego celem przeprowadzenia badañ „na obecnoœæ œrodków odurza-
j¹cych, substancji psychotropowych i barbituranów”.

We wszystkich przypadkach do prób p³ynów ustrojowych do³¹czone by³y proto-
ko³y pobrania materia³u. Jednak tylko w przypadku mê¿czyzny pora¿onego pr¹dem
w protokole umieszczono informacjê o stanie osoby poszkodowanej w chwili pobiera-



nia materia³u do badañ, z której wiadomo by³o, ¿e znajdowa³ siê on w stanie „po re-
suscytacji (nieprzytomny, uœpiony)”.

BADANIA TOKSYKOLOGICZNE

Ze wzglêdu na brak bli¿szego ukierunkowania badañ, we wszystkich przypad-
kach postêpowano zgodnie z tokiem postêpowania analitycznego obowi¹zuj¹cym
w Instytucie. W pierwszej kolejnoœci obejmowa³ on analizy przesiewowe wykonane
metodami immunochemicznymi oraz wysokosprawnej chromatografii cieczowej
z detektorem szeregu diod (HPLC-DAD). Dodatnie wyniki uzyskane metodami prze-
siewowymi by³y potwierdzane z zastosowaniem ukierunkowanych procedur anali-
tycznych wykorzystuj¹cych instrumentalne metody oznaczenia. Ponadto wszystkie
próby krwi poddano analizom celowanym na obecnoœæ amfetaminy i jej pochodnych
oraz �9-tetrahydrokannabinolu (�9-THC) i 11-nor-9-karboksy-�9-tetrahydrokanna-
binolu (THCCOOH). Amfetaminy w próbkach krwi analizowano metod¹ chromato-
grafii cieczowej sprzê¿onej ze spektrometri¹ mas w warunkach jonizacji chemicznej
pod ciœnieniem atmosferycznym (LC/MS-APCI), a kannabinole oznaczano metod¹
chromatografii gazowej ze spektrometri¹ mas z negatywn¹ jonizacj¹ chemiczn¹
(GC/MS-NCI).

Metody skryningowe

Próby krwi analizowano na obecnoœæ alkaloidów z grupy opium oraz czêsto im to-
warzysz¹cych leków z grupy pochodnych benzodiazepiny i pochodnych kwasu barbi-
turowego metod¹ immunofluorescencji w œwietle spolaryzowanym (FPIA) z zastoso-
waniem testów TDx firmy Abbott. Do wykrywania opiatów i barbituranów zastoso-
wano testy przeznaczone do wykrywania tych substancji w moczu, natomiast do ben-
zodiazepin testy do surowicy. U¿ycie testów do innego rodzaju materia³u ni¿ przewi-
dywa³ producent wymaga³o wstêpnego przygotowania próbki. Badanie prób krwi na
obecnoœæ benzodiazepin i barbituranów wykonano po trzykrotnym ich rozcieñczeniu
wod¹ destylowan¹, natomiast próby krwi do badania na obecnoœæ opiatów str¹cano
acetonem, a po odwirowaniu rozpuszczano w takiej iloœci buforu firmowego, aby by³y
one piêciokrotnie zagêszczone.

Do badañ moczu zastosowano testy immunochemiczne Syva Rapid firmy Dade
Behring, przeznaczone do wykrywania œrodków z wymienionych grup oraz dodatko-
wo kokainy, amfetamin i kannabinoli.

Analizê skryningow¹ metod¹ HPLC-DAD wykonano z zastosowaniem aparatu
LaChrom D-7000 System firm Merck/Hitachi w warunkach systemu Chrom-Tox do
identyfikacji leków, opracowanego przez firmê Merck. W celu wyekstrahowania kse-
nobiotyków stosowano metodê ekstrakcji ciecz-ciecz zale¿n¹ od pH z trzech œrodo-
wisk: kwaœnego (pH 2), alkalicznego (pH 9) i silnie alkalicznego (pH 13), u¿ywaj¹c
jako ekstrahentów, odpowiednio, eteru etylowego, octanu etylu i mieszaniny n-hek-
sanu z alkoholem izoamylowym (99:1). Rozdzia³ sk³adników obecnych w ekstraktach
prowadzono na kolumnie LiChroCART 125 � 4 z wype³nieniem LiChrospher 60 RP
Select B firmy Merck. Jako fazê ruchom¹ stosowano mieszaninê acetonitrylu
i 25 mM fosforanu trietyloamonowego (pH 3) podawan¹ na kolumnê w uk³adzie gra-
dientu sk³adu.
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Metody potwierdzaj¹ce

W celu potwierdzenia obecnoœci wykazanych we krwi i moczu ksenobiotyków
oraz wyznaczenia ich stê¿enia stosowano metodê HPLC-DAD lub metodê
LC/MS-APCI. W zale¿noœci od rodzaju ksenobiotyku stosowano ekstrakcjê celo-
wan¹. Próbki do oznaczania barbituranów ekstrahowano eterem etylowym przy
pH 2, a ekstrakty badano metod¹ HPLC-DAD w wersji faz odwróconych z u¿yciem
kolumny jak do skryningu i warunków gradientowego sk³adu fazy. Fazê ruchom¹
stanowi³a mieszanina acetonitrylu i wody z dodatkiem 85% kwasu o-fosforowego
w iloœci 100 µl/l.

Benzodiazepiny i opiaty analizowano metod¹ LC/MS-APCI z zastosowaniem
aparatu HP-1100 firmy Agilent Technologies. W celu oznaczenia benzodiazepin
próbki krwi bezpoœrednio, a próbki moczu po uprzedniej hydrolizie enzymatycznej
(�-glukuronidaza z arylosulfataz¹ przez 12 godzin w temperaturze 37oC), ekstraho-
wano z eterem diizopropylowym (pH 7,4). Próbki krwi do oznaczenia opiatów
równie¿ poddawano podobnej hydrolizie, po czym ekstrahowano mieszanin¹ chlorku
metylenu z izopropanolem (9:1) ze œrodowiska alkalicznego (pH 9). Rozdzia³ w obu
przypadkach prowadzono na kolumnie LiChroCART 125 � 4 z wype³nieniem Puros-
pher RP-18 e. Fazê ruchom¹ stanowi³a mieszanina acetonitrylu i wody z dodatkiem
100 µl stê¿onego kwasu mrówkowego na 100 ml ka¿dego rozpuszczalnika. Analizy
prowadzono w systemie monitorowania wybranych jonów (SIM).

Analizy celowane

Próbki krwi do oznaczania amfetaminy i jej pochodnych ekstrahowano chlorkiem
n-butylu ze œrodowiska alkalicznego (pH 12), a otrzymane ekstrakty analizowano
metod¹ LC/MS-APCI. Rozdzia³ prowadzono na kolumnie LiChroCART 125 � 3
z wype³nieniem Purospher 60 RP-18 e, stosuj¹c sk³ad fazy ruchomej podobny jak
przy oznaczaniu benzodiazepin.

Kannabinole oznaczano metod¹ GC/MS-NCI z u¿yciem chromatografu gazowego
serii 6890 sprzê¿onego ze spektrometrem mas serii 5973 firmy Agilent Technologies.
W tym celu próbki krwi ekstrahowano eterem diizopropylowym ze œrodowiska alka-
licznego (pH 13), po czym otrzymane ekstrakty poddano derywatyzacji bezwodni-
kiem kwasu trifluorooctowego (TFAA) i badano w kierunku �9-THC. Ponadto próbki
krwi badano na obecnoœæ THCCOOH. W tym celu fazê wodn¹ po wyekstrahowaniu
�9-THC zakwaszano kwasem solnym (pH 3) i ekstrahowano mieszanin¹ heksanu
z octanem etylu (7:1), a otrzymane ekstrakty poddawano derywatyzacji mieszanin¹
TFAA z pentafluoro-1-propanolem (PFP). Rozdzia³ prowadzono na kolumnie kapi-
larnej AT-5MS [3].

WYNIKI BADAÑ I DYSKUSJA

Wyniki badañ toksykologicznych uzyskane w omawianych przypadkach zebrano
w tabeli I.

W wyniku analiz przesiewowych wykonanych metod¹ FPIA w próbach krwi oraz
testami Syva w próbach moczu wykazano obecnoœæ pochodnych kwasu barbiturowe-
go w trzech przypadkach, pochodnych benzodiazepiny w dwóch przypadkach oraz al-
kaloidów opium w jednym przypadku. W dalszych badaniach skryningowych prób

100 E. Chudzikiewicz, M. Ka³a



krwi i moczu przeprowadzonych metod¹ HPLC-DAD w warunkach systemu
Chrom-Tox, wykryty u kierowcy (przypadek 1) lek z grupy barbituranów zidentyfi-
kowano jako tiopental, a ponadto w jego krwi wykazano furosemid. Obecnoœæ tiopen-
talu wykryto równie¿ we krwi pieszego, który uleg³ wypadkowi drogowemu (przypa-
dek 2) oraz we krwi mê¿czyzny, który uleg³ samopostrzeleniu (przypadek 3). Lek
z grupy benzodiazepin wykryty we krwi osoby pora¿onej pr¹dem (przypadek 5) oraz
w moczu uczestnika wypadku drogowego (przypadek 6) zidentyfikawano jako mida-
zolam. Ponadto w badanym moczu stwierdzono tak¿e lidokainê. Œlady midazolamu
stwierdzono równie¿ we krwi mê¿czyzny postrzelonego przez funkcjonariuszy policji
(przypadek 4).

Wyznaczone metodami LC/MS-APCI lub HPLC-DAD stê¿enia tiopentalu we
krwi wynosi³y 1,6 �g/ml (przypadek 1), 2,1 �g/ml (przypadek 3) i 7,0 �g/ml (przypa-
dek 2), a stê¿enia midazolamu przyjê³y wartoœci 50 ng/ml (przypadek 4) oraz
20 �g/ml (przypadek 5). Wyznaczone w próbie moczu stê¿enie midazolamu wynosi³o
2,5 �g/ml, a lidokainy 3,6 �g/ml. Ponadto zwi¹zek z grupy alkaloidów opium, stwier-
dzony obok midazolamu we krwi osoby pora¿onej pr¹dem, zidentyfikowano metod¹
LC/MS-APCI jako morfinê, a jej stê¿enie wyznaczono na 100 ng/ml.

W ¿adnym z wymienionych przypadków, stosuj¹c analizy celowane, nie stwierd-
zono w badanym materiale obecnoœci substancji psychotropowych z grupy amfetami-
ny i jej pochodnych, a tylko u kierowcy, który spowodowa³ wypadek ze skutkiem
œmiertelnym (przypadek 1) wykryto �9-THC w stê¿eniu 1,2 ng/ml oraz jego nieak-
tywny metabolit THCCOOH w stê¿eniu 15 ng/ml.

Analizuj¹c uzyskane wyniki badañ toksykologicznych, stwierdziæ mo¿na z ca³¹
pewnoœci¹, ¿e tylko w pierwszym przypadku kieruj¹cy pojazdem, we krwi którego
wykryto �9-THC, w chwili zaistnia³ego zdarzenia znajdowa³ siê pod dzia³aniem subs-
tancji psychotropowej po u¿yciu œrodka odurzaj¹cego, jakim s¹ przetwory konopi
(marihuana, haszysz).

We wszystkich szeœciu przypadkach nie mo¿na wykluczyæ, ¿e wykryte podczas
wykonywanych badañ leki (tiopental, midazolam, lidokaina, morfina) zosta³y po-
dane w celu ratowania zdrowia lub ¿ycia osób podszkodowanych w zaistnia³ych wy-
padkach.

Stwierdzony u trzech pierwszych osób (u dwóch uczestników wypadku drogowe-
go i ofiary próby samobójczej przez postrzelenie) tiopental jest lekiem z grupy po-
chodnych kwasu barbiturowego o dzia³aniu nasennym, znieczulaj¹cym, amnestycz-
nym i przeciwdrgawkowym. Jest on stosowany podczas indukcji w znieczulaniu ogól-
nym oraz jako anestetyk w krótkich zabiegach chirurgicznych. Jest lekiem szybko
rozk³adaj¹cym siê i metabolizuj¹cym do pentobarbitalu. Jego obecnoœæ w postaci
niezmienionej we krwi mo¿e wskazywaæ, ¿e zosta³ wprowadzony do organizmu na
krótko przed pobraniem krwi do badañ. Niewykrycie pentobarbitalu we krwi wy-
klucza odleg³e w czasie jednorazowe przyjêcie tiopentalu oraz czêste przyjmowanie
tego leku nawet w dawkach terapeutycznych. W tych trzech przypadkach wyzna-
czone we krwi stê¿enia tiopentalu mieœci³y siê w zakresie stê¿eñ terapeutycznych,
który to zakres w stanie stacjonarnym wynosi od 1,0 do 5,0 �g/ml, a nawet
25–42 �g/ml. Te ostatnie wartoœci uwa¿ane s¹ jako ekstremalne, ale dopusz-
czalne [2]. Stê¿enie, jakie stwierdzono w przypadku drugim (7 �g/ml), osi¹gane jest
po 15 minutach od podania do¿ylnego 400 mg tiopentalu [1]. W pierwszym i trzecim
przypadku wyznaczone stê¿enia tiopentalu by³y znacznie ni¿sze (1,6 i 2,1 �g/ml).
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Midazolam jest silnie dzia³aj¹c¹ imidazolow¹ pochodn¹ benzodiazepiny, wyka-
zuj¹c¹ dzia³anie upokajaj¹ce, nasenne, amnestyczne, przeciwlêkowe, obni¿aj¹ce na-
piêcie miêœni i przeciwdrgawkowe. Jest stosowany doustnie jako lek nasenny,
a tak¿e domiêœniowo i do¿ylnie podczas wprowadzania do anestezji oraz w premedy-
kacji, np. do zabiegów chirurgicznych. Wyznaczone we krwi postrzelonego mê¿czyz-
ny stê¿enie midazolamu mieœci³o siê w zakresie stê¿eñ terapeutycznych, który wyno-
si od 40 do 250 ng/ml [2]. Stê¿enie tego zwi¹zku wyznaczone we krwi pobranej od oso-
by pora¿onej pr¹dem by³o paradoksalnie wysokie i znacznie przekracza³o zakres
stê¿eñ toksycznych, który wynosi od 1000 do 1500 ng/ml [2]. Takie stê¿enie midazo-
lamu mo¿e wyst¹piæ we krwi krótko po podaniu tego leku drog¹ injekcji do¿ylnej.

Pozosta³e wykazane w p³ynach ustrojowych leki – furosemid i lidokaina – s¹ czê-
sto podawane przy zabiegach terapeutycznych.

PODSUMOWANIE

Jest faktem, ¿e wyspecjalizowane laboratoria dysponuj¹ coraz lepsz¹ aparatur¹
do wykonywania zleconych analiz toksykologicznych. Umo¿liwia to dokonywanie ba-
dañ coraz szerszego spektrum zwi¹zków w coraz ni¿szych stê¿eniach. Zasadniczym
ograniczeniem w badaniach toksykologicznych jest obecnie najczêœciej zbyt ma³a
iloœæ materia³u (krwi, moczu), jak¹ dysponuje analityk. W takich przypadkach,
zw³aszcza je¿eli brak jest bli¿szego ukierunkowania badañ, analityk czêsto zmuszo-
ny jest oznaczaæ leki, które wykryje w badaniach skryningowych, a które mog³y byæ
podawane osobie poszkodowanej po zaistnia³ym wypadku w celu ratowania jej zdro-
wia lub ¿ycia. Czêsto badania na obecnoœæ tych œrodków nie by³yby konieczne, gdyby
podano informacje, czy dana osoba by³a poddawana np. zabiegom chirurgicznym lub
reanimacji. Organ zlecaj¹cy badania jest bowiem najczêœciej zainteresowany ustale-
niem, czy dana osoba w chwili wypadku znajdowa³a siê pod dzia³aniem œrodków
odurzaj¹cych lub substancji psychotropowych, co mog³o mieæ wp³yw na jej zacho-
wanie w czasie zaistnia³ego zdarzenia. Brak danych o okolicznoœciach zdarzenia
uniemo¿liwia nawet laboratoryjn¹ interpretacjê wyników.
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