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Abstract

Analysis of blood and urine samples collected during the autopsy of a 14-year-old girl, treated for 12 hours after a road accident at
the Intensive Care Unit, showed the presence of 0.9%o ethyl alcohol in blood, but none in urine. Moreover, the possibility of the
child consuming alcohol before death was practically excluded during an investigation of the accident circumstances. A blood
sample was collected 24 hours after death, the body having been stored under refrigeration during this time, which protected
against post-mortem changes. The result, indicating the presence of ethyl alcohol in blood, had legal consequences in the settle-
ment of who had caused the accident, and hence who had civil responsibility. In this paper, the authors analysed the treatment of
the young female patient immediately before death with the aim of establishing the mechanism of formation of ethyl alcohol in
the blood of the deceased child. The results of the case analysis and performed experiments showed that most probably the pres-
ence of ethyl alcohol in the blood of the deceased was caused by post-mortem decomposition changes of one of the pharmacologi-
cal substances used in the treatment — hydroxyethyl starch (HES). This is a preparation substituting for blood plasma (serum) in
intensive treatment, “topping up” the volume of the vascular bed.
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1. Introduction

Determination of ethyl alcohol, especially by chro-
matographic methods, in organism fluids collected
from live persons and post-mortem materials — even
those that have undergone putrefactive breakdown —
yields accurate results. Interpretation of results of al-
cohol determination in samples collected from live
persons is easy. In the case of analysis of post-mortem
materials, it is very complicated: sometimes it is even

impossible to confirm or exclude alcohol consumption
before death. This is caused by many “criss-crossing”
factors, namely: post-mortem formation of ethyl alco-
hol by micro-organisms, diffusion of residues of alco-
hol from the digestive tract, especially from the
stomach, a lack of or incomplete information concern-
ing the clinical state of the deceased person just before
death. In post-mortem material, ethanol may have exo-
or endogenous origin. Endogenous ethanol may arise
in blood decaying in a corpse or in blood, which de-
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cays in vitro. Glucose is the main substrate for forma-
tion of endogenous alcohol. Earlier research indicated
that if the starting glucose concentration in blood did
not exceed the upper limit of physiological concentra-
tions, then the produced amount of alcohol was almost
equal to the stoichiometric amount of glucose in the
blood. This relation was not observed for higher glu-
cose concentrations. If glucose was added in the
course of blood decay, then the concentration of en-
dogenous alcohol visibly increased [3]. It is now com-
mon knowledge that formation of endogenous alcohol
is not so simple. The mere course of agony can cause
a significant decrease in glucose concentration in the
blood. In order for endogenous alcohol to be formed,
some bacteria have to accompany glucose, or to be
more precise, pyruvates that have arisen as a result of
glycolysis in oxygen-free conditions. There are
58 species of bacteria and 17 species of yeast that may
produce ethanol [7]. Production of ethyl alcohol with
participation of bacteria is accompanied by production
of other volatile compounds such as methyl alcohol,
formaldehyde, n-propyl alcohol, acetone, acetic alde-
hyde, n-butyric and iso-butyric acids.

It is important to know the circumstances of the ac-
cident and results of analysis of vitreous humour and
urine in order to determine whether the detected etha-
nol was produced after death or was consumed before.
Vitreous humour is chosen because it is well protected
against infiltration by ethanol produced by putrefac-
tive bacteria. Urine is useful because it usually does
not contain, or only contains too small quantities of,
the substrate (glucose) used by bacteria to create etha-
nol. Therefore, ethanol concentration in an individual
post-mortem blood sample is usually impossible to in-
terpret without parallel determination of ethanol in vit-
reous humour, urine, and also information collected at
the site of death and knowledge of the accident cir-
cumstances.

Glucose is not the only substrate from which en-
dogenous ethanol can be produced. Many other endog-
enous compounds, such as lactates, mannitol,
galactose, maltose and lactose may act as substrates.
It has been shown that taking mannitol just before
death may facilitate production of post-mortem metha-
nol, n-propanol, iso-propanol and n-butanol [2].

In order to reach a decision concerning a case that
is difficult to interpret, in which the presence of etha-
nol in blood and its absence in urine has been indi-
cated, verification of the following hypothesis was
undertaken — could pharmacological substances taken
when the person was alive have increased the alcohol
concentration in blood?

Hydroxyethyl starch (HES), a semi-synthetic poly-
saccharide, was among the administered substances.
Hydroxyethyl groups are bound to glucose by ether
bonds in this compound. There are 7-8 hydroxyethyl
groups for every 10 particles of glucose. The average
molecular weight of this compound is ca. 450,000
(10,000-2,500,000). Particles with 1000-1,000,000 mass
units constitute 90%. HES is excreted by kidneys and
with bile. Particles with molecular weights below
50,000 are rapidly excreted by kidneys. About 40% of
particles of this size appear in urine within 24 hours.
Larger molecules are metabolised to smaller ones and
they are distributed to organism tissues, where they are
hydrolysed with co-participation of the system of
endoplasmatic reticulum or alpha-amylase. On aver-
age, 90% of an administered dose is eliminated from
the organism in the course of 17 days; however, some-
times this period can be prolonged up to as much as
48 days. The biological half-life of HES administered
in the form of various preparations (6% solutions in
isotonic solution of NaCl) is, at 30%, ca. 67 h, at 18%,
2h,and at 17%, 8.5h[1,4,5,8,9, 12].

CH,OCH,CH,OH
H oH
----0 OH H O----
H OH

Fig. 1 [4]. The structural formula of hydroxyethyl starch
(HES).

Until now, much attention has been paid to HES
because of'its influence on volume of circulating blood
and clotting processes. The metabolism of HES to
smaller polymer particles and free glucose has aroused
the interest of individual scientists. It was shown,
when a group of 100 non-diabetic patients were ana-
lysed, that taking a dose of 6% Hetastarch-450 and
6% Pentastarch-200 before spinal anaesthesia caused
a statistically significant increase in glucose concen-
tration in blood in comparison to a 50-patient group
that took Ringer Solution. The increase in glucose
concentration, by a maximum of about 38 mg/dl, did
not cause normal values to be exceeded, i.e. they re-
mained within the range of physiological concentra-
tions [6].

Problems of Forensic Sciences 2005, LXIV, 417-424



The influence of pharmacological treatment directly prior to death...

419

2. Case description

A 14-year-old girl who did not drink alcohol, was
healthy and without metabolic and hormonal distur-
bances, left home where she had been spending time
with her parents. She was run over by a car after sev-
eral minutes. The site and circumstances of the acci-
dent practically excluded the possibility that the child
could have drunk alcohol in any form between leaving
home and the accident.

Because of injures sustained during the accident
she was transported to the Emergency Ward, Munici-
pal Hospital in Wroctaw. Her general condition was
diagnosed as extremely critical; she was unconscious,
with circulatory and respiratory insufficiency, at the
moment of admission, she suffered a cardiac arrest.
Cardiac activity resumed after reanimation.

The performed diagnoses allowed us to ascertain
comminuted fractures of calvaria and skull with pres-
ence of intracerebral haemorrhage. The patient was
disqualified from neurosurgical treatment because of
her extremely serious general condition.

Because surgery was not undertaken, the patient
was left in the Intensive Care Unit, where pharmaco-
logical treatment was continued. Breathing by respira-
tor was applied, blood and infusion fluids were
administered, and catecholamines were continuously
given intravenously.

In particular, 6% HES 500, 0.9% NaCl, multi-elec-
trolyte fluid, MgSO,4, Dopamine, Levonor and Ringer
Solution were used in the treatment. The glucose con-
centration in the blood when the patient was alive was
95 mg/dl.

In spite of the applied treatment, the child’s condi-
tion systematically deteriorated and the circulatory in-
sufficiency intensified. After 12 hours of treatment in
hospital, a sudden asystolic cardiac arrest occurred,
followed by death.

0.9%o ethyl alcohol in blood and absence in urine
was determined by the performed toxicological analy-
sis of blood taken from the thigh vein and urine from
the corpse, using the ADH-TDx enzymatic method
and gas chromatography [10, 11].

In searching for causes of these phenomena, the
following hypothesis was tentatively put forward: that
the presence of ethyl alcohol in the blood of the de-
ceased was the result of decomposition changes of one
of the substances used in the pharmacological treat-
ment — HES. In view of the chemical structure of this
compound, it is probable that endogenous alcohol fer-
mentation could have occurred in the described case.

3. Experimental research

The following experiments were carried out in vi-
tro with the aim of testing the preliminary hypothesis.
Three blood samples collected from three different
persons constituted the studied material: sample A —
autopsy blood collected from a child who died by vio-
lence, B — autopsy blood collected from a man who
died by violence, C — blood collected under sterile
conditions from a healthy live volunteer. Each blood
sample, immediately after collection, was analysed for
the presence of ethyl alcohol by the ADH-TDx
method. The following results were obtained: A —
0.0%o0, B — 0.67%o0 and C — 0.0%eo.

Next, each of the 3 initial blood samples (A, B, C)
was divided into 6 parts, thus obtaining samples A1-6,
B1-6, C1-6, which were stored under different temper-
ature conditions for 6 days with or without addition of
the compounds mentioned below. Samples A, B and C:

1. stored at room temperature (ca. +20°C);

2. stored in a refrigerator (+4°C);

3. immediately after division and addition of HES,
stored at room temperature;

4. immediately after division and addition of HES,
stored in a refrigerator;

5. immediately after division and addition of HES,
stored at room temperature, and after 24 hours, so-
dium fluoride (NaF) was added and then it was fur-
ther stored at room temperature;

6. immediately after division and addition of HES
stored in a refrigerator, and after 24 hours sodium
fluoride (NaF) was added and then it was further
stored in a refrigerator.

4. Results

Addition of HES to collected samples and after that
addition of NaF after 24 hours and storage of samples
for 6 days simulated the conditions undergone by the
blood of the deceased child, i.e. the subject of the ex-
pert report (case-work). The concentration of ethyl al-
cohol in each of these samples was determined after
6 days of storage (Table I and II) by the ADH-TDx
method.

Moreover, the concentration of ethyl alcohol in the
blood of the child, the subject of the expert report, col-
lected during the post-mortem examination, was again
determined after 5 months. The determined ethyl alco-
hol concentration was 1.3%o.

The obtained results indicated that the concentra-
tions of alcohol in all three blood samples that were
stored in the fridge did not change and hence were sim-
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TABLE I. ETHYL ALCOHOL CONCENTRATIONS IN BLOOD SAMPLES AFTER 6 DAYS OF STORAGE AT ROOM

TEMPERATURE (ABOUT +20°C)

No. Blood sample Addition Alcohol
HES NaF E;)?]centratlons

Al Autopsy blood collected from child who died by violence — - 0.0

B1 Autopsy blood collected from man who died by violence - — 0.86

Cl Sterilely collected blood from live volunteer - — 0.0

A3 Autopsy blood collected from child who died by violence + - 0.69

B3 Autopsy blood collected from man who died by violence + - 0.68

C3 Sterilely collected blood from live volunteer + — 0.0

A5 Autopsy blood collected from child who died by violence + + 0.54

B5 Autopsy blood collected from man who died by violence + + 0.69

C5 Sterilely collected blood from live volunteer + + 0.0

[TERL)

TABLE II. ETHYL ALCOHOL CONCENTRATIONS IN BLOOD SAMPLES AFTER 6 DAYS OF STORAGE

—non-addition; “+” — addition.

IN A REFRIGERATOR (+4°C)
a Blood sample Addition Alcohol
HES NaF E(y(:il]centratlons

A2 Autopsy blood collected from child who died by violence — - 0.0

B2 Autopsy blood collected from man who died by violence - - 0.67

C2 Sterilely collected blood from live volunteer - - 0.0

A4 Autopsy blood collected from child who died by violence + - 0.0

B4 Autopsy blood collected from man who died by violence + - 0.52

C4 Sterilely collected blood from live volunteer + 0.0

A6 Autopsy blood collected from child who died by violence + + 0.0

B6 Autopsy blood collected from man who died by violence + + 0.56

C6 Sterilely collected blood from live volunteer + + 0.0

[TERL)

—non-addition; “+” — addition.

ilar to the starting values. It is a well known fact that
storage of biological material at a low temperature de-
lays decay processes. Multiplication of bacteria as
well as activity of enzymes is dependent on tempera-
ture. Therefore, cooling slows down the production of
endogenous alcohol in post-mortem material. Thus,
a 6-day period was too short under these conditions of
storage for putrescent and decomposition changes to
occur in a matrix of post-mortem blood from a child,
and (all the more so) in a blood sample collected in
sterile conditions from a live volunteer. The concen-
tration of alcohol in blood collected from the dead man

was the result of consumption of alcohol before death,
which was confirmed by analysis of urine and vitreous
humour.

Maintaining aseptic conditions when a blood sam-
ple is collected from a healthy man, protect against pu-
trescent and decomposition processes even at room
temperature. Therefore, alcohol was not formed from
added HES. Bacteria and micro-organisms that arise
during decay of post-mortem material can both pro-
duce alcohol and use it up. Therefore, a high starting
concentration of alcohol in biological material could
be reduced during storage due to the activity of bacte-
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ria, and a starting low concentration could increase. In
the blood sample collected from the man who died by
violence, the concentration of alcohol after addition of
HES and HES with NaF and storage for 6 days at room
temperature was ca. 20% lower than the starting con-
centration. The decrease in ethyl alcohol concentration
in this sample could have been caused by putrescent
and decomposition processes in the blood sample. In
the post-mortem blood sample collected from the child,
which was free of alcohol at the beginning, alcohol
was determined after addition of HES and HES with
NaF as an inhibitor of bacterial development. There-
fore it can be stated that room temperature accelerated
the multiplication of bacteria and micro-organisms in
this blood. They caused the breakdown of HES, as
a result of which alcohol was formed.

5. Conclusions

An analysis of the pharmacological treatment of
the child patient and also results of the performed anal-
ysis allowed us to draw the following conclusions:

1. There is a justified suspicion that the pharmacolo-
gical agent applied during the treatment of the
child had an influence on the ethyl alcohol con-
centration in the blood: it increased its value.

2. In the presented case, one of the preparations used
was hydroxyethyl starch (HES). This substance is
broken down to monosaccharides with the partic-
ipation of amylase — monosaccharides, in turn,
may cause post-mortem metabolic transformations
to ethyl alcohol.

3. HES added to a blood sample collected during
a post-mortem examination, which was free of al-
cohol at the beginning, stored at room temperature,
underwent changes as a result of which ethyl al-
cohol was formed (experiment in vitro).

4. NaF —a substance which prevents multiplication of
micro-organisms — does not slow down alcoholic
fermentation at room temperature.

5. Addition of NaF to a blood sample and its immed-
iate storage at refrigerator temperature is required
for inhibition of alcohol fermentation in post-mor-
tem blood.

6. Ethyl alcohol was not formed in a blood sample
collected under sterile conditions from a live vo-
lunteer, despite addition of HES and storage of
sample at room temperature.

7. In the analysed case, the fermentation process of
HES in blood did not slow down even after addit-
ion of a preservative and its storage at refrigerator
temperature.
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WPLYW LECZENIA FARMAKOLOGICZNEGO BEZPOSREDNIO PRZED
ZGONEM NA ENDOGENNE POWSTAWANIE ALKOHOLU ETYLOWEGO

1. Wprowadzenie

Oznaczanie alkoholu etylowego szczegolnie metoda-
mi chromatograficznymi w plynach ustrojowych pobra-
nych od o0so6b zywych oraz materiale sekcyjnym, nawet
gnilnie roztozonym, dostarcza prawdziwych wynikow.
Interpretacja wynikdw oznaczania alkoholu w materiale
pobranym od oséb zywych jest tatwa. Jednak w przy-
padku materiatu sekcyjnego staje si¢ ona bardzo skom-
plikowana, a czasem wrecz niemozliwa w odniesieniu do
potwierdzenia badz wykluczenia konsumpcji alkoholu
etylowego przed zgonem. Spowodowane jest to wicloma
skomplikowanymi przyczynami, a mianowicie: po§miert-
nym wytwarzaniem alkoholu etylowego przez mikro-
organizmy, dyfuzja resztek alkoholu z przewodu pokar-
mowego, szczegolnie z zotadka, brakiem lub nie$cistymi
informacjami o klinicznym stanie zmartej osoby tuz
przed zgonem. W materiale sekcyjnym etanol moze by¢
pochodzenia egzo- i endogennego. Etanol endogenny
moze powsta¢ we krwi rozktadajacej si¢ w zwlokach oraz
we krwi rozktadajacej sig in vitro. Glownym substratem
do wytwarzania alkoholu endogennego jest glukoza.
Wczesniejsze prace wykazywaty, ze jezeli poczatkowe
stezenie glukozy we krwi nie przekraczato gornej granicy
stezen fizjologicznych, to wytworzona ilo§¢ alkoholu
odpowiadata prawie stechiometrycznie ilo$ci zawartej
we krwi glukozy. Przy wyzszych stgzeniach glukozy ta-
kiej zaleznosci nie stwierdzono. Jezeli w toku gnicia krwi
dodano do niej glukoze, to zawarto$¢ alkoholu endo-
gennego wyraznie wzrastata [3]. Obecnie wiemy, ze
powstawanie alkoholu endogennego nie jest takie proste.
Przebieg agonii moze spowodowac znaczne obnizenie
stezenia glukozy we krwi. Aby wytworzyt sig etanol en-
dogenny glukozie, a $cislej pirogronianom powstalym
w wyniku glikolizy zachodzacej w warunkach beztleno-
wych, musza towarzyszy¢ niektore bakterie. Istnieje
58 gatunkdw bakterii i 17 gatunkdéw drozdzy, ktére moga
produkowaé etanol [7]. Wytwarzaniu alkoholu etylowe-
go z udziatem bakterii towarzyszy powstawanie innych
lotnych zwiazkdow, takich jak alkohol metylowy, formal-
dehyd, alkohol n-propylowy, aceton, aldehyd octowy,
kwas n-mastowy i izo-mastowy.

W celu ustalenia, czy mamy do czynienia z po$miert-
nie wytworzonym lub za zycia przyjetym etanolem,
istotne znaczenie posiadaja okolicznosci zdarzenia i po-
twierdzajaca analiza ciatka szklistego gatki ocznej oraz
moczu. Ciatko szkliste jest materiatem z wyboru, ponie-
waz jest lepiej zabezpieczone przed infiltracja etanolu
wytworzonego przez bakterie gnilne. Mocz jest przy-
datny, bowiem zazwyczaj nie zawiera lub zawiera za

matlo substratu (glukozy) do jego bakteryjnego przetwo-
rzenia do etanolu. Dlatego tez stezenie etanolu w poje-
dynczej probee krwi sekcyjnej jest zazwyczaj nie do zin-
terpretowania bez rownoleglego badania st¢zenia etanolu
w ciatku szklistym oka, moczu, jak rowniez informacji
zebranych na miejscu zgonu i znajomos$ci okoliczno$ci
zdarzenia.

Glukoza nie jest jedynym substratem do wytwarzania
etanolu endogennego. Substratami takimi moze by¢ wie-
le innych endogennych zwiazkéw, w tym mleczany,
mannitol, galaktoza, maltoza i laktoza. Wykazano, ze
podanie mannitolu krétko przed zgonem moze utatwic
wytwarzanie si¢ po$miertnego metanolu, n-propanolu,
izopropanolu i n-butanolu [2].

Do rozstrzygnigcia trudnego do zinterpretowania
przypadku, w ktérym wykazano obecno$¢ alkoholu ety-
lowego we krwi przy jego niecobecno$ci w moczu, pod-
jeto weryfikacje hipotezy, ze $rodki farmakologiczne
podane za zycia nie mogly wplyna¢ na zawyzenie stgze-
nia alkoholu we krwi.

Jednym z podanych $rodkow byta hydroksyetylo-
skrobia (HES), potsyntetyczny wielocukier. W zwiazku
tym grupy hydroksyetylowe zwiazane sa z glukoza za po-
moca wigzan eterowych. Na kazde 10 czasteczek glu-
kozy przypada 7-8 grup hydroksyetylowych. Srednia
masa czasteczkowa zwiazku wynosi okolo 450 000
(10 000-2 500 000). 90% to czasteczki o masie 1000—
1 000 000. HES wydalana jest droga nerkowa i z zbfcia.
Molekuty o masie czasteczkowej ponizej 50 000 sa szyb-
ko wydalane przez nerki. Okoto 40% czasteczek tej wiel-
koS$ci pojawia si¢ w moczu w ciagu 24 h. Wigksze mo-
lekuty sa metabolizowane do mniejszych i ulegaja dys-
trybucji do tkanek organizmu, gdzie sa hydrolizowane
przy wspotudziale systemu siateczki endoplazmatyczne;j
lub alfa-amylazy. Srednio 90% podanej dawki jest wy-
dalane z organizmu w ciagu 17 dni, ale niekiedy czas ten
moze ulec wydtuzeniu nawet do 48 dni. Biologiczny
okres pottrwania HES podawanej w preparatach (6% roz-
twory w izotonicznym roztworze NaCl) wynosi w 30%
okoto 67h, w 18%2h,aw 17%8,5h[1,4,5,8,9,12].

Dotychczas wiele uwagi poswigcono HES z powodu
jej wpltywu na objeto$¢ krwi krazacej i procesy krzep-
nigcia. Metabolizm HES do mniejszych polimerowych
czasteczek i wolnej glukozy wzbudzit zainteresowanie
pojedynczych badaczy. Udowodniono na grupie 100 pa-
cjentdw, nie chorujacych na cukrzycg, ze podanie
6% Hetastarch-450 i 6% Pentastarch-200 przed znieczu-
leniem rdzeniowym, spowodowato znamienne statystycz-
nie zwigkszenie stezenia glukozy we krwi w poréwnaniu
z 50-osobowa grupa takich pacjentow, ktorym podano
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ptyn Ringera. Wzrost stezenia glukozy, maksymalnie
o 38 mg/dl, nie powodowat jednak przekroczenia war-
tosci normatywnych, czyli miedcit si¢ w granicach st¢zen
fizjologicznych [6].

2. Opis przypadku

Dziewczynka lat 14, nie pijaca alkoholu, zdrowa, bez
zaburzen metabolicznych i hormonalnych, wyszta z do-
mu, gdzie przebywata wraz z rodzicami. Po okolo kilku-
nastu minutach zostala potracona przez samochod.
Miejsce i okoliczno$ci zdarzenia praktycznie wykluczaja
mozliwo$¢, aby dziecko pomigdzy opuszczeniem domu
a wypadkiem spozylo alkohol w jakiejkolwiek postaci.

W wyniku odniesionych podczas wypadku obrazen
ciata dziewczynke przetransportowano do Oddziatu In-
tensywnej Opieki Medycznej Szpitala Miejskiego we
Wroctawiu. Jej stan ogoélny okre$lono jako skrajnie
cigzki; byta nieprzytomna, niewydolna krazeniowo i od-
dechowo, w chwili przyj¢cia doszto do zatrzymania akcji
serca, ktora powrdcita po reanimacji.

W wyniku przeprowadzonej diagnostyki stwierdzono
wieloodtamowe zlamania ko$ci mozgo- 1 twarzoczaszki
z obecnoscia krwotokow $rodczaszkowych. Z uwagi na
skrajnie cigzki stan ogdlny, pacjentka zostata zdyskwali-
fikowana do leczenia neurochirurgicznego.

Wobec odstapienia od leczenia operacyjnego chora
pozostata w Oddziale Intensywnej Opieki Medycznej,
gdzie podjgto leczenie farmakologiczne. Stosowano od-
dech zastgpczy respiratorem, przetaczano ptyny infuzyj-
ne i krew, w sposob ciagly podawano dozylnie aminy
katecholowe.

W szczegolnosci w leczeniu zastosowano 6% HES 500,
0,9% NacCl, ptyn wicloelektrolitowy, MgSO,, Dopaming,
Levonor oraz ptyn Ringera. Przyzyciowe st¢zenie glu-
kozy we krwi wynosito 95 mg/dl.

Mimo zastosowanego leczenia, stan dziecka systema-
tycznie si¢ pogarszal, narastata niewydolnos¢ krazenia.
Po 12 godzinach pobytu w szpitalu i leczeniu nastapito
nagte zatrzymanie krazenia o typie asystolii i zgon.

Badaniem toksykologicznym krwi pobranej z zyly
udowej i moczu denatki, przeprowadzonym metoda en-
zymatyczna ADH-TDx i chromatografii gazowej [10,
11], stwierdzono obecnos¢ 0,9%o alkoholu etylowego we
krwi przy jego catkowitym braku w moczu.

Poszukujac przyczyny zaistnienia powyzszego stanu,
wstepnie przyjeto hipotezeg, ze obecnos¢ alkoholu etylo-
wego we krwi denatki zostata spowodowana przemiana-
mi metabolicznymi jednego z zastosowanych w leczeniu
srodkow farmakologicznych — HES. Z uwagi na budowe
chemiczna tego zwiazku, wydaje si¢ prawdopodobne, iz
w opisywanym przypadku moglo doj$¢ do endogennej
fermentacji alkoholowe;j.

3. Badania eksperymentalne

W celu weryfikacji hipotezy wstepnej, przeprowa-
dzono in vitro nastgpujace do§wiadczenie. Material do
badan stanowily trzy proby krwi pobrane od réznych
0s0Ob: proba A zawierata krew sekcyjna dziecka zmartego
$miercig gwattowna, B — krew sekcyjna m¢zczyzny zmar-
fego $miercig gwaltowna, C — krew ochotnika, zdrowego
mezczyzny, pobrang w warunkach sterylnych. Kazda
probke krwi, natychmiast po pobraniu, poddano badaniu
na obecno$¢ alkoholu etylowego metoda ADH-TDx.
Uzyskano wyniki: A —0,0%0, B —0,67%o i C — 0,0%o.

Nastepnie kazda z 3 poczatkowych probek krwi (A,
B, C) podzielono na 6 czgsci, otrzymujac probki A1-6,
B1-6, Cl1-6, ktore przechowywano przez 6 dni w
réznych warunkach temperaturowych, bez lub z dodatk-
iem nizej wymienionych zwiazkow. Probki A, B i C:

1. pozostawiono w temperaturze pokojowej (okoto
+20°C);

2. pozostawiono w lodowce (+4°C);

3. natychmiast po podzieleniu i dodaniu HES pozo-
stawiono w temperaturze pokojowej;

4. natychmiast po podzieleniu i dodaniu HES pozo-
stawiono w lodéwce;

5. natychmiast po podzieleniu i dodaniu HES pozo-
stawiono w temperaturze pokojowej, a po 24 godzi-
nach dodano ponadto fluorek sodu (NaF) i dalej
przechowywano w tej temperaturze;

6. natychmiast po podzieleniu i dodaniu HES pozo-
stawiono w lodowce, a po uptywie 24 godzin dodano
NaF i ponownie wstawiono do lodowki.

4. Wyniki

Dodanie do pobranych probek krwi HES, a nastgpnie
po uptywie 24 godzin NaF i przechowywanie probek
przez 6 dni, symulowato warunki, w jakich znajdowata
si¢ krew w przypadku zmarlego dziecka bedacego przed-
miotem ekspertyzy. Po 6 dniach przechowywania tych
probek krwi oznaczono w kazdej z nich stgzenie alkoholu
etylowego (Tabela I i IT) metoda ADH-TDx.

Ponadto po uptywie 5 miesigcy wykonano ponownie
oznaczenie zawarto$ci alkoholu we krwi sekcyjnej dziec-
ka stanowiacego przedmiot ekspertyzy. Wyznaczone stg-
zenie alkoholu etylowego wynosito wowczas 1,3%o.

Uzyskane wyniki wskazuja, ze st¢zenia alkoholu we
wszystkich trzech probach krwi przechowywanych w lo-
déwce nie ulegly zmianie i byly porownywalne z wartos-
ciami poczatkowymi. Jest faktem ogdlnie znanym, ze
przechowywanie materiatu biologicznego w niskiej tem-
peraturze opdznia procesy rozktadowe. Zaréwno rozwoj
bakterii, jak 1 aktywnos$¢ ich enzymow, sa zalezne od
temperatury, dlatego tez chtodzenie hamuje wytwarzanie
si¢ alkoholu endogennego w materiale sekcyjnym. Dla
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tych warunkéw przechowywania okres 6 dni byt zatem za
krotki, aby zaszty zmiany gnilno-rozkltadowe w matrycy
krwi sekcyjnej pobranej od dziecka, a tym bardziej we
krwi pobranej w warunkach sterylnych od zywego ochot-
nika. Zawarto$¢ alkoholu we krwi pobranej od zmartego
mezezyzny byta wynikiem konsumpcji alkoholu przed
zgonem, co potwierdzita analiza moczu i cialka szklis-
tego oka.

Zachowanie aseptyki przy pobieraniu krwi od zy-
wego mezczyzny zapobiegla procesom gnilno-rozktado-
wym nawet w temperaturze pokojowej. Nie doszto zatem
do wytworzenia si¢ alkoholu z dodanej HES. Bakterie
i mikroorganizmy powstale w czasie rozktadu materiatu
sekcyjnego moga zardwno wytwarzac etanol, jak i zuzy-
wac go. Dlatego tez poczatkowo wysokie stezenie alko-
holu w materiale biologicznym moze w czasie jego
przechowywania obnizy¢ si¢ na skutek aktywnosci bak-
terii, a poczatkowo niskie jego stgzenie moze ulec pod-
wyzszeniu. We krwi sekcyjnej pobranej od mezczyzny
zmarlego $miercia gwaltowna wartosci stezen alkoholu
po dodaniu HES i HES z NaF oraz przechowywaniu
przez 6 dni w temperaturze pokojowej byty okoto 20%
nizsze od warto$ci poczatkowej. Spadek stezenia etanolu
w tej probce mogl by¢ spowodowany jego zanikaniem na
skutek procesow gnilno-rozktadowych zachodzacych we
krwi. We krwi sekcyjnej dziecka poczatkowo wolnej od
alkoholu stwierdzono jego obecno$¢ po dodaniu HES
oraz HES i NaF jako inhibitora wzrostu bakterii. Nie ma
zatem sprzeczno$ci w stwierdzeniu, ze temperatura po-
kojowa przyspieszyta rozwdj bakterii i mikroorganiz-
méw w tej krwi. Spowodowaly one rozktad HES,
w wyniku czego powstal etanol.

5. Whnioski

Analiza leczenia farmakologicznego pacjentki oraz
wyniki przeprowadzonych badan do§wiadczalnych upo-
wazniaja do wyciagnigcia nastepujacych wnioskow:

1. Istnieje uzasadnione podejrzenie, ze zastosowany
podczas leczenia dziecka preparat farmakologiczny
wplynat na wynik oznaczenia zawartosci alkoholu
etylowego we krwi w postaci zwigkszenia jego stg-
zenia.

2. W omawianym przypadku jednym z zastosowanych
preparatow byta hydroksyetyloskrobia (HES) ule-
gajaca w organizmie metabolizmowi z udzialem
amylazy do cukrow prostych, ktore z kolei moga po-
wodowacé posmiertne przemiany metaboliczne alko-
holu etylowego.

3. HES dodana do probek krwi pobranej podczas sekcji,
wstepnie wolnej od alkoholu i przechowywanej w tem-
peraturze pokojowej, ulegata przemianom, w wyniku

ktérych powstat alkohol etylowy (doswiadczenie in
Vitro).

. NaF — substancja zapobiegajaca rozwojowi drob-

noustrojéw — nie hamuje fermentacji alkoholowej
w temperaturze pokojowe;j.

. Dodanie do prébki krwi NaF i natychmiastowe

umieszczenie jej w temperaturze panujacej w lo-
dowce jest warunkiem zahamowania fermentacji al-
koholowej we krwi sekcyjnej.

. We krwi pobranej w warunkach sterylnych od zywe-

go ochotnika, mimo dodania HES i przechowywania
jej w temperaturze pokojowej, nie doszto do wytwo-
rzenia si¢ alkoholu etylowego.

. W badanym przypadku proces fermentacji HES we

krwi nie ulegt zahamowaniu nawet po dodaniu $rod-
ka konserwujacego i przechowywaniu jej w tempera-
turze lodowki.

Problems of Forensic Sciences 2005, LXIV, 417-424



