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ABSTRACT: The stability of diltiazem (D) in post-mortem blood was evaluated. The
influence of time elapsed (up to 21 days), temperature (+25°C, +4°C, —20°C) and so-
dium fluoride were analysed. An extraction mixture of dichloromethane-ether in
a medium alkaline environment was used for isolation of D and deacetyldiltiazem
(DAD). Concentrations of xenobiotics were determined by the HPL.C method (Hyper-
sil ODS column 250 x 4.0 mm, 5 pm; mobile phase: phosphoric buffer 0.025 M with
addition of 0.5% triethylamine pH = 3 — acetononitrile 25:75; eluent flow — 1.5 ml/min;
detection — 235 nm). It was shown that freezing of blood at —20°C ensures complete
stability of D for at least 3 weeks. A similarly high stability of D was noted in blood
samples that were preserved with sodium fluoride and stored at +4°C. The level of D
in non-preserved blood samples at a temperature of +4°C gradually decreased (by
12-20% after 2 weeks, 26—39% after 3 weeks). A very rapid decrease in concentration
of D was observed at room temperature, by 12—40% after the 1st day and by 42—-83%
after the 1st week up to a total disappearance after 3 weeks. Decomposition of D was
always accompanied by an increase in deacetyldiltiazem concentration (DAD). This
shows that DAD should be determined in post-mortem diagnostics of this medicine
poisonings because it is not only an in vivo metabolite but also an in vitro product of
hydrolysis of D.
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INTRODUCTION

Diltiazem (D) is often detected in post-mortem material [1, 5, 8,9, 14, 15,
16]. This popular cardiological drug undergoes intensive metabolism in vivo,
which leads to deacetyldiltiazem (DAD) and N-demethyldiltiazem, and next
to pharmacologically inactive N-demethyldeacetyl-diltiazem [3, 6, 11].

D also undergoes transformation in corpses or during storage of biologi-
cal material samples for future analysis. DAD is also one of the main prod-
ucts of D decomposition in vitro, which arises (as in vivo) as a result of hydro-
lysis under the influence of diltiazem deacetylase [6, 7]. The influence of pH
on the stability of D should not be overlooked [9]. Acidification of tissues is
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observed just after death and in the next phase — tissues alkalisation of
above pH =7 [12].

The work which has been done so far on the stability of D in biological ma-
terial has been fragmentary and insufficient from a toxicological point of
view. There are several publications concerning the stability of D in plasma,
which is a material rarely available after death, because of rapid blood
haemolysis [2, 4, 13, 17]. Researches using blood have been few and short-
term. They have revealed that the stability of D in blood is less than in
plasma because of the influence of haemocyte esterase [2, 13]. A long term
experiment by Koves et al. [10] only concerned blood (taken from live per-
sons as well as from corpses) with addition of sodium fluoride (NaF).

Thus, precise evaluation of the stability of D in whole blood (non-pre-
served and with addition of sodium fluoride) is considered very important,
both at a temperature of +25°C (from which knowledge can be gained con-
cerning the rate of changes occurring in bodies just after death) as well asin
temperatures of +4°C and —20°C, i.e. within the temperature range in which
bodies — or biological material collected from them — are stored.

MATERIAL AND METHODS

Blood taken from four corpses in which xenobiotics were not detected
during toxicological analysis was used as research material. The way of pre-
paring the material for analysis and storage and also the time of samples col-
lection for xenobiotics determination are presented in Figure 1.

| Blood no. 1 | | Blood no. 2 | | Blood no. 3 | Blood no. 4

+ NaF
+p] [B] [+p] [B] [+D] [B] [+D] [B][+D| [B |
| | | |
[ |
| 20°C  +4°C  +25°C | | +4°C  +25°C |

Periods of sample storage:
0> 1> 4> 7> 14 > 21 days

Fig. 1. A diagram of study of diltiazem (D) stability in blood. + NaF — addition of so-
dium fluoride, 10 mg/ml; + D — addition of diltiazem; 6 pg/ml (triplicate samples);
B — background.
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D and DAD were determined in blood (after previous extraction by di-
chloromethane-ether 1:1 in alkaline environment pH = 8-8.5) by the HPL.C
method (a Hypersil ODS column 250 x 4.0 mm, 5 pm; mobile phase: phospho-
ric buffer 0.025 M with addition of 0.5% triethylamine at pH = 3 — aceto-
nonitrile 25:75; eluent flow — 1.5 ml/min; volume of injected sample — 10 pl;
detection — 235 nm). Propranolol, 4 pg/ml blood, was used as an internal
standard [9].

RESULTS AND DISCUSSION

The results of the experiment were presented in the form of graphs of de-
pendence of D and DAD concentrations (expressed as percentages of initial
concentration of D) on duration of blood sample storage at a given tempera-
ture, without preservatives (Figure 2) and with addition of NaF (Figure 3).

o

+25°C

+4°C

%
100

80

60

40

20

no preservative

100 €

no preservative

80 -
60 -

40

i /
0 T T T

Fig. 2. Stability of diltiazem (D) in non-preserved blood in relation to temperature
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Fig. 3. Stability of diltiazem (D) in blood without and with addition of sodium fluoride
(NaF) in relation to temperature and storage periods; DAD — deacetyldiltiazem.

In the case of non-preserved blood (Figure 2), the level of D was only sta-
ble in frozen samples; at higher temperatures its gradual decomposition was
observed. At a temperature of +25°C losses varied in the range 12—40% after
1 day and 42—-83% after 7 days up to complete decomposition after 2—3 weeks.
At a temperature of +4°C, D revealed satisfactory stability (4—20% loss) up to
1-2 weeks, but after 3 weeks losses were 26-39%. However, the rate of de-
crease of D concentration in each of the 3 analysed blood samples varied,
which should be related to varying enzymatic activity, also conditioned by
individual changes in pH during post-mortem transformations.
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Therefore, obtained results were consistent with conclusions in the re-
search of Bonneus et al. [2] relating to inhibition of D decomposition due to
freezing of blood. The loss of D at room temperature observed by these au-
thors (about 14% in the course of 1 hour) was significantly higher than
shown in Figure 2. This leads to the conclusion that the decomposition of D
shortly after death could reach this rate, since the presented results were ob-
tained from analysis of blood from corpses, whereas the blood used in the ex-
periments of Bonneus et al. was taken from living persons.

The experiment also showed a clear stabilising influence of sodium fluo-
ride on the durability of D in post-mortem blood (Figure 3). In non-preserved
blood almost half of the medicine underwent decomposition in the course of
2—T7 days at a temperature of +25°C and at the earliest after 3 weeks at a tem-
perature +4°C, while in blood with NaF a similar decomposition at a temper-
ature of +25°C was observed only in the third week, and at a temperature of
+4°C the loss of D was only 10% at the end of the experiment. Thus, the sta-
bility of D in blood with addition of NaF (up to a concentration of 10 mg/ml) at
a temperature of +25°C was close to that obtained by cooling of non-pre-
served blood to +4°C. Storage of blood with sodium fluoride at a temperature
of +4°C stabilised the level of D similarly to freezing of non-preserved sam-
ples.

Koves et al. reached similar conclusions [10]. Until now they have been
the only persons to express an opinion on the influence of NaF on the speed of
D decomposition at temperatures of +25°C and +4°C. They observed decom-
position of D in 36 samples of blood taken from corpses and stored at a tem-
perature of +4°C for 92 days —both insignificant and complete decomposition
were ascertained. These divergent results should be linked to the low enzy-
matic activity of preserved blood and also the fact that some of the samples
were probably not preserved'. Analysing blood” with addition of sodium fluo-
ride, they ascertained that half of the initial D concentration underwent deg-
radation after 19 days of storage at a temperature of +25°C, but when it was
cooled to +4°C only after 124 days, and, furthermore, even after 1 year of
storage it did not decompose completely.

The present research (Figure 2 and 3) showed that the decrease in D con-
centration was accompanied by an adequate increase in DAD level. This in-
dicates that this compound is the main and rather stable product of hydroly-
sis (dependent on blood enzymatic activity and temperature), which is effec-
tively prevented (or at least efficiently slowed) by preservation of blood with
NaF. Therefore, results of earlier studies [4, 10, 13] and Koves et al.’s conclu-

1 This resulted from a fact that the authors assumed that post-mortem blood is generally pre-
served by sodium fluoride.

2 Blood was took from a live person but it underwent putrefaction for 3 weeks before the experi-
ment.



10 M. Kiszka, R. Madro

sions [10], which drew attention to the fact that omission of DAD determina-
tion in a toxicological analysis could lead to serious interpretation errors,
were confirmed. The possibility of determination of the in vivo concentration
of D in blood and the possibility of evaluation of the degree of advancement of
its metabolism only exist when material is collected from a live person and is
immediately and correctly preserved and also the concentration of D and
DAD are very rapidly determined. However, in the case of material collected
from a corpse, the level of DAD should be considered the total (combined)
level — produced by both in vivo D metabolism and its post-mortem bio-
degradation (it 1s impossible to separate the two). Post-mortem decomposi-
tion is certainly more efficient in the period when the body is cooling down
(Just after death) than in blood taken from a corpse that has been stored
for several days (up to 50% decomposition of D to DAD was possible in
24 hours — see Figure 2).

Even freezing of blood or its preservation and storage at a suitable tem-
perature does not eliminate the above mentioned problems, but only arrests
a process which may earlier have caused not only the breakdown of D, but
also increase of DAD, especially if stabilising procedures were introduced af-
ter a significant delay. Failure to determine DAD is a mistake, since only the
sum of D and DAD concentrations makes possible exclusion or confirmation
of the toxic effect of diltiazem.

CONCLUSIONS

1. DAD is not only an active metabolite of D that arises during a person’s
life, butis also a stable product of its rapid post-mortem degradation.

2. Freezing of blood samples or their preservation by NaF and cooling
down to +4°C effectively prevents further post-mortem degradation of
the amount of D that has remained unchanged.

3. The possibility of determination of real in vivo D and DAD concentra-
tions is possible only when a sample of blood taken from a live person is
immediately preserved (NaF) and quickly determined.

4. The level of D in post-mortem blood is always lower (in relation to the
real concentration at the time of death) because of post-mortem hydro-
lysis of D to DAD.

5. In cases of suspected poisoning by D, toxicological analysis of post-
mortem blood should include parallel DAD determination.
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BADANIE TRWALOSCI DILTIAZEMU WE KRWI SEKCYJNEJ

Marianna KISZKA, Roman MADRO

WSTEP

Diltiazem (D) jest czesto wykrywany w materiale po$miertnym [1, 5, 8, 9, 14, 15,
16]. Ten popularny lek kardiologiczny podlega zazyciowo intensywnemu metaboliz-
mowi, ktéry prowadzi do deacetylodiltiazemu (DAD) i N-demetylodiltiazemu, a na-
stepnie do farmakologicznie nieczynnego N-demetylodeacetylo-diltiazemu [3, 6, 11].

D ulega réwniez przemianom w zwlokach lub podczas przechowywania prébek
materiatu biologicznego przeznaczonego do analizy. Jednym z gtéwnych produktéw
rozktadu D in vitro jest réwniez DAD, ktéry powstaje (podobnie jak zazyciowo) w wy-
niku hydrolizy pod wplywem deacetylazy diltiazemowej [6, 7]. Nie mozna przy tym
pominaé wptywu pH na stabilno$é D [9]. Po zgonie obserwuje sie bowiem poczatkowo
zakwaszanie tkanek, a w kolejnej fazie ich alkalizacje powyzej pH = 7 [12].

Dotychczasowe doniesienia na temat trwalo$ci D w materiale biologicznym sa,
fragmentaryczne i niewystarczajace z punktu widzenia toksykologii sadowe;j. Kilka
publikacji dotyczy stabilno$ci D w osoczu, ktére (z powodu szybkiej hemolizy krwi)
jest materialem rzadko dostepnym po zgonie [2, 4, 13, 17]. Badania wykorzystujace
krew sa natomiast nieliczne i krotkoterminowe. Wykazaly one, ze trwato$é D we
krwi jest mniejsza niz w osoczu ze wzgledu na wpltyw esterazy krwinkowej [2, 13].
Dhugoterminowy eksperyment Kovesiin. [10] dotyczyt tylko krwi (pobranej zaréwno
od 0s6b zywych, jak 1 ze zwlok) z dodatkiem fluorku sodu (NaF).

Za bardzo wazne uznano wiec dokladne ocenienie stabilno$ci D we krwi pelnej
(niekonserwowanej oraz z dodatkiem fluorku sodu) zaré6wno w temperaturze +25°C
(co jest istotne dla poznania tempa przemian zachodzacych w zwtokach wkrétce po
zgonie), jak 1 w temperaturze +4°C oraz —20°C, tj. w zakresie temperatur, w ktérych
przechowuje sie zwloki lub pobrany z nich material biologiczny.

MATERIAL I METODY

Materiat do badan stanowita krew pobrana z czterech zwlok, w ktérych analiza
toksykologiczna nie wykazata zadnych ksenobiotykéw. Sposéb przygotowania mate-
rialu dobadanijego przechowywania oraz czas pobierania prébek do oznaczania kse-
nobiotykéw przedstawia rycina 1.

D i DAD oznaczano we krwi (po uprzedniej ekstrakeji mieszaninag dichlorome-
tan-eter 1:1 w §rodowisku alkalicznym o pH = 8-8,5) metoda HPL.C (kolumna Hyper-
sil ODS 250 x 4,0 mm, 5 yum; faza ruchoma: bufor fosforanowy 0,025 M z dodatkiem
0,5% trietylaminy o pH = 3 — acetonitryl 25:75; przeptyw eluentu — 1,5 ml/min; obje-
to$¢ wprowadzanej probki— 10 pl; detekcja — 235 nm). Jako standardu wewnetrznego
uzyto propranololu w iloéci 4 pg/ml krwi [9].
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WYNIKI I ICH DYSKUSJA

Wyniki eksperymentu przedstawiono graficznie w postaci wykreséw zaleznoéci
stezenia D1 DAD (wyrazonych w procentach poczatkowego stezenia D) od czasu prze-
chowywania probek krwi w okre§lonej temperaturze, bez érodkéw konserwujacych
(rycina 2) oraz z dodatkiem NaF (rycina 3).

We krwi niekonserwowanej (rycina 2) poziom D byt stabilny tylko w préobkach
zamrozonych, natomiast w wyzszych temperaturach obserwowano jego stopniowy
rozktad. W temperaturze +25°C straty wahaly sie w granicach 12—40% po 1 dniu
142-83% po 7 dniach az do caltkowitego rozktadu po 2-3 tygodniach. W temperaturze
+4°C D wykazywal natomiast zadowalajaca stabilno$é (4—20% ubytku) do 1-2 tygod-
ni, ale po 3 tygodniach straty siegaty 26-39%. Tempo spadku stezenia D w kazdej
z 3 przebadanych prébek krwi byto jednak rézne, co wigzaé nalezy zich r6zna aktyw-
no$cig enzymatyczng uwarunkowana takze indywidualnymi zmianami pH w prze-
biegu przemian poSmiertnych.

Uzyskano zatem wyniki zgodne z ustaleniami zawartymi w publikacji Bonneusa
iin. [2] odnoénie do zahamowanie rozktadu D dzieki zamrozeniu krwi. Obserwowany
przeztych autoréw ubytek D w temperaturze pokojowej (0 14% w ciagu 1 godziny) byt
jednak znacznie wiekszy niz wynika to z ryciny 2, co prowadzi do wniosku, ze rozktad
D wkrétce po zgonie moze osiggac takie wlasnie tempo, gdyz wyniki prezentowanej
pracy uzyskano, badajac krew ze zwlok, a krew uzyta w doSwiadczeniu Bonneusa
11in. pochodzita od 0séb zywych.

Eksperyment wykazal takze wyrazny stabilizujacy wplyw fluorku sodu na trwa-
to$¢ D we krwi sekcyjnej (rycina 3). We krwi niekonserwowanej prawie potowa leku
ulegata rozktadowi w przyblizeniu w ciagu 2—7 dni w temperaturze +25°C i najwczes-
niej po 3 tygodniach w temperaturze +4°C, podczas gdy we krwi z NaF podobny
rozklad w temperaturze +25°C obserwowano dopiero w trzecim tygodniu, a w tempe-
raturze +4°C pod koniec eksperymentu ubytek D wynosil zaledwie 10%. Trwato$é D
we krwi z dodatkiem NaF (do stezenia 10 mg/ml) w temperaturze +25°C byla wiec
zblizona do tej, jakg zapewnialo schtodzenie krwi niekonserwowanej do +4°C, a prze-
chowywanie krwi fluorkowanej w temperaturze +4°C stabilizowato poziom D po-
dobnie jak zamrozenie probek niekonserwowanych.

Do podobnych wnioskéw doszli takze Kovesiin. [10], ktérzy dotychczas jako jedy-
ni wypowiedzieli sie odnoénie do wptywu NaF na tempo degradacji D w tempera-
turze +25°C 1 +4°C. W 36 prébkach krwi pobranej ze zwtok 1 przechowywanej w tem-
peraturze +4°C stwierdzili bowiem po 92 dniach zaréwno nieznaczny, jak i catkowity
rozklad D, co wiazaé nalezy z niska aktywnoscia enzymatyczna zakonserwowanej
krwi oraz tym, ze cze$éé materialu prawdopodobnie nie zostala zakonserwowana'.
Badajac krew® z dodatkiem fluorku wykazali natomiast, ze polowa wyjéciowego
stezenia D ulegata degradacji po 19 dniach przechowywania jej w temperaturze
+25°C, a wéwczas gdy zostata schtodzona do +4°C — dopiero po 124 dniach, przy czym
we krwi schtodzonej lek ten nie ulegal kompletnemu rozktadowi nawet po uplywie
1 roku.

1 Wynika to z faktu, iz autorzy jedynie zatozyli, ze krew sekcyjna jest ,,zwykle” konserwowana
fluorkiem sodu.

2 Krew pobrana zostata od osoby zywej, ale przed eksperymentem poddano ja rozktadowi
gnilnemu przez 3 tygodnie.
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Przeprowadzone badania (rycina 2 1 3) wykazaty ponadto, ze obnizaniu poziomu
D towarzyszyt adekwatny wzrost stezenia DAD, co wskazuje, ze zwiazek ten jest
gléwnym i doéé stabilnym produktem hydrolizy (zaleznej od aktywnoS$ci enzymatycz-
nej krwi i temperatury), ktérej zapobiega skutecznie (lub co najmniej wydajnie spo-
walnia) zakonserwowanie krwi przy uzyciu NaF. Potwierdzono zatem wyniki wcze§-
niejszych ustalen na ten temat [4, 10, 13] 1 wniosek Kovesa i in. [10], ktérzy zwrécili
uwage na fakt, ze pominiecie DAD w analizie toksykologicznej moze prowadzi¢ do po-
waznych bledéw interpretacyjnych. Szansa oznaczenia zazyciowego stezenia D we
krwi 1 mozliwoé¢ oceny stopnia zaawansowania jego metabolizmu istnieje bowiem
tylko wowcezas, gdy material ten pobrano od osoby zywej natychmiast i wtaéciwie za-
konserwowano oraz bardzo szybko oznaczono w nim zaréwno D, jak 1 DAD. Nato-
miast w przypadku materiatu pobranego ze zwtok poziom DAD traktowacé nalezy
jako sumaryczny 1 niemozliwy do rozdzielenia; efekt zazyciowego metabolizmu D
oraz jego posmiertnej biodegradacji, ktéra w okresie stygniecia ciala jest z pewnoScia
znacznie bardziej wydajna od tej, ktérg stwierdzono doswiadczalnie (w ciagu jednej
doby mozliwy byl nawet pieédziesiecioprocentowy rozktad D do DAD — por. rycina 2)
we krwi pobranej ze zwlok przechowywanych przez kilka dni.

Nawet zamrozenie krwi lub jej zakonserwowanie i umieszczenie w odpowiedniej
temperaturze nie jest wiec w stanie wyeliminowa¢ omawianych wyzej trudnosci, a je-
dynie zatrzymac proces, ktéry wezesniej moze nie tylko spowodowac rozktad D, ale
réwniez spowodowac ubytek DAD, zwlaszcza gdy procedury stabilizacyjne wdrozono
ze znacznym op6znieniem. Zrezygnowanie z oznaczania DAD jest natomiast bledem,
gdyz tylko taczna suma stezen D i DAD umozliwia wykluczenie lub potwierdzenie
toksycznego dzialania diltiazemu.

PODSUMOWANIE

1. DAD jestnie tylko zazyciowo powstajacym aktywnym metabolitem D, ale réw-
niez stabilnym produktem jego szybkiej poSmiertnej degradacji.

2. Zamrozenie probek krwi lub ich zakonserwowanie NaF i schlodzenie do +4°C
skutecznie zapobiega dalszej poSmiertnej degradacji tej iloéci D, ktéra pozo-
stala w stanie niezmienionym.

3. Mozliwoséé okreélenia rzeczywistego zazyciowego stezenia D 1 DAD stwarza je-
dynie natychmiastowe zakonserwowanie (NaF) krwi pobranej od osoby zywej
1 szybko wykonane oznaczenie.

4. Poziom D we krwi sekcyjnej jest zawsze zanizony (w stosunku do rzeczywiste-
go stezenia w chwili zgonu) z powodu po$miertnej hydrolizy D do DAD.

5. W przypadku podejrzenia zatrucia D analiza toksykologiczna krwi sekcyjnej
powinna uwzglednia¢ réwnoleglte oznaczanie DAD.



