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Abstract

Due to a series of fatal accidents and one case of suicidal intoxication, a method for detection and identification of pancuronium in
blood, urine, stomach contents and liver, kidney, and brain tissues was developed. The question which had to be answered was
how long after death it was possible to identify pancuronium in biological material. In the case of the suicidal intoxication with
pancuronium, biological material samples were sent to the Department of Forensic Medicine in Bydgoszcz two months after the
autopsy. Isolation of pancuronium from biological material was performed by using ion pair extraction, and then the LC-ESI-MS
method was applied. The concentration of pancuronium in these samples was lower than the fatal concentration, therefore the
question raised was whether the fact that the samples had been stored in a refrigerator for two months influenced the Pancuronium
concentration. In addition, all biological material samples and extracts were analysed again after 8 months’ storage in a refrig-
eraor. Furthermore, the biological material was lyophilised and stored in a refrigerator prior to ion pair extraction. The storage of
methanol extracts at a temperature of +4°C caused a reduction in pancuronium concentration. A significant loss of Pancuronium
was observed in both biological material and lyophilised material.
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1. Introduction

Pancuronium is a non-depolarising, muscle relaxing - .
medicament (Figure 1). It is used as a muscle relaxant to
enable intubation and respiration under narcosis. Pan-
curonium is a quaternary ammonium derivative which
is administered as dibromide in doses from 0.04 to Hi
0.10 mg/kg. Therapeutic concentration in blood ranges
from 200—600 ng/ml [6]. Pancuronium is excreted main- %
ly in urine. There are some cases of intoxications of Ha o0
Pancuronium described in the literature [1, 2, 3, 4, 7].

In a case of pancuronium overdose, the concentra-
tion of pancuronium in plasma was 400 ng/ml and that
of 3 deacetyl-pancuronium was 400 ng/ml. The deter-
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Fig. 1. Molecular structure of pancuronium.
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mination of pancuronium and its metabolite in the
above case was performed by using the TLC method
and fluorimetry [7]. In two other cases of fatal intoxi-
cation with pancuronium, analysis was performed by
using SPE extraction and the LC-ESI-MS method [1, 2].
In the first case [1], the pancuronium concentrations
were 81 ng/ml in blood and 532 ng/ml in liver. In the
second case [2], analysis revealed the following con-
centrations: in peripheral blood and heart blood
700 ng/ml, whereas in urine 1800 ng/ml. The pan-
curonium concentrations in bile, liver, brain and mus-
cles were respectively: 400 ng/ml, 2400 ng/mg,
100 ng/g and 200 ng/g [2].

There are many extraction techniques described in
the literature using liquid-liquid and solid-phase ex-
tractions [1, 2, 3, 4, 5]. The most widely used is lig-
uid-liquid extraction after ion pair formation between
the target analytes and ion pairing agents (KI5) [3, 4, 5].
This method was also employed in the present study.
The extracts were examined by using LC-ESI-MS.

In this paper, a case of fatal poisoning by injection
of Pavulon is presented. Biological material samples
were sent to the Department of Forensic Medicine in
Bydgoszcz two months after the autopsy. The question
was whether the storage of the samples in a refrigerator
for two months influenced the Pancuronium concen-
tration. In addition, all biological material samples and
extracts were analysed again after 8 months’ storage in
a refrigerator (part of the biological material was first
lyophilised, and then stored at a temperature of +4°C
for 8 months prior to extraction).

2. Case history

A 34-year old nurse was found dead in her car with
a venflon in her left forearm. An empty syringe was
discovered near the body. During the autopsy, biologi-
cal material was collected for further toxicological
analysis. It was first stored in a refrigerator and after
two months — showing signs of putridity — investi-
gated. The investigation results showed that
Pancuronium was used as the means to commit sui-
cide.

3. Materials

The presence of pancuronium was determined in
biological fluids and samples of tissues, i.e. blood,
urine, stomach contents, liver, kidney and brain. Pan-
curonium bromide from Organon Technica (Holland)
was used as the drug standard. Diazepam used as an in-

ternal standard was purchased from LGC Promochem
(United Kingdom). All reagents were HPLC grade,
supplied by Merck (Darmstadt, Germany).

4. Methods

4.1. Isolation of pancuronium from biological
material

KI5 was prepared by dissolving 1 g of iodine and
2 g of potassium iodide in 20 ml of water.

5 ml of blood, urine or 5 g of homogenised organ
samples containing 50 ng/ml diazepam (internal stan-
dard) were mixed with 0.5 ml of saturated KI; solution,
5 ml of 0.8 M phosphate buffer (NaH,PO,) pH 5.0 and
5 ml of methylene chloride. After extraction (30 min)
in an ultrasonic bath, the organic phase was transferred
to polyethylene tubes and evaporated under nitrogen.
The dry extract was reconstituted in 300 pl of methanol.

4.2. Lyophilisation

5 ml of blood, urine and 5 g of homogenised organ
samples were lyophilised by using lyophilisator Al-
pha 1-2 supplied by Christ (Osterode, Germany). For
the extraction, the lyophilised samples were diluted in
5 ml of distilled water.

4.3. Storage conditions

The methanol extracts, biological material and
lyophilised samples were all stored at a temperature of
+4°C for 8 months. Then, the methanol extracts were
analysed again, whereas the biological material and
lyophilised samples were first extracted and then ana-
lysed.

4.4. LC-ESI-MS analysis

Quantitative and qualitative analysis was perfor-
med using LC-ESI-MS-System 1100 apparatus (Agi-
lent Technologies, Waldbronn, Germany) with elec-
trospray ionisation (positive-mode). Chromatographic
separation was performed in the following conditions:
the column — RP-C8 (Zorbax Eclipse XDB-CS;
150 mm x 4.6; 5 um; Agilent Technologies, Ger-
many), the eluent — acetonitrile/0,1% trifluoroacetic
acid (70:30, v/v), the flow 0.5 ml/min. Diazepam was
used as an internal standard. The following mass spec-
trometer parameters were used: fragmentor — 70 V,
capillary voltage — 4000 V, N, flow —10 I/min, N,-tem-
perature — 250°C, nebulizer pressure — 30 psi. Qualita-
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tive analysis was carried out in scan-mode (mass range
m/z: 50— 1500). The quantitative results were obtained
in SIM-mode for m/z 286 for pancuronium and m/z 285
for diazepam.

5. Results and discussion
5.1. Validation of the method

Limit of detection (LOD) of pancuronium was
1 ng/ml (S/N > 3) and limit of quantification (LOQ)
was 2.5 ng/ml (S/N > 10). Linearity of the method for
pancuronium determination was evaluated in the range
2.5-400 ng/ml. The calibration curve showed good
linearity for pancuronium. The correlation coefficient
of the calibration curve was r = 0.9998.

In order to determine precision within series (intra-
day precision), five drug-free samples were spiked
with 25 or 200 ng/ml pancuronium respectively, and
examined in the same series.

In order to estimate day-to-day precision (inter-day
precision), twelve drug-free samples were spiked with
25 or 200 ng/ml pancuronium on different days. Intra-
day and inter-day precision of the analytical method
are summarised in Table 1.

TABLE I. RESULTS OF THE DETERMINATION
OF INTRA-DAY AND INTER-DAY PRECISION
FOR PANCURONIUM

Parameter  Intra-day precision Inter-day precision

Cng/ml]  25.0 2000  25.0 200.0

n 5 5 12 12
Mean 25.6 2033 257 203.0
CV %] 4.60 2.48 4.5 3.0

5.2. Determination of pancuronium in biological
material

Pancuronium was determined in all the investi-
gated samples excluding stomach contents. Figure 2
presents a chromatogram of the blood sample analysed
two months after the autopsy, and mass chromatogram
for pancuronium and diazepam.

Tables II and III present quantitative analysis re-
sults of biological material. It should be remembered
that the materials were analysed two months after the
autopsy. No data is available in the literature about
pancuronium changes during this period. Therefore
the interpretation of determined concentrations in this
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Fig. 2. Chromatogram of the blood sample investigated two
months after autopsy and mass chromatogram of
pancuronium and diazepam: A. LC/MS-chromatogram of
blood sample (ESI positive-modus in scan); B. Mass spec-
trum of pancuronium with m/z 286 (m*") as the main ion;
C. Mass spectrum of diazepam (IS) with m/z 285 (MH") as
the main ion.

biological material should be carried out very
carefully. In this work, the blood pancuronium initial
concentration of 12.6 ng/ml was lower than the thera-
peutic concentration (200-600 ng/ml in blood). This
concentration was six times lower than measured by
Kataetal. [1] in blood (81 ng/ml) taken in a case of fa-
tal intoxication by Pavulon injection and fifty five
times lower than measured by Kerskes et al. [2] in
blood (700 ng/ml) taken in a similar case of fatal intox-
ication.

So it was decided to analyse the stability of pan-
curonium; however, only limited data are available on
this subject in the literature. Kata et al. [ 1] analysed the
stability of pancuronium in blood stored at —20°C and
+20°C. Their results showed that pancuronium con-
centrations did not change significantly in blood sam-
ples stored at —20°C during the first seven months of
storage. After nine months its concentration decreased
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TABLE II. PANCURONIUM CONCENTRATIONS IN DIFFERENT BIOLOGICAL MATERIALS UNDER DIFFERENT

STORAGE CONDITIONS

Examined material  Determination

Determination after 8 months’ storage at +4°C

2 months after autopsy

(initial concentration Cy) In stored methanol extract In newly extracted material
% of Cy % of Cy

Blood [ng/ml] 12.6 5.0 39.6% 2.0 31.7%
Urine [ng/ml] 79.6 30.8 38.6% 1.2 1.5%
Liver [ng/g] 125.5 107.8 85.8% 0.6 0.4%
Kidney [ng/g] 168.0 80.4 47.6% 4.5 ng/g 2.6%
Brain [ng/g] 14.7 10.4 68.0% 2.7 18.3%
Stomach contents Not detected Not detected Not detected

TABLE III. PANCURONIUM CONCENTRATIONS IN LYOPHILISED BIOLOGICAL MATERIAL TWO MONTHS AFTER
AUTOPSY AND AFTER 8 MONTHS’ STORAGE AT A TEMPERATURE OF +4°C

Examined material Determination Determination after 8 months’ storage at +4°C
(lyophilised 2 months 2 months after autopsy
after autopsy) (initial concentration Co)
% of C,
Blood 10.4 ng/ml 1.2 ng/ml 11.5%
Urine 37.1 ng/ml 0.2 ng/ml 0.5%
Liver 118.8 ng/g 0.4 ng/g 0.3%
Kidney 158.0 ng/g 3.7 ng/g 2.3%
Brain 13.3 ng/g 1.5 ng/g 11.2%
Stomach contents Not detected Not detected

down to 50% of the initial value. Pancuronium in
blood stored at 20°C underwent degradation very rap-
idly. After three months of storage, blood samples had
concentrations not greater than about 10% of the initial
value. In this work, the concentration of pancuronium
in blood stored at a temperature of +4°C for 8 months
was 39.6% lower than the initial concentration, which
was determined two months after autopsy.

The investigation proved that the decrease in pan-
curonium concentration in stored samples was greater
than in methanol extracts. Furthermore, lyophilisation
of the samples did not lead to an increase in pan-
curonium stability.

6. Conclusions
1. Significant loss of pancuronium was observed in

biological material collected during autopsy and in
lyophilised material.

2. Storage of methanol extracts at a temperature of
+4°C caused a reduction in pancuronium concent-
ration.

3. The presence of pancuronium in biological fluids
and samples of tissues (blood, urine, liver, kidney,
brain) was determined.

4. The investigation results showed that pancuroni-
um was used as the means to commit suicide.
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OZNACZENIE PANKURONIUM W PLYNACH I MATERIALE

BIOLOGICZNYM

1. Wstep

Pankuronium jest niedepolaryzujacym lekiem stoso-
wanym do rozluznienia mi¢$ni w celu umozliwienia in-
tubacji i respiracji podczas narkozy. Pankuronium jest
czwartorzedowym zwiazkiem amoniowym, ktory poda-
wany jest w formie dwubromku w ilosciach od 0,04 do
0,10 mg/kg. Stezenie terapeutyczne pankuronium we
krwi miesci si¢ w zakresie 200—-600 ng/ml [6], a lek ten
wydalany jest gldownie z moczem.

W literaturze przedmiotu mozna znalez¢ liczne opisy
przypadkow zatrucia pankuronium [1, 2, 3, 4, 7]. W jed-
nym z przypadkoéw przedawkowania pankuronium jego
stgzenie w osoczu wynosito 400 ng/ml, a jego pochodnej
3-desacetyl-pankuronium wynosito 400 ng/ml. W tym
przypadku zastosowano metod¢ TLC z detekcja fluory-
metryczna w celu oznaczenia pankuronium i jego meta-
bolitow [7]. W dwoch innych przypadkach $miertelnego
zatrucia tym lekiem analiza byta prowadzona poprzez za-
stosowanie ekstrakcji SPM i metody LC-ESI-MS [1, 2].
W pierwszym przypadku [1] stgzenie pankuronium wy-
nosito 81 ng/ml we krwi 1 532 ng/ml w watrobie. W dru-
gim przypadku [2] analiza wykazala st¢zenie 700 ng/ml
we krwi obwodowej i krwi obecnej w sercu, podczas gdy
w moczu byto ono réwne 1800 ng/ml. Stgzenia pankuro-
nium w zo6fci, watrobie, mézgu i mig$niach wynosity od-
powiednio: 400 ng/ml, 2400 ng/mg, 100 ng/g 1200 ng/g [2].

W literaturze opisane sa liczne techniki ekstrakcji
tego leku oparte na ekstrakcji typu ciecz-ciecz lub na eks-
trakcji do fazy stalej [1, 2, 3, 4, 5]. Najczes$ciej stosowana
technika ekstrakcji jest ekstrakcja ciecz-ciecz po utwo-
rzeniu par jonéw pomigdzy analizowanym zwiazkiem
i KI5 [3, 4, 5]. Technika ta byla rowniez zastosowana
w badaniach opisanych w niniejszej pracy, a uzyskane
ekstrakty analizowano nastgpnie z wykorzystaniem me-
tody LC-ESI-MS.

W artykule opisano przypadek $miertelnego zatrucia
spowodowanego wstrzyknigciem Pavulonu, a material
biologiczny dostarczono do Zaktadu Medycyny Sadowe;j
w Bydgoszczy dwa miesiace po pobraniu. Réwnoczesnie
jednym z analizowanych probleméw byto zagadnienie,
czy przechowywanie probki w lodéwce przez dwa mie-
siace wplywa na zawarto$¢ pankuronium. Ponadto
wszystkie probki biologiczne oraz ekstrakty byly po-
nownie analizowane po 8 miesigcach przechowywania
w lodéwce, przy czym materiat biologiczny byt liofilizo-
wany i przechowywany w temperaturze +4°C przez
8 miesigcy przed ekstrakcja.

2. Opis przypadku

34-letnia pielggniarka zostala znaleziona martwa
w swoim samochodzie z wenflonem w lewym przedra-
mieniu, natomiast pusta strzykawka lezata w poblizu jej
ciala. Material biologiczny zostal pobrany w trakcie sek-
cji zwlok w celu wykonania analiz toksykologicznych.
Byl on przechowywany w lodéwce, a po dwoch mie-
siacach, ze sladami gnicia, zostat poddany analizie. Uzys-
kane rezultaty wykazatly, ze pankuronium zostato uzyte
w celu popelnienia samobdjstwa.

3. Materialy

Pankuronium oznaczono w ptynach i materiale bio-
logicznym, tzn. krwi, moczu, treSci zotadka, watrobie,
nerkach i moézgu. Jako standard pankuronium stosowano
bromek pankuronium wyprodukowany przez Organon
Technica (Holandia). Diazepam (LGC Promochem,
Wielka Brytania) uzyto jako standard wewngtrzny.
Wszystkie reagenty stosowane w analizie HPLC pocho-
dzily z firmy Merck (Darmstadt, Niemcy).

4. Metody

4.1. Wyosobnienie pankuronium z materialu
biologicznego

Roztwér KI; przygotowano poprzez rozpuszczenie
1 g jodu i 2 g jodku potasu w 20 ml wody. 5 ml krwi,
moczu lub 5 g innych materiatdéw biologicznych, ktore
zawieraty 50 ng/ml Diazepamu (standard wewngtrzny),
po homogenizacji mieszano z 0,5 ml nasyconego roz-
tworu Kl3, 5 ml 0,8 M buforu fosforanowego (NaH,POy)
o pH 5,0 1 5 ml chlorku metylenu. Po 30-minutowe;j eks-
trakcji w tazni ultradzwigkowej faza organiczna byla
przenoszona do polietylenowej probowki i odparowana
w atmosferze azotu. Uzyskana sucha pozostato§¢ umiesz-
czono w 300 pl metanolu.

4.2. Liofilizacja

5 ml krwi, moczu i 5 g innych materiatow biologicz-
nych poddawano po homogenizacji liofilizacji z uzyciem
liofilizatora Alpha 1-2 firmy Christ (Osterode, Niemcy).
W celu wykonania ekstrakcji, liofilizowane probki mie-
szano z 5 ml wody destylowane;.
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4.3. Warunki przechowywania

Ekstrakty metanolowe, jak tez materiat biologiczny
i liofilizowane probki, przechowywane byly w tempera-
turze +4°C przez 8 miesiecy. Po uptywie tego czasu eks-
trakty metanolowe byly ponownie analizowane, podczas
gdy materiat biologiczny i liofilizowane probki najpierw
poddano ekstrakeji, a dopiero pdzniej analizowano.

4.4. Analiza LC-ESI-MS

Analizg jako$ciowaq i ilosciowa przeprowadzono z za-
stosowaniem aparatu LC-ESI-MS-System 1100 (Agilent
Technologies, Waldbronn, Niemcy) z jonizacja przez
rozpylanie w polu elektrycznym (jonizacja pozytywna).
Rozdziat chromatograficzny byl prowadzony w nastg-
pujacych warunkach: kolumna — RP-C8 (Zorbax Eclipse
XDB-C8; 150 mm x 4,6; 5 um; Agilent Technologies,
Niemcy), eluent — acetonitril/0,1% kwas trifluorooctowy
(70:30, v/v), przeptyw 0,5 ml/min. Jako standard wew-
ne¢trzny zastosowano Diazepam. W spektrometrze mas
zastosowano nast¢pujace warunki pomiarowe: fragmen-
tator — 70 V, napigcie na kapilarze — 4000 V, prze-
plyw N, — 10 I/min, temperatura N, — 250°C, ci$nienie
rozpylacza — 30 psi. Analizg jakoSciowa prowadzono
w trybie catkowitym (zakres analizowanych mas: 50 m/z—
1500 m/z), natomiast analizg iloSciowa wykonano w try-
bie SIM dla m/z 286 dla pankuronium i m/z 285 dla Dia-
zepamu.

5. Rezultaty i dyskusja
5.1. Walidacja metody

Granica wykrywalnosci (LOD) pankuronium wyno-
sita 1 ng/ml (S/N > 3), a granica oznaczalnos$ci (LOQ) wy-
nosita 2,5 ng/ml (S/N >10). Liniowo$¢ metody oznacza-
nia pankuronium znajdowata si¢ w zakresie 2,5-400 ng/ml.
Krzywa kalibracyjna wykazala dobra liniowos$¢ dla pan-
kuronium, przy czym wspotczynnik korelacji krzywej
kalibracyjnej wynosit » = 0,9998.

W celu wyznaczenia precyzji oznaczen wykonanych
w jednej serii pomiarowej sporzadzono pi¢é probek wol-
nych od innych lekoéw o zawartosci 25 lub 200 ng/ml pan-
kuronium i poddano analizie w tej samej serii pomia-
rowe;j.

W celu wyznaczenia precyzji oznaczen wykonywa-
nych w r6znych seriach pomiarowych sporzadzono dwa-
nascie probek wolnych od innych lekéw o zawartosci
25 lub 200 ng/ml pankuronium i poddano analizie w r6z-
nych dniach. Uzyskane wyniki odnoszace si¢ do wyzna-
czonych precyzji pomiardw analizowanej metody zebra-
no sumarycznie w tabeli .

5.2. Oznaczenie pankuronium w materiale
biologicznym

Obecnos¢ pankuronium stwierdzono we wszystkich
probkach za wyjatkiem tresci zotadka. Rycina 2 przed-
stawia chromatogram probki krwi analizowanej po dwoch
miesigcach od chwili pobrania oraz widma mas panku-
ronium i Diazepamu.

Tabela II i IIT przedstawia rezultaty oznaczen wyko-
nanych dla probek materiatu biologicznego. Nalezy pa-
miegtac, ze material analizowano dwa miesiace od chwili
pobrania i ze nie ma zadnych dostgpnych informacji
o zmianach, jakim ulega pankuronium w tym czasie.
Dlatego tez interpretacja zawartosci tego leku w prob-
kach biologicznych powinna by¢ prowadzona bardzo
ostroznie. Stgzenie poczatkowe pankuronium we krwi,
oznaczone w trakcie przeprowadzonych badan, wynosito
12,6 ng/ml i bylo nizsze niz stgzenie terapeutyczne
(200-600 ng/ml we krwi). Ponadto stgzenie to bylo szes§¢
razy nizsze niz zmierzone przez Kate i in. [1] we krwi
(81 ng/ml) pobranej od ofiary zatrucia ze skutkiem $mier-
telnym, ktére rowniez zostato spowodowane wstrzyk-
nigciem Pavulonu; bylo takze pigcdziesiat pigc razy niz-
sze niz zmierzone przez Kerskesa i in. [2] we krwi
(700 ng/ml) w podobnym przypadku.

Dlatego przeanalizowano tez stabilno$¢ pankuro-
nium, przy czym dane dostgpne na ten temat w literaturze
przedmiotu sa dos¢ ograniczone. Kala in. [1] analizowali
stabilno$¢ pankuronium we krwi przechowywanej w tem-
peraturze —20°C i +20°C. Ich rezultaty wykazaly, ze ste-
zenie pankuronium nie ulega znaczacym zmianom we
krwi przechowywanej w temperaturze —20°C przez okres
siedmiu miesigcy. Po 9 miesiacach zawarto$¢ tego leku
spadla o 50%. Natomiast pankuronium we krwi prze-
chowywanej w temperaturze +20°C ulegto rozktadowi
bardzo szybko, tzn. po trzech miesiacach przechowywa-
nia probek jego stgzenie nie przewyzszato 10% wartosci
poczatkowej. W przeprowadzonych przez autorow ni-
niejszej pracy badaniach stgzenie pankuronium we krwi
przechowywanej w temperaturze +4°C przez 8 miesiecy
byto 0 39,6% nizsze niz st¢zenie poczatkowe, ktore oz-
naczono w prébce po dwoch miesigcach od chwili po-
brania. Jednoczesnie przeprowadzone badania wykazaty,
ze spadek stgzenia pankuronium w przechowywanych
probkach byl wigkszy niz w ekstraktach metanolowych
oraz ze liofilizacja probki nie spowodowata wzrostu sta-
bilnosci pankuronium.

6. Whnioski

1. Zaobserwowano znaczaca utrat¢ st¢zen pankuro-
nium w probkach biologicznych zabezpieczonych
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w tracie sekcji zwlok oraz w probkach poddanych lio-
filizacji.

2. Przechowywanie ekstraktow metanolowych w tem-
peraturze +4°C spowodowato obnizenie stezenia
pankuronium.

3. Stwierdzono obecno$¢ pankuronium w probkach
pltynéw biologicznych i probkach tkanek, takich jak
krew, mézg, watroba, nerka, mozg.

4. Uzyskane wyniki pozwolity na stwierdzenie, ze pan-
kuronium zostalo uzyte w celu popehienia samo-
bojstwa.
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