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ABSRTACT: The stability of cocaine and benzoylecgonine standard solutions in
phosphate buffer and cocaine solutions in three different samples of urine was evalu-
ated. The research indicated that cocaine solution is significantly less stable than
benzoylecgonine solution. Both xenobiotics were isolated from urine by means of
three-step liquid-liquid extraction. Quantitative analysis was performed using the
HPLC method. The effect of time (up to 90 days), temperature (+25°C, +4°C and
—20°C), pH (in the range from 5 to 8) and, in the case of urine, sodium fluoride as well,
was tested. It turned out that sodium fluoride did not have a noticeable influence on
the degradation process of cocaine and benzoylecgonine. The stability of cocaine and
benzoylecgonine increased with a decrease in samples storage temperature and a de-
crease in their pH. But only the freezing of samples, or their acidifying down topH=5
together with storage at +4°C assured the stability of the investigated cocaine and
benzoylecgonine solutions for 90 days.
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INTRODUCTION

The mean life-time of cocaine in the body amounts to merely 20—-90 min-
utes [8, 10, 12, 14, 19, 20]. Only 1 to 14% of this xenobiotic is excreted as the
unchanged form with urine [8, 14]. The remaining part of cocaine is con-
verted mainly to benzoylecgonine and ecgonine methyl ester, which com-
prise over 80% of all cocaine metabolites [1, 2, 4, 5]. The above-mentioned
transformations consist mainly in enzymatic (to ecgonine methyl ester) or
chemical (to benzoylecgonine) hydrolysis of two ester bonds included in the
cocaine molecule [8, 18].

* This article is based on a presentation given at the 11th Meeting of the Polish Society of
Forensic Medicine and Criminology, 1.6dz, 1998. The first author, dr Marianna Kiszka,
received the Professors Jan Markiewicz and Tadeusz Borkowski of the Institute of Forensic
Research Memorial Award.
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The enzymatic and chemical processes that lead to degradation of cocaine
in the body of living persons are continued after death and in biological ma-
terial collected during autopsy and from living persons. The hydrolysis of co-
caine to benzoylecgonine depends considerably on pH [9]. This is confirmed
by our observations', indicating that in aqueous medium at pH between
8.5 and 9 after 1-6 hours approximately 1/10 to over 1/3 of the initial amount
of cocaine is excreted to benzoylecgonine. One should keep in mind the de-
pendence of the cocaine degradation rate on pH, because gradual pH changes
of biological material take place with time in corpses as well as in vitro [16].

There i1s no doubt that for diagnostic needs of fatal and other cocaine poi-
sonings it is important to find out exactly the transformations which it un-
dergoes in vitro. This knowledge is essential to appropriately protect biologi-
cal or standard materials against degradation of cocaine and benzoylecgo-
nine, to avoid xenobiotics loss during toxicological analysis and correctly in-
terpret the results. Cocaine stability was tested in urine because its pH var-
ies and also because in the case of living persons it is the only biological ma-
terial which can be obtained non-invasively and in sufficient amounts for
toxicological investigations.

MATERIALS AND METHODS

Standard solutions of cocaine and benzoylecgonine were prepared using
three phosphate buffers with different pH (5.0, 7.4 and 8.0). Phosphate
buffer was applied because it is used as a mobile phase in determination of
these xenobiotics by means of the HPL.C method. Three samples of urine
were collected from three different corpses. Each sample was divided into
3 portions and their pH was adjusted to 5.0, 6.0 and 8.0 respectively, with
the use of 0.1 M HCI solution and 0.1 M NaOH solution.

In the next step of urine preparation for analysis, each of the nine sam-
ples was divided into 2 parts and sodium fluoride NaF (in the amount re-
quired to reach a concentration of 5 mg/ml) was added to one of them.

Next, each buffer and each of the eighteen urine samples were divided
into two parts. Cocaine was added to one part of each buffer solution and
benzoylecgonine in the amount required to create a concentration of 5 ug/ml
was added to the other one. In the case of urine, cocaine (in the amount re-

1 Madro R., Kiszka M., Buszewicz G., Fatal cocaine poisoning — a presentation at the 4th Polish
Scientific Conference “Poisonings, injuries, alcoholism and drug addiction in forensic and
medical practice”, Bielsko-Biata, 27-28 April, 1995.
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quired to obtain a concentration of 5 pg/ml) was added to one half of the eigh-
teen samples and the other one was left as the background control.

The initial concentration of cocaine and benzoylecgonine, which was as-
sumed as 100%, was determined directly after preparation of their solutions
in phosphate buffers and in urine. After determination of initial xenobiotics
concentrations, their solutions were divided and put into tubes which were
stored at different temperatures, +25°C, +4°C and —20°C respectively. The
samples were collected for analysis after 1, 7, 14, 21, 30, 60 and 90 days in
the case of cocaine and benzoylecgonine solutions in buffers and after 1, 7,
30, 60 and 90 days in the case of cocaine solutions in urine.

Xenobiotics were isolated from urine by means of three-step liquid-liquid
extraction with the use of dichloromethane /isopropanol mixture (3:1),0.1 N
HCI and once again dichloromethane / isopropanol mixture (3:1)

Quantitative determinations were carried out by means of the HPLC
method using a liquid chromatograph manufactured by Gilson equipped
with a spectrophotometric detector with fluent adjustment of wavelength.
Chromatographic separation was performed on a Hypersil ODS (250 x
4.0 mm, 5 pm) column. A mixture of 80% 0.025 M phosphate buffer, pH = 3
(with addition of 0.5% triethylamine) and 20% acetonitryle constituted the
mobile phase, in a two-pump system. Before each use, the buffer and
acetonitryle were filtered on Nylon 66 Membranes 0.45 um x 47 mm pur-
chased by Supelco and vented by constant helium flow. The flow rate of the
eluent amounted to 1 ml per minute and the volume of the injected sample —
10 pl. The measurements were carried out at A =233 nm. The detector signal
was processed electronically using Gilson 715 HPLC System Controller
Software. Concentrations of cocaine and benzoylecgonine were determined
from the appropriate calibration curves using Gilson 715 HPLC System soft-
ware. The internal standard method (with use of lignocaine) was applied in
the case of urine investigations and the external standard method was used
in the case of buffer solutions analysis®.

Diagrams of solution preparation and storage are shown in Figures 1 and 2.

132 samples of cocaine and benzoylecgonine solutions in phosphate buff-
ers and 558 urine samples were analysed.

2 The procedure was shown in detail at the presentation: Kiszka M., Buszewicz G, Madro R.,
Determination of cocaine and benzoylecgonine in urine, 14th Szczecin Scientific Symposium,
Szczecin, 24-26 September, 1997.

3 The analytical procedures of cocaine and benzoylecgonine determination were presented in
detail at the presentation: Kiszka M., Madro R., Buszewicz G., Analytical problems
connected with cocaine determination in tissues, 11th Meeting of the Polish Society of
Forensic Medicine and Criminology, £1.6dZ, 2-5 September, 1998.
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Figure 1. A diagram of preparation and storage of cocaine and benzoylecgonine in
buffer solutions.
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Figure 2. A diagram of preparation and storage of urine samples.
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RESULTS AND DISCUSSION

The results of the study were displayed in the form of stability curves, i.e.,
graphs of the relationship between the concentration of cocaine or ben-
zoylecgonine (expressed as percentages of initial concentration), and the
storage time of samples at different pH and temperature. Figure 3 concerns
cocaine and benzoylecgonine solutions in phosphate buffers and Figure 4 —
cocaine in urine. Good and moderate stability periods of cocaine in buffer
and in urine according to sample pH and storage temperature are shown in
Table 1. Stability was assumed to be good when cocaine loss was smaller
than 15% and moderate when it was between 15 and 30%.

TABLE 1. PERCENTAGES OF MEAN COCAINE LOSS (L) IN PHOSPHATE BUFFER AND

URINE
Temperature 25°C 4°C
Days 1 7 130|609 | 1 30 | 60 | 90
pH=5 2 4 5 7 14 0 1 2 3 8
0

Buffer | pH=17.4

Urine

E Stable (L < 15%) E Moderately stable (L < 30%) - Unstable (L > 30%)

From the stability curves shown in Figure 3, it is clear that significant
loss of both xenobiotics was not detected during storage of cocaine and
benzoylecgonine acidic standard solutions (phosphate buffer pH = 5) for
90 days, even when the samples temperature was +25°C. The cocaine and
benzoylecgonine solutions also turned out to be stable at —20°C (regardless
of their pH). However, analysis of samples at pH = 7.4 and 8.0 stored at +4°C
and +25°C indicated that an increase in storage temperature and in pH
caused a loss of cocaine as well as benzoylecgonine. The decrease of cocaine
concentration in standard solution was connected with adequate growth of
metabolite (benzoylecgonine) concentration.

The influence of pH on stability of cocaine was particularly clear during
storage of solutions at +4°C. At pH = 7.4 loss of cocaine was not observed over
one day and it amounted to only 10% after one week. But a small increase of
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Figure 3. The stability of cocaine (C) and benzoylecgonine (BE) in standard solutions
according to storage periods (days), temperature and pH of phosphate buffers.
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Figure 4. The stability of cocaine (C) in urine (expressed in per cents, calculated as
the mean value of 3 urine samples) according to temperature and storage periods
(days), pH of urine and NaF addition.

the buffer pH (up to 8) caused approximately 2 to 3 times greater loss of co-
caine.

Cocaine stability in standard solutions decreased greatly at +25°C. At
pH = 7.4, about 10% of the initial cocaine concentration had already
decomposed within one day. The loss level averaged 75% after 7 days and co-
caine was totally decomposed after 3 weeks.
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On the other hand, the benzoylecgonine standard solutions were much
more stable. After 2 months of their storage at +25°C only about 1/5 of the
initial xenobiotic concentration had decomposed both at pH 7.4 and 8.

Other authors [9, 13] have observed a similar influence of temperature
and pH on cocaine hydrolysis in aqueous solutions. There is a lack of data in
the available literature concerning benzoylecgonine stability at different pH.
However, in a study by Isenschmid [13], longer stability of benzoylecgonine
(the hydrolysis product of cocaine) in alkaline buffers is seen (compared to
cocaine). Similar trends were observed in (our) described experiment. Co-
caine decomposed to benzoylecgonine and over a relatively long period of
time (about 60 days), especially in the weakly alkaline solutions (pH = 7.4)
the sum of the concentrations of both substances was comparable to the ini-
tial cocaine concentration. However, buffer alkalinity decreased benzoylec-
gonine stability — this was particularly clear in samples stored at +25°C.

The freezing of urine samples similar to standard solutions guaranteed
the stability of cocaine over 90 days, regardless of pH. Dugan et al. [6] ascer-
tained good stability of drugs in urine samples frozen to —20°C, but even in
these conditions, the cocaine concentration decreased after one year by 37%
on average and maximally 87%.

It turned out that the shapes of cocaine stability curves in urine and in
buffers at identical or similar pH’s were similar. But it has to be noted that in
room temperature a change of the pH from 5to 6, 1.e. a small decrease of acid-
ity caused a considerable decrease of cocaine stability. Thus the acidity of
the urine did not stabilise cocaine as effectively as the acidity of the buffer.
Satisfactory cocaine stability was ascertained only in urine samples at
pH = 5 stored in a refrigerator at +4°C — under these conditions cocaine did
not undergo significant degradation in the space of 90 days. In the case of
urine samples stored at 25°C, acidity (pH = 5) ensured sufficient cocaine sta-
bility only for 60 days.

The alkalinity of urine was conducive to faster degradation of cocaine. In
samples of pH = 8 stored at +4°C after just 1 day, cocaine loss averaged 12%
and after 7 days — 37%. When samples were stored at +25°C it averaged 49%
and 84% respectively. Moreover, an increase of benzoylecgonine concentra-
tion, (as was the case in acidic buffers and acidic urine), was observed simul-
taneously.

The experimentally demonstrated increased speed of cocaine degrada-
tion in urine with increase of pH from acidic to alkaline fully confirmed the
results of Baselt’s research [3]. He ascertained an approximately two-fold
decline of cocaine concentration in urine at pH = 8 (after 3 weeks of storage
at +4°C), and no significant changes in the cocaine level in urine at pH =5
stored at this temperature. Our observations are also similar to the findings
of Dugan et al. [7]. However, we found a definitely slower cocaine hydrolysis
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at +25°C in acidic urine. The observed cocaine loss was only about 10% after
30 days, while Dugan ascertained as much as a 10-fold decline of cocaine
concentration after 7 days of urine storage in the same conditions.

Because about 23% of cocaine was lost from urine at pH = 5 stored at
+25°C after 60 days, and as much as about 76% after 90 days, the view of
Hippenstiel and Gerson [11] should be rejected. These authors deliberate, on
the basis of Isenschmid’s investigation [13], the usefulness of refrigeration
of urine at this acidity. It should be noted that Isenschmid performed deter-
minations of cocaine in buffers, where it is more stable than in urine. More-
over, the research was finished after 4 weeks, while urine storage up to the
beginning of analysis and during the time analysis is performed is very often
much longer.

The findings of this experiment that cocaine degradation in urine at dif-
ferent pH was intensified with increase in temperature of sample storage
are similar to the observations of Javaid et al. [15] and Matsubara et al. [17].
The statement that addition of NaF as a preservative in the amount of
5 mg/ml does not significantly affect cocaine stability in urine at pH =5, 6 and
8 during storage from 1 to 90 days at +4°C and at +25°C, was in full agreement
with the observations of other authors [3, 17].

CONCLUSIONS

1. Cocaine is degradation to benzoylecgonine in standard solutions as
well as in urine samples.

2. Because benzoylecgonine is much more stable in biological material, it
should be determined in the case of suspicion of cocaine poisoning.

3. Immediate freezing prevents the degradation of cocaine contained in
standard solutions and urine samples.

4. When the investigated material can be stored only at +4°C, satisfac-
tory cocaine stability for 90 days is ensured by acidifying of urine sam-
ples to pH = 5.

5. Storage of urine at pH = 5 and at +25°C longer than 60 days creates
a risk of significant degradation of cocaine present in the sample.
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TRWALOSC KOKAINY W BUFORZE FOSFORANOWYM
I W MOCZU*

Marianna KISZKA, Grzegorz BUSZEWICZ, Roman MADRO

WSTEP

Sredni czas péltrwania kokainy (C) w organizmie wynosi zaledwie 20—90 min
[8, 10, 12, 14, 19, 20]. Tylko 1-14% tego ksenobiotyku wydalane jest w postaci nie-
zmienionej z moczem [8, 14]. Pozostata czes¢ C przechodzi w benzoiloekgonine (BE)
1 ester metylowy ekgoniny (EME), ktore stanowia ponad 80% wszystkich metaboli-
téow C [1, 2, 4, 5]. Powyzsze przemiany polegajg gtéwnie na hydrolizie enzymatycznej
(do EME) lub chemicznej (do BE) dwu wigzan estrowych zawartych w czasteczce C
8, 18].

Procesy enzymatyczne 1 chemiczne, ktére zazyciowo prowadza do degradacji C,
tocza sie dalej w zwlokach oraz w materiale biologicznym pobieranym podczas sekcji
10od oséb zywych. Hydroliza C do BE zalezy przy tym w znacznym stopniu od pH [9],
co potwierdzaja spostrzezenia autoréw’, z ktérych wynika, ze w wodnym $rodowisku
o pH = 8,5-9 juz po 1-6 godzinach rozkladowi do BE ulega w przyblizeniu od 1/10 do
ponad 1/3 poczatkowej iloéci C. Nalezy pamietac o zalezno$ci tempa degradacji C od
tego czynnika, bowiem wraz z uptywem czasu nastepuja stopniowe zmiany pH mate-
riatu biologicznego zaréwno w zwlokach, jak i in vitro [16].

Nie ulega wiec watpliwosci, ze dla potrzeb diagnostyki §miertelnych (1innych) za-
trué¢ Cistotne znaczenie ma doktadne poznanie przemian, jakim podlega ona in vitro.
Wiedza ta jest niezbedna po to, by odpowiednio zabezpieczyé materiat biologiczny
(lub wzorcowy) przed degradacja C i1 BE oraz po to, by unikna¢ strat ksenobiotykow
podczas analizy toksykologicznej i prawidtowo zinterpretowac jej wyniki. Natomiast
rozpoczecie testowania trwatosci C w moczu byto podyktowane tym, ze jego pH waha
sie oraz tym, ze w przypadku oséb zywych jest to jedyny materiat biologiczny, ktéry
mozna uzyskaé¢ w sposéb nieinwazyjny i w odpowiedniej iloéci do badan toksykolo-
gicznych.

* Niniejszy artykut opracowany zostal na podstawie referatu pt. , Trwato§é kokainy w materia-
le biologicznym”, ktéry zostal uznany za najlepsza prace przedstawiona podczas XI Krajo-
wego Zjazdu Polskiego Towarzystwa Medycyny Sadowej 1 Kryminologii w f.odzi w 1998 roku,
a jej pierwszy autor (dr Marianna Kiszka) otrzymata Nagrode Imienia Profesor6w Instytutu
Ekspertyz Sadowych — Jana Markiewicza 1 Tadeusza Borkowskiego.

1 Madro R., Kiszka M., Buszewicz G., ~Smiertelne zatrucie kokaing” — referat wygloszony na
IV Ogoélnopolskiej Konferencji Naukowej ,,Zatrucia, urazy, alkoholizm i narkomania w prak-
tyce sadowo-lekarskiej”, Bielsko-Biata, 27-28 kwietnia 1995 r.
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MATERIAL I METODY

Roztwory wzorcowe C 1 BE wykonano z uzyciem trzech buforéw fosforanowych
o réznym pH (5,0; 7,4; 8,0), co podyktowane bylo tym, ze wtasnie bufor fosforanowy
jest stosowany (jako faza ruchoma) przy oznaczaniu tych ksenobiotykéw metoda
HPLC. Trzy prébki moczu pobrano z trzech réznych zwlok i kazda z nich podzielono
na trzy porcje, ktérych pH zmodyfikowano do 5,0; 6,01 8,0 dodajac odpowiednie iloéci
0,1 M roztworu HC1 1 0,1 M roztworu NaOH.

W kolejnym etapie przygotowywania moczu do badan kazda z dziewieciu probek
podzielono na dwie czesci 1 do jednej dodano fluorek sodu NaF (w iloSci potrzebnej do
uzyskania stezenia 5 mg/ml). Nastepnie kazdy bufor i kazdg z osiemnastu prébek
moczu podzielono na pét. Do jednej potowy kazdego z buforéw dodano C, a do drugiej
BE w iloéci odpowiedniej do uzyskania stezenia 5 pg/ml. Natomiast w przypadku mo-
czu, do jednej potowy kazdej z osiemnastu probek dodano C (réwniez w ilo$ci odpowied-
niej do uzyskania stezenia 5 ng/ml), a druga potowe pozostawiono jako kontrole ,tta”.

Wyjéciowe, przyjmowane nastepnie za 100%, stezenie C i BE oznaczano bezpo-
$rednio po przygotowaniu ich roztworéw w buforach fosforanowych i w moczu. Po
oznaczeniu wyjéciowych stezen ksenobiotykéw ich roztwory rozdzielono do probé-
wek, ktore przechowywano w réznej temperaturze (+25°C, +4°C, —20°C) 1 pobierano
dobadanpo 1, 7, 14, 21, 30, 601 90 dniach w przypadku roztworéw C i BE w buforach
oraz po 1, 7, 30, 60 1 90 dniach w przypadku roztworéw C w moczu.

Ksenobiotyki z moczu wyosobniano metodg trdjetapowej ekstrakecji typu
clecz-ciecz przy uzyciu mieszaniny dichlorometan / izopropanol (3:1), a nastepnie
0,1 NHCI i ponownie mieszaning dichlorometan / izopropanol (3:1)%.

Analize ilo$ciowa wykonywano metoda HPLC przy uzyciu chromatografu cieczo-
wego firmy Gilson z detektorem spektrofotometrycznym o ptynnej regulacji dlugosci
fali. Rozdzial chromatograficzny przeprowadzono na kolumnie Hypersil ODS (250 x
4,0 mm, 5 um). Faze ruchoma stanowila mieszanina: bufor fosforanowy 0,025 M,
pH =3 (z dodatkiem 0,5% trietylaminy) — acetonitryl w proporcjach 80:20 w systemie
dwoéch pomp. Przed kazdym uzyciem bufor oraz acetonitryl byly filtrowane (Nylon 66
Membranes, 0,45 pm x 47 mm firmy Supelco), a nastepnie odpowietrzane przez
ciaglty przeptyw helu. Predko$é¢ przeptywu eluentu wynosita 1 ml/min., a objetosé
wstrzykiwanej probki — 10 pl. Pomiary wykonywano przy diugosci fali A = 233 nm.
Sygnat z detektora przetwarzany byt elektronicznie z zastosowaniem oprogramowa-
nia Gilson 715 HPLC System Controller Software. Stezenia C 1 BE wyznaczano me-
toda, standardu wewnetrznego (ktéry w trakcie badania moczu stanowita lidokaina)
lub standardu zewnetrznego (w przypadku analizy roztworéw buforowych) z odpo-
wiednich krzywych kalibracji (oprogramowanie Gilson 715 HPLC System?®). Schema-

2 Metoda przedstawiona zostala szczegétowo na XIV Szczecinskim Sympozjum Naukowym,
ktore odbylo sie w dniach 24-26 wrzeénia 1997 r., w referacie: Kiszka M., Buszewicz G,
Madro R., ,,Oznaczanie kokainy i benzoiloekgoniny w moczu”.

3 Procedury analityczne zwigzane z oznaczaniem C 1 BE przedstawione zostaly szczegélowo
w trakcie XIKrajowego Zjazdu Polskiego Towarzystwa Medycyny Sadowej 1 Kryminologii
(L6dz, 2-5 wrzednia 1998 r.) w referacie: Kiszka M., Madro R., Buszewicz G., ,Problemy
analityczneane z oznaczeniem kokainy w tkankach”.
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ty, zgodnie z ktérymi przygotowywano i przechowywano roztwory, przedstawiaja ryci-
ny 112.

Przebadano 132 prébki roztworéw C 1 BE w buforach fosforanowych oraz 558 pro-
bek moczu.

WYNIKI I DYSKUSJA

Wyniki badan przedstawiono w postaci krzywych trwaloéci (C i BE w buforach
fosforanowych —rycina 3 oraz C w moczu —rycina 4), tj. wykreséw zaleznosci stezen C
lub BE (wyrazonych w procentach poczatkowego stezenia) od czasu przechowywania
probek o ré6znym pH w réznej temperaturze. Natomiast tabela I zawiera zestawienie
okresow dobrej (ubytek C ponizej 15%) lub éredniej (ubytek C w zakresie 15-30%)
stabilno$ci C w buforze 1 w moczu w zaleznoéci od pH prébek i temperatury, w jakiej
byly przechowywane.

Z krzywych trwatoSci, ktore przedstawia rycina 3, wynika jednoznacznie, ze
przez 90 dni przechowywania kwaénych (bufor fosforanowy pH = 5) roztworéw wzor-
cowych C 1 BE nie stwierdzono w nich znaczacego ubytku obu ksenobiotykéow nawet
wowczas, gdy temperatura probek wynosita +25°C. Roztwory C 1 BE okazaly sie
trwate (niezaleznie od ich pH) réwniez w temperaturze —20°C. Natomiast rezultaty
analizy prébek o pH = 7,4 i 8 przechowywanych w temperaturze +4°C i +25°C wy-
kazaty, ze wzrost temperatury oraz wzrost pH powodowaty ubytek zaréwno C, jak
1 BE. W roztworach wzorcowych kokainy jej ubytkowi towarzyszyto przy tym adek-
watne narastanie stezenia produktu rozpadu, tj. BE.

Wplyw pH na stabilno$é C byl szczegdlnie wyrazny w trakcie przechowywania
roztwor6w w temperaturze +4°C. Przy pH = 7,4 po jednym dniu nie obserwowano bo-
wiem strat C, a po jednym tygodniu wynosily one zaledwie 10%, ale juz niewielki
wzrost pH buforu (do 8) powodowal w przyblizeniu 2—3-krotnie wiekszy ubytek C.

Stabilno$é C w roztworach wzorcowych obnizala sie najbardziej w temperaturze
+25°C. W roztworze o pH = 7,4 juz po jednym dniu rozktadowi ulegato bowiem okoto
10% poczatkowego stezenia C, po siedmiu dniach poziom strat wynosit srednio 75%,
a po trzech tygodniach dochodzito do catkowitego rozktadu C.

Natomiast roztwory wzorcowe BE byly wielokrotnie bardziej stabilne, o czym
Swiadczy fakt, ze po 2 miesigcach ich przechowywania w temperaturze +25°C tylko
okoto 1/5 poczatkowego stezenia ksenobiotyku ulegato degradacji zaréwno przy
pH =174, jakipH = 8.

Podobny wplyw temperatury 1 pH na hydrolize C w jej wodnych roztworach byt
obserwowany przez innych autoréw [9, 13]. W dostepnej literaturze brakuje nato-
miast danych na temat stabilnoéci BE w roztworach o réznym pH. W pracy Isen-
schmida [13] widoczne jest jednak dtuzsze (w poréwnaniu z C) utrzymywanie sie BE
bedacej produktem hydrolizy substancji macierzystej] w buforach alkalicznych.
W opisanym eksperymencie obserwowano podobne tendencje. C rozktadata sie bo-
wiem do BE, przy czym przez dos§¢ dtugi czas (ok. 60 dni), zwlaszcza w roztworach
stabo alkalicznych (pH = 7,4), suma stezen obu substancji byta zblizona do wyj$cio-
wego stezenia C. Zasadowy odczyn buforu zmniejszat jednak trwato$é BE, co bylo
szczegollnie wyrazne w probkach przechowywanych w temperaturze +25°C.

Zamrozenie probek moczu, podobnie jak zamrozenie prébek roztworéw wzorco-
wych, gwarantowalo trwalos§é C przez 90 dni niezaleznie od pH. Z publikacji Dugana
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iin. [6], ktérzy stwierdzali znaczna stabilno§é lekéw w prébkach moczu zamrozonych
do—20°C, wynika jednak, ze nawet w tych warunkach po roku nastepowato obnizenie
stezenia C érednio o 37%, a maksymalnie o 87%.

Okazato sie, ze krzywe trwato$ci C w moczu mialy ksztatt do$¢ zblizony do krzy-
wych trwatos$ci C w buforach o identycznym lub zblizonym pH. Zwraca jednak uwage
fakt, ze w temperaturze pokojowej zmiana pH z 5 do 6 (tj. niewielkie obnizenie od-
czynu kwaénego) powodowato znaczne zmniejszenie stabilnoéci C. Zatem kwasny od-
czyn nie stabilizowal C w moczu tak skutecznie, jak kwaény odczyn buforu. W pelni
zadowalajaca trwaloéé C stwierdzono bowiem tylko w probkach moczu o pH =5 prze-
chowywanych w lodowce w temperaturze +4°C, gdyz wowczas nie ulegata ona
znaczacemu rozktadowi przez 90 dni. Natomiast w przypadku prébek moczu prze-
chowywanych w temperaturze +25°C odczyn pH = 5 zapewniat wystarczajaca sta-
bilnoéé C tylko przez 60 dni.

Zasadowy odczyn moczu sprzyjal szybkiej degradacji C. W prébkach o pH = 8
przechowywanych w temperaturze +4°C juz po 1 dniu straty C wynosity §rednio 12%,
apo 7dniach 37%, zas w temperaturze +25°C odpowiednio 49% i1 84%. Obserwowano
przy tym (podobnie jak w buforach i w moczu o odczynie kwasnym) réwnoczesne na-
rastanie stezenia BE.

Wykazane eksperymentalnie przyspieszenie degradacji C w moczu w miare
zmiany pH od kwa$nego do zasadowego w pelni potwierdza wyniki badan Baselta
[3], ktéry stwierdzil okolo dwukrotne obnizanie sie stezenia C w moczu o pH = 8 (po
3 tygodniach przechowywania w temperaturze +4°C) 1 brak istotnych zmian poziomu
C w przechowywanym w tej temperaturze moczu o pH = 5. Obserwacje autoréw ni-
niejszej publikacji sa réwniez zbiezne z ustaleniami Dugana i in. [7]. Autorzy wyka-
zali jednak zdecydowanie wolniejsza hydrolize C w temperaturze +25°C w moczu
o kwaénym odczynie. Po 30 dniach zaobserwowane straty C wynosity zaledwie okoto
10%, podczas gdy Dugan po 7 dniach przechowywania moczu w tych samych warun-
kach stwierdzil az dziesieciokrotny spadek stezenia C.

Ze wzgledu na to, ze w moczu o pH = 5, ktéry przechowywano w temperaturze
+25°C, po 60 dniach degradacji ulegato okoto 23% C, a po 90 dniach nawet okolo 76%,
odrzucié nalezy poglad Hippenstiela 1 Gersona [11]. Autorzy ci na podstawie wyni-
kow badan Isenschmida [13] zastanawiaja sie bowiem nad celowos$cia schladzania
moczu o tym odczynie. Tymczasem Isenschmid oznaczat C w buforach, w ktorych jest
ona bardziej stabilna niz w moczu, a ponadto do$wiadczenie konczylto sie po uplywie
czterech tygodni, podczas gdy przechowywanie moczu do chwili rozpoczecia analizy
1w trakcie jej wykonywania niejednokrotnie trwa znacznie dluzej.

Ustalenia niniejszego eksperymentu, z ktérych wynika, ze rozktad C w moczu
o réznym pH nasilal sie wraz ze wzrostem temperatury przechowywania préobek, sa
w przyblizeniu zgodne z obserwacjami Javaida i in. [15] oraz Matsubary 1 in. [17].
W pelni zgodne z obserwacjami innych autoréw [3, 17] okazalo sie natomiast ustale-
nie, ze dodatek substancji konserwujacej pod postacia NaF w ilosci 5 mg/ml nie
wplywa w uchwytny sposéb na stabilnosé¢ C w moczu o pH =5, 61 8 podczas jego prze-
chowywania przez okres od 1 do 90 dni zar6wno w temperaturze +4°C, jak i +25°C.
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WNIOSKI

1. W roztworach wzorcowych i w probkach moczu kokaina rozktada sie do benzo-
iloekgoniny.

2. Zdecydowanie wyzsza trwalo§é benzoiloekgoniny w materiale biologicznym
stanow1 wskazanie do jej oznaczania w przypadku podejrzenia o zatrucie ko-
kaina.

3. Natychmiastowe zamrozenie zapobiega rozktadowi kokainy zawartej w roz-
tworach wzorcowych i w prébkach moczu.

4. W przypadku, gdy materiat do badan mozna przechowywacé jedynie w tempe-
raturze +4°C, zadowalajaca stabilnoéé kokainy zapewnia przez 90 dni zakwa-
szenie probek moczu do pH = 5.

5. Przechowywanie moczu o pH =5 w temperaturze +25°C dtuzej niz 60 dni wigze
sie z ryzykiem znacznej degradacji zawartej w nim kokainy.



