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Abstract

The mechanism underlying interactions between numerous bioactive poppy straw extract compounds taken simultaneously
seems to be complex. The effect of opium alkaloids is modified by promethazine added to “compote” (Polish home-made poppy
straw brew) by drug addicts. The aim of the present experimental study was to determine toxicokinetic parameters of opiates in
“compote” enriched with promethazine and in non-enriched “compote”. The experimental model was male SPD rats. In their in-
vestigations, the authors employed poppy straw extracts supplied to the Department of Forensic Toxicology, Medical University
of Silesia, as evidence in cases of drug offences. Initially, the LDs, dose of acute intraperitoneal toxicity for poppy straw extracts
with (kp) and without promethazine supplementation (k) was calculated with reference to morphine. Based on blood analysis of
rats divided into groups administered “k” and “kp” extracts at a dose of 1/2 LDs, as well as a dose of standard morphine with con-
centration corresponding to that in the extract (8.56 mg/ml 0.9% NaCl), basic toxicokinetic parameters of the opiates were deter-
mined. Identification and quantitative examination of morphine, codeine, monoacetylmorphine, papaverine, narceine and
promethazine were performed using the high performance liquid chromatography/mass spectrometry (LC-MS) technique.
The results of the present study allowed us to conclude that in acute exposure to the xenobiotic, the poppy straw extract enriched
with promethazine shows a higher toxicity as compared to the extract with no promethazine added (LDs, of 83.8 mg/kg
vs. 57.3 mg/kg, respectively). Promethazine supplementation to poppy straw extract (0.25 mg/ml of the “compote”) significantly
changes the kinetics of the (simultaneously taken) opiates.
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1. Introduction

The mechanism of pharmacological and toxic ac-
tivity of a narcotic substance in the form of so-called
“compote” (Polish home-made poppy straw brew) is
complex and depends on the components of such an
extract. Simultaneous usage by drug addicts of psy-
chotropic substances that enhance and prolong intoxi-
cation or neutralise adverse effects of opiates additio-
nally complicates the phenomenon. Such substances

intensify the potency of narcotics and at the same time
pose a serious threat to health and life [2, 4, 7, 8, 11].

The most common additive to poppy straw extracts
is promethazine. It enhances the effect of intoxication,
facilitates self-administration of the narcotic in an in-
travenous or intramuscular injection, and through its
cholinolytic, antihistamine and antiemetic activity re-
duces the adverse effects of opiates [5, 6]. The effects
observed following the taking of a promethazine-en-
riched narcotic, which are perceived as beneficial by
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a drug addict, may result from a synergistic interaction
between the added medication and opium alkaloids [9,
13]. Such effects may, nevertheless, be harmful, di-
rectly preceding development of pathological lesions
or dysfunctions. At continued exposure to the activity
of such substances, noxious effects result from accu-
mulation of a toxic compound or its metabolites in the
body.

In the present study, the authors have attempted to
assess the effect of interactions between opium alka-
loids and promethazine on toxicokinetic parameters
based on concentration values of morphine, codeine,
monoacetylmorphine, papaverine and narceine deter-
mined in blood of rats administered a single intra-
peritoneal 1/2 LDsy/kg dose of the narcotic with and
without promethazine.

The implementation of the study required:

1. Determination of the LDs, toxicity for poppy straw
extract relative to morphine.

2. Determination of the LDs, toxicity for poppy straw
extract supplemented with promethazine.

3. Determination — based on testing blood collected
from experimental rats at defined time intervals
over 24 hours — of toxicokinetic parameters of
opium alkaloids following administration of the
above extracts.

2. Material and methods
2.1. Experimental conditions

The experiments were carried out following ob-
taining of permission from the Local Ethics Commit-
tee for Animal Experiments in Katowice (individual
permission to perform animal experiments no. 27/03
dated 10.06.2003). The experimental model consisted
of male Sprague Dowley (SPD) rats aged 3 months and
with body mass of 200-250 g. The animals were pro-
vided by the Central Experimental Animal Breeding
Farm, Medical University of Silesia, where the experi-
ments were conducted. The rats were kept in the fol-
lowing living conditions:

— temperature — 20-22°C;

— relative air humidity — 50-60%;

— air exchange rate 12 times/h;

— artificial light;

— regulated circadian rhythm — 12/12 h.

The animals were fed granulated Murigram fodder
and given tap water ad libitum. Access to water was al-
lowed after 2 hours, and to fodder — after 5 hours fol-
lowing xenobiotic administration. During the experi-

ment, the animals were kept in separate breeding and
metabolic cages.

In the experiments, the authors employed home-
made poppy straw extract submitted to the Department
of Forensic Toxicology as evidence in a drug case.
Promethazine content in the drug-enriched extract was
0.25 mg/ml; the value was the mean promethazine
concentration level determined in extracts provided
for testing. The standard morphine solution prepared
for the purpose of the experiment contained 8.56 mg of
morphine hydrochloride in 1 ml of saline.

Employing the technique of high performance lig-
uid chromatography/mass spectrometry (LC-MS), the
authors performed qualitative and quantitative exami-
nations of poppy straw extracts and biological materi-
als collected from experimental animals, aimed at de-
tection of morphine, codeine, monoacetylmorphine,
papaverine, narceine and promethazine.

2.2. Description of experiment

The LDs toxicity for poppy straw extracts with and
without promethazine was determined using a method
developed by Litchfield and Wilcoxon [12]. The medi-
cation-enriched and non-enriched extracts were ad-
ministered intraperitoneally as a single dose, employing
three dose potency values. Intraperitoneal injections
are commonly used (interchangeably with IV injec-
tions) in view of the markedly similar absorption to
that of IV administration. In the case of the poppy
straw extract, the following doses were employed:
35 mg (with respect to morphine)/kg, 70 mg/kg and
105 mg/kg, while the promethazine-enriched extract
was administered at a dose of 24.5 mg/kg, 49 mg/kg
and 73.5 mg/kg.

Each dosage level was employed in 14 animals
(84 rats). Follow-up was carried out for 15 days and
the number of rats that died within 48 hours was re-
corded. The median lethal dose (LDs) of acute intra-
peritoneal toxicity determined for the investigated ex-
tracts (k and kp) constituted the basis for determining
the dose administered to rats from the experimental
group.

Toxicokinetic examinations were carried out on
a representative group of 270 animals.

Each group included 90 rats, which were weighed
and subsequently received a single intraperitoneal
1/2 LDsy/kg dose with a volume of 1 ml/100 g of body
mass:

— group I (k) — poppy straw extract;
— group II (kp) — poppy straw extract supplemented
with promethazine;
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— group III (m) — standard morphine hydrochloride
solution in the dose equivalent to narcotics admin-
istered in the extract.

Materials for analysis were collected at 15 prede-
termined time intervals (0.5 h; 1 h; 1,5h; 2h;2.5h; 3 h;
4h;5h;6h;7h; 8 h; 10 h; 12 h; 20 h and 24 h) in the
course of a 24-hour follow-up. At each defined inter-
val, six rats from the given group were decapitated and
blood samples were drawn.

2.3. Preparation of extracts from biological
material

Isolation of opiates and promethazine from biolog-
ical materials was carried out employing the liquid-lig-
uid extraction method with preliminary sample de-
proteinisation [1, 3]. Two grams of blood were diluted
with 2 ml of Tris buffer, pH = 8.5, and left in an ultra-
sound bath for 15 min. Subsequently, 2 ml of aceto-
nitrile was added to the samples to achieve depro-
teinisation, and the samples were centrifuged at 2000 x g
for 15 min. The resultant supernatant was chloroform-
extracted. The chloroform extract was evaporated and
the dry residue was dissolved in 0.5 ml of methanol.
The methanol extract was examined using the high
pressure liquid chromatography-mass spectrometry
(LC-MS) method.

2.4. Selection of analytical conditions

The samples were analysed using an LCQ Finnigan
Mat liquid chromatograph/mass spectrometer. The
working conditions of the liquid chromatograph and
mass spectrometer were established based on prelimi-
nary tests that preceded the main body of the study.
The following analytical variant was employed:

1. Chromatographic separation of samples was per-
formed using a high performance liquid chromat-
ograph equipped with:

a TSP P4000 pump operating in gradient mode;
a 10 pl sample loop (Rheodine);

a TSP UV2000 detector with wavelength range
of 200400 nm,;

a Hypersil BDS C-18 chromatography column
(Thermo Quest) with a pre-column.

2. The gradient system of liquid phase flow was em-
ployed. Mobile phases and their percentages are
presented in Table 1.

3. The investigated compounds were detected em-
ploying a mass spectrometer equipped with an ion
trap, and the electrospray ionisation (ESI) method.

Using the technique of high performance liquid
chromatography coupled with mass spectrometry, the

authors performed qualitative and quantitative studies
of selected opiates and promethazine. The resultant
chromatographic distribution is illustrated in Figure 1.

TABLE I. COMPOSITION OF MOBILE PHASE

Phase A — ammonium formate 0.05 mol/l
Phase B — 90% acetonitrile + 10% phase A
Flow rate 0.3 ml/min

Time [min] [%] Phase A [%] Phase B
0 95 5

2 95 5

30 30 70

32 30 70

40 95 5

2473

285.11
1007

B 9.09
B 286.29 1131

20.11
340.30

25.81

285.12
3150 3250 36.86
44348 44346 12213

500 7.88
278,97 286.29
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L B e e B e L Bt B B
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Fig. 1. Chromatographic separation of opiates and prome-
thazine.

2.5. Calculation procedures

The preliminary phase of the procedure was deter-
mination of validation parameters for the LC-MS
method employed in analyses of the investigated xeno-
biotics. The method was characterized using the fol-
lowing parameters: selectivity, specificity, linear
range, detection threshold, precision (repeatability, re-
producibility), accuracy and recovery. Validation pa-
rameters for selected opiates and clomipramine are
listed in Table II.

An indirect method for determining substance con-
centration was employed. In stage 1, the authors deter-
mined the relationship between peak size and content
on the basis of known content of a standard sub-
stance — clomipramine — in methanol solution. Stan-
dard solutions were obtained by dilutions. In stage 2,
a reversed procedure was employed: based on the
known peak surface, the content of investigated sub-
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stances (morphine, codeine, monoacetylmorphine, pa- taken at each time point was calculated along with the

paverine, narceine) was determined and converted to standard deviation. Using gross error detection, the au-

a value per 1 g of biological material. thors rejected results that showed a fourfold difference
The experimental data were subjected to a prelimi- from the calculated mean value.

nary analysis. The mean value of six measurements

TABLE II. VALIDATION PARAMETERS FOR OPIATES AND CLOMIPRAMINE

Xenobiotic Morphine MAM Codeine Papaverine  Narceine Clomipra-
mine
Criterion Characterisation
Linearity [mg/1] 0.1-2 0.1-2 0.1-2 0.1-2 0.1-2 0.5-10
LOQ [mg/1] 0.1 0.1 0.1 0.1 0.1 0.5
LOD [ng] 20 20 10 10 10 10
%/el])eatability 3.36-12.8 3.78-10.15  1.25-5.60 1.15-2.2 0.96-2.1 1,15-4,48
(V]
Precision %;ﬂ)roducibility 545-10.85  5.65-1220 239-7.15  2.2-3.78 09825 233617
0
Bias/accuracy [%] -3.45-9.78  3.60-12.20 -2.15-7.80 -1.17-4.3 2.7-9.18 -3.10-10.7
Recovery [%] 72.15+£9.26 7446+10.2 93.33+£545 86.25+£2.55 91.7+3.46 5.06+8.93
RSD [%)] 4.34-10.12  3.88-9.65 3.15-10.18  3.42-9.9 3.5-7778  6.58-13.63

TABLE III. RESULTS OF THE QUANTITATIVE ANALYSIS OF MORPHINE IN THE BLOOD OF RATS COLLECTED AT

SPECIFIC INTERVALS
Xenobiotic [ug/g]

zéﬁleecgiglfyi)]d Morphine standard Morphine k Morphine kp

x(n=06) s x(n=06) s x (n=06) s
0.5 29.700 2.959 16.517 3.806 23.600 4.809
1 31.883 3.133 13.667 2.039 31.150 2.327
1.5 31.416 3.139 32.150 4.875 39.766 3.513
2 40.533 2.448 14.783 1.794 46.100 5.111
2.5 11.633 0.977 13.750 2.272 31.300 3.005
3 5.200 0.666 10.900 3.005 12.400 3.134
4 1.333 0.581 2.683 1.355 3.700 0.701
5 0.000 - 0.718 0.311 0.966 0.531
6 0.000 - 0.173 0.059 0.000 -
7 0.000 - 0.020 0.049 0.000 -
8 0.000 - 0.000 - 0.000 -
10 0.000 - 0.000 - 0.000 -
12 0.000 - 0.000 - 0.000 -
20 0.000 - 0.000 - 0.000 -
24 0.000 — 0.000 — 0.000 —

x — arithmetic mean; s — standard deviation.
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Fig. 3. Graph of changes in concentration of morphine ad-
ministered in the form of standard morphine solution, poppy
straw extract (k) and poppy straw extract with addition of
promethazine (kp) observed in the blood of animals over
24 hours.

TABLE IV. RESULTS OF THE QUANTITATIVE
ANALYSIS OF CODEINE IN THE BLOOD OF
RATS TAKEN AT SPECIFIC INTERVALS

Time of Xenobiotic [ug/g]

blood . .
collection Codeine k Codeine kp
[h] x(n=6) s x(n=6) s

0.5 0.160 0.028  0.155 0.025
1 0.206 0.025  0.333 0.052
1.5 0.376 0.048  0.435 0.039
2 0.245 0.033  0.516 0.029
2.5 0.181 0.023  0.261 0.041
3 0.153 0.017  0.176 0.028
4 0.128 0.014  0.105 0.018
5 0.081 0.013  0.071 0.009
6 0.051 0.011  0.055 0.008
7 0.033 0.005  0.030 0.007
8 0.020 0.004  0.017 0.005
10 0.015 0.002  0.012 0.004
12 0.009 0.001  0.007 0.004
20 0.005 0.002  0.003 0.002
24 0.003 0.002  0.000 —

x — arithmetic mean; s — standard deviation.

time [h]

Fig. 4. Graph of changes in concentration of codeine admin-
istered in the form of poppy straw extract (k) and poppy
straw extract with addition of promethazine (kp) observed in
the blood of animals over 24 hours.

TABLE V. RESULTS OF THE QUANTITATIVE
ANALYSIS OF MONOACETYLMORPHINE IN
THE BLOOD OF RATS COLLECTED AT

SPECIFIC INTERVALS
Time of Xenobiotic [ug/g]
blood
collection MAM k MAM kp
(h] x(n=6) s x(n=6) s
0.5 0.039 0.010  0.046 0.006
1 0.051 0.013  0.059 0.009
1.5 0.105 0.011 0.113 0.016
2 0.068 0.022 0.103 0.033
2.5 0.034 0.016  0.064 0.008
3 0.022 0.006  0.028 0.003
4 0.015 0.003 0.018 0.002
5 0.010 0.002 0.010 0.002
6 0.005 0.001  0.006 0.002
7 0.002 0.002  0.000 -
8 0.000 - 0.000 -
10 0.000 - 0.000 -
12 0.000 - 0.000 -
20 0.000 - 0.000 -
24 0.000 — 0.000 —

x — arithmetic mean; s — standard deviation.
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Fig. 5; Graph of changes in concentration of MAM adminis- Fig. 6. Graph of changes in concentration of papaverine ad-
tered in th? form.o.fpoppy straw extract (k) and poppy straw ministered in the form of poppy straw extract (k) and poppy
extract with addition of promethazine (kp) observed in the straw extract with addition of promethazine (kp) observed in

blood of animals over 24 hours. the blood of animals over 24 hours.

TABLE VI. RESULTS OF THE QUANTITATIVE TABLE VII. RESULTS OF THE QUANTITATIVE

ANALYSIS OF PAPAVERINE IN THE ANALYSIS OF NARCEINE IN THE BLOOD
BLOOD OF RATS COLLECTED AT SPECIFIC OF RATS COLLECTED AT SPECIFIC
INTERVALS INTERVALS

Time of Xenobiotic [mg/g] Time of Xenobiotic [ug/g]

blood Papaverine k Papaverine k blood | i i

collection paverine paverine kp collection Narceine k Narceine kp

(h] x(n=6) s x(n=6) s (h] x(n=6) = x(n=6) s

0.5 0.156 0.041 0.092 0.017 0.5 0.076 0.011  0.089 0.013

1 0.189 0.047 0.120 0.013 1 0.142 0.019  0.100 0.016

1.5 0.269 0.053 0.154 0.022 1.5 0.184 0.017  0.166 0.029

2 0.139 0.026  0.263 0.069 2 0.121 0.026  0.209 0.022

2.5 0.090 0.014 0.104 0.022 2.5 0.080 0.012 0.104 0.045

3 0.070 0.016 0.050 0.019 3 0.047 0.009  0.051 0.013

4 0.041 0.004 0.027 0.008 4 0.033 0.009  0.027 0.004

5 0.032 0.003 0.014 0.005 5 0.020 0.003  0.011 0.002

6 0.024 0.003  0.009 0.002 6 0.006 0.001  0.005 0.001

7 0.017 0.001  0.004 0.003 7 0.000 - 0.000 —

8 0.008 0.001  0.000 - 8 0.000 - 0.000 -

10 0.000 - 0.000 - 10 0.000 - 0.000 -

12 0.000 - 0.000 - 12 0.000 - 0.000 —

20 0.000 - 0.000 - 20 0.000 - 0.000 -

24 0.000 — 0.000 — 24 0.000 - 0.000 —

X — arithmetic mean; s — standard deviation. x — arithmetic mean; s — standard deviation.
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time [h]

Fig. 7. Graph of changes in concentration of narceine admin-
istered in the form of poppy straw extract (k) and poppy
straw extract with addition of promethazine (kp) observed in
the blood of animals over 24 hours.

Mean concentration values were employed in math-
ematical determinations of appropriate toxicokinetic
parameters. The employed PC-Nonlin 4.2 Series
4234331 software is commonly used in pharmacoki-
netic studies [10, 14]. The calculations were perfor-
med at the Chair of Toxicology, Collegium Medicum,
Jagiellonian University in Krakow. A single-compart-
ment model of changes in blood xenobiotic concentra-
tion values and first order reaction kinetics was adop-
ted for the pharmacokinetic analysis.

3. Results

The determined concentration values [mg/ml] of
opium alkaloids and an acetyl derivative of morphine
in the investigated poppy straw extract (k) were as fol-
lows: morphine — 8.56; codeine — 1.25; noscapine —
0.23; narceine — 1.69; papaverine — 0.30; tebaine —
0.07; monoacetylmorphine — 2.73, heroine — 0.43. The
concentration levels of opium alkaloids in the extract
enriched with promethazine (kp) were the same, but
the promethazine content was 0.25 mg/ml.

The median lethal dose (LDs) of acute intraperi-
toneal toxicity determined for SPD rats for particular
types of extracts was as follows: LDs, for the poppy
straw extract — 83.8 mg/kg, with the likelihood confi-
dence interval o = 0.05 <66.9+104.8>, and LDs, for
the promethazine-enriched extract —57.3 mg/kg, with the
likelihood confidence interval o = 0.05 <34.5+95.0>.

Results of the quantitative analysis of morphine, co-
deine, monoacetylmorphine, papaverine and narceine
in the blood of rats collected over 24 hours were pre-
sented in tables III-VII. The changes in their concen-
trations were shown in Figures 2—6.

The kinetic processes of selected opium alkaloids
administered to rats in the form of “compote” with and

without promethazine were quantitatively described
by appropriate toxicokinetic parameters. The toxico-
kinetic parameters of opiates determined on the basis
of analysing the blood of rats administered a single
averaged intraperitoneal xenobiotic dose 1/2 LDs,
(35.33 mg/kg) are presented in Table VIII.

4. Discussion

The experimentally determined differences in LDs
values — 83.8 mg/kg for the poppy straw extract (k)
and 57.3 mg/kg for the promethazine-enriched ex-
tract (kp) — confirmed the higher toxicity of the extract
supplemented with the medication in conditions of
acute exposure to xenobiotics. The increased toxicity
was most likely the result of a synergistic interaction
between opiates and promethazine in the CNS-de-
pressing effect of the former.

The presented toxicokinetic investigations consti-
tuted an attempt at evaluating the interaction based on
differences between the calculated parameters for k,
kp and standard morphine. The comparison of the de-
termined toxicokinetic parameters of opium alkaloids
administered to rats in the form of two versions of
so-called “compote” demonstrated that enriching the
extract with promethazine affected the kinetics of si-
multaneously administered opiates. The addition of
promethazine resulted in a diminished absorption rate,
and thus a prolonged time needed for achieving the
maximum concentration (Cy,y) of all determined alka-
loids except codeine.

In the case of the promethazine-enriched extract,
the values of C,.x (38.0) and the area under the curve —
AUC (122.0) for morphine, its acetyl derivative
(Cinax = 0.12; AUC = 0.38) and codeine (C.x = 0.38;
AUC = 1.39) — the most active compounds, responsi-
ble for inducing intoxication — were distinctly higher
as compared to the values obtained for the same com-
pounds following administration of the extract without
the medication: morphine (Cp.x = 21; AUC = 64.52),
monoacetylmorphine (Cyax = 0.07; AUC = 0.24) and
codeine (Cpax = 0.27; AUC = 1.05). The authors dem-
onstrated statistically that promethazine affected the
kinetics of simultaneously administered papaverine.
Papaverine was absorbed at a slower rate, reaching
a lower value of Cu. (0.16) over a longer time
(tmax = 1.24); it was also eliminated from blood over
a longer time. In the case of narceine, the observed dif-
ferences in toxicokinetics between administration in
the form of “compote” with promethazine and without
promethazine were the smallest.
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TABLE VIII. OPIATE TOXICOKINETIC PARAMETERS DETERMINED ON THE BASIS OF RAT BLOOD ANALYSIS

Xenobiotic AUC tmax [N]  Cinax Elimination Biological Half
[mg x h/l] [mg/1] rate constant K half-life (f,5)  absorption
[h-1] [h] time [h]
Morphine Standard 90.76 0.92 35.95 1.09 0.63 0.65
“Compote” 64.52 1.10 21.47 0.90 0.76 0.76
“Compote” with  122.34 1.18 38.00 0.84 0.82 0.81
promethazine
Codeine “Compote” 1.05 1.40 0.27 0.84 0.81 1.16
“Compote” with  1.39 1.34 0.38 0.74 0.92 0.93
promethazine
Monoqcetyl “Compote” 0.24 1.05 0.07 1.63 0.42 0.41
morphine i bote” with 038 117 0.12 0.86 0.80 0.81
promethazine
Papaverine “Compote” 0.57 1.00 0.21 0.98 0.70 0.68
“Compote” with  0.54 1.24 0.16 0.79 0.87 0.85
promethazine
Narceine “Compote” 0.43 1.11 0.14 0.89 0.77 0.76
“Compote” with  0.49 1.23 0.14 0.80 0.86 0.84
promethazine
Mathematical determination of parameters de- References

scribing absorption, distribution and elimination based
on changes of blood opiate concentration levels gives
a broad picture of the relationship between the admin-
istered dose of a narcotic and the concentration at-
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tency and toxicity of a promethazine-enriched narcotic
substance.

5. Conclusions

1. In conditions of acute exposure (to xenobiotic/s),
promethazine-enriched poppy straw extract exhi-
bits a higher toxicity. Enhanced toxicity is con-
firmation of the synergistic effect of opiates and
promethazine in their depressing effect on the CNS.

2. The addition of promethazine to poppy straw
extract changes the kinetics of simultaneously ta-
ken opiates. Promethazine supplementation is the
reason for changes occurring in absorption and
elimination of morphine, monoacetylmorphine
and codeine, and thus of possible enhanced in-
toxicating and toxic activity of the narcotic.
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INTERAKCJE PROMETAZYNY Z ALKALOIDAMI OPIUM
OKRESLONE NA PODSTAWIE DOSWIADCZENIA
PRZEPROWADZONEGO NA SZCZURACH

1. Wstep

Mechanizm dziatania farmakologicznego i toksycz-
nego s$rodka narkotycznego w postaci tzw. ,.kompotu”
jest ztozony i zalezy od znajdujacych si¢ w nim sktadni-
kéw. Rownoczesne przyjmowanie przez osoby uzalez-
nione $§rodkéw psychotropowych wzmacniajacych i wy-
dtuzajacych stan odurzenia czy tez znoszacych efekty
uboczne opiatéw, stanowi dodatkowo o ztozonosci zja-
wiska. Substancje te, zwigkszajac sile dziatania §rodka
odurzajacego, powoduja jednoczesnie powazne zagroze-
nie dla zdrowia i zycia [2, 4, 7, 8, 11].

Najczesceiej do wyciagdw ze stomy makowej dodawa-
na jest prometazyna. Potgguje ona efekt odurzenia, ulat-
wia przyjecie narkotyku w iniekcji dozylnej lub domigs-
niowej, a takze poprzez dziatanie cholinolityczne, prze-
ciwhistaminowe i przeciwwymiotne, tagodzi skutki dzia-
tan ubocznych opiatow [5, 6]. Efekty po przyjeciu nar-
kotyku wzbogaconego prometazyna, oceniane jako ko-
rzystne w odczuciu narkomana, moga by¢ wynikiem in-
terakcji synergistycznej pomigdzy dodanym lekiem a al-
kaloidami opium [9, 13]. Dzialania takie moga by¢ jed-
nak szkodliwe, bezposrednio poprzedzajac zmiany pato-
logiczne lub zaburzenia czynnos$ciowe. Przy stalym nara-
zeniu na dziatanie tych substancji wynikaja one z kumu-
lacji zwiazku toksycznego lub jego metabolitéw w orga-
nizmie.

W niniejszej pracy podjgto probe oceny nastepstw od-
dziatywania pomigdzy alkaloidami opium a prometazyna
na parametry toksykokinetyczne w oparciu o stgzenia
morfiny, kodeiny, monoacetylomorfiny, papaweryny i nar-
ceiny oznaczane we krwi szczurdéw obcigzanych jednora-
zowo podang dootrzewnowo dawka 1/2 LDsy/kg m.c.
narkotyku bez i z prometazyna.

Realizacja tematu wymagata:

1. Wyznaczenia dawki LDs, dla wyciagu ze stomy ma-
kowej wzgledem morfiny.

2. Wyznaczenia dawki LDs, dla wyciagu stomy ma-
kowej z dodatkiem prometazyny.

3. Ustalenia, na podstawie badania krwi pobieranej od
zwierzat w okre$lonych odstgpach czasu w ciagu

24 godzin, parametrow toksykokinetycznych dla al-

kaloidéw opium po podaniu ww. wyciagow.

2. Material i metody
2.1. Warunki przeprowadzenia badan

Badania przeprowadzono po uzyskaniu zgody Lo-
kalnej Komisji Etycznej do spraw Doswiadczen na Zwie-
rz¢tach w Katowicach (zezwolenie indywidualne na wy-
konanie do$wiadczen na zwierzetach nr 27/03 z dnia
10.06.2003 r.). Modelem do$wiadczalnym byty szczury
(samce) szczepu Sprague Dowley (SPD) w wieku 3 mie-
sigcy, o masie ciata 200-250 g. Zwierzeta pochodzity
z Centralnej Zwierzetarni Doswiadczalnej Slaskiej Aka-
demii Medycznej, gdzie przeprowadzono eksperyment.
Zwierzgta przebywaly w pomieszczeniach, w ktorych za-
chowane byly nastepujace warunki:

— temperatura 20-22°C;

— wzgledna wilgotno$¢ powietrza 50-60%;

— wymiana powietrza 12 razy/h;

— o$wietlenie sztuczne;
rytm $§wietlny regulowany 12/12 h.
Zwierzgta karmiono pasza granulowana Murigram
i pojono woda wodociagowa ad libitum. Dostgp do wody
zapewniony byl po 2 godzinach, a paszy po 5 godzinach
od podania ksenobiotyku. W czasie dos§wiadczenia zwie-
rzgta przebywaly w oddzielnych klatkach hodowlanych
i metabolicznych.

W badaniach wykorzystano wyciag ze stomy mako-
wej otrzymany sposobem domowym, a dostarczony do
Zaktadu Toksykologii Sadowo-Lekarskiej jako dowod
rzeczowy. Zawarto§¢ prometazyny w wyciagu wzboga-
conym lekiem wynosita 0,25 mg/ml. Bylo to $rednie stg-
zenie prometazyny oznaczane w wyciagach dostarcza-
nych do badan. Przygotowany dla potrzeb eksperymentu
roztwor wzorcowy morfiny zawierat 8,56 mg chlorowo-
dorku morfiny w 1 ml soli fizjologiczne;.

W oparciu o technikg wysokosprawnej chromato-
grafii cieczowej sprzgzonej z detektorem masowym
(LC-MS) wykonane zostaly badania jako$ciowe i ilo$cio-
we wyciagow ze stomy makowej i materiatu biologiczne-
go pobranego od zwierzat doswiadczalnych w kierunku
obecnosci morfiny, kodeiny, monoacetylomorfiny, papa-
weryny, narceiny i prometazyny.

2.2. Opis eksperymentu

Dawke LDsy dla wyciagdéw ze stomy makowej bez
i z dodatkiem prometazyny oznaczono metoda Litch-
fielda i Wilcoxona [12]. Wyciagi ze stomy makowej z do-
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datkiem leku i bez dodatku podano szczurom jedno-
razowo w trzech zréznicowanych dawkach dootrzew-
nowo. Iniekcja dootrzewnowa jest powszechnie zamien-
nie stosowana ze wzgledu na bardzo podobne wchia-
nianie, jak przy podaniu dozylnym. Dla wyciagu ze sto-
my makowej stosowano dawki: 35 mg (w odniesieniu do
morfiny)/kg m.c., 70 mg/kg m.c. i 105 mg/kg m. c., a dla
wyciagu z dodatkiem prometazyny: 24,5 mg/kg m.c.,
49 mg/kg m.c., 73,5 mg/kg m/c.

Na kazdy poziom dawkowania przypadato 14 zwie-
rzat (84 szczury). Obserwacj¢ prowadzono przez 15 dni,
odnotowujac liczbg zwierzat, ktore padty w ciagu 48 go-
dzin. Wyznaczone medialne dawki $§miertelne toksycz-
nosci ostrej dootrzewnowej (LDsg) dla badanych wy-
ciagow (k i kp) stanowily podstawe do okreslenia dawki
podanej szczurom w grupie eksperymentalne;j.

Badania toksykokinetyczne przeprowadzono na re-
prezentatywnej grupie 270 zwierzat.

W kazdej grupie byto 90 szczurdéw, ktoérym, po zwa-
zeniu, droga iniekcji dootrzewnowej podano jednorazo-
wo dawke 1/2 LDsy/kg m.c. w objetosci 1 ml/100 g m.c.:

— grupa I (k) — wyciag ze stomy makowej;

— grupa II (kp) — wyciag ze stomy makowej z dodat-
kiem prometazyny;

— grupa III (m) — roztwoér wzorcowy chlorowodorku
morfiny w dawce réwnowaznej do podawanych

w roztworze narkotykow.

W ciagu 24-godzinnej obserwacji w wyznaczonych
15 przedziatach czasowych (0,5 h; 1 h; 1,5 h; 2 h; 2,5 h;
3h;4h;5h;6h;7h;8h; 10h; 12h; 20 hi124 h) pobierano
materiat do badan. W wyznaczonym czasie po ekspozycji
kazdorazowo dekapitowano 6 szczurow z danej grupy
i pobierano krew.

2.3. Przygotowanie ekstraktow z materiatu
biologicznego

Wyosobnienie opiatdw i prometazyny z materiatu bio-
logicznego przeprowadzono metoda ekstrakcji w uktadzie
ciecz-ciecz z wstepnym odbiatczeniem probek [1, 3].
2 g krwi rozcienczono 2 ml buforu Tris o pH = 8,5 i po-
zostawiano na tazni ultradzwigkowej przez 15 min.
Nastepnie do probek dodano 2 ml acetonitrylu w celu od-
bialczania badanej probki, po czym wirowano (przy ob-
rotach 2000 x g) przez 15 min. Uzyskany supernatant
ekstrahowano chloroformem. Ekstrakt chloroformowy
odparowywano, a sucha pozostalos¢ rozpuszczano
w 0,5 ml metanolu. Ekstrakt metanolowy badano metoda
wysokoci$nieniowej chromatografii cieczowej z detek-
torem masowym (LC-MS).

2.4. Dobor warunkéw analitycznych metody

Prébki analizowano na chromatografie cieczowym
sprzgzonym z detektorem masowym LCQ Finnigan Mat.

Warunki pracy chromatografu cieczowego oraz detek-
tora masowego ustalono na podstawie wstgpnych badan
poprzedzajacych wlasciwa czg$¢ pracy. Zastosowano na-
stgpujacy wariant analityczny:

1. Rozdzial chromatograficzny probek przeprowadzo-
no, wykorzystujac wysokosprawny chromatograf
cieczowy wyposazony w:

— pompe TSP P4000, pracujaca w opcji gradientowego
przeptywu faz;

— reodyng z petla o objgtosci nastrzyku 10 pl;

— detektor TSP UV2000 o zakresie diugosci fali
200—400 nm;

— kolumng chromatograficzna Hypersil BDS C-18 (Ther-
mo Quest) z przedkolumna.

2. Zastosowano system gradientowego przeptywu fazy
cieklej. Fazy ruchome oraz ich udzial procentowy
przedstawia tabela I.

3. Detekcj¢ badanych zwiazkow przeprowadzono przy
pomocy spektrometru masowego z putapka jonowa
z zastosowaniem jonizacji w polu elektrycznym (ESI).
W oparciu o technike wysokosprawnej chromato-

grafii cieczowej sprzezonej z detektorem masowym wy-
konane zostaly badania jakoSciowe oraz ilo§ciowe wy-
branych opiatow i prometazyny. Uzyskany rozdziat chro-
matograficzny tych zwiazkow przedstawia rycina 1.

2.5. Zastosowana procedura obliczeniowa
uzyskanych wynikow

Wstepem do opracowanej procedury byto wyznacze-
nie parametréw walidacyjnych dla metody LC-MS wy-
korzystywanej w analizach badanych ksenobiotykow.
Charakterystyke metody przeprowadzono w oparciu
0 nastgpujace parametry: selektywno$¢, specyficznos¢,
zakres liniowosci, granica wykrywalnos$ci, granica ozna-
czalnosci, precyzja (powtarzalno$é, odtwarzalnosc),
doktadnos¢ i odzysk. Parametry walidacyjne dla wybra-
nych opiatéw i klomipraminy zebrano w tabeli II.

W analizie zastosowano posrednia metode oznacza-
nia st¢zen substancji. W pierwszym etapie wyznaczono
zalezno$¢ wielkoS$ci piku na podstawie znanej zawartosci
substancji wzorcowej — klomipraminy w roztworze me-
tanolowym. Wzorcowe roztwory uzyskano na drodze
rozcienczen. W drugim etapie zastosowano procedurg
odwrotna: na podstawie znanej powierzchni piku ustalo-
no zawartosci badanych substancji (morfina, kodeina,
monoacetylomorfina, papaweryna, narceina) z uwzgled-
nieniem przeliczenia na 1 g materiatu biologicznego.

Wstepnie przeprowadzono analiz¢ uzyskanych da-
nych eksperymentalnych. Wyznaczano $rednia aryt-
metyczng z 6 pomiarow w kazdym punkcie czasowym
i odchylenie standardowe. Na podstawie prawa grubego
btedu odrzucono wyniki, ktore roznily sig czterokrotnie
od wyliczonej warto$ci Sredniej.
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Wartosci $rednie stgzen postuzyly do matematycz-
nego okreslenia odpowiednich parametréw toksykoki-
netycznych. Zastosowany do obliczen program kompu-
terowy PC-Nonlin 4.2 No Seria 4234331 jest powszech-
nie stosowany w badaniach farmakokinetycznych [10,
14]. Obliczenia przeprowadzono w Katedrze Toksykolo-
gii CM Uniwersytetu Jagiellonskiego w Krakowie. W ana-
lizie farmakokinetycznej przyjgty zostal model jedno-
kompartmentowy zmian stgzenia ksenobiotyku we krwi
i kinetyka reakcji I rzedu.

3. Wyniki badan

Oznaczone stgzenia [mg/ml] alkaloidow opium i ace-
tylowej pochodnej morfiny w wyciagu ze stomy mako-
wej (k) przeznaczonym do badan ksztattowaly si¢ nastg-
pujaco: morfina — 8,56; kodeina — 1,25; noskapina —
0,23; narceina — 1,69; papaweryna — 0,30; tebaina — 0,07,
monoacetlomorfina — 2,73, heroina — 0,43. Stgzenia al-
kaloidéw opium w wyciagu z dodatkiem prometazyny
(kp) byty analogiczne, natomiast zawarto$¢ prometazyny
osiagnela wartos¢ 0,25 mg/ml.

Wyznaczona dla szczuréw szczepu SPD medialna
dawka $miertelna toksyczno$ci ostrej dootrzewnowej
(LDsp) dla poszczegoélnych rodzajow wyciagdw wyno-
sita: LDsy wyciagu ze stomy makowej — 83,8 mg/kg m.c.
przy przedziale ufnosci z prawdopodobienstwem
a.=0,05<66,9+104,8>, a LDs, wyciagu z dodatkiem pro-
metazyny — 57,3 mg/kg m.c. przy przedziale ufnosci
z prawdopodobienstwem o = 0,05 <34,5+95,0>.

Wyniki analizy ilo§ciowej morfiny, kodeiny, mono-
acetylomorfiny, papaweryny i narceiny we krwi szczuro6w
pobranej w ciagu 24 godzin przedstawiono w tabelach
II-VII, natomiast zmany st¢zen obrazuja ryciny 2—6.

Procesy kinetyczne wybranych alkaloidow opium po-
dawanych szczurom w postaci ,.kompotu” z prometazyna
i bez opisane zostaty ilosciowo za pomoca odpowiednich
parametréw toksykokinetycznych. Parametry toksykoki-
netyczne opiatow wyznaczone w oparciu o analizg krwi
szczurdéw po jednorazowym podaniu dootrzewnowo kse-
nobiotyku w usrednionej dawce 1/2 LDsy (35,33 mg/kg
m.c.) przedstawiono w tabeli VIII.

4. Omowienie wynikow

Wyznaczone eksperymentalnie roznice w wartosciach
LDs, — 83,8 mg/kg m.c. dla wyciagu ze stomy makowe;j
(k) 1 57,3 mg/kg m.c. dla wyciagu z dodatkiem prome-
tazyny (kp) potwierdzily wigksza toksyczno$¢ wyciagu
wzbogaconego tym lekiem w warunkach ostrego naraze-
nia na ksenobiotyk. Zwigkszona toksycznos¢ byta praw-
dopodobnie wynikiem interakcji o charakterze synergi-

stycznym opiatéw i prometazyny w zakresie ich depre-
syjnego oddzialywania na OUN.

Podjete badania w zakresie toksykokinetyki stano-
wily probg oceny interakcji na podstawie réznic pomig-
dzy wyliczonymi parametrami dla k, kp i wzorca mor-
finy. Porownania wyznaczonych parametrow toksykoki-
netycznych alkaloidow opium podawanych szczurom
w postaci dwoch wersji tzw. ,.kompotu” wykazaly, ze
wzbogacenie wyciagu prometazyna ma wplyw na kine-
tyke jednoczesnie podanych opiatow. Dodatek prometa-
zyny skutkowal zmniejszeniem szybkosci wchtaniania,
a zatem wydluzeniem czasu, w ktorym osiagane byto stg-
zenie maksymalne (Cy,.x) Wszystkich oznaczonych alka-
loidow z wyjatkiem kodeiny.

W przypadku wyciagu wzbogaconego prometazyna
warto$ci Cpax (38,0) i pola pod krzywa AUC (122,0) dla mor-
finy, jej acetylowej pochodnej (Cpax = 0,12; AUC = 0,38)
i kodeiny (Cpx = 0,38; AUC = 1,39) — zwiazkow najbar-
dziej aktywnych i odpowiedzialnych za stan odurzenia —
byly wyraznie wyzsze w poréwnaniu z warto$ciami uzys-
kanymi dla tych samych zwiazkéw po podaniu wyciagu
bez dodatku leku: dla morfiny (Cyx = 21; AUC = 64,52),
monoacetylomorfiny (Cy.x = 0,07; AUC = 0,24) i kodeiny
(Cmax=0,27; AUC = 1,05). Statystycznie wykazano row-
niez, iz wspolwystgpowanie prometazyny ma wpltyw na
kinetyke jednoczesnie przyjetej papaweryny. Papawery-
na wchtania si¢ wolniej osiagajac mniejsza warto$¢ Cuax
(0,16) w dluzszym czasie (fnx = 1,24), jest rowniez
dtuzej eliminowana z krwi. W przypadku narceiny obser-
wowane roznice w toksykokinetyce tego zwiazku poda-
wanego w postaci ,,kompotu” z dodatkiem prometazyny
i bez byly wyrazone najstabie;j.

Okreslenie matematyczne parametréw wchianiania, dy-
strybucji i eliminacji na podstawie zmiany st¢zen opiatow
we krwi obrazuje zalezno$¢ pomigdzy podana dawka nar-
kotyku a osiaganym st¢zeniem. Uzyskane zatem wielkosci
parametrow pozwalaja wnioskowaé o wzmozone; sile dzia-
fania i toksyczno$ci narkotyku wzbogaconego prometa-
Zyna.

5. Whnioski

1. W warunkach ostrego narazenia na ksenobiotyk wick-
sza toksyczno$¢ wykazuje wyciag ze stomy makowej
wzbogacony prometazyna. Wzmozenie toksycznosci
jest potwierdzeniem synergizmu opiatow i1 prometazy-
ny w zakresie ich depresyjnego oddzialywaniana OUN.

2. Dodatek prometazyny do wyciagu ze stomy makowe;j
zmienia kinetyke przyjmowanych rownolegle opia-
tow. Dodanie prometazyny jest przyczyna powsta-
tych zmian w zakresie wchtaniania i eliminacji mor-
finy, monoacetylomorfiny i kodeiny, a tym samym
prawdopodobnie wzmozenia oddziatywania odurza-
jacego i toksycznego narkotyku.
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