
1. In tro duc tion 

The mech a nism of phar ma co log i cal and toxic ac -
tiv ity of a nar cotic sub stance in the form of so-called
“com pote” (Pol ish home-made poppy straw brew) is
com plex and de pends on the com po nents of such an
ex tract. Si mul ta neous us age by drug ad dicts of psy -
chotropic sub stances that en hance and pro long in tox i -
ca tion or neu tral ise ad verse ef fects of opi ates addi tio -
nally com pli cates the phe nom e non. Such sub stan ces

in ten sify the po tency of nar cot ics and at the same time
pose a se ri ous threat to health and life [2, 4, 7, 8, 11].

The most com mon ad di tive to poppy straw ex tracts
is promethazine. It en hances the ef fect of in tox i ca tion,
fa cil i tates self-ad min is tra tion of the nar cotic in an in -
tra ve nous or in tra mus cu lar in jec tion, and through its
cholinolytic, an ti his ta mine and antiemetic ac tiv ity re -
duces the ad verse ef fects of opi ates [5, 6]. The ef fects
ob served fol low ing the tak ing of a promethazine-en -
riched nar cotic, which are per ceived as ben e fi cial by
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a drug ad dict, may re sult from a syn er gis tic in ter ac tion
be tween the added med i ca tion and opium al ka loids [9,
13]. Such ef fects may, nev er the less, be harm ful, di -
rectly pre ced ing de vel op ment of patho log i cal le sions
or dysfunctions. At con tin ued ex po sure to the ac tiv ity
of such sub stances, nox ious ef fects re sult from ac cu -
mu la tion of a toxic com pound or its me tab o lites in the
body.

In the pres ent study, the au thors have at tempted to
as sess the ef fect of in ter ac tions be tween opium al ka -
loids and promethazine on toxicokinetic pa ram e ters
based on con cen tra tion val ues of mor phine, co deine,
monoacetylmorphine, papaverine and narceine de ter -
mined in blood of rats ad min is tered a sin gle intra -
peritoneal 1/2 LD50/kg dose of the nar cotic with and
with out promethazine.

The im ple men ta tion of the study re quired:
1. De term ina tion of the LD50 toxi city for po ppy straw

extract re lat ive to mor phine.
2. De term ina tion of the LD50 toxi city for po ppy straw

extract sup plem ented with pro meth azi ne.
3. De term ina tion – ba sed on te sting blo od col lect ed

from exper ime ntal rats at de fin ed time in ter vals
over 24 ho urs – of toxi cok ine tic pa ram ete rs of
opium al kal oids fol low ing ad min ist ration of the
above extracts. 

2. Ma te rial and meth ods 

2.1. Ex per i men tal con di tions 

The ex per i ments were car ried out fol low ing ob -
tain ing of per mis sion from the Lo cal Eth ics Com mit -
tee for An i mal Ex per i ments in Katowice (in di vid ual
per mis sion to per form an i mal ex per i ments no. 27/03
dated 10.06.2003). The ex per i men tal model con sisted
of male Sprague Dowley (SPD) rats aged 3 months and 
with body mass of 200–250 g. The an i mals were pro -
vided by the Cen tral Ex per i men tal An i mal Breed ing
Farm, Med i cal Uni ver sity of Silesia, where the ex per i -
ments were con ducted. The rats were kept in the fol -
low ing liv ing con di tions:
– tem per a ture – 20–22°C;
– rel a tive air hu mid ity – 50–60%;
– air ex change rate 12 times/h;
– ar ti fi cial light;
– reg u lated cir ca dian rhythm – 12/12 h.

The an i mals were fed gran u lated Murigram fod der
and given tap wa ter ad li bi tum. Ac cess to wa ter was al -
lowed af ter 2 hours, and to fod der – af ter 5 hours fol -
low ing xenobiotic ad min is tra tion. Dur ing the experi-

ment, the an i mals were kept in sep a rate breed ing and
met a bolic cages. 

In the ex per i ments, the au thors em ployed home-
made poppy straw ex tract sub mit ted to the De part ment 
of Fo ren sic Tox i col ogy as ev i dence in a drug case.
Promethazine con tent in the drug-en riched ex tract was 
0.25 mg/ml; the value was the mean promethazine
con cen tra tion level de ter mined in ex tracts pro vided
for test ing. The stan dard mor phine so lu tion pre pared
for the pur pose of the ex per i ment con tained 8.56 mg of 
mor phine hy dro chlo ride in 1 ml of sa line.

Em ploy ing the tech nique of high per for mance liq -
uid chro ma tog ra phy/mass spec trom e try (LC-MS), the
au thors per formed qual i ta tive and quan ti ta tive ex am i -
na tions of poppy straw ex tracts and bi o log i cal ma te ri -
als col lected from ex per i men tal an i mals, aimed at de -
tection of mor phine, co deine, monoacetylmorphine,
papaverine, narceine and promethazine.

2.2. De scrip tion of ex per i ment 

The LD50 tox ic ity for poppy straw ex tracts with and 
with out promethazine was de ter mined us ing a method
de vel oped by Litch field and Wilcoxon [12]. The med i -
ca tion-en riched and non-en riched ex tracts were ad -
min is tered intraperitoneally as a sin gle dose, em ploying
three dose po tency val ues. Intraperitoneal in jec tions
are com monly used (in ter change ably with IV in jec -
tions) in view of the mark edly sim i lar ab sorp tion to
that of IV ad min is tra tion. In the case of the poppy
straw ex tract, the fol low ing doses were em ployed:
35 mg (with re spect to mor phine)/kg, 70 mg/kg and
105 mg/kg, while the promethazine-en riched ex tract
was ad min is tered at a dose of 24.5 mg/kg, 49 mg/kg
and 73.5 mg/kg. 

Each dos age level was em ployed in 14 an i mals
(84 rats). Fol low-up was car ried out for 15 days and
the num ber of rats that died within 48 hours was re -
corded. The me dian le thal dose (LD50) of acute intra -
peritoneal tox ic ity de ter mined for the in ves ti gated ex -
tracts (k and kp) con sti tuted the ba sis for de ter min ing
the dose ad min is tered to rats from the ex per i men tal
group.

Toxicokinetic ex am i na tions were car ried out on
a rep re sen ta tive group of 270 an i mals.

Each group in cluded 90 rats, which were weighed
and sub se quently re ceived a sin gle intraperitoneal
1/2 LD50/kg dose with a vol ume of 1 ml/100 g of body
mass: 
– group I (k) – poppy straw ex tract;
– group II (kp) – poppy straw ex tract sup ple mented

with promethazine;
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– group III (m) – stan dard mor phine hy dro chlo ride
so lu tion in the dose equiv a lent to nar cot ics ad min -
is tered in the ex tract.
Ma te ri als for anal y sis were col lected at 15 pre de -

ter mined time in ter vals (0.5 h; 1 h; 1,5 h; 2 h; 2.5 h; 3 h; 
4 h; 5 h; 6 h; 7 h; 8 h; 10 h; 12 h; 20 h and 24 h) in the
course of a 24-hour fol low-up. At each de fined in ter -
val, six rats from the given group were de cap i tated and
blood sam ples were drawn.

2.3. Prep a ra tion of ex tracts from bi o log i cal
ma te rial 

Iso la tion of opi ates and promethazine from bi o log -
i cal ma te ri als was car ried out em ploy ing the liq uid-liq -
uid ex trac tion method with pre lim i nary sam ple de -
proteinisation [1, 3]. Two grams of blood were di luted
with 2 ml of Tris buffer, pH = 8.5, and left in an ul tra -
sound bath for 15 min. Sub se quently, 2 ml of aceto -
nitrile was added to the sam ples to achieve de pro-
teinisation, and the sam ples were cen tri fuged at 2000 ́  g
for 15 min. The re sul tant supernatant was chlo ro form-
ex tracted. The chlo ro form ex tract was evap o rated and
the dry res i due was dis solved in 0.5 ml of meth a nol.
The meth a nol ex tract was ex am ined us ing the high
pres sure liq uid chro ma tog ra phy-mass spec trom e try
(LC-MS) method.

2.4. Se lec tion of an a lyt i cal con di tions 

The sam ples were ana lysed us ing an LCQ Finnigan 
Mat liq uid chromatograph/mass spec trom e ter. The
work ing con di tions of the liq uid chromatograph and
mass spec trom e ter were es tab lished based on pre lim i -
nary tests that pre ceded the main body of the study.
The fol low ing an a lyt i cal vari ant was em ployed:

1. Chro mat ogr aphic se par ati on of sam ples was per -
form ed using a high per form ance liqu id chro mat -
ogr aph equ ipped with:
– a TSP P4000 pump op er at ing in gra di ent mode;
– a 10 ml sam ple loop (Rheodine);
– a TSP UV2000 de tec tor with wave length range

of 200–400 nm;
– a Hypersil BDS C-18 chro ma tog ra phy col umn

(Thermo Quest) with a pre-col umn. 
2. The gra dient sys tem of liqu id pha se flow was em -

ployed. Mo bile pha ses and the ir per cent ages are
pre sent ed in Ta ble I.

3. The inves tiga ted com pou nds were de tect ed em -
ployi ng a mass spec trom eter equ ipped with an ion
trap, and the elect rosp ray io nis ati on (ESI) met hod.

Us ing the tech nique of high per for mance liq uid
chro ma tog ra phy cou pled with mass spec trom e try, the

au thors per formed qual i ta tive and quan ti ta tive stud ies
of se lected opi ates and promethazine. The re sul tant
chro mato graphic dis tri bu tion is il lus trated in Fig ure 1. 

TA BLE I. COMPOSITION OF MOBILE PHASE

Phase A – am mo nium 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

2.5. Cal cu la tion pro ce dures 

The pre lim i nary phase of the pro ce dure was de ter-
mi nation of val i da tion pa ram e ters for the LC-MS
method em ployed in anal y ses of the in ves ti gated xeno- 
biotics. The method was char ac ter ized us ing the fol -
low ing pa ram e ters: se lec tiv ity, spec i fic ity, lin ear
range, de tec tion thresh old, pre ci sion (re peat abil ity, re -
producibility), ac cu racy and re cov ery. Val i da tion pa -
ram e ters for se lected opi ates and clomipramine are
listed in Ta ble II.

An in di rect method for de ter min ing sub stance con -
cen tra tion was em ployed. In stage 1, the au thors de ter -
mined the re la tion ship be tween peak size and con tent
on the ba sis of known con tent of a stan dard sub -
stance – clomipramine – in meth a nol so lu tion. Stan -
dard so lu tions were ob tained by di lu tions. In stage 2,
a re versed pro ce dure was em ployed: based on the
known peak sur face, the con tent of in ves ti gated sub -
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stances (mor phine, co deine, monoacetylmorphine, pa -
paverine, narceine) was de ter mined and con verted to
a value per 1 g of biological material.

The ex per i men tal data were sub jected to a pre lim i -
nary anal y sis. The mean value of six mea sure ments

taken at each time point was cal cu lated along with the
stan dard de vi a tion. Us ing gross er ror de tec tion, the au -
thors re jected re sults that showed a four fold dif fer ence 
from the cal cu lated mean value.
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TA BLE III. RESULTS OF THE QUANTITATIVE ANALYSIS OF MORPHINE IN THE BLOOD OF RATS COLLECTED AT

SPECIFIC INTERVALS

Time of blood 
collection [h]

Xenobiotic [mg/g]

Mor phine stan dard Mor phine k Mor phine kp

 x (n = 6) s x (n = 6) s x (n = 6) 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 – arith me tic mean; s – stan dard de vi a tion.

TA BLE II. VALIDATION PARAMETERS FOR OPIATES AND CLOMIPRAMINE

Xenobiotic Mor phine MAM Co deine  Papaverine Narceine Clomipra-
mine

Cri te rion Char ac teri sa tion

Lin ear ity [mg/l] 0.1–2 0.1–2 0.1–2 0.1–2 0.1–2 0.5–10

LOQ [mg/l] 0.1 0.1 0.1 0.1 0.1 0.5 

LOD [ng] 20 20 10 10 10 10

Pre ci sion

Re peat abil ity
[%]

3.36–12.8 3.78–10.15 1.25–5.60 1.15–2.2 0.96–2.1 1,15–4,48

Reproducibility 
[%]

5.45–10.85 5.65–12.20 2.39–7.15 2.2–3.78 0.98–2.5 2,33–6,17

Bias/ac cu racy [%] –3.45–9.78 3.60–12.20 –2.15–7.80 –1.17–4.3 2.7–9.18 –3.10–10.7

Re cov ery [%] 72.15 ± 9.26 74.46 ± 10.2 93.33 ± 5.45 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  3.5–7.78 6.58–13.63



TA BLE IV. RESULTS OF THE QUANTITATIVE

ANALYSIS OF CODEINE IN THE BLOOD OF 

RATS TAKEN AT SPECIFIC INTERVALS

Time of 
blood
col lec tion
[h]

Xenobiotic [mg/g]

Co deine k Co deine kp

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 – arith me tic mean; s – stan dard de vi a tion.

TA BLE V. RESULTS OF THE QUANTITATIVE

ANALYSIS OF MONOACETYLMORPHINE IN 

THE BLOOD OF RATS COLLECTED AT

SPECIFIC INTERVALS

Time of
blood
col lec tion
[h]

Xenobiotic [mg/g]

MAM k MAM kp

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 – arith me tic mean; s – stan dard de vi a tion.
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TA BLE VI. RESULTS OF THE QUANTITATIVE

ANALYSIS OF PAPAVERINE IN THE

BLOOD OF RATS COLLECTED AT SPECIFIC 

INTERVALS

Time of 
blood
col lec tion
[h]

Xenobiotic [mg/g]

Papaverine k Papaverine kp

x (n = 6) s x (n = 6) s

0.5 0.156 0.041 0.092 0.017

1 0.189 0.047 0.120 0.013

1.5 0.269 0.053 0.154 0.022

2 0.139 0.026 0.263 0.069

2.5 0.090 0.014 0.104 0.022

3 0.070 0.016 0.050 0.019

4 0.041 0.004 0.027 0.008

5 0.032 0.003 0.014 0.005

6 0.024 0.003 0.009 0.002

7 0.017 0.001 0.004 0.003

8 0.008 0.001 0.000 –

10 0.000 – 0.000 –

12 0.000 – 0.000 –

20 0.000 – 0.000 –

24 0.000 – 0.000 –

x – arith me tic mean; s – stan dard de vi a tion.

TA BLE VII. RESULTS OF THE QUANTITATIVE

ANALYSIS OF NARCEINE IN THE BLOOD

OF RATS COLLECTED AT SPECIFIC

INTERVALS

Time of 
blood
col lec tion
[h]

Xenobiotic [mg/g]

Narceine k Narceine kp

x (n = 6) s x (n = 6) s

0.5 0.076 0.011 0.089 0.013

1 0.142 0.019 0.100 0.016

1.5 0.184 0.017 0.166 0.029

2 0.121 0.026 0.209 0.022

2.5 0.080 0.012 0.104 0.045

3 0.047 0.009 0.051 0.013

4 0.033 0.009 0.027 0.004

5 0.020 0.003 0.011 0.002

6 0.006 0.001 0.005 0.001

7 0.000 – 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 – arith me tic mean; s – stan dard de vi a tion.
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Mean con cen tra tion val ues were em ployed in math-
ematical de ter mi na tions of ap pro pri ate toxicokinetic
pa ram e ters. The em ployed PC-Nonlin 4.2 Se ries
4234331 soft ware is com monly used in pharmacoki -
netic stud ies [10, 14]. The cal cu la tions were perfor-
med at the Chair of Tox i col ogy, Collegium Medicum,
Jagiellonian Uni ver sity in Krakow. A sin gle-com part -
ment model of changes in blood xenobiotic con cen tra -
tion val ues and first or der re ac tion ki net ics was adop -
ted for the pharmacokinetic anal y sis. 

3. Re sults 

The de ter mined con cen tra tion val ues [mg/ml] of
opium al ka loids and an acetyl de riv a tive of mor phine
in the in ves ti gated poppy straw ex tract (k) were as fol -
lows: mor phine – 8.56; co deine – 1.25; noscapine –
0.23; narceine – 1.69; papaverine – 0.30; tebaine –
0.07; monoacetylmorphine – 2.73, her o ine – 0.43. The
con cen tra tion lev els of opium al ka loids in the ex tract
en riched with promethazine (kp) were the same, but
the promethazine con tent was 0.25 mg/ml. 

The me dian le thal dose (LD50) of acute intraperi -
toneal tox ic ity de ter mined for SPD rats for par tic u lar
types of ex tracts was as fol lows: LD50 for the poppy
straw ex tract – 83.8 mg/kg, with the like li hood con fi -
dence in ter val a = 0.05 <66.9¸104.8>, and LD50 for
the promethazine-en riched ex tract – 57.3 mg/kg, with the
like li hood con fi dence in ter val a = 0.05 <34.5¸95.0>.

Re sults of the quan ti ta tive anal y sis of mor phine, co -
deine, monoacetylmorphine, papaverine and narceine
in the blood of rats col lected over 24 hours were pre -
sented in ta bles III–VII. The changes in their con cen -
tra tions were shown in Fig ures 2–6.

The ki netic pro cesses of se lected opium al ka loids
ad min is tered to rats in the form of “com pote” with and

with out promethazine were quan ti ta tively de scribed
by ap pro pri ate toxicokinetic pa ram e ters. The toxico -
kinetic pa ram e ters of opi ates de ter mined on the ba sis
of ana lys ing the blood of rats ad min is tered a sin gle
 averaged intraperitoneal xenobiotic dose 1/2 LD50

(35.33 mg/kg) are pre sented in Ta ble VIII.

4. Dis cus sion 

The ex per i men tally de ter mined dif fer ences in LD50

val ues – 83.8 mg/kg for the poppy straw ex tract (k)
and  57.3 mg/kg for the promethazine-en riched ex -
tract (kp) – con firmed the higher tox ic ity of the ex tract
sup ple mented with the med i ca tion in con di tions of
acute ex po sure to xenobiotics. The in creased tox ic ity
was most likely the re sult of a syn er gis tic in ter ac tion
be tween opi ates and promethazine in the CNS-de -
press ing ef fect of the for mer.

The pre sented toxicokinetic in ves ti ga tions con sti -
tuted an at tempt at eval u at ing the in ter ac tion based on
dif fer ences be tween the cal cu lated pa ram e ters for k,
kp and stan dard mor phine. The com par i son of the de -
ter mined toxicokinetic pa ram e ters of opium al ka loids
ad min is tered to rats in the form of two ver sions of
so-called “com pote” dem on strated that en rich ing the
ex tract with promethazine af fected the ki net ics of si -
mul ta neously ad min is tered opi ates. The ad di tion of
promethazine re sulted in a di min ished ab sorp tion rate,
and thus a pro longed time needed for achiev ing the
max i mum con cen tra tion (Cmax) of all de ter mined al ka -
loids ex cept co deine.

In the case of the promethazine-en riched ex tract,
the val ues of Cmax (38.0) and the area un der the curve –
AUC (122.0) for mor phine, its acetyl de riv a tive
(Cmax = 0.12; AUC = 0.38) and co deine (Cmax = 0.38;
AUC = 1.39) – the most ac tive com pounds, re spon si -
ble for in duc ing in tox i ca tion – were dis tinctly higher
as com pared to the val ues ob tained for the same com -
pounds fol low ing ad min is tra tion of the ex tract with out 
the med i ca tion: mor phine (Cmax = 21; AUC = 64.52),
monoacetylmorphine (Cmax = 0.07; AUC = 0.24) and
co deine (Cmax = 0.27; AUC = 1.05). The au thors dem -
on strated sta tis ti cally that promethazine af fected the
ki net ics of si mul ta neously ad min is tered papaverine.
Papaverine was ab sorbed at a slower rate, reach ing
a lower value of Cmax (0.16) over a lon ger time
(tmax = 1.24); it was also elim i nated from blood over
a lon ger time. In the case of narceine, the ob served dif -
fer ences in toxicokinetics be tween ad min is tra tion in
the form of “com pote” with promethazine and with out
promethazine were the small est.
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Fig. 7. Graph of changes in con cen tra tion of narceine ad min -
is tered in the form of poppy straw ex tract (k) and poppy
straw ex tract with ad di tion of promethazine (kp) ob served in 
the blood of an i mals over 24 hours.



Math e mat i cal de ter mi na tion of pa ram e ters de -
scrib ing ab sorp tion, dis tri bu tion and elim i na tion based 
on changes of blood opi ate con cen tra tion lev els gives
a broad pic ture of the re la tion ship be tween the ad min -
is tered dose of a nar cotic and the con cen tra tion at -
tained. Thus, the achieved val ues of these pa ram e ters
al low con clu sions to be drawn on the en hanced po -
tency and tox ic ity of a promethazine-en riched nar cotic 
sub stance.

5. Con clu sions 

1. In con dit ions of acute expos ure (to xe nob iotic/s),
pro meth azi ne-en ric hed po ppy straw extract exhi -
bits a hi gher toxi city. En hanc ed toxi city is con -
firm ati on of the sy nerg ist ic effect of opiat es and
pro meth azi ne in the ir de pressing effect on the CNS.

2. The ad dit ion of pro meth azi ne to po ppy straw
extract chan ges the ki net ics of si mult ane ously ta -
ken opiat es. Pro meth azi ne sup plem enta tion is the
re ason for chan ges occur ring in ab sorpt ion and
elim ina tion of mor phine, mo noa cety lmor phine
and co dei ne, and thus of po ssib le en hanc ed in -
toxic ati ng and toxic act ivity of the nar cotic.
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TA BLE VIII. OPIATE TOXICOKINETIC PARAMETERS DETERMINED ON THE BASIS OF RAT BLOOD ANALYSIS 

Xenobiotic AUC
[mg ´ h/l]

tmax [h] Cmax

[mg/l]
Elim i na tion
rate con stant K
[h–1]

Bi o log i cal
half-life (t0.5)
[h]

Half
ab sorp tion
time [h]

Mor phine Stan dard 90.76 0.92 35.95 1.09 0.63 0.65

“Com pote” 64.52 1.10 21.47 0.90 0.76 0.76

“Com pote” with 
promethazine

122.34 1.18 38.00 0.84 0.82 0.81

Co deine “Com pote” 1.05 1.40 0.27 0.84 0.81 1.16

“Com pote” with 
promethazine

1.39 1.34 0.38 0.74 0.92 0.93

Monoacetyl
morphine
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“Com pote” with 
promethazine

0.38 1.17 0.12 0.86 0.80 0.81
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“Com pote” with 
promethazine

0.54 1.24 0.16 0.79 0.87 0.85
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“Com pote” with 
promethazine

0.49 1.23 0.14 0.80 0.86 0.84
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 1. Wstêp

Me chan izm dzia³ania far mak olo gic znego i  toksycz -
nego œro dka nar kot yczne go w po staci tzw. „kom potu”
jest z³o¿o ny i zal e¿y od znaj duj¹cych siê w nim sk³adni -
ków. Równ oczesne przyj mow anie przez osoby uza le¿ -
nione œrod ków psy chot ropo wych wzmac niaj¹cych i wy -
d³u¿aj¹cych stan odu rzen ia czy te¿ znosz¹cych efekty
uboczne opiatów, sta nowi do datk owo o z³o¿ onoœ ci zja -
wis ka. Sub stanc je te, zwi êkszaj¹c si³ê dzia³ania œro dka
odu rzaj¹cego, po wod uj¹ jed noc zeœnie pow a¿ne zag ro¿ e -
nie dla zdro wia i ¿ycia [2, 4, 7, 8, 11].

Najc zêœciej do wyci¹gów ze s³omy ma kow ej do daw a -
na jest pro met azy na. Pot êgu je ona efekt odu rzen ia, u³at -
wia przyjêcie nar kot yku w in iekc ji do ¿yln ej lub domiêœ-
nio wej, a ta k¿e po przez dzia³anie cho lin oli tyc zne, prze -
ciwhis tami nowe i prze ciww ymi otne, ³agod zi skut ki dzia -
³añ uboczn ych opiatów [5, 6]. Efekty po przyj êciu nar -
ko tyku wzbo gac one go pro met azyn¹, ocen iane jako ko -
rzystne w od czuc iu nar kom ana, mog¹ byæ wy nik iem in -
ter akcji sy nerg ist ycznej po miêd zy do dan ym le kiem a al -
ka loi dami opium [9, 13]. Dzia³ania ta kie mog¹ byæ jed -
nak szko dliwe, bezp oœre dnio po przed zaj¹c zmia ny  pato -
lo giczne lub za bur zenia cz ynn oœci owe. Przy sta³ym nara - 
¿e niu na dzia³anie tych sub stanc ji wy nik aj¹ one z  kumu -
la cji zwi¹zku tok syczn ego lub jego met aboli tów w  orga -
nizmie. 

W ni niejs zej pra cy pod jêto pró bê oceny nast êpstw od -
dzia³ywan ia pomi êdzy al kal oid ami opium a pro met azyn¹ 
na pa ram etry tok syk oki net ycz ne w oparc iu o stê¿e nia
mor finy, ko dei ny, mo noa cety lom orf iny, pa paw ery ny i nar -
cei ny oznac zane we krwi szczu rów obci¹¿anych jed nor a -
zo wo podan¹ do otrzewn owo dawk¹ 1/2 LD50/kg m.c.
nar kot yku bez i z pro met azyn¹.

Re aliz acja te matu wy maga³a:
1. Wy znac zenia daw ki LD50 dla wyci¹gu ze s³omy ma -

kow ej wz glê dem mor finy.
2. Wy znac zenia daw ki LD50 dla wyci¹gu s³omy ma -

kow ej z do datk iem pro met azy ny.
3. Ustal enia, na pod staw ie ba dan ia krwi po bier anej od

zwierz¹t w okreœlonych odstêpach cza su w ci¹gu
24 go dzin, pa rametrów tok syk oki net ycz nych dla  al -
ka loidów opium po poda niu ww. wyci¹gów. 

2. Ma ter ia³ i me tody

2.1. Wa runki prze prow adz enia badañ

Ba dan ia prze prow adz ono po uzys kaniu zgo dy Lo -
kaln ej Ko mis ji Etyczn ej do spraw Doœwiadczeñ na Zw ie -
rzêtach w Ka tow ica ch (ze zwol enie in dyw idu alne na wy -
ko nan ie do œwi adc zeñ na zw ier zêt ach nr 27/03 z dnia
10.06.2003 r.). Mo del em do œwi adczalnym by³y szczu ry
(sam ce) szcze pu Spra gue Dowley (SPD) w wie ku 3 mie -
siêcy, o ma sie cia³a 200–250 g. Zw ierzêta po chod zi³y
z Cen traln ej Zwi erzêt arni Doœ wiadc zalnej Œl¹skiej Aka -
d emii Me dyczn ej, gdzie prze prow adz ono eks per yme nt.
Zwi erz êta prze bywa³y w po mieszc zeni ach, w kt órych za -
chow ane by³y na stêp uj¹ce wa runki:
– temperatura 20–22oC;
– wzglêdna wilgotnoœæ powietrza 50–60%;
– wymiana powietrza 12 razy/h;
– oœwietlenie sztuczne;
– rytm œwietlny regulowany 12/12 h.

Zw ier zêta kar miono pasz¹ gra nul owan¹ Mu rig ram
i po jono wod¹ wo doci¹gow¹ ad li bit um. Do stêp do wody
za pewn iony by³ po 2 go dzin ach, a pa szy po 5 go dzin ach
od poda nia kse nob ioty ku. W cza sie doœ wiadczenia zw ie -
r zêta prze bywa³y w od dzieln ych klat kach ho dowl any ch
i me tab oli cznych. 

W ba dan iach wy kor zyst ano wyci¹g ze s³omy  mako -
wej otrzym any spo sob em do mow ym, a do starc zony do
Zak³adu Tok syk olo gii S¹dowo-Le kars kiej jako do wód
rze czowy. Zaw arto œæ pro met azy ny w wyci¹gu  wzboga -
co nym le kiem wy nosi³a 0,25 mg/ml. By³o to œr edn ie  stê -
¿enie pro met azy ny oznac zane w wyci¹gach do starc za-
nych do ba dañ. Przy got owa ny dla po trzeb eks per yme ntu
roz twór wzor cowy mor finy za wiera³ 8,56 mg chlo row o -
do rku mor finy w 1 ml soli fi zjol ogi cznej.

W oparc iu o techn ikê wy sok osp rawnej  chromato -
grafii cie czow ej spr zê¿o nej z de tekt orem ma sow ym
(LC-MS) wy kon ane zo sta³y ba dan ia ja koœ ciowe i iloœ cio -
we wyci¹gów ze s³omy ma kow ej i ma ter ia³u bio log iczne -
go po bran ego od zwierz¹t doœwiadczalnych w kie runku
obe cno œci mor finy, ko dei ny, mo noa cety lom orf iny, pa pa -
w ery ny, nar cei ny i pro met azy ny.

2.2. Opis eks per yme ntu

Daw kê LD50 dla wyci¹gów ze s³omy ma kow ej bez
i z do datk iem pro met azy ny oznac zono me tod¹ Li tch -
fielda i Wil coxona [12]. Wyci¹gi ze s³omy ma kow ej z do -
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datk iem leku i bez do datku poda no szczu rom jed no-
ra zowo w trzech zró¿nicowanych daw kach  dootrzew -
nowo. In iekc ja do otrzewn owa jest po wszechn ie za mien -
n ie sto sow ana ze wzg lêdu na bar dzo po dobne wch³a -
nia nie, jak przy poda niu do¿y lnym. Dla wyci¹gu ze s³o -
my ma kow ej sto sow ano daw ki: 35 mg (w od nies ieniu do
mor finy)/kg m.c., 70 mg/kg m.c. i 105 mg/kg m. c., a dla
wyci¹gu z do datk iem pro met azy ny: 24,5 mg/kg m.c.,
49 mg/kg m.c., 73,5 mg/kg m/c. 

Na ka¿ dy po ziom daw kow ania przy pada³o 14 zwie -
rz¹t (84 szczu ry). Obser wacjê pro wad zono przez 15 dni,
od not owuj¹c li czbê zwierz¹t, które pad³y w ci¹gu 48 go -
dzin. Wy znac zone me dialne daw ki œmi ertelne tok sycz -
noœci ostrej do otrzewn owej (LD50) dla ba dan ych wy -
ci¹gów (k i kp) sta nowi³y pod sta wê do okr eœl enia daw ki
poda nej szczu rom w gru pie eks per yme ntal nej. 

Ba dan ia tok syk oki net ycz ne prze prow adz ono na re -
prez enta tyw nej gru pie 270 zwierz¹t.

W ka¿ dej gru pie by³o 90 szc zurów, któ rym, po zwa -
¿eniu, drog¹ in iekc ji do otrzewn owej poda no jed nor azo -
wo daw kê 1/2 LD50/kg m.c. w obj êto œci 1 ml/100 g m.c.: 
– grupa I (k) – wyci¹g ze s³omy makowej;
– grupa II (kp) – wyci¹g ze s³omy makowej z do dat -

kiem prometazyny;
– grupa III (m) – roztwór wzorcowy chlorowodorku

morfiny w dawce równowa¿nej do podawanych
w roz tworze narkotyków.
W ci¹gu 24-go dzinn ej ob serw acji w wy znac zony ch

15 prze dzia³ach cza sow ych (0,5 h; 1 h; 1,5 h; 2 h; 2,5 h;
3 h; 4 h; 5 h; 6 h; 7 h; 8 h; 10 h; 12 h; 20 h i 24 h) po bier ano 
ma ter ia³ do ba dañ. W wy znac zonym cza sie po eks poz ycji 
ka¿ dor azo wo de kap ito wano 6 sz czu rów z da nej gru py
i po bier ano krew.

2.3. Przy got owa nie ekst rak tów z ma ter ia³u
bio log iczne go 

Wy osobn ienie op iatów i pro met azy ny z ma ter ia³u bio -
log iczne go prze prow adz ono me tod¹ eks trakc ji w uk³a dzie
ciecz-ciecz z wstêpnym od bia³cze niem pró bek [1, 3].
2 g krwi roz cieñczono 2 ml bu foru Tris o pH = 8,5 i po -
zos tawi ano na ³aŸni ul tra dŸwi êkow ej przez 15 min.
Nastêpnie do próbek do dano 2 ml acet oni try lu w celu od -
bia³cza nia ba dan ej pr óbki, po czym wi row ano (przy ob -
rot ach 2000 ´ g) przez 15 min. Uzys kany su pern ata nt
eks trah owa no chlo rof ormem. Eks trakt chlo rof ormo wy
od pa row ywa no, a such¹ po zos ta³oœæ roz puszc zano
w 0,5 ml me tan olu. Eks trakt me tan olo wy ba dano me tod¹
wy sokociœnieniowej chro mat ogr afii cie czow ej z  detek -
torem ma sow ym (LC-MS).

2.4. Do bór wa run ków anal ity cznych me tody

Pr óbki anal izo wano na chro mat ogr afie cie czow ym
spr zê¿o nym z de tekt orem ma sow ym LCQ Fin nig an Mat.

Wa runki pra cy chro mat ogr afu cie czow ego oraz  detek -
tora ma sow ego ustal ono na pod staw ie wst êpny ch bad añ
po przed zaj¹cych w³aœ ciw¹ cz êœæ pra cy. Za stos owa no na -
stêp uj¹cy wa riant anal ity czny:

1. Roz dzia³ chro mat ogr afic zny prób ek prze prow adz o -
no, wy kor zyst uj¹c wy sok osp rawny chro mat ogr af
cie czowy wyp osa¿ ony w:

– pompê TSP P4000, pracuj¹c¹ w opcji gradientowego
przep³ywu faz;

– reodynê z pêtl¹ o objêtoœci nastrzyku 10 ml;
– detektor TSP UV2000 o zakresie d³ugoœci fali

200–400 nm;
– kolumnê chromatograficzn¹ Hypersil BDS C-18 (Ther -

mo Quest) z przedkolumn¹. 
2. Za stos owa no sys tem gra dient owe go przep³ywu fazy

ciek³ej. Fazy ru chome oraz ich udzia³ pro cent owy
przed staw ia ta bela I.

3. Detekcjê ba dan ych zwi¹zków prze prow adz ono przy
po mocy spek trom etru ma sow ego z pu³apk¹ jo now¹
z za stos owa niem jo niz acji w polu elekt rycznym (ESI).

W oparc iu o techn ikê wy sok osp rawnej  chromato -
grafii cie czow ej spr zê¿o nej z de tekt orem ma sow ym wy -
kon ane zo sta³y ba dan ia ja koœ ciowe oraz il oœc iowe wy -
bra nych op iatów i pro met azy ny. Uzys kany roz dzia³ chro -
mat ogr afic zny tych zwi¹zków przed staw ia ry cina 1.

2.5. Za stos owa na pro ced ura ob lic zeni owa
uzys kany ch wyni ków

Wstê pem do oprac owa nej pro ced ury by³o  wyzna cze -
nie pa rame trów wa lid acy jnych dla me tody LC-MS wy -
kor zyst ywan ej w anal iza ch ba dan ych ks eno biotyków.
Cha ra kter ysty kê me tody prze prow adz ono w oparc iu
o na stêp uj¹ce pa ram etry: se lek tyw noœæ, sp ecy fic znoœæ,
za kres li niowoœci, gra nica wyk ryw alnoœci, gra nica oz na -
cz alno œci, pre cyz ja (pow tar zalnoœæ, odt war zalnoœæ),
dok³adn oœæ i od zysk. Pa ram etry wa lid acy jne dla  wybra -
nych op iatów i klo mip rami ny ze brano w ta beli II.

W anal izie za stos owa no po œred ni¹ me todê oznac za -
nia stê¿eñ sub stanc ji. W pierw szym etap ie wy znac zono
za le¿n oœæ wi elko œci piku na pod staw ie zna nej zaw artoœci
sub stanc ji wzor cow ej – klo mip rami ny w roz twor ze me -
tan olo wym. Wzor cowe roz twory uzys kano na dro dze
roz cieñczeñ. W dru gim etap ie za stos owa no pr oced urê
od wrotn¹: na pod staw ie zna nej po wierzchni piku ustal o -
no zawar toœ ci ba dan ych sub stanc ji (mor fina, ko dei na,
mo noa cety lom orf ina, pa paw ery na, nar cei na) z  uwzglêd -
nieniem prze lic zenia na 1 g ma ter ia³u bio log iczne go.

Wst êpn ie prze prow adz ono anal izê uzys kany ch da -
nych eks per yme ntal nych. Wy znac zano œr edni¹  aryt -
metycz n¹ z 6 pomia rów w ka¿dym punk cie cza sow ym
i od chyl enie stan dard owe. Na pod staw ie pra wa gru bego
b³êdu od rzuc ono wy niki, kt óre ró ¿ni³y siê czte rok rotnie
od wy lic zonej wa rto œci œr edn iej.
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Wa rtoœci œr ednie st ê¿eñ pos³u¿y³y do ma tem aty cz -
nego ok reœ len ia od pow iedni ch pa ram etrów tok syk oki -
net ycz nych. Za stos owa ny do ob licz eñ pro gram kom pu -
te rowy PC-Non lin 4.2 No Se ria 4234331 jest  powszech -
nie sto sow any w ba dan iach far mak oki net ycz nych [10,
14]. Ob lic zenia prze prow adz ono w Ka ted rze Tok syk olo -
gii CM Uniw ersy tetu Jagi ello ñsk iego w Kra kow ie. W ana-
li zie far mak oki net ycz nej prz yjê ty zo sta³ mo del  jed no -
kompartmentowy zmian stê¿enia kse nob ioty ku we krwi
i ki net yka re akc ji I rz êdu. 

3. Wy niki ba dañ

Oznac zone stê¿e nia [mg/ml] alkal oidów opium i  ace -
ty lowej po chodn ej mor finy w wyci¹gu ze s³omy  mako -
wej (k) prze znac zonym do badañ kszta³towa³y siê na stê -
puj¹co: mor fina – 8,56;  ko dei na – 1,25; no skap ina –
0,23; nar cei na – 1,69; pa paw ery na – 0,30; te bai na – 0,07;
mo noa cetl omor fina – 2,73, he roi na – 0,43. St ê¿e nia al -
kal oidów opium w wyci¹gu z do datk iem pro met azy ny
(kp) by³y anal ogi czne, na tom iast za war toœæ pro met azy ny
osi¹gnê³a war toœæ 0,25 mg/ml. 

Wy znac zona dla sz czur ów szcze pu SPD me dialna
daw ka œmi ertelna tok sycznoœci ostrej do otrzewn owej
(LD50) dla po szczegó lny ch ro dzajów wyci¹gów wy no -
si³a: LD50 wyci¹gu ze s³omy ma kow ej – 83,8 mg/kg m.c.
przy prze dziale ufno œci z praw dopod obieñstwem
a = 0,05 <66,9÷104,8>, a LD50 wyci¹gu z do datk iem pro -
met azy ny – 57,3 mg/kg m.c. przy prze dziale ufno œci
z praw dopod obieñstwem a = 0,05 <34,5÷95,0>.

Wy niki anal izy iloœ cio wej mor finy, ko dei ny,  mono-
 acet ylo mor finy, pa paw ery ny i nar cei ny we krwi szc zur ów
po bran ej w ci¹gu 24 go dzin przed staw iono w ta bel ach
III–VII, na tom iast zma ny stê ¿eñ ob raz uj¹ ry ciny 2–6.

Pro cesy ki net yczne wy bran ych al kalo idów opium po -
daw any ch szczu rom w po staci „kom potu” z pro met azyn¹ 
i bez opis ane zo sta³y il oœciowo za po moc¹ od pow iedni ch
pa ram etrów tok syk oki net ycz nych. Pa ram etry tok syk oki -
net ycz ne opi atów wy znac zone w oparc iu o anali zê krwi
szczu rów po jed nor azo wym poda niu do otrzewn owo kse -
nob ioty ku w uœr edn ionej daw ce 1/2 LD50 (35,33 mg/kg
m.c.) przed staw iono w ta beli VIII.

4. Om ówi enie wynik ów

Wy znac zone eks per yme ntal nie ró¿ nice w war toœ cia ch
LD50 – 83,8 mg/kg m.c. dla wyci¹gu ze s³omy ma kow ej
(k) i 57,3 mg/kg m.c. dla wyci¹gu z do datk iem  prome -
tazyny (kp) po twierd zi³y wi êksz¹ to ksyczn oœæ wyci¹gu
wzbo gac one go tym le kiem w wa runk ach ostrego nara¿e -
nia na kse nob iotyk. Zwi êks zona tok syc znoœæ by³a praw -
dop odo bnie wy nik iem in ter akcji o cha rakt erze sy nergi-

stycz nym opiat ów i pro met azy ny w za kres ie ich  depre -
syjnego od dzia³ywan ia na OUN.

Podj ête ba dan ia w za kres ie tok syk oki net yki sta no -
wi³y pró bê oceny in ter akcji na pod staw ie ró¿ nic  po miê -
dzy wy lic zony mi pa ram etr ami dla k, kp i wzor ca mor -
finy. Por ówn ania wy znac zony ch pa rame trów tok syk oki -
net ycz nych alk alo idów opium po daw any ch szczu rom
w po staci dw óch wer sji tzw. „kom potu” wy kaza³y, ¿e
wzbo gac enie wyci¹gu pro met azyn¹ ma wp³yw na ki ne-
 tykê jed noc zeœ nie poda nych opia tów. Do dat ek pro met a -
zy ny skut kowa³ zmniej szen iem szybko œci wch³anian ia,
a za tem wyd³u¿ eniem cza su, w któ rym osi¹gane by³o stê -
¿enie mak sym alne (Cmax) wszyst kich oznac zony ch al ka -
loidów z wyj¹tkiem ko dei ny.

W przy padku wyci¹gu wzbo gac one go pro met azyn¹
war toœ ci Cmax (38,0) i pola pod krzyw¹ AUC (122,0) dla mor -
finy, jej acet ylo wej po chodn ej (Cmax = 0,12; AUC = 0,38)
i ko dei ny (Cmax = 0,38; AUC = 1,39) – zwi¹zków  najbar -
dziej ak tywn ych i od pow iedz ialnych za  stan odu rzen ia –
by³y wyr aŸnie wy¿ sze w por ówna niu z war toœc iami uzys -
kany mi dla tych sa mych zwi¹zków po poda niu wyci¹gu
bez do datku leku: dla mor finy (Cmax = 21; AUC = 64,52),
mo noa cety lom orf iny (Cmax = 0,07; AUC = 0,24) i ko dei ny
(Cmax = 0,27; AUC = 1,05). Sta tys tycznie wy kaz ano rów -
nie¿, i¿ wspó³ wystêpowanie pro met azy ny ma wp³yw na
kin ety kê jed noc zeœ nie prz yjê tej pa paw ery ny. Pa paw ery -
na wch³a nia siê wol niej osi¹gaj¹c mniejsz¹ wartoœæ Cmax

(0,16) w d³u¿szym cza sie (tmax = 1,24), jest rów nie¿
d³u¿ej elim i no wana z krwi. W przy padku nar cei ny ob ser -
w owa ne  ró¿ nice w tok syk oki net yce tego zwi¹zku po da -
w a ne go w po staci „kom potu” z do datk iem pro met azy ny
i bez by³y wyr a¿o ne najs³abiej.

Okre œlenie ma tem aty czne pa ram etr ów wch³anian ia, dy -
s tryb ucji i elim ina cji na pod staw ie zmia ny stê¿ eñ opia tów
we krwi ob raz uje za le¿ noœæ po miê dzy podan¹ dawk¹ nar -
kot yku a osi¹ga nym st ê¿eniem. Uzys kane za tem wi el koœci
pa rametrów po zwal aj¹ wn iosk owaæ o wz mo¿o nej sile dzia -
³a nia i to ksyc znoœci nar kot yku wzbo gac one go pro met a -
zy n¹.

5. Wnio ski

1. W wa runk ach ostrego nara¿e nia na kse nob iotyk  wiêk -
sz¹ tok syc znoœæ wy kaz uje wyci¹g ze s³omy ma kow ej
wzbo gac ony pro met azyn¹. Wzm o¿e nie tok syc zno œci
jest po twierd zeni em sy nerg izmu op iatów i pro met azy -
ny w za kres ie ich de pres yjne go od dzia ³ywan ia na OUN.

2. Do dat ek pro met azy ny do wyci¹gu ze s³omy ma kow ej 
zmie nia kine tykê przyj mow any ch równo leg le opia -
tów. Do dan ie pro met azy ny jest przy czyn¹ po w sta -
³ych zmian w za kres ie wch³anian ia i elim ina cji mor -
finy, mo noa cety lom orf iny i ko dei ny, a tym sa mym
praw dop odo bnie wzmo ¿en ia od dzia³ywan ia odu rza -
j¹cego i tok syczn ego nar kot yku.     
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