
1. In tro duc tion

Piperazine de riv a tives were orig i nally used in vet -
er i nary med i cine, among other things, to com bat par a -
sitic in fec tions in poul try. Stud ies on their use ful ness
as a med i ca tion di lat ing blood ves sels and in hib it ing
tu mour growth were also con ducted. Un for tu nately,
piperazine de riv a tives did not meet ex pec ta tions in this 
area. What is more, their psy cho ac tive ac tion meant that 
they found their way onto the drug mar ket. Piperazine
de riv a tives act as stim u lants at low doses, while caus -
ing hal lu ci na tions at higher doses [14]. These sub -
stances are clas si fied as de signer drugs. They are also

con tained in many prep a ra tions pop u larly known as
“le gal highs”.

1-benzylpiperazine (BZP), also known as Le gal E,
is the most pop u lar de riv a tive of piperazine. This com -
pound was syn the sized for the first time in 1944 in the
UK by the Wellcome Re search Lab o ra to ries and it was 
used in vet er i nary med i cine. Then, in the sev en ties, stud -
ies on its an ti de pres sive prop er ties were con ducted [4],
but their re sults were un sat is fac tory. More over, it found
its way onto the drug (nar cot ics) mar ket as a stim u lant
of the cen tral ner vous sys tem (CNS) act ing sim i larly to 
am phet amine, but about 10-fold weaker. In con ti nen -
tal Eu rope, the ap pear ance of BZP on the il le gal drug
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mar ket was re ported for the first time in 1999 in Swe -
den [16]. The ef fects of BZP ac tion in clude ag i ta tion,
eu pho ria, in creased con cen tra tion, sen si tiv ity to ex ter -
nal stim uli (i.e. touch, mu sic). The mean ac tive dose
for oral ad min is tra tion is 75–150 mg. The du ra tion of
the ef fects var ies de pend ing on the in gested dose, but
usu ally falls within 6–8 h. BZP has a very nar row mar -
gin of safety, and, de pend ing on ge netic and per sonal
con di tions, it can cause many ad verse ef fects [7]. 

BZP is pres ent on the drug mar ket in the form of
pow der, cap sules and tab lets, which are usu ally sold as 
ec stasy or am phet amine. There fore, pur chas ers do not
know that they are buy ing a new, dan ger ous drug [10].
In the re cent amend ment of the Act on Coun ter act ing
Drug Ad dic tion, dated 20 March 2009, BZP was added
to the list of psychotropic sub stances and placed on
sched ule II-P (Act of Law of 29 July 2005 on Coun ter -
act ing Drug Ad dic tion, Dziennik Ustaw 2005, 179, item 
1485). 

1-(3-trifluoromethylphenyl)piperazine (TFMPP) is 
an other pop u lar de riv a tive of piperazine. A sin gle dose 
of this sub stance falls within the range 25– 100 mg.
The du ra tion of ac tion is 5–8 hours [5]. TFMPP is of -
ten pres ent in com bi na tion with BZP, which en hances
its ac tion and also in creases side-ef fects. This mix ture
pro duces ef fects sim i lar to MDMA [1]. The con se -
quences of long-term ad min is tra tion of com pounds
hav ing piperazine struc ture are not en tirely known, but 
ad min is tra tion of a mix ture of BZP and TFMPP –
a com bi na tion which oc curs of ten – causes many side
ef fects such as in som nia, anx i ety, nau sea and vom it -
ing, per sis tent head aches, flu-like symp toms, pe ri odic
im po tence, and some times psy cho sis [11]. Other side-
ef fects of piperazines ad min is tra tion in clude tachy car -
dia, hyperthermia, el e vated temperature, and, in higher
doses, hal lu ci na tions, con vul sions and CNS de pres sion.
Long-term, un con trolled ad min is tra tion of such com -
pounds al most cer tainly leads not only to ad dic tion, but
also to de struc tion of the body, in clud ing im paired func -
tion ing of the ner vous sys tem, heart, liver and kid ney. So
far, no deaths caused di rectly by the in ges tion of
piperazine de riv a tives have been re corded. On the other
hand, piperazine de riv a tives have been de tected in blood
and urine in com bi na tion with other drugs and al co hol in
some fa tal cases [3].

De ter mi na tion of piperazine de riv a tives is usu ally
per formed by chro mato graphic meth ods. The most
use ful and widely prac tised method in fo ren sic lab o ra -
to ries is gas chro ma tog ra phy cou pled to mass spec -
trom e try (GC-MS). This method al lows sim ple identi-
fication of piperazine de riv a tives, both with and with -
out derivatisation. H. Mau rer pre sented the mass spec -
tra of BZP, MDBP, TFMPP, mCPP and MeOPP and

their trimethylsilyl de riv a tives ob tained by GC-MS
[8]. Be side GC-MS, gas chro ma tog ra phy with a ni tro -
gen-phos pho rus de tec tor (NPD) has also been ap plied
to de ter mi na tion of piperazine de riv a tives. BZP,
MeOPP and TFMPP were de ter mined in cap sules by
Boer et al. [2]. 

The GC-MS method is also of ten used for de ter mi -
na tion of piperazine de riv a tives and their me tab o lites
in body flu ids. F. Pe ters et al. have de vel oped a screen -
ing method for si mul ta neous anal y sis of am phet amine
de riv a tives and piperazine de riv a tives (BZP, TFMPP,
mCPP, MeOPP and MDBP) in plasma [9]. The re sults
of MeOPP and its me tab o lites de ter mi na tion in urine
have been pre sented in a pa per by Staack and Mau rer
[12]. An other com mon method used for this pur pose is 
liq uid chro ma tog ra phy cou pled to mass spec trom e try
(LC-MS). Re sults of BZP, TFMPP and their ma jor
me tab o lites de ter mi na tion by LC-MS were pub lished
by Tsutsumi et al. [15]. Elliot and Smith de ter mined
BZP and TFMPP in blood and urine by LC-MS and
HPLC-DAD [3]. The au thors also pre sented the re sults 
of de ter mi na tions of struc tural iso mers of BZP,
TFMPP and CPP. 

The struc tural iso mers which can not be dis tin guished
by the GC-MS method can be sep a rated by high per -
for mance liq uid chro ma tog ra phy, us ing a chromato-
graph equipped with a UV spec tro pho to met ric di ode
ar ray de tec tor (HPLC-DAD), due to dif fer ent ab sorp -
tion spec tra of these com pounds. Zuba and Stanaszek
pre sented the re sults of de ter mi na tions of two iso mers –
pCPP and mCPP [13]. The pres ence of some pipe -
razine de riv a tives (e.g. BZP and the struc tural iso mers
of CPP) has also been de tected by im mu no chemi cal
tests tar geted at de tec tion of methamphetamine [6].

Cur rently, benzyl- and phenyl de riv a tives of pipe-
razine, such as ones shown in Fig ure 1, have been
found alone or in com bi na tion with benzylpiperazine
or other piperazine de riv a tives in prep a ra tions com -
monly known as “le gal highs” [2]. Apart from BZP,
which has been a con trolled sub stance since 8th May
2009, the other sub stances meet the stat u tory def i ni -
tion of “a sub sti tute”, that is a sub stance in any phys i -
cal state, which is poi son ous or harm ful, and is used
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Fig. 1.  Chem i cal struc ture of piperazine de riv a tives: a) BZP, 
b) mCPP, c) MeBP, d) MeOPP, e) MeP, f) TFMPP.



in stead of or for the same pur poses as – other than
med i cal – a nar cotic drug or a psychotropic sub stance.
A pos si ble re sponse of BZP man u fac tur ers to the ban
on sale and dis tri bu tion of this sub stance will be mar -
ket ing of other piperazine de riv a tives, which are its
structural analogues, but are not directly banned.

The pur pose of the study was to de velop and val i -
date chro mato graphic meth ods for de ter mi na tion of
syn thetic de riv a tives of piperazine: 1-benzylpipera-
zine (BZP), 1-(3-chlorophenyl)-piperazine (mCPP),
N-(3-methylbenzyl)piperazine (MeBP), 1-(2-methoxy-
phenyl)-piperazine (MeOPP), 1-methyl-3-phenylpipe-
razine (MeP) and 1-(3-trifluoromethylphenyl)-pipera-
zine (TFMPP). The pa per also pres ents the re sults of
in ves ti ga tion of a wide va ri ety of “le gal highs” con -
tain ing de riv a tives of piperazine.

2. Ma te ri als and meth ods 

Stan dard so lu tions of six sub stances were used in
the study. Stan dards of 1-benzylpiperazine dihydro-
chlo ride (BZP) and 1-(3-trifluoromethylphenyl)pipe-
razine hy dro chlo ride (TFMPP) were pur chased from
the Aus tra lian Gov ern ment Na tional Mea sure ment In -
sti tute (Aus tra lia), 1-(3-chlorophenyl)piperazine hy -
dro chlo ride (mCPP) from Sigma-Aldrich com pany (Ger -
many), while N-(3-methylbenzyl)piperazine dihydro-
chlo ride (MeBP), 1-(2-methoxyphenyl)piperazine
(MeOPP) and 1-methyl-3-phenylpiperazine (MeP)
was pur chased from LGC (Ger many). All stan dards
were solid. Acetonitrile (gra di ent grade for HPLC) and 
meth a nol (an a lyt i cal grade) came from Merck (Darm-
stadt, Ger many).

Qual i ta tive anal y sis of piperazine de riv a tives was
car ried out by GC-MS. The study was con ducted us ing 
an HP 6890N GC sys tem gas chromatograph cou pled
to a 5973 Net work Mass Se lec tive De tec tor man u fac -
tured by Agilent (United States), which is a quadru-
pole mass an a lyzer. A 1-ml sam ple was in jected au to -
mat i cally in splitless mode. Chro mato graphic sep a ra -
tion of the tested sub stances was per formed on an
HP-5MS cap il lary col umn (30 m ´ 0.25 mm ´ 0.25 µm),
in a tem per a ture gra di ent which con sisted of three seg -
ments. Ini tial col umn tem per a ture (75oC) was main -
tained for 1 min, then in creased lin early at the rate of
20oC/min to 275oC, and fi nally main tained for 9 min.
The to tal anal y sis time was 18 min. He lium at a con -
stant flow rate of 1 ml/min was used as a car rier gas.
The spec trom e ter was op er ated in elec tron ion iza tion
mode (EI) and the elec tron beam en ergy was 70 eV.
Pos i tive ions were an a lyzed. Ac qui si tion was car ried

out in scan mode, and the en tire mass range from 40 to
600 amu was col lected.

Quan ti ta tive anal y sis of piperazine de riv a tives was 
per formed by high-per for mance liq uid chro ma tog ra -
phy, us ing a liq uid chromatograph equipped with a spec-
trophotometric di ode-ar ray de tec tor (HPLC-DAD). The
study was con ducted on an Elite LaChrom D-2000
Sys tem in stru ment. Chro mato graphic sep a ra tion was
car ried out on a ChromolithTM RP-18e mono lithic
 column (Merck, 5 µm, 100 mm), in re versed-phase
mode, with a mo bile phase gra di ent. The com po nents
of the mo bile phase were: a mix ture of wa ter with ad di -
tion of 85% phos pho ric acid(V) (100 ml/li ter) (A) and
acetonitrile (B). The flow rate of the mo bile phase was
1 ml/min. The to tal anal y sis time was 9 min. The elu -
tion pro ceeded with the fol low ing gra di ent: 0 min –
99 (A)/1% (B), 4 min – 40% (A)/60% (B), 5 min –
99% (A)/1% (B), 9 min – 99% (A)/1% (B). The col -
umn tem per a ture was 40°C. An autosampler was used
for sam ple in jec tion, and the vol ume of in jec tion was
20 µl. The spec tra of sub stances were re corded in the
spec tral range from 200 to 400 nm.

Iden ti fi ca tion and de ter mi na tion of piperazine de -
riv a tives in ev i den tial sam ples was per formed. In to tal, 
78 tab lets and cap sules were ex am ined. 0.01 g por tions 
of tab lets and cap sules were weighed out in or der to
pre pare the sam ples for GC-MS and HPLC-DAD anal -
y sis. In the first case, the solid drug sam ples were dis -
solved in 0.5 ml of meth a nol, cen tri fuged, and then
an a lyzed by the GC-MS method in the worked out
con di tions. For HPLC anal y sis, the sam ples were dis -
solved in 10 ml of a mix ture of meth a nol and wa ter
(MeOH: H2O, 1:1, v/v), and then di luted (1:50 ra tio)
with wa ter con tain ing 85% phos pho ric acid(V)
(100 µl/l H2O).

3. Re sults and dis cus sion 

3.1. GC-MS method 

In the ap plied con di tions of the GC-MS method,
good chro mato graphic sep a ra tion of the tested com -
pounds was ob tained. A chromatogram of six pipera -
zine de riv a tives and re ten tion times of the cor res-
ponding peaks are shown in Fig ure 2. The mass spec tra 
of piperazine de riv a tives are dif fer ent, and this al lows
un am big u ous iden ti fi ca tion of these com pounds on the 
ba sis of ma jor ions with m/z val ues given in Ta ble I.
The mass spec tra of the above men tioned com pounds
are shown in Fig ure 3.

The lim its of de tec tion (LODs) for the GC-MS
method were de ter mined. A con cen tra tion caus ing
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a de tec tor sig nal three times greater than the noise
(S/N = 3) for the three most in tense ions was ac cepted
as the LOD. The mon i tored ions (m/z) and the LOD
val ues for the ana lysed sub stances for the GC-MS
method are shown in Ta ble I. The LODs for these six
com pounds were in the con cen tra tion range of
2.5–5 mg/ml. They could be low ered by us ing the se -
lected ion mon i tor ing (SIM) mode.

TA BLE I. THE MONITORED IONS (M/Z) AND THE

LIMITS OF DETECTION (LOD) FOR SIX

PIPERAZINE DERIVATIVES

Sub stance m/z LOD [µg/ml]

MeP 58, 104, 176, 43 2.5

BZP 91, 134, 176, 56 5.0

TFMPP 188, 230, 172, 145 2.5

MeBP 105, 148, 190, 56 5.0

MeOPP 150, 192, 135, 120 5.0

mCPP 154, 196, 156, 57 5.0

A chromatogram of six piperazine de riv a tives ob -
tained by HPLC-DAD is shown in Fig ure 4. The ob -
tained sep a ra tion of the com po nents was sat is fac tory.
The UV/VIS spec tra of piperazine de riv a tives are dif -
fer ent, and they have ab sorp tion max ima at dif fer ent
wave lengths. These fea tures can be used for con fir ma -
tion of the pres ence of a spe cific de riv a tive of pipe -
razine (Fig ure 5). Quan ti ta tive anal y sis of these com -
pounds was per formed at a wave length of 205 nm.

3.2. Val i da tion of HPLC method

The de vel oped HPLC method was val i dated. The
val i da tion cov ered de ter mi na tion of limit of method

lin ear ity, lim its of de ter mi na tion and quan ti fi ca tion
(LOQ) as well as pre ci sion and ac cu racy. The val ues
of cal i bra tion curves pa ram e ters are pre sented in Ta -
ble II. First-de gree equa tions were fit ted to all ob tained 
cal i bra tion re la tion ships. The HPLC method was lin -
ear over the en tire range of tested con cen tra tions, i.e.
from 5 to 100 mg/ml for all in ves ti gated com pounds. 

The val i da tion pa ram e ters were cal cu lated us ing
Val i da tion Man ager soft ware by Merck. The re sults
are shown in Ta ble III. The de ter mined LODs ranged
from 0.05 to 0.25 mg/ml, and the LOQs from 0.125 to
0.5 mg/ml. The intra- and in ter group pre ci sion were
de ter mined at three con cen tra tion lev els: 5, 20 and
50 mg/ml. The mea sure ments were con ducted for
4 con sec u tive days, and five de ter mi na tions were done 
for each con cen tra tion. The intra- and in ter group pre -
ci sion were ex pressed as a per cent co ef fi cient of vari a -
tion (CV). The CV val ues of both pa ram e ters were
be low 5% for all tested com pounds and their con cen -
tra tions. These val ues were higher only for BZP at
5 mg/ml. This could re sult from the fact that dur ing elu -
tion of BZP from the col umn, a rapid change in com -
po si tion of the mo bile phase oc curred. This could
af fect the signal re peat abil ity, and thus the pre ci sion at
such low con cen tra tions of this com pound. The rel a -
tive er ror was as sumed as a mea sure of ac cu racy. For
most of the tested com pounds, the dif fer ences in mea -
sure ments did not ex ceed 5%, ex cept BZP at con cen -
tra tions of 5 mg/ml.

3.3. Ap pli ca tion of the de vel oped
chro mato graphic meth ods to de ter mi na tion of 
piperazine de riv a tives in ev i den tial sam ples 

Sev enty eight sam ples of “le gal highs” prod ucts
seized on the drug mar ket were in ves ti gated at the In -
sti tute of Fo ren sic Re search, Kraków. The re sults of
piperazine de riv a tives de ter mi na tions in the ev i den tial 
sam ples are pre sented in Ta ble IV. 

The per formed anal y ses in di cated that one or more
piperazine de riv a tives were con tained in 18 tested cap -
sules and 27 ana lysed tab lets, al though their pres ence
was not de clared in the prod uct spec i fi ca tion. The
pack ages of sev eral of these prod ucts bore the state -
ment “the prod uct does not con tain benzylpiperazine”
(in Pol ish). BZP was the sole ac tive in gre di ent only in
2 tested tab lets. By con trast, TFMPP was de tected to -
gether with BZP in 23 tab lets and 6 cap sules. As can be 
seen, the range of con cen tra tions of both com pounds
in the in ves ti gated prep a ra tions was quite broad. In
some prod ucts, BZP con tent was sub stan tial and TFMPP
was at trace amounts, whereas in oth ers BZP con tent
was about two times higher than TFMPP con tent.
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Fig. 2. Chromatogram with re ten tion times of six piperazine
de riv a tives ob tained by GC-MS method: 1) MeP – (6,29’),
2) BZP – (6,41’), 3) TFMPP – (6,57’), 4) MeBP – (6,87’),
5) MeOPP – (7,10’), 6) mCPP – (7,65’).
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Fig. 3. Mass spec tra and chem i cal struc tures of piperazine de riv a tives: a – MeP, b – BZP, c – TFMPP, d – MeBP, e – MeOPP,
f  – mCPP.



How ever, it should be noted that the res o lu tions con -
cern ing these cases were is sued be fore the en try into
force of the amended act on coun ter act ing drug ad dic -
tion, that is be fore May 8th, 2009.

 In terms of the con tent of other de riv a tives of
piperazine, MeO (methoxyphenylpiperazine) was found
in 2 tab lets, pFPP (1-(p-fluorophenyl)piperazine) in
3 cap sules, and a mix ture of MeO and pFPP was con -
tained in 6 of the tested cap sules. Piperazine de riv a -
tives were not found in 23 of the ex am ined tab lets nor
in 10 cap sules, al though the de scrip tion on the pack -
ages sug gested that they (may)con tain this type of
com pound. These cap sules con tained, among other

things, ben zo phe none and diphenylprolinol, which is
also of ten taken for rec re ational pur poses as an agent
act ing sim i larly to am phet amine, while the tab lets con -
tained, among other things, lauroscholtzine, which is
a sub stance of plant or i gin with an aes thetic prop er ties.
The pres ence of med i cines, in clud ing mexiletine and
fenfluramine, was also as cer tained in the tested sam ples.

4. Con clu sions 

The de vel oped chro mato graphic meth ods al low
qual i ta tive and quan ti ta tive anal y sis of piperazine de -
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TA BLE II. PARAMETERS OF CALIBRATION CURVES FOR HPLC METHOD

Parametr MeP BZP TFMPP MeBP MeOPP mCPP

A 111287 97951.6 142960 89104.3 297974 259835

Sa 660.7 715.6 1.0×104 848.3 1.8×104 601.9

B –86268.6 7731.9 999824 39480.8 –1.6×106 41386.9

Sb 3.1×104 3.3×104 4.8×105 4.0×104 8.5×105 2.8×104

R 0.9999 0.9999 0.9899 0.9998 0.9926 0.9999

a – slope, b – in ter cept, sa and sb – the er rors of a and b es ti ma tion, r – cor re la tion co ef fi cient.

TA BLE III. VALIDATION PARAMETERS FOR HPLC METHOD OF PIPERAZINE DERIVATIVES DETERMINATION 

Sub stance
con cen tra tion
[µg/ml]

MeP BZP MeBP MeOPP mCPP TFMPP

In ter group pre ci sion (CVin ter group) [RSD, %]

5 1.78 1.56 1.02 0.64 0.77 1.42

20 0.27 0.37 0.18 0.09 0.10 0.14

50 0.93 1.46 0.59 0.25 0.23 0.32

Intragroup pre ci sion (CVintragroup) [RSD, %]

5 3.89 5.66 3.55 2.11 0.77 1.87

20 0.93 2.23 1.17 0.55 0.12 0.44

50 0.95 2.39 1.06 0.88 0.65 0.44

Ac cu racy (the ob tained con cen tra tion; rel a tive er ror (bias) [%])

5 4.78 (–4.40) 5.50 (10.00) 5.22 (4.40) 4.86 (–2.78) 4.84 (–3.30) 4.92 (–1.57)

20 19.35 (–3.26) 20.23 (1.44 ) 20.02 (0.10) 20.27 (1.37) 20.08 (0.42) 19.94 (–0.32)

50 49.61 (–0.79) 50.28 (0.56) 50.18 (0.35) 50.72 (1.43) 50.58 (1.16) 50.13 (0.27)

Lim its of de tec tion (LOD) [µg/ml] and quan ti fi ca tion (LOQ) [µg/ml]

LOD 0.125 0.250 0.125 0.050 0.050 0.050

LOQ 0.250 0.500 0.250 0.125 0.125 0.125



riv a tives in sam ples orig i nat ing from the (il le gal) drug
mar ket and in so-called “le gal highs”. The re sults

show that both tab lets and cap sules con tain var i ous de -
riv a tives of piperazine, whose pres ence has not been
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TA BLE IV. RE SULTS OF PIPERAZINE DERIVATIVES DETERMINATIONS IN EVIDENTIAL SAMPLES

Sam ple de scrip tion Num ber of 
sam ples

BZP 
[mg]

TFMPP 
[mg]

Other piperazine de riv a tives Other sub stances

Pink tab lets: “Groove
Party Pills”

4 – – – Lauroscholtzine

Green cap sules:
“Chem is try”

3 – – – Ben zo phe none,
diphenylprolinol

Blue tab lets: “Mind
Mu sic”

3 – – – Lauroscholtzine

Greek-white cap sules: 
“The Big Grin”

6 – – MeO (methoxyphenyl-piperazine),
pFPP
(1-(p-fluorophenyl)-piperazine)

Caf feine,
nicotinamide

Black-white tab lets:
“Diablo XXX”

2 241 107 – –

Black tab lets : “Crank 
4 Pack Turn It Up”

4 72 0.6 – Chavicine,
caf feine

Pink tab lets: “e.p.e.p.
New Super Strength”

2 185 93 – –

Pink tab lets: “Mind
Candy”

2 256 128 – –

White tab lets: “Doves 
Orig i nal”

2 124 19 – –

White-red cap sules:
“Jump R18”

3 66 6 – Nicotinamide

Red tab lets: “X
Ex treme En ergy Pills”

3 120 12 – Nicotinamide

White tab lets:
“Doves”

2 – – – Fenfluramine

Blue tab lets: “Move
En ergy Pills”

4 – – – Caf feine

Yel low tab lets:
“Hum mer En ergy
Pills”

4 – – – Caf feine

Pink tab lets: “MeO
Sum mer Pills“

2 – – MeO (metoxyphenyl-piperazine) –

Blue tab lets: “Mind
Mu sic“

2 – – – Lauroscholtzine

Pink tab lets: “Groove
Party Pills”

4 – – – Lauroscholtzine

Cream tab lets:
“Groove Party Pills“

2 49 25 – –

Red tab lets: “Diablo” 4 208 98 – –

Red tab lets: “Ex otic” 2 196 98 – Chavicine

White tab lets:
“Ex otic”

2 3 – – Nicotinamide



de clared on the pack ages, and the level of their con -
cen tra tion is highly di verse and un pre dict able. High
vari abil ity of the con tent of the de tected sub stances in
par tic u lar prod ucts could eas ily lead to poi son ing with -
out the pos si bil ity of a clear iden ti fi ca tion of its cause.
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1. Ws têp

Po chodne pi per azy ny by³y pocz¹tkowo wy kor zyst y -
wane w we ter yna rii m.in. do zwal czan ia paso ¿ytn iczych
in fekc ji dro biu. Pro wad zono rów nie¿ pra ce ba dawc ze
nad ich pr zyda tnoœci¹ jako œr odków roz szer zaj¹cych na -
czyn ia kr wion oœne oraz ha muj¹cych wzrost guzów no -
wot woro wych. Nie spe³ni³y one jed nak ocz ekiwañ w tym 
za kres ie, tra fi³y na tom iast na ry nek nar kot yko wy ze  wzglê-
 du na w³aœc iwo œci psy choa kty wne. W ma³ych daw kach
dzia³aj¹ sty mul uj¹co, w wiê ksz ych wywo³uj¹ ha luc yna -
cje [14]. Sub stanc je te za lic za siê do tzw. na rko tyków
pro jekt owa nych (ang. de sig ner dru gs). Wchodz¹ one rów -
nie¿ w sk³ad wie lu pre paratów zwa nych po toczn ie  dopa -
la czami.

Naj bard ziej po pul arn¹ po chodn¹ pi per azy ny jest
1-ben zyl opi per azy na (BZP), zna na rów nie¿ pod nazw¹
Le gal E. Zwi¹zek ten zsyn tet yzo wano po raz pierw szy
w roku 1944 w Wiel kiej Bry tan ii i sto sow ano w we ter y -
na rii, po tem w la tach sie demd ziesi¹tych dwu dzies tego
wie ku pro wad zono ba dan ia pod k¹tem jego w³aœ ciw oœci
prze ciwd epr esyj nych [4]. Nie spe³ni³ on jed nak ocz eki -
wañ w tym za kres ie, zna laz³ siê na tom iast na ryn ku nar -
kot yko wym jako œro dek sty mul uj¹cy oœr odk owy uk³ad
ner wowy (OUN), dzia³aj¹cy po dobn ie do am fet ami ny,
jed nak oko³o 10-krot nie s³ab szy. W Eu rop ie kon tyn enta l -
nej po raz pierw szy od not owa no po jaw ienie siê BZP na
ryn ku nar kot yko wym w 1999 roku w Szwe cji [16]. Efek-
ty dzia³ania BZP obejm uj¹ po bud zenie, eu for iê, zw iêk -
szen ie kon cent racji, wy czul enie na bo dŸce ze wnêt rzne
(tj. do tyk, mu zykê). Œred nia daw ka ak tywna po poda niu
do ustn ym wy nosi 75–150 mg. Czas trwa nia efek tów waha
siê w zale ¿noœci od przy jêtej daw ki, ale zwy kle mie œci siê 
w gra nic ach 6–8 go dzin. BZP ma bar dzo w¹ski mar gin es
bez pieczn ego za¿ ywania i w zal e¿noœci od uwa runkow añ 
ge net yczny ch i osob owy ch mo¿e wywo³ywaæ wie le ne -
gat ywny ch sk utk ów [7].

BZP wy stê puje na ryn ku nar kot yko wym w po staci
prosz ku, kap su³ek i ta blet ek sprze daw any ch najcz êœc iej
jako eks tazy lub am fet ami na – wiêc na bywcy nie wiedz¹,
¿e ku puj¹ nowy, nie bezp ieczny nar kot yk [10]. Ostatn ia
no wel iza cja Ustawy O prze ciwd zia³aniu nar kom anii
z dnia 20 mar ca 2009 roku spo wod owa³a, ¿e BZP zo sta³a
uznana za subst ancjê psy chot ropow¹ z gru py II-P (Usta -
wa z dnia 29 lip ca 2005 r. O prze ciwd zia³aniu nar kom anii,
Dzien nik Ustaw 2005, 179, 1485). Inn¹ po pul arn¹ po -
chodn¹ pi per azy ny jest 1-(3-tri fluo rome tyl ofe nylo)pipe-
ra zyna (TFMPP). Jed nor azo wa daw ka tej sub stanc ji mie -
œci siê w gra nic ach 25 do 100 mg. Czas jej dzia³ania wy -
nosi 5–8 go dzin [5]. TFMPP cz êsto wy stêpuje w po³¹- 

cze niu z BZP, wzmac nia jej dzia³anie i jedno czeœnie na -
sila efekty uboczne. Taka mie szan ina wywo³uje efekty
po dobne do MDMA [1]. Na stêp stwa wie lol etni ego przyj -
mow ania zwi¹zków o struk tur ze pi per azyn nie s¹ ca³ko -
wic ie zba dane, ale ju¿ dzi siaj wia domo, ¿e wys têp uj¹ca
czê sto mie szan ina BZP i TFMPP po wod uje wie le efe k -
tów uboczn ych, ta kich jak be zsennoœæ, ni epokój, md³oœci 
i wy mioty, upor czywe bóle g³owy, ob jawy gry pop odob -
ne, okres owa im pot encja, a ta k¿e nie kiedy psy chozy [11].
Przyj mow aniu zwi¹zków o cha rakt erze pi per azyn  towa -
rzy szy tak ¿e ta chyk ardia, hi pert ermia i po dwy¿ szona tem-
pe rat ura, a wy ¿sze daw ki wywo³uj¹ ha luc yna cje, drgaw -
ki i depre sjê OUN. Przy d³ugot rwa³ym i  niekontrolowa -
nym przyj mow aniu tego typu zwi¹zków nie mal pew ne
jest nie tyl ko uza le¿nienie, ale rów nie¿ wy niszc zenie or -
gan izmu, ³¹cznie z za bur zeni em funk cjon owa nia uk³adu
ner wow ego oraz pra cy ser ca, w¹tro by i ne rek.  Dotych -
czas nie za not owa no zg onów, kt óry ch be zpo œre dni¹ przy -
czyn¹ by³oby za ¿yc ie po chodn ych pi per azy ny. Ob serw o -
wa no jed nak przy padki zgon ów, po któr ych we krwi
i mo czu wy kryw ano, op rócz in nych na rkotyków i  alko -
holu, ró wnie¿ po chodne pi per azy ny [3].

Oznac zanie po chodn ych pi per azy ny na jcz êœc iej jest
pro wad zone przy za stos owa niu me tod chro mat ogr afic z -
nych. Naj bard ziej u¿y teczn¹ i naj czêœ ciej u¿y wan¹ me -
tod¹ w la bor ato ria ch s¹do wych jest chro mat ogr afia ga zo - 
wa sprz ê¿o na ze spek trom etr em mas (GC-MS). Me toda
ta um o¿l iwia ³atw¹ id ent yfikacjê za rów no  derywatyzo -
wa nych po chodn ych pi per azy ny, jak ró wni e¿ bez prze -
prow adz ania pro cesu de ryw aty zac ji. H. Mau rer przed -
sta wi³ wid ma ma sowe uzys kane me tod¹ GC-MS dla BZP,
MDBP, TFMPP, mCPP i Me OPP oraz ich tri met ylo sil i -
lo wych po chodn ych [8]. Op rócz tech niki GC-MS do
oznac zania po chodn ych pi per azy ny sto sow ano rów nie¿
chr oma tog rafiê ga zow¹ z de tekt orem azot owo-fos for o -
wym (NPD). Boer i inni oznac zali t¹ me tod¹ BZP, Me -
OPP i TFMPP w kap su³kach [2].

Me toda GC-MS jest ró wni e¿ cz êsto sto sow ana do
oznac zania po chodn ych pi per azy ny i ich me tab oli tów
w p³ynach ustroj owy ch. Pe ters F. i inni oprac owa li me to -
dê do skry ning owej i jed noc zesn ej anal izy po chodn ych
am fet ami ny oraz po chodn ych pi per azy ny (BZP, TFMPP, 
mCPP, Me OPP i MDBP) w osoc zu [9]. Sta ack i Mau rer
przed staw ili w swo jej pra cy wy niki oznac zania Me OPP
i jej me tabolitów w mo czu [12]. Drug¹ roz pow szechni o n¹
me tod¹ wy kor zyst ywan¹ do tego celu jest  chromato gra -
fia cie czowa spr zê¿o na ze spek trom etri¹ mas (LC-MS).
Tsu ts umi i inni za prez ento wali wy niki oz nac zeñ BZP
i TFMPP oraz ich g³ów nych me tab olitów me tod¹ LC-MS 
[15]. El liot i Smith oznac zali zawar toœæ pozio mów stê¿eñ 
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BZP i TFMPP we krwi i mo czu me tod¹ LC-MS i HPLC-
DAD [3]. Au tor zy w swo jej pra cy przed staw ili równi e¿
wy niki oz nac zeñ iz ome rów struk tur alny ch BZP, TFMPP
i CPP.

Izom ery struk tur alne, który ch nie mo¿na rozró ¿niæ
przy za stos owa niu techniki GC-MS, mog¹ byæ  rozró¿ -
niane przy za stos owa niu me tody wy sok osp rawnej chro -
mat ogr afii cie czow ej przy u¿y ciu chro mat ogr afu wypo -
sa ¿on ego w de tekt or spek trof oto met ryc zny UV z  szere -
giem diod (HPLC-DAD), ze wzg lêdu na zró ¿ni cowane
wid ma ab sorpc ji tych zwi¹zków. Zuba i Sta nas zek przed -
staw ili wy niki oznaczeñ dwóch izomerów – mCPP
i pCPP [13].

Ob ecn oœæ ni ekt órych po chodn ych pi per azy ny (m.in.
BZP i iz ome rów struk tur alny ch CPP) jest wy kryw ana
 równie¿ przy za stos owa niu te stów im mun och emic znych, 
ce low any ch na ob ecn oœæ metamfetaminy [6]. 

Obecn ie ben zylo- i fe nyl opo cho dne pi per azy ny, ta kie 
jak przed staw ione na ry cin ie 1, wy stê puj¹ po jed ynczo
lub w kom bin acj ach z ben zyl opi per azyn¹ lub in nymi po -
chodn ymi pi per azy ny w pre par ata ch po pul arnie zwa nych 
do pal acz ami [2]. Op rócz BZP, kt óra od 8 maja 2009 roku
znaj duje siê na liœc ie sub stanc ji kon trol owa nych,  pozo -
sta ³e sub stanc je od pow iadaj¹ ustaw owej de fin icji œr odka
za stê pcz ego, czy li sub stanc ji w ka¿ dym sta nie fi zyczn ym,
kt óra jest tru cizn¹ lub œro dkiem szko dliw ym, u¿yw an¹
za miast lub w ta kich sa mych ce lach, in nych ni¿ me -
dyczne, jako œr odek odu rzaj¹cy lub sub stanc ja psy chot ro -
po wa. Re akcj¹ pr odu centów na za kaz sp rzeda¿y i dys try -
bu cji ben zyl opi per azy ny bêd zie za pewne wpro wad zanie
na ry nek po chodn ych pi per azy ny, bêd¹cych jej  struktu -
ral nymi anal oga mi, które nie pod leg aj¹ bez poœ redniej
kon troli.

Ce lem pra cy by³o oprac owa nie i wa lid acja chro mat o -
gr afic znych me tod oznac zania syn tet yczny ch po chodn ych
pi per azy ny: 1-ben zyl opi per azy ny (BZP), 1-(3-chlo rof e -
ny lo)-pi per azy ny (mCPP), N-(3-me tyl obe nzylo)pi pera -
zyny (MeBP), 1-(2-me toks yfe nylo)-pi per azy ny (Me OPP),
1-me tylo-3-fe nyl opi per azy ny (MeP) i 1-(3-tri fluo rome -
tyl ofe nylo)-pi per azy ny (TFMPP). W pra cy przed staw io -
no równi e¿ wy niki ba dañ sze rok iej gru py pro duktów
typu „do pal acze” za wier aj¹cych po chodne pi per azy ny.

2. Ma ter ia³y i me tody

W ba dan iach wy kor zyst ano wzor ce 6 sub stanc ji. Wzor -
ce dwu chlor owo dor ku 1-ben zyl opi per azy ny (BZP) i chlo -
ro wod orku 1-(3-tri fluo rome tyl ofe nylo)pi per azy ny (TFMPP)
zo sta³y za kup ione w fir mie Au stral ian Govern ment Na -
tion al Me asur eme nt In stit ute (Au stral ia), na tom iast chlo -
row odo rek 1-(3-chlo rof eny lo)pi per azy ny (mCPP) w fir mie
Sig ma-Al dr ich (Niem cy). Dwu chlor owo dor ek N-(3-me -
tyl obe nzylo)pi per azy ny (MeBP) i 1-(2-me toks yfe nylo)-
pi per azy ny (Me OPP) oraz 1-me tylo-3-fe nyl opi per azy na

(MeP) zo sta³y za kup ione w fir mie LGC (Niem cy). Wszyst -
kie wzor ce by³y w po staci sub stanc ji sta³ych. Ace t oni tryl
(Gra dient Gra de for HPLC) i me tan ol (anal yti cal gra de)
po chod zi³y z fir my Merck (Darm stadt, Niem cy).

Ana lizê jak oœciow¹ po chodn ych pi per azy ny prze pro -
w adz ono me tod¹ chro mat ogr afii ga zow ej sp rzê ¿onej ze
spek trom etri¹ mas (GC-MS). Ba dan ia pro wad zono, wy -
kor zyst uj¹c chro mat ogr af ga zowy se rii HP 6890 N GC
Sys tem spr zê¿ony ze spek trom etr em mas 5973 Ne twork
Mass Se lect ive De tekt or fir my Agil ent (Sta ny  Zjedno -
czo ne), bêd¹cym kwa drup olo wym anal iza tor em mas.
Prób kê w iloœ ci 1 µl do zow ano au tom aty cznie, sys tem em 
bez po dzia³u. Chro mat ogr afic zny roz dzia³ ba dan ych sub -
stanc ji pro wad zono na ko lumn ie ka pil arnej HP-5MS
(30 m ´ 0,25 mm ´ 0,25 mm) przy za stos owa niu pro -
gramu tem per atu row ego, któ ry sk³ada³ siê z trzech seg -
mentów. Tem per atu ra pocz¹tkowa ko lumny (75oC) by³a
utrzym ywa na przez 1 min, nastêpnie wzra sta³a li niowo
z sz ybko œci¹ 20oC/min do 275oC i po zos tawa³a   niezmie -
niona przez 9 min. Ca³ko wity czas anal izy wy nosi³ 18 min.
Jako gaz no œny sto sow ano hel o sta³ej szy bko œci prze -
p³ywu wy nosz¹cej 1 ml/min. Spek trom etr pra cowa³
w elekt rono wym try bie jo niz acji (EI), a energ ia wi¹zki
bom bard uj¹cych ele ktro nów wy nosi³a 70 eV. Anal izo -
wano jony do datn ie. Ak wizy cjê pro wad zono w try bie
ska now ania ca³ego za kresu mas, od 40–600 amu.

Anal izy iloœ cio wej po chodn ych pi per azy ny do kon a -
no me tod¹ wy sok osp rawnej chro mat ogr afii cie czow ej,
sto suj¹c chro mat ogr af cie czowy wyp osa¿ ony w de tekt or
spek trof oto met ryc zny z sze reg iem diod (HPLC-DAD).
Do bad añ wy kor zyst ano apar at Elite La Chrom D-2000
Sys tem. Roz dzia³ chro mat ogr afic zny prze prow adz ono na 
ko lumn ie mo nol ity cznej Chro mol ith RP-18e (Merck,
5 mm, 100 mm) w odwróconym uk³adzie faz, przy gra -
dient owej zmia nie sk³adu fazy ru chom ej. Fazê ru chom¹
sta nowi³a mie szan ina wody z do datk iem 85% kwa su fos -
for owe go(V) (100 ml/litr) (A) oraz acet oni try lu (B). Prze -
p³yw fazy ru chom ej wy nosi³ 1 ml/min, a ca³ko wity czas
anal izy 9 min. Eluc ja prze biega³a w nast êpuj¹cych wa -
runk ach gra dient owy ch: 0 min – 99% (A)/1% (B), 4 min –
40% (A)/60% (B), 5 min – 99% (A)/1% (B), 9 min –
99% (A)/1% (B). Tem per atu ra ko lumny wy nosi³a 40oC.
Do zow anie pr óbki na ko lum nê od bywa³o siê przez au -
tom aty czny po dajn ik pr óbek. Ob jêto œæ pr óbki na nos zo -
nej na ko lum nê wy nosi³a 20 ml. Wid ma sub stanc ji re -
je strow ano w za kres ie spek traln ym od 200 do 400 nm. 

Prze prow adz ono iden tyfi kac jê i oznac zenia zawar -
toœci po chodn ych pi per azy ny w pr óbk ach do wod owy ch.
£¹cznie pod dano ba dan iom 78 ta blet ek i kap su³ek, z któ -
rych po brano na wa¿ki o ma sie 0,01 g w celu przy got owa -
nia prób ek do anal izy me tod¹ chro mat ogr afii ga zow ej
i wy sok osp rawnej chro mat ogr afii cie czow ej. W pierw -
szym przy padku sta³e prób ki nark otyk ów roz puszc zano
w 0,5 ml me tan olu i od wir owy wano, a na stê pnie pod dano 
anal izie GC-MS w wa runk ach oprac owa nej me tody. Do
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anal izy me tod¹ HPLC pr óbki roz puszc zano w 10 ml mie -
szan iny me tan olu z wod¹ (MeOH : H2O, 1:1, v/v), a na -
stê pnie ro zci eñc zano (w sto sunku 1:50) wod¹ z do dat -
kiem 85% kwa su fos for owe go(V) (100 ml/l H2O).

3. Wy niki i dys kus ja

3.1. Me toda GC-MS

W za stos owa nych wa runk ach me tody GC-MS uzys -
kano do bry roz dzia³ chro mat ogr afic zny ba dan ych zwi¹z -
ków. Na ry cin ie 2 przed staw iono chro mat ogr am szeœ ciu
po chodn ych pi per azy ny oraz cza sy re tenc ji pi ków im od -
pow iadaj¹cych. Wid ma ma sowe po chodn ych pi per azy ny 
ró ¿ni¹ siê mi êdzy sob¹, co po zwala na jed noz naczn¹
 iden tyfikacjê tych zwi¹zków na pod staw ie g³ówn ych  jo -
nów o m/z poda nych w ta beli I. Wid ma ma sowe ww.
zwi¹zków przed staw iono na ry cin ie 3.

Wy znac zono gra nice wyk ryw alnoœci dla me tody
GC-MS. Za gra nicê wyk rywalnoœci prz yjêto stê ¿enie wy -
wo³uj¹ce sy gna³ de tekt ora trzy krotn ie wiêk szy ni¿ wyso -
koœæ szum ów (S/N = 3) dla trzech naj bard ziej in ten -
syw nych jon ów. W ta beli I przed staw iono mo nit oro wane 
jony (m/z) oraz wa rto œci gra nic wyk rywalnoœci me tody
GC-MS chro mat ogr afow any ch sub stanc ji. Gra nice  wy -
krywalnoœci dla tych sze œciu zwi¹zków mie œci³y siê w za -
kres ie st ê¿eñ od 2,5–5 mg/ml. Mog¹ one zo staæ ob ni¿o ne
po przez za stos owa nie try bu mo nit oro wan ia wy bran ych
jo nów (SIM). 

Na ry cin ie 4 przed staw iono chro mat ogr am szeœ ciu
po chodn ych pi per azy ny otrzymany me tod¹ HPLC-DAD. 
Uzys kano za dow alaj¹cy roz dzia³ pos zczególnych sk³ad -
ników. Wid ma UV/VIS po chodn ych pi per azy ny ró ¿ni¹
siê mi êdzy sob¹ i wy kaz uj¹ mak sim um ab sorpc ji przy
 ró¿nych d³ug oœcia ch fal, co mo ¿na wy korzy staæ do po -
twierd zenia ob ecnoœci kon kretn ej po chodn ej pi per azy ny
(ry cina 5). Anal izy iloœ cio we tych zwi¹zków pro wad zo -
no dla d³ugoœci fali równej 205 nm.

3.2. Wa lid acja me tody HPLC

Oprac owan¹ metodê HPLC pod dano wa lid acji, w ra -
mach kt órej wy znac zono za kres li niowoœci me tody, gra -
nice ozn acz alnoœci i wyk ryw alnoœci oraz pre cyz jê i do -
k³adn oœæ. W ta beli II przed staw iono warto œci param e -
trów krzy wych ka lib racy jnych. Dla wszyst kich otrzym a -
ny ch zale¿n oœci ka lib racy jnych do pas owa no ró wna nia
I-go stop nia. Me toda HPLC za chow ywa³a li niow oœæ
w ca³ym za kres ie ba dan ych st ê¿eñ, tj. od 5 do 100 mg/ml
dla wszyst kich ba dan ych zwi¹zków. 

Do ob lic zenia pa ram etrów wa lid acy jnych  wykorzy sta -
no pro gram Va lid ati on Ma nag er fir my Merck. Uzys kane
wy niki przed staw iono w ta beli III. Wy znac zone gra nice
wyk ryw alnoœci mie œci³y siê w za kres ie 0,05– 0,25 mg/ml,

na tom iast gra nice ozn acz alnoœci w za kres ie 0,125–
0,5 mg/ml. Pr ecyz jê wewn¹trz- i zewn¹trz grup ow¹ wy -
znac zono na trzech po ziom ach st ê¿eñ wy nosz¹cych 5, 20
i 50 mg/ml. Oznac zenia pro wad zono przez 4 ko lejne dni,
wy kon uj¹c po piêæ oz nac zeñ ka ¿de go ze st ê¿eñ. Pr ecy zjê
wewn¹trz- i zewn¹trz grup ow¹ wyr a¿ono jako  procen -
towy wspó³czyn nik zmie nnoœci (CV). Dla wszyst kich ba -
dan ych zwi¹zków oraz wszyst kich ba dan ych st ê¿eñ war- 
toœ ci CV dla obu pa ram etrów wy nosi³y po ni¿ ej 5%. Je dy -
n ie dla BZP na po ziom ie st ê¿en ia 5 mg/ml wa rtoœ ci te
by³y wy ¿sze. Mog³o to byæ wy nik iem tego, ¿e w cza sie
wy myw ania BZP z ko lumny na stêp owa³a szyb ka zmia na
sk³adu fazy ru chom ej, co mog³o wp³ywaæ na po wta rzal -
noœæ sy gna³u, a co za tym idzie, precyzjê oznaczeñ tak
 nis kich st ê¿eñ tego zwi¹zku. Jako mi arê dok³ad noœci
 przy jêto b³¹d wz glêdny. Dla wi êkszoœci ba dan ych zwi¹z- 
ków ró ¿ni ce w wy nik ach po miar owy ch nie prze krac za³y
5% z wyj¹tkiem BZP na po ziom ie st ê¿en ia 5 mg/ml.

3.3. Za stos owa nie oprac owa nych me tod 
chro mat ogr afic znych do oznac zania 
po chodn ych pi per azy ny w pr óbk ach 
do wod owy ch

W In styt ucie Eks pert yz S¹do wych prze bad ano 78 pró -
b ek w zwi¹zku z po jaw ieni em siê na ryn ku nar kot yko -
wym pro duk tów typu „do pal acze”. Wy niki oz nac zeñ po -
chod nych pi per azy ny w pr óbk ach do wod owy ch przed -
staw iono w ta beli IV.

Prze prow adz one anal izy wy kaza³y, ¿e 18 ba dan ych
kap su³ek i 27 ba dan ych ta blet ek za wiera³o jedn¹ lub  wiê -
cej po chodn ych pi per azy ny, mimo ¿e ich ob ecn oœæ nie
by³a de klar owa na w opis ie pro duktu. Na opak owa nia ch
niek tór ych z nich by³a za mieszc zona in form acja w jê -
zyku pol skim „pro dukt nie za wiera ben zyl opi per azy ny”.
Tyl ko w dwó ch ba dan ych ta bletk ach BZP by³o jedy-
 nym sk³ad nik iem ak tywn ym. Na tom iast w 23 ta bletk ach
i 6 kap su³kach opr ócz BZP wy kryto ró wnie¿ TFMPP. Jak 
mo ¿na za uwa¿ yæ, za kres st ê¿eñ obu zwi¹zków w  bada -
nych pre par ata ch by³ doœæ sze roki. Ob serw owa no przy -
padki, w któr ych – przy znacz nej zawar toœci BZP –
TFMPP znaj dowa³o siê w œlad owy ch iloœ cia ch, jak i ta -
kie, w kt órych za wartoœæ BZP by³a oko³o dwu krotn ie
wy¿ sza ni¿ zaw artoœæ TFMPP. Zda rza³o siê rów nie¿, ¿e
zaw artoœci obu zwi¹zków by³y prak tyczn ie ident yczne.
Nale¿y jed nak zaz naczyæ, ¿e po stan owi enia w tych spra -
wach zo sta³y wy dane przed wejœciem w ¿ycie zno wel izo -
wan ej Ustawy O prze ciwd zia³aniu nar kom anii, a wiêc
przed 8 maja 2009 roku.

Spoœród in nych po chodn ych pi per azy ny 2 ta bletki za -
wiera³y MeO (me toks yfe nylo-pi pera zynê), 3 kap su³ki za -
wiera³y pFPP (1-(p-flu orof eny lo)pip eraz ynê), a 6 bada -
nych kap su³ek za wiera³o mi esza ninê MeO i pFPP. 23 ta -
bletki i 10 kap su³ek nie za wiera³o po chodn ych pi per azy -
ny, jak kolw iek opisy na opak owa nia ch su ger owa³y, ¿e
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mog¹ za wie raæ tego typu œr odki. W kap su³kach tych wy -
kryto m. in. ben zof enon i di fen ylo pro linol, kt óry ró wni e¿
bywa przyj mow any w ce lach re krea cyjny ch jako œr odek
dzia³aj¹cy po dobn ie do am fet ami ny. W ta bletk ach stwier -
dzo no na tom iast ob ecn oœæ m.in. lau ros zoltzy ny – sub -
stanc ji po chod zenia ro œlin nego o w³aœ ciwo œcia ch znie -
czul aj¹cych. Ba dane pr óbki za wiera³y ró wnie¿ leki, m.in. 
me ksyl etynê i fe nflu raminê. 

4. Wnio ski

Oprac owa ne me tody chro mat ogr afic zne po zwal aj¹
na prze prow adz enie anal izy jako œci owej i iloœ cio wej po -
chodn ych pi per azy ny w pr óbk ach po chodz¹cych z nie -
leg alne go ryn ku nar kot yko wego i tzw. do pal aczy. Wy -
niki ba dañ po kaz uj¹, ¿e za rów no ta bletki, jak i kap su³ki
za wier aj¹ ró ¿ne po chodne pi per azy ny, kt óry ch ob ecn oœæ
nie by³a de klar owa na na opak owa nia ch, a po ziom ich st ê -
¿eñ jest wy soce ró ¿no rodny i nie przew idy wal ny. Du¿a
zmi ennoœæ zaw artoœ ci wy kryt ych sub stanc ji w  poszcze -
gólnych pro dukt ach po wod uje, ¿e ³atwo mo¿e do jœæ do
przypadków zatruæ bez mo¿liwoœci jednoznacznej  iden -
tyfikacji przy czyny.     
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