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ABSTRACT: The usefulness of thin-layer chromatography (TLC) in the identifica-
tion of cocaine (C) and benzoylecgonine (BE) in urine and tissues was evaluated. The
possibility of separating C from BE as well as both of these compounds from the “bio-
logical background” and also the sensitivity of different staining systems were studied.
To this end, 30 developing systems were examined, four of which (methanol-chloro-
form 4:1, ethyl acetate-methanol-ammonia 60:30:6, chloroform-methanol-ammonia
100:20:1, chloroform-methanol-ammonia-water 70:30:1:0.5) were assessed as opti-
mal for the analysis of extracts from the liver and the kidney due to good separation
of the investigated xenobiotics from the “biological background”. For the analysis of
urine extracts, the first three systems out of those mentioned above and the mixture
chloroform-methanol 4:1 turned out to be the best. In the search for optimal develop-
ing systems, lidocaine (LLD) was also considered, as good separation of it from C and
BE was achieved, e.g. in the systems methanol-chloroform 4:1 and 1:4. However, sep-
aration of cocaethylene (CEt) from C was not entirely satisfactory — only after using
a hexane-toluene-diethylamine system 65:20:5 a moderate differentiation of Rf was
achieved, 1.e.0.48 and 0.42, respectively. It was also found that the best system for
staining chromatograms (from among 20 examined ones) is a combination of Dra-
gendorff’s reagent with a solution of sulphuric acid (because it dyes about 1 Og of C or
BE in a spot). However, the “background” of the autopsy material influenced the sen-
sitivity of the detection.
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INTRODUCTION

The thin-layer chromatography method (TLC) is still applied to the iden-
tification of various stupefying substances, including cocaine (C). The effec-
tiveness of the TLC method, however, depends on optimisation of the analyt-
ical procedure — especially on the use of an appropriate developing system:
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one which makes possible good separation of C from its metabolites and also
from the “biological background”. It is also important to select such a man-
ner of staining of chromatograms that will ensure high detectability of
xenobiotics. Moreover, it is also necessary to examine whether it is possible
to separate lidocaine (LD) and cocaethylene (CEt) both from C and from
benzoylecgonine (BE), which is one its main metabolites. Prior to using LD
as the internal standard in liquid chromatography (HPLC), its presence in
the examined biological material should be excluded, as C on offer from deal-
ers is sometimes adulterated with this medicine [14, 15]. CEt may also be
found in analysed samples, because consumption of C together with alcohol
leads to its formation [3].

EXPERIMENTAL

DC-Alufolien Kieselgel 60 F,.,, 20 020 cm plates by Merck were used.
Chromatograms were developed on a 16 cm segment by a technique utilising
glass-cells saturated with vapours of solvents. The following four cycles of
the study were executed (I-1V):

I. 30 different developing systems (listed in Table I) were tested using
methanol-based standard solutions of C, BE, LD and CEt and “stan-
dards” of the biological background in the form of chloroform-alkaline
extracts of biological material'. Standard solutions of xenobiotics (in
quantities of 10 [Jg) and “standards” of the background (in quantities of
40 [, which corresponded to 2 g of the extracted tissue) were intro-
duced onto chromatographic plates and developed in each of the thirty
systems. Dry chromatograms were observed in UV light and then were
stained using Dragendorff’s reagent with 20% sulphuric acid, potas-
sium 1odoplatinate with 20% sulphuric acid and a combination of both
above-mentioned reagents with addition of 5% iron chloride solution.
Values of Rf of spots visible in UV and after staining were determined.
The shape of the spots was also taken into account.

II. The sensitivity of twenty developing systems was evaluated after in-
troducing C and BE (in the form of alcoholic solutions) onto plates in
quantities of 0.5, 1, 2, 5, 10 and 20 (g and using the mixture ethyl ace-
tate-methanol-ammonia 60:30:6, i.e. one of the four best developing
systems (determined in the first stage of the experiment —compare Ta-

1 The “standards” were obtained from 25 g samples of the kidney and the liver by means of me-
chanical homogenisation with addition of 50 ml of water, deproteinisation by the sul-
phate-ammonium method according to Borkowski [7], extraction with ether in desiccators by
Quickfit, alkalisation of the aqueous phase (with 2 M ammonia up to pH = 7.5-8) and its chlo-
roform extraction in the continuous system for 6 hours, evaporation of the alkaline extracts
with addition of a drop of 1 M HCI and finally dissolving in 0.5 methanol.
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III.

IV.

bleI). Attention was also paid to the order of appearance of spots, their
size and shape, as well as the intensity of their colour.

The usefulness of the TLC method in the identification of C and BE in
biological material was investigated using extracts® of the liver and the
kidney with addition of both xenobiotics at a concentration of 1, 2 and
5 g/g of the tissue. For this reason, standards of C and BE (in the form
of alcoholic solutions) in quantities of 1, 2 and 5 (g as well as extracts
from the liver and kidney in quantities of 40 [l (corresponding to 2 g of
the tissue) with and without the addition of xenobiotics were intro-
duced onto the chromatographic plates. The plates were then devel-
oped in each of the four optimal systems (defined in the first stage of
the experiment — see Table I), i.e. in the following mixtures: metha-
nol-chloroform 4:1, chloroform-methanol-ammonia 100:20:1, chloro-
form-methanol-ammonia-water 70:30:1:0.5 and ethyl acetate-metha-
nol-ammonia 60:30:6, after which they were stained using Dragen-
dorff’s reagent with 20% sulphuric acid, then iron chloride solution
and then potassium iodoplatinate solution.

In the last stage the usefulness of the TLC method in the detection of C
and BE in urine was evaluated. Samples of urine (10 ml) with the addi-
tion of C and BE (at concentrations of 1, 2 and 5 (g/ml) were used. They
were subjected to ether-acidic extraction and then basic extraction
(pH = 8) with a mixture of dichloromethane-isopropanol 3:1 (propor-
tion of sample to solvent 1:8). At the same time, extraction of identi-
cally prepared samples of urine together with salting out with
NaHCO, (0.1 g/ml of urine) was performed. All extracts were dissolved
in 100 [ of methanol. C and BE standards (in the form of alcoholic so-
lutions in quantities corresponding to 1, 2 and 5 (0g) and 25 [ of each of
the alkaline extracts (corresponding to 2.5 ml of the extracted urine)
were introduced onto the chromatographic plates and developed in
seven moving phases, four of which had earlier been evaluated as opti-
mal ones (see Table I and the results of stage III). The three remaining
systems (benzene-methanol-acetone-ammonia 50:50:40:5, methanol-
ammonia 100:1.5 and chloroform-methanol 4:1) were studied, because
they are often used in everyday work in toxicological laboratories. For
staining chromatograms (similarly to stage III of the research), Dra-
gendorff’s reagent and solutions of sulphuric acid, iron chloride and po-
tassium iodoplatinate were applied.

2 Obtained in the manner presented in point L.
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TABLE I. CHROMATOGRAPHIC SEPARATION OF C (COCAINE), BE (BENZOYLECGO-
NINE), CEt (COCAETHYLENE), LD (LIDOCAINE) AND “BACKGROUND” OF
THE LIVER AND KIDNEY EXTRACTS IN VARIOUS DEVELOPING SYSTEMS

X Rf(0100) i
No Developing system Evaluation
BE C CEt | LD | “Background”
- 50; 56
g !
1 Methanol 20 | 32 28 64 58 66 ++ !
2 Methanol-chloroform 9:1 19 34" 34 61 2’;’ 22 amr |
47; 54
3 Methanol-chloroform 4:1 16 30 31 60 +++!
56; 65
- 46; 58
: . g |
4 Methanol-acetone 3:1 20 | 37 35 63 59- 68 ++!
. 49
5 Methanol-acetone-ammonia 60:2:0.2 22 46 48 74 +!
62; 72
" 37; 53
B . ’ _
6 Methanol-ethyl acetate 1:1 7 32 26 59 50- 68 !
+ 45; 61
7 Methanol-ethyl acetate 4:6 9 33 33 73 -1
58, 73
) 55: 57
8 Methanol-ammonia 100:1.5 24 63 64 69 +
54; 71
9 Chlorof thanol 9:1 2 | 23| 24 | 55 8 18 .y
oroform-methanol 9: 12: 39; 49 !
22; 36
10 Chloroform-methanol 4:1 7 40 40 64 +!
31; 60
. . . St”
11 Chloroform-acetone 4:1 st St st st 37 -
4 - i 36
12 Chloroform 1s0pr(3panol ammonia 17 80 0 20 +
45:45:10 12;21; 51
4 B i 27
13 Chloroform-isopropanol-ammonia 6 73 73 73
45:45:5 9, 15; 43
Chloroform-isopropanol-ammonia- _ 42
+
1 water 45:45:5:5 12| 85 | 8 | 8 | ey
Chloroform-isopropanol-ammonia- 33
15 water 45:45:2:1 5| B BB o s 0 B
Chloroft thanol i i
oroform-methanol-ammonia
16 100:20:1 8 80 80 81 29; 49; 60; AR
64"
Chlorof thanol ia-wat o
oroform-methanol-ammonia-water
17 70:30:1:0.5 18 85 86 89 48; 62; 72; +++
74"
Chloroform-ammonia
18 100:0.2 st St st 4 st; st —
Ethyl acetate-cyclohexane- 7; 28
19 methanol-ammonia 70:15:10:5 1 73 [ 73 4: 38 -
H - i 34; 61
20 Ethyl acetate-methanol-ammonia 19 a1 84 a3 nnn
60:30:6 30; 45; 58
i R i 10; 34
2 Ethyl acetate-methanol-ammonia 1 74 74 65 B
85:10:5 3; 34, 53
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29 Ethyl ace:va;z;?;é:hl%rﬁ):léammonia- <t 60 62 62 ) 7;8;330 ’1 » 3
923 Benzene-met};%?;)é:Zg(:e;one-ammonia 20" | 85 - 5 46’32,6,630'” -
24 | Benzene-hexane-diethylamine 50:20:2 st 48 50 39 S7t -
| Demeemivaenatnel | 1w s w0
26 Benzene-diox;(r]ii-g:t;;nol-ammonia ot 74 75 68 . 11; y N
97 Dioxane-benz;(r)l:i-g:c;gnol-ammonia “t 61 64 64 s 287; , B
29 Hexane-tohgesr:l;;)(:l;ethylamine “t 49 48 a1 st: st T
30 Toluene-a;c:tsoz;j:g;rzl;l;mmonia ot 68 73 6 } 95;275 B

Evaluation of the developing system:

I:I very good I:I good

Usefulness of the developing system in separating C, BE and “biological background”:
+++ very good; ++ good; + average; — unsuitable;

and for: ! LD identification; !! CEt identification;
* elongated spots (streaks); ** oval spots; w —additional spots in liver extracts visible in UV;

st — spots at the start.
The numbers in the second column denote the volume proportions of individual solvents in the
given developing system, whilst those in the remaining columns — Rf values (Rf of spots visible
only in UV are in italics).

I:I unsuitable

RESULTS AND DISCUSSION

Results of the experimental evaluation of the usefulness of the TLC

method in the identification of C and BE in autopsy material are presented
in Tables I and IT and in Figures 1 and 2.

I. Very good and good results of separation of C from BE and from the
“background” extracts (from the liver and the kidney) were obtained
after applying eight developing systems, which are highlighted by two
shades of grey in Table I. Four of them were evaluated as optimal
(marked with three pluses in Table I) because of the very good separa-
tion of both xenobiotics from the “background”. When they were used,
spots of the “background” stained using iodoplatinate and Dragendorff
reagent, as well as spots of the “background” visible in UV, were situ-
ated outside the zone of spots of C and BE in the intermediate part of
the chromatogram (phases no. 16, 17 and 20 — Table I) or in the upper
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II.

part of the chromatogram (phase no. 3—Table I). These four systems ap-
peared to be especially useful for the purifying of extracts (by the TLC
method) before the quantitative analysis of C and BE. However, the four
remaining developing systems (no. 1, 2, 4 and 23 —Table I) were marked
only with two pluses, because after their use, the spots of xenobiotics
were less closely grouped and had an oval shape, so these systems were
evaluated as less useful for purifying extracts from biological material.

In spite of good separation of C from BE, too small differences be-
tween Rf of spots of these xenobiotics and spots of the “background"
(visible in UV or stained) meant that the remaining developing sys-
tems (in Table I — marked by one plus) were evaluated as insufficiently
useful for the identification of C and BE in tissue extracts.

For the identification of LD, the best systems turned out to be those
denoted in Table I by numbers 1-7 and 9-10. However, optimal simul-
taneous separation of LD, C and BE from the “biological background”
was ensured only by system no. 3, i.e. methanol-chloroform 4:1.

Separation of CEt from C was not achieved to an entirely satisfac-

tory degree. Only the use of system no. 29 (hexane-toluene-diethyl-
amine 65:20:5)” allowed us to obtain different values of Rf (C=0.42 and
CEt =0.48), but then identification of BE was not possible (spots at the
starting point). It should be remembered that CEt may also be present
in spots of C obtained after applying the above mentioned eight opti-
mal developing systems (because of the similarity of Rfs). CEt, how-
ever, can be easily identified using the HPL.C method.
The results of the performed study on the detectability of C and BE on
chromatography plates depending on the developing system used are
presented in Table II. The results show that the combination of
Dragendorff’s reagent with a solution of sulphuric acid turned out to be
the optimal reagent for developing spots of C and BE. After applying
Dragendorff’s reagent alone it was possible to identify spots containing
2 [g of C and 5 [g of BE, but the detectability increased more than
twice for C and over five times for BE after additional sprinkling of the
plate with sulphuric acid. The use of hydrochloric acid yielded some-
what worse effects (especially for C), because spots were then less visi-
ble and less durable.

Wallace et al. [27] found that the best combination for detection of
xenobiotics in urine extracts was precisely this one (i.e. Dragendorff’s
reagent with sulphuric acid) in combination with vapours of iodine.
However, concentrations of compounds detected in this manner were
situated near the limits of detectability achieved in this experiment —
they were approximately 0.5 (g of C and 0.8 (g of BE. From the per-

3 Suggested by Bailey [3, 4] for the analysis of extracts from serum and urine.
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Fig. 1. Chromatograms of liver and kidney extracts in 4 optimal developing systems
(compare Table I). I — methanol-chloroform 4:1; II — chloroform-methanol-ammonia
100:20:1; III — chloroform-methanol-ammonia-water 70:30:1:0.5; IV — ethyl ace-
tate-methanol-ammonia 60:30:6. 1 — C and BE standards: 1 (g; 2 — C and BE stan-
dards: 2 [g; 3. C and BE standards: 5 [g; 4 — kidney extract (“background”) without
xenobiotics; 5 — kidney extract with C and BE: 1 [g/g; 6 — kidney extract with C and
BE: 2 Cg/g; 7—kidney extract with C and BE: 5 [g/g; 8 — liver extract (“background”)
without xenobiotics; 9 — liver extract with C and BE: 1 [lg/g; 10 — liver extract with C
and BE: 2 [g/g; 11 —liver extract with C and BE: 5 [g/g; L’:,‘ —“background” spots vis-
ible only in UV.

formed experiment it turned out, however, that the only positive effect
of the use of iodine vapours after Dragendorff’s reagent with sulphuric
acid was a small and short increase of the intensity of staining (clearly
visible only for spots of higher concentrations). At the same time, the
risk arose of “overdosing” of the reagent leading to darkening of the en-
tire chromatogram, thus minimising the chances of detecting low con-
centrations of both C and BE. These observations are consistent with
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Fig. 2. Chromatograms of urine extracts in 4 optimal developing systems. I —ethyl ac-
etate-methanol-ammonia 60:30:6; II — chloroform-methanol-ammonia 100:20:1;
IIT — methanol-chloroform 4:1; IV — methanol-chloroform 1:4. 1 — C and BE stan-
dards: 1 [g; 2 — C and BE standards: 2 [Ug; 3— C and BE standards: 5 (g; 4 — urine ex-
tract (“background”) without xenobiotics (extraction without salting out); 5 — urine
extract (“background”) without xenobiotics (extraction with salting out); 6 —urine ex-
tract with C and BE: 1 [g/g (extraction without salting out); 7 — urine extract with C
and BE: 1 (g/g (extraction with salting out); 8 — urine extract with C and BE: 2 [g/g
(extraction without salting out); 9 — urine extract with C and BE: 2 Cg/g (extraction
with salting out); 10 — urine extract with C and BE: 5 [g/g (extraction without salting
out); 11 — urine extract with C and BE: 5 Cg/g (extraction with salting out);
) — “background” spots visible only in UV.

findings by Kaistha and Tadrus [11], who also detected BE in extracts of
urine using the combination of Dragendorff’s reagent with a solution of
iodine and potassium iodide, and also noticed a quick disappearance of
spots of low concentration of BE, so they proposed, as an alternative sys-
tem of staining, a combination of Dragendorff’s reagent with sulphuric
acid.
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Wallace et al. [27] found that the best combination for detection of
xenobiotics in urine extracts was precisely this one (i.e. Dragendorff’s
reagent with sulphuric acid) in combination with vapours of iodine.
However, concentrations of compounds detected in this manner were
situated near the limits of detectability achieved in this experiment —
they were approximately 0.5 (g of C and 0.8 (g of BE. From the per-
formed experiment it turned out, however, that the only positive effect
of the use of iodine vapours after Dragendorff’s reagent with sulphuric
acid was a small and short increase of the intensity of staining (clearly
visible only for spots of higher concentrations). At the same time, the
risk arose of “overdosing” of the reagent leading to darkening of the en-
tire chromatogram, thus minimising the chances of detecting low con-
centrations of both C and BE. These observations are consistent with
findings by Kaistha and Tadrus [11], who also detected BE in extracts
of urine using the combination of Dragendorff’s reagent with a solution
of iodine and potassium iodide, and also noticed a quick disappearance
of spots of low concentration of BE, so they proposed, as an alternative
system of staining, a combination of Dragendorff’s reagent with
sulphuric acid.

TABLE II. EVALUATION OF THE PRACTICAL USEFULNESS OF VARIOUS STAINING
SYSTEMS IN DETECTING SPOTS OF COCAINE (C) AND BENZOYLECGO-
NINE (BE) AFTER APPLYING THE ETHYL ACETATE-METHANOL-AMMO-
NIA (60:30:6) DEVELOPING SYSTEM

. C [[g in spot] BE [ [k in spot]
No. Location reagents
05] 1 2 5 11020 ]05] 1 2 5 |10 | 20
— | + +
1 Dragendorff - . &t r + | - | = | = S
+ —
2 Dragendorff + 20% H,SO, + [+ |+ | + | + + |+ |+ |+ |+
- +
Dragendorff + 20% H,SO, - -
3 L. . + |+ |+ |+ |+ + |+ |+ |+ |+
+ iodine vapour™ + +
0 + +
4 ' Dragendorff +.2043 H2$0,1 " B P (NP P I N (R (R N
iodine vapour + iodoplatinate = —
. + +
5 Dragendorff + HC1™ = + |+ |+ |+ = + I+ |+
6 | Dragendorff + HCI + iodoplatinate | — ; + |+ |+ |+ - : + |+ |+ |+
Dragendorff + HCIl + iodoplatinate
7 . — |+ |+ |+ |+ |+ =+ ||+ + |+
+ 5% FeCL™
0, — —
8 Drageltxdorff A 204 EZSO“+ alaelalels PO P VR I (N
iodoplatinate + +
9 Dragendorff + 20% H,SO, + + I T I il A R T A
iodine vapour + 5% FeCl, ™ _ +
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Dragendorff + 20% H,SO, + + -
I 5% FeCl, + iodoplatinate _FElENElE
+
11 Dragendorff + iodoplatinate - | - + |+ |+ = = =+ ]+ |+
12 Todoplatinate - | - - + + + — | =] = — — | =
an
13 Todoplatinate + HC1 - | - + |+ |+ = = =+ ]+ |+
+ —
14 | Todoplatinate + HCl+ Dragendorff | — | — + |+ |+ | -] - . + |+ |+
1 Todoplatinate + HCI1 + s P P O ol B A
5 Dragendorff + 5% FeCl, -, -1 -,
+
16 Iodoplatinate + 20% H,SO, = | = + |+ [+ | = = = + |+ |+
Iodoplatinate + 20% H,SO, - -
17 - + |+ |+ |+ = = + |+ |+
+ Dragendorff + +
Todoplatinate + 20% H,SO, + - +
18 - + |+ |+ |+ = = + |+ |+
Dragendorff + 5% FeCl + -
19 Todoplatinate + Dragendorff - | - ; + |+ |+ = = = =]+ |+
+
Fresh — — - + + — — — — - | =
20 Cobalt After 1 day N R A O R N O R I
Thiocyanate (in refrigerator)
After 2 days N R e I e
(in refrigerator)

The usefulness of the developing system:

I:I very good I:I good I:I unsuitable

Explanatory notes to Table II:

*1 — very unstable spots, increase in sensitivity only in the case of higher amounts of the sub-
stance (5—10 g of C and BE in the spot), spots of lower C and BE concentration less visible after
5-10 minutes, risk of darkening of the chromatograms and decreasing the sensitivity in the
case of overdose of iodine vapour.

*2 — the chromatogram background becomes darker, the spots less visible than after applica-
tion of systems 2 and 3, better effects only with higher C and BE amounts (5-10 [g).

*3 — spots less visible than after application of system 2 (particularly C spots), spots less stable
(they fade after 5~10 minutes).

*4 — only a short-term increase in the intensity of C and BE spots.

*5 — spots more intense and stable for over 5 (g of C and BE, for lower concentrations —less visi-
ble (particularly C spots) than after application of system 2.

Colours of spots: a) iodoplatinate — violet; b) Dragendorff — orange; c¢) a + b and their modifica-
tions — various shades of the above-mentioned colours; d) cobalt thiocyanate — blue.

The universally applied iodoplatinate turned out to be a reagent
with low detectability of C and BE (5 [lg) — spots containing BE ap-
peared only after additional spraying of plates with hydrochloric or
sulphuric acid. Differences in reaction of C and BE on iodoplatinate in
combination with acid may thus be an additional indicator differenti-
ating these substances.
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A similar level of detection of BE (to that in Table IT) was obtained
by Miller et al. [20] after a two-step separation of extracts (from about
7 ml of urine) with the TLC method and staining of the chromatogram
with a solution of iodoplatinate mixed with 2 M HCI. Using iodo-
platinate, a similarly poor detection of C was ascertained by Bailey [4].
However, from a comparison of the conditions of his experiment
(in which an extract from 35 ml of urine was introduced onto the chro-
matographic plate) with the results of the research presented in this
work one can observe that, using Dragendorff’s reagent with sulphuric
acid, detectability of C at the same level can be obtained from a five
times smaller quantity of urine.

In the case of joint application of iodoplatinate and Dragendorff’s
reagent, it turned out that using first the Dragendorff reagent and
then iodoplatinate was more beneficial than using them in the reverse
order. However, this combination did not lower the detection limits be-
low about 5 [g C in a spot, which was earlier also ascertained by
Lillsunde and Korte [16]. To obtain good staining of spots of BE, how-
ever, additional sprinkling of the chromatogram by acid was neces-
sary.

Cobalt rhodanate was considered because it is used in qualitative
colour tests for the detection of cocaine [5, 17]. In the described experi-
ment, however, this developer proved to be insufficiently sensitive to
apply to the identification of C and BE, using the TLC method.

Although introducing various staining systems increased the in-
tensity of spots containing small quantities of xenobiotics, it simulta-
neously caused a darkening of the background of chromatograms and
decreased the durability of spots. Positive effects of such a procedure
were observed only when not less than about 5 g of C or BE were pres-
ent in chromatographic spots. Results of the performed experiments
lead to the conclusion that staining should be commenced by combin-
ing Dragendorff’s Reagent and sulphuric acid, and then further re-
agents (iron chloride, iodoplatinate or others) should only be used after
exact evaluation of the chromatogram obtained in this way.

Analysis of chloroform-alkaline extracts of the liver and the kidney us-
ing the four moving phases selected earlier (which were denoted
by +++ in Table I) gave very distinct differences between the Rf value
of the spots of C and BE. Furthermore, spots of “the background” were
situated outside the area of the separated zones of both xenobiotics.
Location system no. 10 (see Table II) proved to be effective for making
spots of both xenobiotics visible, in all extracts obtained from tissues
containing C and BE at a concentration between 1-5 [g/g, but only if
an appropriate sequence of staining was carried out (Dragendorff’s re-
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agent with 20% H,SO,, then 5% solution of iron chloride and then po-
tassium iodoplatinate) each stage of the development of the chro-
matogram was observed (Figure 1).

Thus a limit of detection was achieved that made the TLC method

useful for preliminary diagnosis of fatal poisoning with C. Very low
levels of C were detected only in a few cases, e.g. 0.1-1.5 [g/g of liver
[8, 19] and 0.4 (/g of brain [19]. Considerably more often its concen-
trations were many times higher: 6.8-51.3 [g/g of liver, 4-83 /g of
the brain and 10.2-58 (/g of kidney [2, 6, 8, 12, 18, 19, 22, 28]. The av-
erage levels of BE were also high in the liver — 21.3 (/g and in the
brain — 2.9 /g [26].
An overlapping of the stained spots of the urine “background” on zones
of C and BE took place only after applying methanol-ammonia 100:1.5,
especially when the studied samples were more impure. Using three
systems (chloroform-methanol-ammonia-water 70:30:1:0.5; benzene-
methanol-acetone-ammonia 50:50:40:5 and methanol-ammonia
100:1.5), spots of “the background” of some samples of urine (visible
only in UV) were situated very close to BE spots, which may cause diffi-
culties when purifying BE by the TLC method.

Good results for separation of urine extracts (obtained both with
and without salting out) of various content of C and BE (1-5 [g/ml)
were achieved using the four remaining developing systems (see Fig-
ure 2), two of which (ethyl acetate-methanol-ammonia 60:30:6 and
chloroform-methanol-ammonia 100:20:1) were earlier positively rated
by other authors [20, 27].

The use of the four selected developing systems (Figure 2) and the
method of staining of chromatograms described earlier (see part III),
as well as the established manner of extraction, allows detection of C
and BE*in 2.5 ml of urine containing these xenobiotics at a concentra-
tion of 1-2 [lg/ml. Thus the applied procedure allowed us to achieve
a threshold of detectability which was considerably lower than the con-
centrations of C and BE — which were detected in urine of persons de-
ceased due to poisoning with cocaine [2, 6, 8,9, 12, 18, 19, 21, 22, 25].

However, the following fact should be taken into account: the limits
of detection of xenobiotics by the TLC method depend not only on the

4 This is important, since BE remains unchanged in urine for longer than C and EME
(ecgonine methyl ester), the second important metabolite of C [1, 10]. Moreover, BE occurs in
urine in higher concentrations than C [10, 21] — also when this is a urine sample collected
from a living person taking cocaine [10, 23, 24]. Another strong argument in favour of deter-
mining this metabolite is the fact that concentrations of BE excreted in urine within
0-8 hours (after taking C in the form of snuffin a quantity of 96 mg and injected in a quantity
of 48 mg) or 6-12 hours (after taking per os in a quantity of 25 mg) were 45.0, 9.5 and 7.9 (g/ml
respectively, whereas the concentrations of C in urine were much lower (0.3—1.9 [g/ml) [10].
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method of extraction and the developing and staining systems, but

also on the level of “background” biological material. An abundant

“background” negatively influences the readability of the chromato-

gram (because it causes streaks or distortions of spots of xenobiotics)

which means that spots of small content of C and BE may be unde-
tected (masked). In the case of samples of urine with a low level of
background, it may be possible to detect lower concentrations of C and

BE (than those obtained in this cycle of research), but on the condition

that a greater quantity of the extract is introduced onto the plate. This

was shown by Kaistha and Tadrus [11], who detected BE from a volume
of the extract corresponding to 5 ml of urine and achieved a sensitivity of
the order of 0.5 Cg/ml, and also by Wallace et al. [27], who, using an iden-
tical quantity of urine and a similar staining system, obtained an even
higher sensitivity (0.1 (g/ml for C and 0.25 [(g/ml for BE).

V. Moreover, during the research described above the following observa-
tions were made:

1. complex developing systems made possible better separation of C
and BE from the “biological background” after longer (1-2 day) sa-
turation of the chromatographic cell with a mixture of solvents;

2. the use of solvents of low grade is linked to the risk of receiving fal-
sely negative results (e.g. ethyl acetate by POCH-Gliwice caused
a partial decay of C);

3. salting out of the extracted samples of urine increases the efficiency
of the isolation of BE [13], but at the same time causes an increase
in the level of “background”.

CONCLUSIONS

1. Optimal separation of C from BE and from the “biological background”
on plates by Merck (DC-Alufolien Kieselgel 60 F,,,, 20 020 cm) can be
gained with the use of the following developing systems:

a) ethyl acetate-methanol-ammonia 60:30:6, chloroform-methanol-
ammonia 100:20:1, methanol-chloroform 4:1 and chloroform-met-
hanol 4:1 (in the case of analysis of extracts from urine);

b) methanol-chloroform 4:1, chloroform-methanol-ammonia 100:20:1,
chloroform-methanol-ammonia-water 70:30:1:0.5 and ethyl aceta-
te-methanol-ammonia 60:30:6 (in the case of analysis of extracts
from tissues).

2. The optimal system of staining chromatograms is a combination of
Dragendorff’s reagent with a solution of sulphuric acid (it stains about
1 Og of C or BE).
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3. The optimisation of conditions of separation and staining (in accor-

dance with results of the research presented in this work) allows appli-

cation of thin-layer chromatography to:

a) the identification of C and BE in urine and tissues at a concentra-
tion of 1-2 [g/g;

b) purification of both xenobiotics before their determination by the
use of another method (e.g. UV spectrophotometry or HPLC).
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PRZYDATNOSC METODY CHROMATOGRAFII
CIENKOWARSTWOWEJ DO IDENTYFIKACJI KOKAINY I JEJ
METABOLITU BENZOILOEKGONINY W MATERIALE
SEKCYJNYM

Marianna KISZKA, Roman MADRO

WSTEP

Metoda chromatografii cienkowarstwowej (TLC) nadal znajduje zastosowanie do
identyfikacji réznych substancji odurzajacych, w tym takze kokainy (C). Skuteczno§é
metody TLC zalezy jednak od optymalizacji procesu analitycznego, zwlaszcza od za-
stosowania odpowiedniego uktadu rozwijajacego, tj. takiego, ktéry umozliwi dobre
rozdzielenie C od jej metabolitéw, a takze od ,,tla” biologicznego. Wazne jest rowniez
dobranie takiego sposobu wybarwiania chromatogramoéw, ktory zapewni wysoka
wykrywalnoéé ksenobiotykéw. Konieczne jest ponadto uwzglednienie mozliwosci
rozdziatu lidokainy (LLD) oraz kokaetylenu (CEt) zar6wno od C, jak i od benzoiloekgo-
niny (BE), ktora jest jednym z jej gtéwnych metabolitéw. Przed zastosowaniem LD
jako standardu wewnetrznego w chromatografii cieczowej (HPLC) nalezy bowiem
wykluczy¢ jej obecno$é w badanym materiale biologicznym, gdyz C oferowana przez
dealeréw bywa niekiedy zafalszowana tym lekiem [14, 15]. CEt moze natomiast znaj-
dowac sie w analizowanych prébkach ze wzgledu na to, ze spozywanie C tacznie z al-
koholem prowadzi do jego powstawania [3].

MATERIAEL I METODY BADAN

Zastosowano plytki firmy Merck (DC-Alufolien Kieselgel 60 F,,,, 20 020 cm).
Chromatogramy rozwijano na odcinku 16 cm technika wstepujaca w komorach
szklanych wysyconych parami rozpuszczalnikow. Wykonano cztery (I-1V) cykle
badan:

I. 30 rbéznych uktadéw rozwijajacych (wyszczegélnionych w tabeli I) prze-

testowano z zastosowaniem metanolowych roztworéw wzorcowych C, BE, LD
i CEt oraz ,wzorcéw” tta biologicznego w postaci chloroformowo-alkalicznych
ekstraktéw z materiatu biologicznego'. Wzorce ksenobiotykéw (w iloéci 10 [g)
oraz ,wzorce” tta (w ilosci 40 [, co odpowiadalo 2 g ekstrahowanej tkanki)
nanoszono na pltytki chromatograficzne i rozwijano w kazdym z trzydziestu
uktadéw. Wysuszone chromatogramy ogladano w éwietle UV, a nastepnie
wybarwiano przy uzyciu odezynnika Dragendorffa z 20% kwasem siarkowym,

1 Uzyskiwano je z 25-gramowych prébek nerki i watroby przez ich homogenizacje mechanicz-
na z dodatkiem 50 ml wody, odbialczanie tego materialu metoda siarczanowo-amonowsa,
wedlug Borkowskiego [7], ekstrakcje eterem w ekstraktorach firmy Quikfit, alkalizowanie
fazy wodnej (2,5 M woda amoniakalna do pH = 7,5-8) i jej ekstrakcje chloroformowsa
systemem ciaglym przez 6 godzin, odparowanie ekstraktéow alkalicznych z dodatkiem
1 kropli 1 M HCI, a nastepnie ich rozpuszczenie w 0,5 ml metanolu.
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jodoplatynianu potasowego z 20% kwasem siarkowym 1 kombinacji obu
wymienionych odczynnikéw z 5% roztworem chlorku zelazowego. Okreslano
Rf plam widocznych w §wietle UV i po wybarwieniu. Uwzgledniano takze
ksztalt plam.

II. Czulo§¢ dwudziestu systemdéw wywolujacych oceniano po naniesieniu na
plytki CiBE (w postaci alkoholowych roztworéw) w iloéci 0,5, 1, 2, 5, 101 20 g
1 zastosowaniu mieszaniny octan etylu-metanol-amoniak 60:30:6, tj. jednego
z czterech najlepszych ukladéw rozwijajacych (okreslonych w pierwszym
etapie eksperymentu — por. tabela I). Zwracano przy tym uwage na kolejno§é
pojawiania sie plam, ich rozmiar 1 ksztalt oraz intensywnos$¢ barwy.

III. Przydatno$¢ metody TLC do identyfikacji C 1 BE w materiale biologicznym
badano przy uzyciu ekstraktéw® z watroby i nerki z dodatkiem obu kseno-
biotykéw w stezeniu 1, 2 1 5 [g/g tkanki. W tym celu na plytki chromatogra-
ficzne nanoszono wzorce C 1 BE (w postaci alkoholowych roztworéw) w ilosci
1,215 pgipo 40 [ ekstraktow z watroby 1 nerki (co odpowiadato 2 g tkanki)
z dodatkiem i bez dodatku ksenobiotykow. Plytki te rozwijano nastepnie
w kazdym z czterech optymalnych ukladéw (okreslonych w pierwszym etapie
eks- perymentu — por. tabela I), czyli w mieszaninach: metanol-chloroform 4:1,
chloroform-metanol-amoniak 100:20:1, chloroform-metanol-amoniak-woda
70:30:1:0.51 octan etylu-metanol-amoniak 60:30:6, po czym wybarwiano kolej-
no odezynnikiem Dragendorffa z 20% kwasem siarkowym, roztworem chlorku
zelazowego oraz roztworem jodoplatynianu potasowego.

IV. W ostatnim etapie oceniano przydatnoéé metody TLC do wykrywania C i BE
w moczu. Uzyto do tego probek (10 ml) moczu z dodatkiem C i BE (w stezeniu
1, 2 1 5 Og/ml), ktéore poddawano ekstrakeji eterowo-kwasnej, a nastepnie
ekstrakeji zasadowej (pH = 8) mieszaning dichlorometan-izopropanol 3:1
w proporcji probka : solwent = 1:8. Réwnolegle przeprowadzono ekstrakcje
iden- tycznie przygotowanych prébek moczu polaczona z wysalaniem NaHCO,
(0,1 g/ml moczu). Wszystkie ekstrakty rozpuszczano w 100 [l metanolu. Na
plytki chromatograficzne nanoszono wzorce C i BE (w postaci alkoholowych
roztworéow w iloéci odpowiadajacej 1, 2 1 5 [g) oraz po 25 [l kazdego z za-
sadowych ekstraktow (co odpowiadato 2,5 ml ekstrahowanego moczu) i roz-
wijano w siedmiu fazach ruchomych, z ktérych cztery uznano wczesniej za
optymalne (por. tabela I i rezultaty etapu III), a trzy pozostale (benzen-meta-
nol-aceton-amoniak 50:50:40:5, metanol-amoniak 100:1,5 i chloroform-meta-
nol 4:1) uwzgledniono, poniewaz sa czesto stosowane w codziennej pracy
w laboratorium toksykologicznym. Do wybarwiania chromatograméw (podob-
nie jak w trzecim etapie badan) stosowano kolejno odczynnik Dragendorffa
oraz roztwory kwasu siarkowego, chlorku zelazowego 1 jodoplatynianu pota-
sowego.

WYNIKI BADAN, ICH OMOWIENIE I DYSKUSJA

Wyniki eksperymentalnej oceny przydatno$ci metody TLC do identyfikacji C
1 BE w materiale sekcyjnym przedstawiono w tabelach 11 II oraz na rycinach 11 2.

2 Uzyskanych w spos6b podany w punkcie pierwszym.
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I

II.

Bardzo dobre 1 dobre rezultaty rozdzialu C od BE1od ,tla” ekstraktow (z watro-
by i nerki) uzyskano po zastosowaniu oémiu ukladéw rozwijajacych, ktore
w tabeli I zaznaczono dwoma stopniami szaro$ci tta. Cztery z nich uznano jed-
nak za optymalne (w tabeli I oznaczono je trzema plusami) ze wzgledu na bar-
dzo dobra separacje obu ksenobiotykéw od ,tta”. W przypadku ich zastoso-
wania plamy ,tta”, wybarwione przy uzyciu jodoplatynianu i odczynnika Dra-
gendorffa, a takze plamy ,tta” widoczne w UV, byly bowiem usytuowane poza
strefg plam C i BE w érodkowej (fazy nr 16, 171 20 — tabela I) lub gérnej (faza
nr 3 — tabela I) czeéci chromatogramu. Te cztery uklady okazaly sie zatem
szczegollnie uzyteczne do oczyszcezania ekstraktéw (metoda TLC) przed ilos-
ciowa analiza C1 BE. Natomiast cztery pozostate uklady rozwijajace (nr 1, 2, 4
123 —tabela I) oznaczono tylko dwoma plusami, gdyz po ich zastosowaniu pla-
my ksenobiotykéw byly mniej zwarte i miaty owalny ksztalt, w zwiazku z czym
uktady te uznano za mniej przydatne do oczyszczania ekstraktow z materiatu
biologicznego.

Mimo dobrego rozdziatu C od BE zbyt mate réznice miedzy Rf plam kseno-
biotykéw 1 plam ,tta” (widocznych w UV lub wybarwionych) sprawiaja, ze po-
zostate uktady rozwijajace (w tabeli I — oznaczone jednym plusem) uznano za
mato uzyteczne do identyfikacji C i BE w ekstraktach z tkanek.

Do identyfikacji LD najlepsze okazatly sie uklady oznaczone w tabeli I nu-
merami 1-7 1 9-10. Optymalny jednoczesny rozdzial LD, C i BE od ,,tta biolo-
gicznego” zapewnial jednak wytacznie uktad nr 3, tj. metanol-chloroform 4:1.

W stopniu w pelni zadowalajacym nie udato sie natomiast rozdzieli¢c CEt

od C. Jedynie zastosowanie ukladu nr 29 (heksan-toluen-dietylamina 65:20:5)*
pozwolito na uzyskanie réznych wartoséci Rf (C=0,421 CEt =0,48), ale kosztem
utraty mozliwosci zidentyfikowania BE (plamy pozostaly w punkcie startu).
Nalezy zatem pamietaé, ze w plamach C uzyskanych po zastosowaniu wcze-
$niej omowionych 8 optymalnych uktadéw rozwijajacych moze znajdowac sie
réwniez CEt (ze wzgledu na podobienstwo Rf), ktéry mozna jednak tatwo
zidentyfikowaé przy uzyciu metody HPLC.
Wyniki badan nad wykrywalnoécia C i BE na ptytkach chromatograficznych
w zalezno$ci od zastosowanego systemu wywolujacego zawiera tabela II,
z ktorej wynika, ze kombinacja odczynnika Dragendorffa z roztworem kwasu
siarkowego okazata sie optymalnym odczynnikiem do wywolywania plam C
i BE. Po zastosowaniu odczynnika Dragendorffa mozliwe byto bowiem ziden-
tyfikowanie plam o zawartosci 2 (g C 1 5 (g BE, ale wykrywalno$¢ wzrastata
przeszto dwukrotnie dla C i az ponad pieciokrotnie dla BE po dodatkowym
spryskaniu ptytki kwasem siarkowym. Zastosowanie kwasu solnego dawato
nieco gorsze efekty (zwlaszcza dla C), gdyz plamy byty wtedy stabiej widoczne
1 mniej trwale.

Wallace 1 in. [27] za najlepsza do wykrywania ksenobiotykow w ekstrak-
tach z moczu uznali natomiast te wlasénie kombinacje (tj. odczynnika Dragen-
dorffa z kwasem siarkowym) w polgczeniu z parami jodu, ale stezenia wykry-
wanych tym sposobem zwiazkéw mieécity sie blisko osiagnietej w tym do$-
wiadczeniu granicy wykrywalnos$ci, bowiem w przyblizeniu wynosilty 0,5 Og C
i 0,8 Og BE. Z przeprowadzonego w zwigzku z tym eksperymentu wynika

3 Polecanego przez Baileya [3, 4] do analizy ekstraktéw z osocza 1 moczu.
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jednak, ze jedynym pozytywnym skutkiem zastosowania par jodu po odczyn-
niku Dragendorffa z kwasem siarkowym byl niewielki i krétkotrwaty wzrost
intensywnos$ci wybarwienia (wyraznie widoczny tylko dla plam o wyzszych
stezeniach). Ujawnito sie przy tym ryzyko ,przedawkowania” odczynnika
prowadzace do zaciemnienia catego chromatogramu, co zmniejszato szanse
wykrycia niskich stezen zaréwno C, jak i BE. Obserwacje te sa zgodne z donie-
sieniem Kaistha i Tadrus [11], ktérzy BE w ekstraktach z moczu wykrywali
takze przy uzyciu kombinacji odczynnika Dragendorffa z roztworem jodu oraz
jodku potasu i réwniez zauwazyli szybkie zanikanie plam o niskiej zawarto$ci
BE, w zwiazku z czym jako alternatywny system wybarwiania zaproponowali
polaczenie odczynnika Dragendorffa z kwasem siarkowym.

Powszechnie stosowany jodoplatynian okazat sie odczynnikiem o niskiej
wykrywalnoéci C 1 BE (5 [g), przy czym plamy zawierajace BE pojawialy sie
dopiero po dodatkowym spryskaniu ptytek kwasem solnym lub siarkowym.
Réznice w reagowaniu C 1 BE na jodoplatynian w potaczeniu z kwasem moga
wiec by¢ dodatkowa wskazdéwka réznicujaca te substancje.

Zblizony (do przedstawionego w tabeli IT) poziom detekcji BE uzyskali Miil-
ler 11in. [20] po dwustopniowym rozdzieleniu ekstraktow (z okoto 7 ml moczu)
metoda TLC i wybarwieniu chromatogramu roztworem jodoplatynianu zmie-
szanym z 2 M HCIL. Przy uzyciu jodoplatynianu podobnie staba detekcje C
stwierdzil tez Bailey [4]. Z por6wnania warunkéw jego do§wiadczenia (w kto-
rym na plytke chromatograficzna nanosil ekstrakt z 35 ml moczu) z rezultata-
mi badan przedstawionymi w tej pracy wynika jednak, ze po zastosowaniu
odczynnika Dragendorffa z kwasem siarkowym wykrywalnos$é C tego rzedu
mozna uzyskaé z pieciokrotnie mniejszej iloéci moczu.

W przypadku tacznego stosowania jodoplatynianu i odczynnika Dragen-
dorffa okazato sie, ze uzycie najpierw odczynnika Dragendorffa, a nastepnie
jodoplatynianu, jest bardziej korzystne niz zastosowanie ich w odwrotnej
kolejnoéci, ale taka kombinacja nie obniza granicy detekeji ponizej okoto 5 g C
w plamie, co wezesniej stwierdzili réwniez Lillsunde i Korte [16]. Dla uzys-
kania dobrego wybarwienia plam BE konieczne byto jednak dodatkowe sprys-
kanie chromatogramu kwasem.

Uwzgledniony zostal takze rodanek kobaltu, poniewaz uzywany jest w jako-
Sciowych testach barwnych stuzacych do wykrywania kokainy [5, 17]. W oma-
wianym eksperymencie okazat sie on jednak zbyt mato czulym wywolywaczem,
aby mozna go byto wykorzystaé do identyfikacji C i BE przy uzyciu metody TLC.

Nakladanie réznych systemdéw wybarwiajacych zwiekszalo wprawdzie
intensywno$¢ plam zawierajacych mate iloSci ksenobiotykow, ale jednocze$nie
powodowalo przyciemnienie tta chromatograméw 1 zmniejszato trwato$é plam.
Korzystne efekty takiego postepowania obserwowano tylko wéwczas, gdy
w plamach chromatograficznych znajdowato sie nie mniej niz okoto 5 (g C lub
BE. Rezultaty przeprowadzonych eksperymentéw prowadza zatem do wnios-
ku, ze wybarwianie nalezy rozpoczynaé¢ od potaczenia odczynnika Dragen-
dorffa z kwasem siarkowym, a dalsze odczynniki (chlorek zelazowy, jodo-
platynian lub inne) mozna stosowac¢ dopiero po dokladnej ocenie tak uzyska-
nego chromatogramu.
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I1I.

IV.

Analiza chloroformowo-alkalicznych ekstraktéw z watroby i nerki przy uzyciu
czterech wybranych wczeéniej faz ruchomych (ktére w tabeli I wyrdzniono
znakiem +++) dawata bardzo wyrazne réznice miedzy wspétezynnikiem Rf
plam CiBE, a plamy ,,tla” byly usytuowane poza obszarem rozdzielonych stref
obu ksenobiotykéw. Do uwidocznienia plam obu ksenobiotykéw we wszystkich
ekstraktach uzyskanych z tkanek zawierajacych C oraz BE w stezeniu
1-5 [g/g skutecznym okazal sie system wywotujacy nr 10 (por. tabela II), ale pod
warunkiem zachowania odpowiedniej kolejnoéci wybarwiania (odczynnik Dra-
gendorffa z 20% H,SO, O 5% roztwér chlorku zelazowego O jodoplatynian
potasowy) oraz obserwacji kazdego etapu wywolywania chromatogramu
(rycina 1).

Uzyskano zatem limit detekcji, ktéry czyni metode TLC przydatna do

wstepnej diagnostyki §miertelnych zatrué¢ C. Bardzo niskie poziomy C wykry-
wano bowiem tylko w nielicznych przypadkach, np. 0,1-1,5 [Cg/g watroby
[8, 19] 1 0,4 [g/g mbézgu [19]. Znacznie czeéciej jej stezenia bylty wielokrotnie
wyzsze: 6,8-51,3 (g/g watroby, 4—83 [g/g moézgu 1 10,2-58 /g nerki [2, 6, 8,
12, 18, 19, 22, 28]. Wysokie byty takze érednie poziomy BE w watrobie —
21,3 Oe/g i w mbzgu — 2,9 /g [26].
Nakladanie si¢ wybarwionych plam ,,tla” moczu na strefy C i BE miato miejsce
tylko po zastosowaniu ukladu metanol-amoniak 100:1,5, zwlaszcza w przy-
padku badania prébek bardziej zanieczyszczonych. Przy uzyciu trzech ukta-
déw (chloroform-metanol-amoniak-woda 70:30:1:0,5; benzen-metanol-aceton-
amoniak 50:50:40:5 i metanol-amoniak 100:1,5) plamy ,tta” (widoczne tylko
w UV) niektérych probek moczu usytuowane byly natomiast bardzo blisko
plam BE, co moze stwarzaé trudno$ci przy oczyszczaniu BE metoda TLC.

Dobre efekty rozdziatu ekstraktéow z moczu (otrzymanych zaréwno z wysa-
laniem jak i bez wysalania) o réznej zawartosci (1-5 Cg/ml) C 1 BE uzyskano
natomiast przy pomocy czterech pozostatych ukltadéw rozwijajacych
(por. rycina 2), z ktérych dwa uktady (octan etylu-metanol-amoniak 60:30:6
i chloroform-metanol-amoniak 100:20:1) zostaly wczes$niej pozytywnie oce-
nione przez innych autoréw [20, 27].

Zastosowanie czterech wybranych systemoéw rozwijania (rycina 2) i opisa-
nej wczesniej (por. czes¢ III) metody wybarwiania chromatograméw (Jak
réwniez przyjetego sposobu ekstrakeji) pozwala na wykrywanie C oraz BE*
w 2,5 ml moczu zawierajacego te ksenobiotyki w stezeniu 1-2 [g/ml. Zasto-
sowana procedura pozwolita zatem na uzyskanie progu wykrywalno$ci znacz-
nie nizszego od stezen C 1 BE, ktore stwierdzano w moczu os6b zmartych
w wyniku zatrucia kokaina [2, 6, 8, 9, 12, 18, 19, 21, 22, 25].

4 Jest to istotne, poniewaz BE utrzymuje sie w moczu dtuzej od C oraz dtuzej od EME (estru
metylowego ekgoniny) — drugiego waznego metabolitu C [1, 10]. Ponadto BE w moczu
wystepuje w wiekszych stezeniach niz C [10, 21], takze wtedy, gdy mamy do czynienia
z moczem pobranym od zywych oséb uzywajacych kokainy [10, 23, 24]. Mocnym argumentem
przemawiajacym za konieczno$cia oznaczania tego metabolitu jest takze to, ze stezenia BE
wydalanej z moczem w ciggu 0—8 godzin (po spozyciu C w postaci tabaczki w iloéci 96 mg oraz
pojej wstrzyknieciu dozylnym w iloéci 48 mg) lub 6-12 godzin (po przyjeciu doustnym w ilo§ci
25 mg) wynosily odpowiednio: 45,0; 9,5 lub 7,9 Cg/ml, podczas gdy stezenia C w moczu
(0,3-1,9 [g/ml) byly o wiele nizsze [10].
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Nalezy jednak uwzglednié fakt, ze poziom wykrywalnoéci ksenobiotykéw
metoda TLC zalezy nie tylko od metody ekstrakeji oraz systeméw rozwijania
iwybarwiania, ale takze od poziomu ,tla” materiatu biologicznego. Obfite ,,tto”
oddzialywuje bowiem niekorzystnie na czytelno$é chromatogramu (gdyz
powoduje smugi lub znieksztalcenie plam ksenobiotykdéw), co sprawia, ze
plamy o matej zawartosci C 1 BE moga zostaé niezauwazone (zamaskowane).
W przypadku prébek moczu o niskim poziomie tta mozliwym wydaje sie nato-
miast wykrywanie réwniez nizszych (od uzyskanych w tym cyklu badan)
stezen C 1 BE, ale pod warunkiem naniesienia na plytke wiekszej iloéci
ekstraktu. Wskazuja na to bowiem badania Kaistha 1 Tadrus [11], ktérzy
wykrywali BE z objetosci ekstraktu odpowiadajacej 5 ml moczu 1 osiagneli
czuloéé rzedu 0,5 Cg/ml, a takze Wallace 1 in. [27], ktérzy, przy zastosowaniu
identycznej iloSci moczu i zblizonego systemu wybarwiania, uzyskali jeszcze
wyzsza wykrywalnoéé (0,1 Og C1 0,25 Og BE/ml).

. W trakcie wyzej oméwionych badan ponadto zauwazono, ze:

1. zlozone uklady rozwijajace umozliwialy lepsze rozdzielenie C i BE od ,tta
biologicznego” po dtuzszym (1-2 dni) wysycaniu komory chromatograficz-
nej mieszaning solwentéw;

2. uzycie rozpuszczalnikéw niskiej jakosci wiaze sie z ryzykiem uzyskania
falszywie ujemnych wynikéw (np. octan etylu firmy POCH-Gliwice powo-
dowat czes$ciowy rozktad C);

3. wysalanie ekstrahowanych probek moczu zwieksza wydajno§é izolacji
BE [13], ale réwnocze$nie powoduje wzrost poziomu ,,tta”.

WNIOSKI

. Optymalna separacje C 1 BE oraz ,tta biologicznego” na ptytkach firmy Merck

(DC-Alufolien Kieselgel 60 F,;,, 20 020 cm) pozwalajg uzyskaé nastepujace

uktady rozwijajace:

a) octan etylu-metanol-amoniak 60:30:6, chloroform-metanol-amoniak
100:20:1, metanol-chloroform 4:1 i chloroform-metanol 4:1 (w przypadku
analizy ekstraktéw z moczu);

b) metanol-chloroform 4:1, chloroform-metanol-amoniak 100:20:1, chloro-
form-metanol-amoniak-woda 70:30:1:0,5 1 octan etylu-metanol-amoniak
60:30:6 (w przypadku analizy ekstraktéw z tkanek).

. Optymalnym systemem wybarwiajacym chromatogramy jest kombinacja od-

czynnika Dragendorffa z roztworem kwasu siarkowego (wybarwia okoto 1 (g C
lub BE).

. Optymalizacja warunkéw rozdzialu i wybarwiania (zgodnie z rezultatami ba-

dan przedstawionych w tej pracy) pozwala na zastosowanie chromatografii

cienkowarstwowej do:

a) identyfikacji C i BE w moczu i tkankach w stezeniu 1-2 [g/g;

b) oczyszczania obu ksenobiotykéw przed ich oznaczaniem przy uzyciu innej
metody (np. spektrofotometrii UV lub HPLC).



