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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 (LD) 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, i.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 � g 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:



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 F254, 20 � 20 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–IV):

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 material1. Standard solutions of xenobiotics (in
quantities of 10 � g) and “standards” of the background (in quantities of
40 � l, 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 iodoplatinate 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-
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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 HCl and finally dissolving in 0.5 methanol.



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

III. The usefulness of the TLC method in the identification of C and BE in
biological material was investigated using extracts2 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.

IV. 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
NaHCO3 (0.1 g/ml of urine) was performed. All extracts were dissolved
in 100 � l of methanol. C and BE standards (in the form of alcoholic so-
lutions in quantities corresponding to 1, 2 and 5 � g) and 25 � l 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.

The usefulness of the thin-layer ... 9

2 Obtained in the manner presented in point I.



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

No Developing system
Rf (� 100 )

Evaluation
BE C CEt LD “Background”

1 Methanol 20 32** 28 64
50; 56
58; 66

++ !

2 Methanol-chloroform 9:1 19 34** 34 61
47; 55
57; 66

++ !

3 Methanol-chloroform 4:1 16 30 31 60
47; 54
56; 65

+++!

4 Methanol-acetone 3:1 20 37** 35 63
46; 58
59; 68

++!

5 Methanol-acetone-ammonia 60:2:0.2 22 46 48 74
49

62; 72
+!

6 Methanol-ethyl acetate 1:1 7 32* 26 59
37; 53
50; 68

– !

7 Methanol-ethyl acetate 4:6 9 33* 33 73
45; 61

58; 73
– !

8 Methanol-ammonia 100:1.5 24 63 64 69
55; 57

54; 71
+

9 Chloroform-methanol 9:1 2 23** 24 55* 8; 18
12; 39; 49

– !

10 Chloroform-methanol 4:1 7 40 40 64
22; 36

31; 60
+ !

11 Chloroform-acetone 4:1 st St* st* st* St*

3; 7
–

12
Chloroform-isopropanol-ammonia

45:45:10
17 80 80 80

36

12; 21; 51
+

13
Chloroform-isopropanol-ammonia

45:45:5
6 73 73 73

27

9; 15; 43
-

14
Chloroform-isopropanol-ammonia-

water 45:45:5:5
12 85 85 85

42

15; 25; 57
+

15
Chloroform-isopropanol-ammonia-

water 45:45:2:1
5 83 83 83

33

20; 58; 70
–

16
Chloroform-methanol-ammonia

100:20:1
8 80 80 81

25; 39

29; 49; 60;
64w

+++

17
Chloroform-methanol-ammonia-water

70:30:1:0.5
18 85 86 89

41; 57

48; 62; 72;
74w

+++

18
Chloroform-ammonia

100:0.2
st St st 4 st ; st –

19
Ethyl acetate-cyclohexane-

methanol-ammonia 70:15:10:5
1 73 75 73

7; 28

4; 38
–

20
Ethyl acetate-methanol-ammonia

60:30:6
12 81 84 83

34; 61

30; 45; 58
+++

21
Ethyl acetate-methanol-ammonia

85:10:5
1 74 74 65

10; 34

3; 34; 53
–
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22
Ethyl acetate-methanol-ammonia-

water 86:10:1:3
st 60 62 62

8; 31

17; 30; 45
–

23
Benzene-methanol-acetone-ammonia

50:50:40:5
20** 85 87 85

39; 63

46; 66; 70w
++

24 Benzene-hexane-diethylamine 50:20:2 st 48 50 39
st

7
–

25
Benzene-ethyl acetate-methanol-
ammonia-water 40:45:13.5:0.5:12

1 58 58 60
19

8; 14; 25; 28
–

26
Benzene-dioxane-ethanol-ammonia

50:40:5:5
st 74 75 68

16

9; 18; 76
–

27
Dioxane-benzene-ethanol-ammonia

50:40:5:5
st 61 64 64

8

13; 27; 58
–

28
Dioxane-chloroform-ethyl acetate-

ammonia 60:25:10:5
st 66 68 69

11

17; 30; 57
–

29
Hexane-toluene-diethylamine

65:20:5
st 42 48 31 st ; st – !!

30
Toluene-acetone-ethanol-ammonia

54.5:45.5:6.5:2.5
st 68 73 66

52

19; 75
–

Evaluation of the developing system:

very good good unsuitable

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).

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 II 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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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)3 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 Rf’s). CEt, how-
ever, can be easily identified using the HPLC method.

II. 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-
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3 Suggested by Bailey [3, 4] for the analysis of extracts from serum and urine.



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. 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 � g/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 � g/g; 10 – liver extract with C
and BE: 2 � g/g; 11 – liver extract with C and BE: 5 � g/g; – “background” spots vis-
ible only in UV.
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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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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;
III – methanol-chloroform 4:1; IV – methanol-chloroform 1:4. 1 – C and BE stan-
dards: 1 � g; 2 – C and BE standards: 2 � g; 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 � g/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 � g/g (extraction with salting out);

– “background” spots visible only in UV.



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

No. Location reagents
C [� g in spot] BE [ � g in spot]

0.5 1 2 5 10 20 0.5 1 2 5 10 20

1 Dragendorff –
–

+

+

–
+ + + – – –

+

–
+ +

2 Dragendorff + 20% H2SO4

+

–
+ + + + +

–

+
+ + + + +

3
Dragendorff + 20% H2SO4

+ iodine vapour*1

–

+
+ + + + +

–

+
+ + + + +

4
Dragendorff + 20% H2SO4

iodine vapour + iodoplatinate*2 –
+

–
+ + + + –

+

–
+ + + +

5 Dragendorff + HCl*3 –
+

–
+ + + + –

+

–
+ + + +

6 Dragendorff + HCl + iodoplatinate –
–

+
+ + + + –

–

+
+ + + +

7
Dragendorff + HCl + iodoplatinate

+ 5% FeCl3
*4 – + + + + + – + + + + +

8
Dragendorff + 20% H2SO4 +

iodoplatinate*5

–

+
+ + + + +

–

+
+ + + + +

9
Dragendorff + 20% H2SO4 +
iodine vapour + 5% FeCl3

*4
+

–
+ + + +

–

+
+ + + + +
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10
Dragendorff + 20% H2SO4 +

5% FeCl3 + iodoplatinate
+

–
+ + + + +

–

+
+ + + + +

11 Dragendorff + iodoplatinate – –
+

–
+ + + – – – + + +

12 Iodoplatinate – – – + + + – – – – – –

13 Iodoplatinate + HCl – –
+

–
+ + + – – – + + +

14 Iodoplatinate + HCl+ Dragendorff – –
+

–
+ + + – –

–

+
+ + +

15
Iodoplatinate + HCl +

Dragendorff + 5% FeCl3
–

–

+
+ + + + – –

–

+
+ + +

16 Iodoplatinate + 20% H2SO4 – –
+

–
+ + + – – – + + +

17
Iodoplatinate + 20% H2SO4

+ Dragendorff
–

–

+
+ + + + – –

–

+
+ + +

18
Iodoplatinate + 20% H2SO4 +

Dragendorff + 5% FeCl3

–
–

+
+ + + + – –

+

–
+ + +

19 Iodoplatinate + Dragendorff – –
–

+
+ + + – – – – + +

20
Cobalt

Thiocyanate

Fresh – – –
+

–
+ + – – – – – –

After 1 day
(in refrigerator)

– – – – – + – – – – – –

After 2 days
(in refrigerator)

– – – – – – – – – – – –

The usefulness of the developing system:

very good good unsuitable

The universally applied iodoplatinate turned out to be a reagent
with low detectability of C and BE (5 � g) – 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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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.



A similar level of detection of BE (to that in Table II) was obtained
by Müller 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 HCl. 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.

III. 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% H2SO4, 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/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/g of
the brain and 10.2–58 � g/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/g and in the
brain – 2.9 � g/g [26].

IV. 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 BE4 in 2.5 ml of urine containing these xenobiotics at a concentra-
tion of 1–2 � g/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
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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 snuff in 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].



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 � g/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 F254, 20 � 20 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 � g of C or BE).

The usefulness of the thin-layer ... 19



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).

References:

1. A m b r e J ., The urinary excretion of cocaine and metabolites in humans: A ki-
netic analysis of published date, [in:] Cocaine: Determination in human body
fluids. Reprints of selected articles from the Journal of Analytical Toxicology,
Baselt R. C., Espe E. [eds.], Preston Publications, Niles 1988.

2. A m o n C . A . , T a t e L . G . , W r i g h t R . K . [et al.], Sudden death due to inges-
tion of cocaine, [in:] Cocaine: Determination in human body fluids. Reprints of
selected articles from the Journal of Analytical Toxicology, Baselt R. C.,
Espe E. [eds.], Preston Publications, Niles 1988.

3. B a i l e y D . N ., Cocaethylene (ethylcocaine) detection during toxicological
screening of a University Medical Centre patient population, Journal of Ana-
lytical Toxicology 1995, vol. 19, pp. 247–250.

4. B a i l e y D . N ., Thin-layer chromatographic detection of cocaethylene in hu-
man urine, American Journal of Clinical Pathology 1994, vol. 101, pp. 342–345.

5. B a k e r P . B . , G o u g h T . A ., The rapid determination of cocaine and other lo-
cal anaesthetics using field tests and chromatography, Journal of Forensic Sci-
ences 1979, vol. 24, pp. 847–855.

6. B e d n a r c z y k L . R . , G r e s s m a n n E . A . , W y m e r R . L ., Two cocaine-in-
duced fatalities, [in:] Cocaine: Determination in human body fluids. Reprints of
selected articles from the Journal of Analytical Toxicology, Baselt R. C.,
Espe E. [eds.], Preston Publications, Niles 1988.

7. B o r k o w s k i T ., Metoda wyosobniania trucizn organicznych z materia³u
biologicznego, Archiwum medycyny s¹dowej i kryminologii 1968, t. XVIII,
s. 95–100.

8. D i M a i o V . J . M . , G a r r i o t t J . C ., Four deaths due to intravenous injec-
tion of cocaine, Forensic Science International 1978, vol. 12, pp. 119–125.

9. F e r n a n d e z P . , L a f u e n t e N . , B e r m e j o A . M . [et al.], HPLC determina-
tion of cocaine and benzoylecgonine in plasma and urine from drug abusers,
Journal of Analytical Toxicology 1996, vol. 20, pp. 224–228.

10. I t e n P . X ., Fahren unter Drogen- oder Medikamenteneinfluss. Forensische
Interpretation und Begutachtung, Institut für Rechtsmedizin Forensische
Toxikologie Universität, Zurich 1994.

11. K a i s t h a K . K . , T a d r u s R ., Single- and two step extraction and thin-layer
detection procedures for benzoylecgonine (cocaine metabolite) alone or in com-
bination with a wide variety of commonly abused drugs in urine screening pro-
grams, Journal of Chromatography 1977, vol. 135, pp. 385–393.

20 M. Kiszka, R. M¹dro



12. K i s s e r W ., Über eine todliche Cocainvergiftung, Zeitschrift für Rechtsmedi-
zin 1985, Bd. 94, S. 155–158.

13. K i s z k a M . , M ¹ d r o R ., Evaluation of the method of cocaine and benzoyl-
ecgonine isolation from post-mortem material. Part I: Liquid-liquid extraction,
Problems of Forensic Sciences 2001, vol. 48, pp. 7–30.

14. K u b a l s k i J . , T o b o l s k a - R y d z H ., Œrodki uzale¿niaj¹ce, PZWL, Warsza-
wa 1984.

15. L e B e l l e M . , L a u r i a u l t G . , C a l l a h a n S . [et al.], The examination of il-
licit cocaine, Journal of Forensic Sciences 1988, vol. 33, pp. 662–675.

16. L i l l s u n d e P . , K o r t e T ., Comprehensive drug screening in urine using
solid-phase extraction and combined TLC and GC/MS identification, Journal
of Analytical Toxicology 1991, vol. 15, pp. 71–81.

17. L o g a n B . K . , N i c h o l s H . S . , S t a f f o r d D . T ., A simple laboratory test for
the determination of the chemical form of cocaine, Journal of Forensic Sciences
1989, vol. 34, pp. 678–681.

18. L o w r y W . T . , L o m o n t e J . N . , H a t c h e t t D . [et al.], Identification of two
novel cocaine metabolites in bile by gas chromatography and gas chromatogra-
phy/mass spectrometry in a case of acute intravenous cocaine overdose, [in:]
Cocaine: Determination in human body fluids. Reprints of selected articles
from the Journal of Analytical Toxicology, Baselt R. C., Espe E. [eds.], Preston
Publications, Niles 1988.

19. L u n d b e r g G . D . , G a r r i o t t J . C . , R e y n o l d s P . C . [et al.], Cocaine-re-
lated death, Journal of Forensic Sciences 1977, vol. 22, pp. 402–408.

20. M u e l l e r M . A . , A d a m s S . M . , L e w a n d D . L . [et al.], Detection of
benzoylecgonine in human urine, Journal of Chromatography 1977, vol. 144,
pp. 101–107.

21. P e t e r s o n K . L . , L o g a n B . K . , C h r i s t i a n G . D ., Detection of cocaine
and its polar transformation products and metabolites in human urine, Foren-
sic Science International 1995, vol. 73, pp. 183–196.

22. P o k l i s A . , M a g g i n D . , B a r r J ., Tissue disposition of cocaine in man: a re-
port of five fatal poisonings, Forensic Science International 1987, vol. 33,
pp. 83–88.

23. P o k l i s A ., Evaluation of TDx cocaine metabolite assay, [in:] Cocaine: Deter-
mination in human body fluids. Reprints of selected articles from the Journal
of Analytical Toxicology, Baselt R. C., Espe E. [eds.], Preston Publications,
Niles 1988.

24. R a m c h a r i t a r V . , L e v i n e B . , S m i a l e k J . E ., Benzoylecgonine and
ecgonine methyl ester concentrations in urine specimens, Journal of Forensic
Sciences 1995, vol. 40, pp. 99–101.

25. S p e r r y K ., Suicide with, and because of cocaine (Letter), Journal of American
Medical Association 1988, vol. 259, p. 2995.

26. S p i e h l e r V . , R e e d D ., Brain concentrations of cocaine and benzoylecgonine
in fatal cases, Journal of Forensic Sciences 1985, vol. 30, pp. 1003–1011.

The usefulness of the thin-layer ... 21



27. W a l l a c e J . E . , H a m i l t o n H . E . , S c h w e t n e r H . [et al.], Thin-layer chro-
matographic analysis of cocaine and benzoylecgonine in urine, Journal of Chro-
matography 1975, vol. 114, pp. 433–441.

28. W i n e k C . L . , W a h b a W . W . , R o z i n L . [et al.], An unusually high blood co-
caine concentration in fatal case, [in:] Cocaine: Determination in human body
fluids. Reprints of selected articles from the Journal of Analytical Toxicology,
Baselt R. C., Espe E. [eds.], Preston Publications, Niles 1988.

22 M. Kiszka, R. M¹dro



PRZYDATNOŒÆ METODY CHROMATOGRAFII
CIENKOWARSTWOWEJ DO IDENTYFIKACJI KOKAINY I JEJ
METABOLITU BENZOILOEKGONINY W MATERIALE
SEKCYJNYM

Marianna KISZKA, Roman M¥DRO

WSTÊP

Metoda chromatografii cienkowarstwowej (TLC) nadal znajduje zastosowanie do
identyfikacji ró¿nych substancji odurzaj¹cych, w tym tak¿e kokainy (C). Skutecznoœæ
metody TLC zale¿y jednak od optymalizacji procesu analitycznego, zw³aszcza od za-
stosowania odpowiedniego uk³adu rozwijaj¹cego, tj. takiego, który umo¿liwi dobre
rozdzielenie C od jej metabolitów, a tak¿e od „t³a” biologicznego. Wa¿ne jest równie¿
dobranie takiego sposobu wybarwiania chromatogramów, który zapewni wysok¹
wykrywalnoœæ ksenobiotyków. Konieczne jest ponadto uwzglêdnienie mo¿liwoœci
rozdzia³u lidokainy (LD) oraz kokaetylenu (CEt) zarówno od C, jak i od benzoiloekgo-
niny (BE), która jest jednym z jej g³ównych metabolitów. Przed zastosowaniem LD
jako standardu wewnêtrznego w chromatografii cieczowej (HPLC) nale¿y bowiem
wykluczyæ jej obecnoœæ w badanym materiale biologicznym, gdy¿ C oferowana przez
dealerów bywa niekiedy zafa³szowana tym lekiem [14, 15]. CEt mo¿e natomiast znaj-
dowaæ siê w analizowanych próbkach ze wzglêdu na to, ¿e spo¿ywanie C ³¹cznie z al-
koholem prowadzi do jego powstawania [3].

MATERIA£ I METODY BADAÑ

Zastosowano p³ytki firmy Merck (DC-Alufolien Kieselgel 60 F254, 20 � 20 cm).
Chromatogramy rozwijano na odcinku 16 cm technik¹ wstêpuj¹c¹ w komorach
szklanych wysyconych parami rozpuszczalników. Wykonano cztery (I–IV) cykle
badañ:

I. 30 ró¿nych uk³adów rozwijaj¹cych (wyszczególnionych w tabeli I) prze-
testowano z zastosowaniem metanolowych roztworów wzorcowych C, BE, LD
i CEt oraz „wzorców” t³a biologicznego w postaci chloroformowo-alkalicznych
ekstraktów z materia³u biologicznego1. Wzorce ksenobiotyków (w iloœci 10 � g)
oraz „wzorce” t³a (w iloœci 40 � l, co odpowiada³o 2 g ekstrahowanej tkanki)
nanoszono na p³ytki chromatograficzne i rozwijano w ka¿dym z trzydziestu
uk³adów. Wysuszone chromatogramy ogl¹dano w œwietle UV, a nastêpnie
wybarwiano przy u¿yciu odczynnika Dragendorffa z 20% kwasem siarkowym,

1 Uzyskiwano je z 25-gramowych próbek nerki i w¹troby przez ich homogenizacjê mechanicz-
n¹ z dodatkiem 50 ml wody, odbia³czanie tego materia³u metod¹ siarczanowo-amonow¹
wed³ug Borkowskiego [7], ekstrakcjê eterem w ekstraktorach firmy Quikfit, alkalizowanie
fazy wodnej (2,5 M wod¹ amoniakaln¹ do pH = 7,5–8) i jej ekstrakcjê chloroformow¹
systemem ci¹g³ym przez 6 godzin, odparowanie ekstraktów alkalicznych z dodatkiem
1 kropli 1 M HCl, a nastêpnie ich rozpuszczenie w 0,5 ml metanolu.



jodoplatynianu potasowego z 20% kwasem siarkowym i kombinacji obu
wymienionych odczynników z 5% roztworem chlorku ¿elazowego. Okreœlano
Rf plam widocznych w œwietle UV i po wybarwieniu. Uwzglêdniano tak¿e
kszta³t plam.

II. Czu³oœæ dwudziestu systemów wywo³uj¹cych oceniano po naniesieniu na
p³ytki C i BE (w postaci alkoholowych roztworów) w iloœci 0,5, 1, 2, 5, 10 i 20 � g
i zastosowaniu mieszaniny octan etylu-metanol-amoniak 60:30:6, tj. jednego
z czterech najlepszych uk³adów rozwijaj¹cych (okreœlonych w pierwszym
etapie eksperymentu – por. tabela I). Zwracano przy tym uwagê na kolejnoœæ
pojawiania siê plam, ich rozmiar i kszta³t oraz intensywnoœæ barwy.

III. Przydatnoœæ metody TLC do identyfikacji C i BE w materiale biologicznym
badano przy u¿yciu ekstraktów2 z w¹troby i nerki z dodatkiem obu kseno-
biotyków w stê¿eniu 1, 2 i 5 � g/g tkanki. W tym celu na p³ytki chromatogra-
ficzne nanoszono wzorce C i BE (w postaci alkoholowych roztworów) w iloœci
1, 2 i 5 µg i po 40 � l ekstraktów z w¹troby i nerki (co odpowiada³o 2 g tkanki)
z dodatkiem i bez dodatku ksenobiotyków. P³ytki te rozwijano nastêpnie
w ka¿dym z czterech optymalnych uk³adów (okreœlonych 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
70:30:1:0.5 i octan etylu-metanol-amoniak 60:30:6, po czym wybarwiano kolej-
no odczynnikiem Dragendorffa z 20% kwasem siarkowym, roztworem chlorku
¿elazowego oraz roztworem jodoplatynianu potasowego.

IV. W ostatnim etapie oceniano przydatnoœæ metody TLC do wykrywania C i BE
w moczu. U¿yto do tego próbek (10 ml) moczu z dodatkiem C i BE (w stê¿eniu
1, 2 i 5 � g/ml), które poddawano ekstrakcji eterowo-kwaœnej, a nastêpnie
ekstrakcji zasadowej (pH = 8) mieszanin¹ dichlorometan-izopropanol 3:1
w proporcji próbka : solwent = 1:8. Równolegle przeprowadzono ekstrakcjê
iden- tycznie przygotowanych próbek moczu po³¹czon¹ z wysalaniem NaHCO3

(0,1 g/ml moczu). Wszystkie ekstrakty rozpuszczano w 100 � l metanolu. Na
p³ytki chromatograficzne nanoszono wzorce C i BE (w postaci alkoholowych
roztworów w iloœci odpowiadaj¹cej 1, 2 i 5 � g) oraz po 25 � l ka¿dego z za-
sadowych ekstraktów (co odpowiada³o 2,5 ml ekstrahowanego moczu) i roz-
wijano w siedmiu fazach ruchomych, z których cztery uznano wczeœniej za
optymalne (por. tabela I i rezultaty etapu III), a trzy pozosta³e (benzen-meta-
nol-aceton-amoniak 50:50:40:5, metanol-amoniak 100:1,5 i chloroform-meta-
nol 4:1) uwzglêdniono, poniewa¿ s¹ czêsto stosowane w codziennej pracy
w laboratorium toksykologicznym. Do wybarwiania chromatogramów (podob-
nie jak w trzecim etapie badañ) stosowano kolejno odczynnik Dragendorffa
oraz roztwory kwasu siarkowego, chlorku ¿elazowego i jodoplatynianu pota-
sowego.

WYNIKI BADAÑ, ICH OMÓWIENIE I DYSKUSJA

Wyniki eksperymentalnej oceny przydatnoœci metody TLC do identyfikacji C
i BE w materiale sekcyjnym przedstawiono w tabelach I i II oraz na rycinach 1 i 2.
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I. Bardzo dobre i dobre rezultaty rozdzia³u C od BE i od „t³a” ekstraktów (z w¹tro-
by i nerki) uzyskano po zastosowaniu oœmiu uk³adów rozwijaj¹cych, które
w tabeli I zaznaczono dwoma stopniami szaroœci t³a. Cztery z nich uznano jed-
nak za optymalne (w tabeli I oznaczono je trzema plusami) ze wzglêdu na bar-
dzo dobr¹ separacjê obu ksenobiotyków od „t³a”. W przypadku ich zastoso-
wania plamy „t³a”, wybarwione przy u¿yciu jodoplatynianu i odczynnika Dra-
gendorffa, a tak¿e plamy „t³a” widoczne w UV, by³y bowiem usytuowane poza
stref¹ plam C i BE w œrodkowej (fazy nr 16, 17 i 20 – tabela I) lub górnej (faza
nr 3 – tabela I) czêœci chromatogramu. Te cztery uk³ady okaza³y siê zatem
szczególnie u¿yteczne do oczyszczania ekstraktów (metod¹ TLC) przed iloœ-
ciow¹ analiz¹ C i BE. Natomiast cztery pozosta³e uk³ady rozwijaj¹ce (nr 1, 2, 4
i 23 – tabela I) oznaczono tylko dwoma plusami, gdy¿ po ich zastosowaniu pla-
my ksenobiotyków by³y mniej zwarte i mia³y owalny kszta³t, w zwi¹zku z czym
uk³ady te uznano za mniej przydatne do oczyszczania ekstraktów z materia³u
biologicznego.

Mimo dobrego rozdzia³u C od BE zbyt ma³e ró¿nice miêdzy Rf plam kseno-
biotyków i plam „t³a” (widocznych w UV lub wybarwionych) sprawiaj¹, ¿e po-
zosta³e uk³ady rozwijaj¹ce (w tabeli I – oznaczone jednym plusem) uznano za
ma³o u¿yteczne do identyfikacji C i BE w ekstraktach z tkanek.

Do identyfikacji LD najlepsze okaza³y siê uk³ady oznaczone w tabeli I nu-
merami 1–7 i 9–10. Optymalny jednoczesny rozdzia³ LD, C i BE od „t³a biolo-
gicznego” zapewnia³ jednak wy³¹cznie uk³ad nr 3, tj. metanol-chloroform 4:1.

W stopniu w pe³ni zadowalaj¹cym nie uda³o siê natomiast rozdzieliæ CEt
od C. Jedynie zastosowanie uk³adu nr 29 (heksan-toluen-dietylamina 65:20:5)3

pozwoli³o na uzyskanie ró¿nych wartoœci Rf (C = 0,42 i CEt = 0,48), ale kosztem
utraty mo¿liwoœci zidentyfikowania BE (plamy pozosta³y w punkcie startu).
Nale¿y zatem pamiêtaæ, ¿e w plamach C uzyskanych po zastosowaniu wcze-
œniej omówionych 8 optymalnych uk³adów rozwijaj¹cych mo¿e znajdowaæ siê
równie¿ CEt (ze wzglêdu na podobieñstwo Rf), który mo¿na jednak ³atwo
zidentyfikowaæ przy u¿yciu metody HPLC.

II. Wyniki badañ nad wykrywalnoœci¹ C i BE na p³ytkach chromatograficznych
w zale¿noœci od zastosowanego systemu wywo³uj¹cego zawiera tabela II,
z której wynika, ¿e kombinacja odczynnika Dragendorffa z roztworem kwasu
siarkowego okaza³a siê optymalnym odczynnikiem do wywo³ywania plam C
i BE. Po zastosowaniu odczynnika Dragendorffa mo¿liwe by³o bowiem ziden-
tyfikowanie plam o zawartoœci 2 � g C i 5 � g BE, ale wykrywalnoœæ wzrasta³a
przesz³o dwukrotnie dla C i a¿ ponad piêciokrotnie dla BE po dodatkowym
spryskaniu p³ytki kwasem siarkowym. Zastosowanie kwasu solnego dawa³o
nieco gorsze efekty (zw³aszcza dla C), gdy¿ plamy by³y wtedy s³abiej widoczne
i mniej trwa³e.

Wallace i in. [27] za najlepsz¹ do wykrywania ksenobiotyków w ekstrak-
tach z moczu uznali natomiast tê w³aœnie kombinacjê (tj. odczynnika Dragen-
dorffa z kwasem siarkowym) w po³¹czeniu z parami jodu, ale stê¿enia wykry-
wanych tym sposobem zwi¹zków mieœci³y siê blisko osi¹gniêtej w tym doœ-
wiadczeniu granicy wykrywalnoœci, bowiem w przybli¿eniu wynosi³y 0,5 � g C
i 0,8 � g BE. Z przeprowadzonego w zwi¹zku z tym eksperymentu wynika
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jednak, ¿e jedynym pozytywnym skutkiem zastosowania par jodu po odczyn-
niku Dragendorffa z kwasem siarkowym by³ niewielki i krótkotrwa³y wzrost
intensywnoœci wybarwienia (wyraŸnie widoczny tylko dla plam o wy¿szych
stê¿eniach). Ujawni³o siê przy tym ryzyko „przedawkowania” odczynnika
prowadz¹ce do zaciemnienia ca³ego chromatogramu, co zmniejsza³o szansê
wykrycia niskich stê¿eñ zarówno C, jak i BE. Obserwacje te s¹ zgodne z donie-
sieniem Kaistha i Tadrus [11], którzy BE w ekstraktach z moczu wykrywali
tak¿e przy u¿yciu kombinacji odczynnika Dragendorffa z roztworem jodu oraz
jodku potasu i równie¿ zauwa¿yli szybkie zanikanie plam o niskiej zawartoœci
BE, w zwi¹zku z czym jako alternatywny system wybarwiania zaproponowali
po³¹czenie odczynnika Dragendorffa z kwasem siarkowym.

Powszechnie stosowany jodoplatynian okaza³ siê odczynnikiem o niskiej
wykrywalnoœci C i BE (5 � g), przy czym plamy zawieraj¹ce BE pojawia³y siê
dopiero po dodatkowym spryskaniu p³ytek kwasem solnym lub siarkowym.
Ró¿nice w reagowaniu C i BE na jodoplatynian w po³¹czeniu z kwasem mog¹
wiêc byæ dodatkow¹ wskazówk¹ ró¿nicuj¹c¹ te substancje.

Zbli¿ony (do przedstawionego w tabeli II) poziom detekcji BE uzyskali Mül-
ler i in. [20] po dwustopniowym rozdzieleniu ekstraktów (z oko³o 7 ml moczu)
metod¹ TLC i wybarwieniu chromatogramu roztworem jodoplatynianu zmie-
szanym z 2 M HCl. Przy u¿yciu jodoplatynianu podobnie s³ab¹ detekcjê C
stwierdzi³ te¿ Bailey [4]. Z porównania warunków jego doœwiadczenia (w któ-
rym na p³ytkê chromatograficzn¹ nanosi³ ekstrakt z 35 ml moczu) z rezultata-
mi badañ przedstawionymi w tej pracy wynika jednak, ¿e po zastosowaniu
odczynnika Dragendorffa z kwasem siarkowym wykrywalnoœæ C tego rzêdu
mo¿na uzyskaæ z piêciokrotnie mniejszej iloœci moczu.

W przypadku ³¹cznego stosowania jodoplatynianu i odczynnika Dragen-
dorffa okaza³o siê, ¿e u¿ycie najpierw odczynnika Dragendorffa, a nastêpnie
jodoplatynianu, jest bardziej korzystne ni¿ zastosowanie ich w odwrotnej
kolejnoœci, ale taka kombinacja nie obni¿a granicy detekcji poni¿ej oko³o 5 � g C
w plamie, co wczeœniej stwierdzili równie¿ Lillsunde i Korte [16]. Dla uzys-
kania dobrego wybarwienia plam BE konieczne by³o jednak dodatkowe sprys-
kanie chromatogramu kwasem.

Uwzglêdniony zosta³ tak¿e rodanek kobaltu, poniewa¿ u¿ywany jest w jako-
œciowych testach barwnych s³u¿¹cych do wykrywania kokainy [5, 17]. W oma-
wianym eksperymencie okaza³ siê on jednak zbyt ma³o czu³ym wywo³ywaczem,
aby mo¿na go by³o wykorzystaæ do identyfikacji C i BE przy u¿yciu metody TLC.

Nak³adanie ró¿nych systemów wybarwiaj¹cych zwiêksza³o wprawdzie
intensywnoœæ plam zawieraj¹cych ma³e iloœci ksenobiotyków, ale jednoczeœnie
powodowa³o przyciemnienie t³a chromatogramów i zmniejsza³o trwa³oœæ plam.
Korzystne efekty takiego postêpowania obserwowano tylko wówczas, gdy
w plamach chromatograficznych znajdowa³o siê nie mniej ni¿ oko³o 5 � g C lub
BE. Rezultaty przeprowadzonych eksperymentów prowadz¹ zatem do wnios-
ku, ¿e wybarwianie nale¿y rozpoczynaæ od po³¹czenia odczynnika Dragen-
dorffa z kwasem siarkowym, a dalsze odczynniki (chlorek ¿elazowy, jodo-
platynian lub inne) mo¿na stosowaæ dopiero po dok³adnej ocenie tak uzyska-
nego chromatogramu.
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III. Analiza chloroformowo-alkalicznych ekstraktów z w¹troby i nerki przy u¿yciu
czterech wybranych wczeœniej faz ruchomych (które w tabeli I wyró¿niono
znakiem +++) dawa³a bardzo wyraŸne ró¿nice miêdzy wspó³czynnikiem Rf
plam C i BE, a plamy „t³a” by³y usytuowane poza obszarem rozdzielonych stref
obu ksenobiotyków. Do uwidocznienia plam obu ksenobiotyków we wszystkich
ekstraktach uzyskanych z tkanek zawieraj¹cych C oraz BE w stê¿eniu
1–5 � g/g skutecznym okaza³ siê system wywo³uj¹cy nr 10 (por. tabela II), ale pod
warunkiem zachowania odpowiedniej kolejnoœci wybarwiania (odczynnik Dra-
gendorffa z 20% H2SO4 � 5% roztwór chlorku ¿elazowego � jodoplatynian
potasowy) oraz obserwacji ka¿dego etapu wywo³ywania chromatogramu
(rycina 1).

Uzyskano zatem limit detekcji, który czyni metodê TLC przydatn¹ do
wstêpnej diagnostyki œmiertelnych zatruæ C. Bardzo niskie poziomy C wykry-
wano bowiem tylko w nielicznych przypadkach, np. 0,1–1,5 � g/g w¹troby
[8, 19] i 0,4 � g/g mózgu [19]. Znacznie czêœciej jej stê¿enia by³y wielokrotnie
wy¿sze: 6,8–51,3 � g/g w¹troby, 4–83 � g/g mózgu i 10,2–58 � g/g nerki [2, 6, 8,
12, 18, 19, 22, 28]. Wysokie by³y tak¿e œrednie poziomy BE w w¹trobie –
21,3 � g/g i w mózgu – 2,9 � g/g [26].

IV. Nak³adanie siê wybarwionych plam „t³a” moczu na strefy C i BE mia³o miejsce
tylko po zastosowaniu uk³adu metanol-amoniak 100:1,5, zw³aszcza w przy-
padku badania próbek bardziej zanieczyszczonych. Przy u¿yciu trzech uk³a-
dów (chloroform-metanol-amoniak-woda 70:30:1:0,5; benzen-metanol-aceton-
amoniak 50:50:40:5 i metanol-amoniak 100:1,5) plamy „t³a” (widoczne tylko
w UV) niektórych próbek moczu usytuowane by³y natomiast bardzo blisko
plam BE, co mo¿e stwarzaæ trudnoœci przy oczyszczaniu BE metod¹ TLC.

Dobre efekty rozdzia³u ekstraktów z moczu (otrzymanych zarówno z wysa-
laniem jak i bez wysalania) o ró¿nej zawartoœci (1–5 � g/ml) C i BE uzyskano
natomiast przy pomocy czterech pozosta³ych uk³adów rozwijaj¹cych
(por. rycina 2), z których dwa uk³ady (octan etylu-metanol-amoniak 60:30:6
i chloroform-metanol-amoniak 100:20:1) zosta³y wczeœniej pozytywnie oce-
nione przez innych autorów [20, 27].

Zastosowanie czterech wybranych systemów rozwijania (rycina 2) i opisa-
nej wczeœniej (por. czêœæ III) metody wybarwiania chromatogramów (jak
równie¿ przyjêtego sposobu ekstrakcji) pozwala na wykrywanie C oraz BE4

w 2,5 ml moczu zawieraj¹cego te ksenobiotyki w stê¿eniu 1–2 � g/ml. Zasto-
sowana procedura pozwoli³a zatem na uzyskanie progu wykrywalnoœci znacz-
nie ni¿szego od stê¿eñ C i BE, które stwierdzano w moczu osób zmar³ych
w wyniku zatrucia kokain¹ [2, 6, 8, 9, 12, 18, 19, 21, 22, 25].
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4 Jest to istotne, poniewa¿ BE utrzymuje siê w moczu d³u¿ej od C oraz d³u¿ej od EME (estru
metylowego ekgoniny) – drugiego wa¿nego metabolitu C [1, 10]. Ponadto BE w moczu
wystêpuje w wiêkszych stê¿eniach ni¿ C [10, 21], tak¿e wtedy, gdy mamy do czynienia
z moczem pobranym od ¿ywych osób u¿ywaj¹cych kokainy [10, 23, 24]. Mocnym argumentem
przemawiaj¹cym za koniecznoœci¹ oznaczania tego metabolitu jest tak¿e to, ¿e stê¿enia BE
wydalanej z moczem w ci¹gu 0–8 godzin (po spo¿yciu C w postaci tabaczki w iloœci 96 mg oraz
po jej wstrzykniêciu do¿ylnym w iloœci 48 mg) lub 6–12 godzin (po przyjêciu doustnym w iloœci
25 mg) wynosi³y odpowiednio: 45,0; 9,5 lub 7,9 � g/ml, podczas gdy stê¿enia C w moczu
(0,3–1,9 � g/ml) by³y o wiele ni¿sze [10].



Nale¿y jednak uwzglêdniæ fakt, ¿e poziom wykrywalnoœci ksenobiotyków
metod¹ TLC zale¿y nie tylko od metody ekstrakcji oraz systemów rozwijania
i wybarwiania, ale tak¿e od poziomu „t³a” materia³u biologicznego. Obfite „t³o”
oddzia³ywuje bowiem niekorzystnie na czytelnoœæ chromatogramu (gdy¿
powoduje smugi lub zniekszta³cenie plam ksenobiotyków), co sprawia, ¿e
plamy o ma³ej zawartoœci C i BE mog¹ zostaæ niezauwa¿one (zamaskowane).
W przypadku próbek moczu o niskim poziomie t³a mo¿liwym wydaje siê nato-
miast wykrywanie równie¿ ni¿szych (od uzyskanych w tym cyklu badañ)
stê¿eñ C i BE, ale pod warunkiem naniesienia na p³ytkê wiêkszej iloœci
ekstraktu. Wskazuj¹ na to bowiem badania Kaistha i Tadrus [11], którzy
wykrywali BE z objêtoœci ekstraktu odpowiadaj¹cej 5 ml moczu i osi¹gnêli
czu³oœæ rzêdu 0,5 � g/ml, a tak¿e Wallace i in. [27], którzy, przy zastosowaniu
identycznej iloœci moczu i zbli¿onego systemu wybarwiania, uzyskali jeszcze
wy¿sz¹ wykrywalnoœæ (0,1 � g C i 0,25 � g BE/ml).

V. W trakcie wy¿ej omówionych badañ ponadto zauwa¿ono, ¿e:
1. z³o¿one uk³ady rozwijaj¹ce umo¿liwia³y lepsze rozdzielenie C i BE od „t³a

biologicznego” po d³u¿szym (1–2 dni) wysycaniu komory chromatograficz-
nej mieszanin¹ solwentów;

2. u¿ycie rozpuszczalników niskiej jakoœci wi¹¿e siê z ryzykiem uzyskania
fa³szywie ujemnych wyników (np. octan etylu firmy POCH-Gliwice powo-
dowa³ czêœciowy rozk³ad C);

3. wysalanie ekstrahowanych próbek moczu zwiêksza wydajnoœæ izolacji
BE [13], ale równoczeœnie powoduje wzrost poziomu „t³a”.

WNIOSKI

1. Optymaln¹ separacjê C i BE oraz „t³a biologicznego” na p³ytkach firmy Merck
(DC-Alufolien Kieselgel 60 F254, 20 � 20 cm) pozwalaj¹ uzyskaæ nastêpuj¹ce
uk³ady rozwijaj¹ce:
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 ekstraktów z moczu);

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

2. Optymalnym systemem wybarwiaj¹cym chromatogramy jest kombinacja od-
czynnika Dragendorffa z roztworem kwasu siarkowego (wybarwia oko³o 1 � g C
lub BE).

3. Optymalizacja warunków rozdzia³u i wybarwiania (zgodnie z rezultatami ba-
dañ przedstawionych w tej pracy) pozwala na zastosowanie chromatografii
cienkowarstwowej do:
a) identyfikacji C i BE w moczu i tkankach w stê¿eniu 1–2 � g/g;
b) oczyszczania obu ksenobiotyków przed ich oznaczaniem przy u¿yciu innej

metody (np. spektrofotometrii UV lub HPLC).
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