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ABSTRACT: The effectiveness of cocaine (C) and benzoylecgonine (BE) isolation us-
ing LLE: one- and three-step extractions and in a continuous system was studied.
The highest C recovery from aqueous solutions was achieved in the pH range 7-11
while for BE no clear optimum pH was observed. In the one-step extraction, recovery
of C was high while that of BE low. BE recovery increased, however, with an increase
in the amount of solvent and with addition of alcohol, and also after salting out the
samples, but this resulted in higher levels of impurities in the extracts. The mixture
dichloromethane-isopropanol (3:1) was found to be the optimum one for the three-
step LLE of urine samples. With the sample/solvent ratio ranging from 1/5 to 1/8,
C recovery was 57-69% and BE recovery — 39—50%. Moreover, the extracts were of
high purity (suitable for HPLC analysis). The extraction in a continuous system was
characterised by high recovery (68-75% of C and 72-80% of BE from deproteinised
homogenates of the kidney); however, it depended on the quality of solvents and was
limited to the pH range 7-8, and, furthermore, prior to their analysis (HPLC
method), the extracts required purification (TLC method).
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INTRODUCTION

Differences in the structure of the molecule of cocaine (C) and that of its
metabolite benzoylecgonine (BE) cause them to have a different polarity —
and their behaviour in the course of the process of isolation is to a large ex-
tent dependent on this difference. Thus, recognition of the effectiveness of
various isolation methods is very important for proper diagnostic procedure.

The effectiveness of xenobiotics isolation depends on the extraction
method, the kind of solvent used and many other factors. In the case of C, the
pH of the environment is of crucial importance due to its low stability in an
alkaline environment [6, 17]. Thus, in the first stage of the presented study,
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the following were evaluated: the influence of pH on the isolation of C and
BE, and in further stages the effectiveness of C and BE isolation using one-
and three-step liquid-liquid extraction as well as extraction in a continuous
system.

MATERIAL, METHODS AND RESULTS

C and BE were extracted from aqueous solutions and also homogenates
of kidneys and urine samples, in which the presence of alcohol and
pharmaceuticals had been excluded.

Quantitative analysis of the samples was performed using a Gibson lig-
uid chromatograph with a spectrometric detector with regulation of wave-
length. The following measurement conditions were applied: Hypersil ODS
column (250 X 4.0 mm, 5 um), moving phase: an 80:20 mixture of phosphate
buffer (0.025 M, pH = 3 with addition of 0.5% triethylamine) and
acetonitryle in a two-pump system, flow velocity — 1 ml/min, volume of the
injected sample— 10 ul and detection at 233 nm. The signal from the detector
was electronically transformed using a Gibson 715 HPLC System Controller
Software. The quantities of extracted C and BE were determined with the
method of an external standard using calibration curves that were obtained
directly from C and BE solutions, i.e. omitting the extraction stage. The per-
centage of C and BE recovery was calculated according to the following for-
mula: A:B  100% (where: A —the quantity of C or BE in ng, determined with
the HPLC method; B — the quantity of C or BE in pg included in samples be-
fore extraction).

A number of experiments were performed in order to evaluate the effec-
tiveness of C and BE isolation:

1. One-step extraction method, including the influence of the following

factors:
1.1. pH in the range of 1-14;
1.2. the kind of solvent;
1.3. the volume of solvent;
1.4. salting out of the samples before extraction.

Figure 1 gives an outline of the performed one-step extraction. The
scheme and results of the study on the influence of pH and the kind of sol-
vent used are presented in Figure 2. Tables I-IV contain the structure and
results of experiments carried out in order to evaluate the influence of the
kind and volume of the solvent as well as the salting out of the samples being
extracted.
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sample
+ 0.5 M NH,OH alkalisation to pH = 8 *

shaking for 15 min
+ solvent centrifugation for 10 min (4500 r.p.m.)
organic phase separation
organic phase
+ 1 drop of 1 M HCl | evaporation at 40°C

residue

+0.5ml 10* M HCI | dissolving of the residue
filtration (Syringe Filters - Hewlet Packard
eluate or SPE™ 0.45 um Nylon Hydrophilic
Membrane Baker)

filtrate

* Only while examining the pH effects on the extraction recovery, the reaction was regulated with
phosphate buffer in the pH range 1-14.

Fig. 1. A diagram of one-step extraction.

TABLE I. THE EFFECTS OF THE SOLVENT TYPE AND VOLUME ON THE C AND BE EX-
TRACTION RECOVERY FROM WATER SOLUTIONS AT THE XENOBIOTIC
CONCENTRATION OF 1 ug/ml

Mean recovery (n = 5) and standard deviation () in [%]
Solvent BE ; ¢ :
Sample/solvent ratio Sample/solvent ratio

1/1 1/2 1/1 1/2
Chloroform 8.7+2.89 18.9+4.19 78.7+5.42 89.6 + 4.04
Ether 0.0 = 0.00 0.0 +0.00 86.0 + 5.20 85.5 +4.43
Dichloromethane 10.4 +2.48 21.2+3.61 87.4+4.89 92.7+5.88
Dichloromethane/isopropanol (9:1) 14.2 + 3.81 30.2 £ 4.50 93.2 + 6.86 95.1+6.13
Dichloromethane/isopropanol (4:1) 16.7 + 5.20 34.4+3.19 95.2+6.73 97.0 £ 4.24
Dichloromethane/isopropanol (3:1) 19.8 + 4.66 40.5 + 3.37 96.1 +5.03 96.2 + 4.69
Dichloromethane /isopropanol (2:1) 22.6 £2.44 43.7+6.11 98.7 + 5.64 97.9+4.45
Dichloromethane /isopropanol (1:1) 32.4+4.19 58.8 +6.02 97.6+£2.74 96.8 £ 7.29
Chloroform/isopropanol (3:1) 19.4 +2.39 38.5 +4.53 98.2+2.35 96.4 + 4.52
Chloroform/ethanol (3:1) 13.8+4.48 28.8 + 3.42 95.9 + 6.20 98.1 + 3.80
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Fig. 2. The C and BE extraction yield (mean percentage of recovery calculated on the
basis of 3 determinations) from standard water solutions (xenobiotic concentration —
2.5 ug/ml) in relation to pH and type of the solvent (sample/solvent ratio =1/2).

TABLE II. THE EFFECTS OF SOLVENT VOLUME (DICHLOROMETHANE-ISOPROPA-
NOL 3:1) ON THE C AND BE EXTRACTION RECOVERY FROM WATER SOLU-
TIONS AT THE XENOBIOTIC CONCENTRATION OF 2.5 pug/ml

Sample/solvent Mean recovery '(n - 6).
] and standard deviation () in [%]
ratio BE C
1:1 20.1 + 3.82 93.1 +2.67
1:2 38.0+£5.53 95.6 +£4.23
1:5 71.8 +£3.27 96.8 £ 3.18
1:8 80.9+2.73 94.8£6.19
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TABLE III. THE EFFECTS OF SOLVENT VOLUME (DICHLOROMETHANE-ISOPROPA-
NOL 3:1) ON THE C AND BE EXTRACTION RECOVERY FROM WATER SOLU-
TIONS AT THE XENOBIOTIC CONCENTRATION OF 2.5 ng/ml AFTER THEIR
SALTING OUT WITH 0.1 g NaHCO,/ml

Sample/solvent Mean recovery .(n - 4).
] and standard deviation (+) in [%]
ratio BE C
1:1 34.1+3.24 95.3 +£2.40
1:2 52.4 + 3.49 96.7 + 4.43
1:5 86.5+ 5.72 94.1 +£5.03
1:8 88.7+5.35 93.4 + 7.52

TABLE IV. THE EFFECTS OF SOLVENT VOLUME (DICHLOROMETHANE-ISOPROPA-

NOL 3:1) ON THE C AND BE EXTRACTION RECOVERY FROM WATER SOLU-
TIONS AT THE XENOBIOTIC CONCENTRATION OF 2.5 ug/ml AFTER THEIR
SALTING OUT WITH 0.5 g (NH,),SO,/ml

S lo/sol Mean recovery (n = 4)
ample/solvent | .4 standard deviation (&) in [%]
ratio
BE C
1:1 55.4 +£5.49 91.8+4.05
1:2 78.6 +4.51 92.4 + 6.26
1:5 92.9 £ 8.25 95.7 +£4.25
1:8 93.2+ 3.75 94.5 + 6.63

2. Three-step extraction method taking into account the influence of the
following factors:
2.1. the volume of 0.1 M HCI (on the recovery of C and BE in the second
stage of the extraction);
2.2. the proportion of the components of the extraction mixture;
2.3. the relationship between the volume of the sample and the volume
of the solvent;
2.4. the effectiveness of the particular stages of the three-step extrac-
tion.
Procedures for the particular steps of the three-step extraction are pre-
sented in Figure 3. The structure and results of particular experiments are
included in Tables V-VIII and Figure 4.
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sample*
STAGE 1 +0.5MNHOH | alkalisation to pH =8
shaking for 15 min
+ solvent** centrifugation for 10 min (4500 r.p.m.)
organic phase separation
organic phase
shaking for 15 min
STAGE 11 +0.1 M HCI*** centrifugation for 10 min (4500 r.p.m.)
acid phase separation
water acid phase
+ 2.5 M NH,OH | alkalisation to pH = 8
STAGE 1II alkaline phase
shaking for 15 min
+ solvent** centrifugation for 10 min (4500 r.p.m.)
organic phase separation

organic phase
+ 1 drop of 1 M HCI

residue
+0.5ml 10* M HCI

eluate

filtrate

evaporation at 40°C

dissolving of the residue

filtration (Syringe Filters - Hewlett Packard)

* The sample contained 1 ml of standard solution or 1 ml of urine.
** The optimal C and BE recovery was achieved using the mixture of dichloromethane-
isopropanol 3:1 and sample/solvent ratio = 1:8.
*** The optimal C and BE recovery was achieved using 2 ml.

Fig. 3. A diagram of the three-step reaction

TABLE V. RECOVERY OF THE II STAGE OF THREE-STEP EXTRACTION (REEXTRAC-
TION) OF C AND BE FROM THE ORGANIC PHASE (DICHLOROMETHA-
NE/ISOPROPANOL 3:1) IN RELATION TO THE VOLUME OF HCL

BE ! ¢ M HCL Mean recovery (n = 4)
. Cand content Volume of 0.1 c and standard deviation (+) in [%)]
in 5 ml of the solvent [ml]
BE C
2.0 90.2 + 3.61 76.8+5.51
1.0 66.2 +4.19 43.5+4.16
1.0 ug
0.5 49.0 £ 5.62 35.3 £ 3.05
0.2 33.5+ 7.06 26.6 + 4.26
2.0 94.8 + 2.80 80.1+ 3.38
1.0 71.6+5.18 54.4 +4.61
2.5 ng
0.5 55.6 + 3.54 39.8+5.97
0.2 32.4+5.31 27.9+17.52
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3. The extraction method in a continuous system:

3.1. from aqueous standard solution (containing: 25, 50 and 125 ug of C
and BE in 100 ml of water) that underwent 6-hour-extraction with
ether in an acidic environment pH = 2 and then with chloroform in
an alkaline environment of pH in the range 7-8 (using Quikfit ap-
paratuses). Ether extracts were rejected, whereas one drop of 1 M
HC1 was added and evaporated to chloroform extracts. The obtai-
ned residue was dissolved in 2.5 ml of 10-4 M HCI and then diluted
(with the same solution, appropriately to the concentration of xe-
nobiotics in the analysed sample) directly before carrying out de-
terminations by means of the HPLC method;

TABLE VI. RECOVERY OF THE WHOLE THREE-STEP EXTRACTION OF C AND BE
FROM URINE (AT THE XENOBIOTIC CONCENTRATION OF 2,5 pg/ml) IN RE-
LATION TO THE COMPOSITION OF THE DICHLOROMETHANE (X) : ISO-
PROPANOL (Y) SOLVENT AT THE CONSTANT SAMPLE/SOLVENT

RATIO = 1:5
Mean recovery (n = 5)
XY and standard deviation (+) in [%]
BE C
9:1 16.9+ 1.88 65.2 + 8.16
4:1 28.1+ 4.12 64.8 + 3.32
3:1 37.5+ 4.40 66.9 + 3.80
2:1 449+ 6.46 64.5 + 3.52
1:1 75.3 £ 10.66 51.6 £ 8.10

TABLE VII. RECOVERY OF THE WHOLE THREE-STEP EXTRACTION OF C AND BE
FROM WATER SOLUTIONS (XENOBIOTIC CONCENTRATIONS — 2,5 pug/ml)
USING THE MIXTURE OF DICHLOROMETHANE: ISOPROPANOL 3:1 IN RE-
LATION TO THE SAMPLE/SOLVENT RATIO.

Sample/solvent Mean recovery (n= 8).
_ and standard deviation (+) in [%]
ratio BE C
1:1 10.2 +2.82 70.7 £ 3.92
1:2 17.7+ 3.22 76.5 +5.28
1:5 39.2 +£ 2.58 69.4 + 3.20
1:8 50.3 +£5.23 57.2+5.67
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TABLE VIII. RECOVERY OF INDIVIDUAL STAGES (I, II, III) AND COMPLETE THREE-

STEP EXTRACTION* OF C AND BE AT VARIOUS XENOBIOTIC CONCEN-
TRATIONS (A, B, C, D) THE EXIT MATERIAL, L.E. IN AQUEOUS SOLU-
TIONS (I STAGE AND COMPLETE EXTRACTION), IN THE ORGANIC
(I STAGE) AND ACID PHASE (III STAGE)

Xenobiotic concentration Mean recovery (n = 5) and standard deviation (+) in [%]

in [mg/ml] I stage 11 stage TIT stage Comil;tfat:g;jsmp

a 0.5 80.2 + 4.80 88.3 +2.86 75.2+5.72 49.7 + 4.84

b 1.0 82.6 +6.71 87.0 +4.30 71.6 +2.83 47.2+6.84

BE c2.5 85.0 +4.53 89.9+ 7.26 73.9+3.24 46.1 + 4.07

d5.0 82.3 + 8.96 87.3 +2.50 74.8+2.14 51.4+5.68

average 82.5+6.20 88.1 +4.40 73.9+ 3.70 48.6 £ 5.44

a 0.5 90.5 +£3.99 69.8+6.17 94.6 +2.91 61.5+6.63

b 1.0 93.8 £4.87 73.2 +4.55 92.5 + 3.47 57.3+5.91

C c2.5 94.5 +7.23 73.9+4.72 93.9+ 2.57 56.0 + 3.19

d5.0 95.1 £5.16 68.8 + 3.90 89.8 + 3.23 62.1+7.37

average 93.5 +5.32 71.5+5.03 92.7 + 3.38 59.2 +6.12

* According to the instructions presented in Fig. 3 using the optimal solvent and sample/solvent
ratio and 2 ml 0.1 M HCL

3.2. from kidney homogenates (obtained by mechanical crumbling of

25 g fragments of this organ with addition of 50 ml of water), to
which 25, 50 and 125 ug of C and BE were added (which corres-
ponded to 1.2 and 5 pg of xenobiotics per gram of the tissue). Sam-
ples that had been prepared in this manner were then deprotei-
nised with the sulphate — ammonium method according to Bor-
kowski [2] and extracted as in point 3.1; at the same time extraction
was carried out in the same manner for each homogenate, except
without addition of xenobiotics. Evaporated extracts were dissolved
in 0.5 ml of methanol, purified with TLC! and analysed by HPLC in
order to determine the concentration of C and BE (prior to that elua-
tes of the samples of xenobiotics of concentrations 1 and 2 pg/g were
condensed to a volume of 0.5 ml) using calibration curves obtained
from standard solutions which were also “purified” with TLC. Re-
sults of the evaluation of the extraction method in a continuous sys-
tem are included in Tables IX and X.

I Determinations of C and BE in extracts of biological material obtained with the method of
continuous extraction was possible only after their purification by means of TLC method. For
this aim on a chromatographic plate portions of 40 pl of extract (related to 2g of tissue) were
introduced and developed in ethyl acetate — methanol —ammonium (60:30:6) system and a part
of the plate was developed with Dragendorff reagent with addition of 20% H2SO4, and then
colourless areas of the chromatogram (located at the level of xenobiotic spots) were eluted with
2.5 ml of ethanol.
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Fig. 4. The HPLC chromatograms of urine samples after extraction with the mixture
of dichloromethane-isopropanol in the ratio 4:1, 3:11 2:1 (a — the extract of the urine
“background”, b — the urine extract with xenobiotics).

DESCRIPTION OF THE RESULTS AND DISCUSSION

Ad 1.1. Results presented in Figure 2 prove that in the case of 5 used elu-
ents a high (above 80%) recovery of C with one-step liquid-liquid extraction
method ensures maintenance of pH in the range 7—11, due to the fact that in
a strongly alkaline environment its hydrolysis takes place.
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TABLE IX. RECOVERY OF THE EXTRACTION IN CONTINUOUS SYSTEM OF C AND BE
(USING CHLOROFORM) FROM WATER SOLUTIONS

The C and BE Number of Mean recovery and
content in the samples standard deviation (¥) in [%]
sample (n) C BE
25 ug 3 91.3+8.11 96.2 £6.14
50 ug 3 93.0 + 7.41 93.6 + 9.48
125 pg 3 86.4 +9.29 95.1 +£5.97

TABLE X. RECOVERY OF THE EXTRACTION IN CONTINUOUS SYSTEM OF C AND BE
(USING CHLOROFORM) FROM DEPROTEINISED* HOMOGENATES OF KID-
NEY; ESTIMATED AFTER PURIFICATION OF THE EXTRACTS BY MEANS

TLC METHOD**

The C and BE Number of Mean recovery
concentration in and standard deviation (+) in [%]
the homogenate samples
of 1 g the tissue () C BE

1 uglg 3 69.5+ 15.57 72.0 + 17.65
2 nglg 3 67.8+ 14.73 77.8+13.28
5 uglg 3 75.7 + 12.06 80.3 + 9.09

* The sulphate-ammonium method according to Borkowski.
** In the way described in the paper.

“Zero” elution of C from an aqueous solution in the case of using both
ether and hexane at pH lower than 4 leads to the conclusion that the fre-
quently used “purifying” acidic extraction should be performed with applica-
tion of these solvents. For, after using chloroform and dichloromethane,
C transfers into the solvent phase even in a strongly acidic environment
(at pH = 4 there is already about 20%), which means losses of the xenobiotic
at the stage of purifying. Moreover, 0% recovery of BE from aqueous solu-
tions after using ether or hexane in the entire range of pH, allows utilisation
of these solvents to separate C from BE during the extraction process. How-
ever, with the use of chloroform, dichloromethane and a mixture of dichloro-
methane and isopropanol 3:1 it is possible (in a wide range of pH) to extract
both C and BE from aqueous solutions. In a strongly alkaline environment
(pH of 11-12), however, a decrease in extraction efficiency of both xeno-
biotics took place.
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Javaid et al. [10] published similar results. They did not observe that the
change in pH in the range 6.5-9.5 influenced recovery of C from urine and
plasma when using cyclohexane, but they found that at pH > 10 the effi-
ciency of Cisolation decreased. A high recovery of C after extraction with use
of ether (close to 100%) at pH in the range of 7-11 was also found by Bouis et
al. [3]. Thus, taking into account these observations as well as the results of
our study presented earlier, one should be wary of planning an extraction of
C and BE from highly alkaline environment (pH=12.1 and = 13) that is sug-
gested by Gerlits [7] and Dvorchik et al. [4].

Ad 1.2. Studies on the influence of various solvents on the recovery of C
and BE from their aqueous solutions (Table I) entirely confirmed the high
(57-100%) efficiency of C isolation with the use of simple organic solvents, as
well as (organic solvent) mixtures with alcohols, as has been described [1, 3,
5,10, 12, 13, 16, 19, 20, 21, 22, 24].

Unlike C, BE did not transfer to chloroform. Only a very small amount of
BE transferred to chloroform and dichloromethane, and a little more to
a mixture of dichloromethane and isopropanol. In the last case the effective-
ness of the extraction increased with an increasing contribution by isopro-
panol in the eluating mixture® and was significantly greater when the sam-
ple was extracted with a double volume of the solvent. Results of the exami-
nations presented in Table I show that the output of BE extraction with chlo-
roform mixed with alcohols (ethanol and isopropanol) also increases mark-
edly. Moreover, from the performed experiment one can conclude that an
identical recovery of BE to that gained in the case of the chloroform-
isopropanol (3:1) mixture can be obtained using the same proportion of
isopropanol in a mixture with dichloromethane, which is of great signifi-
cance to the analysis. Dichloromethane has a lower boiling temperature
than chloroform, and so its application has more benefits because of the
shorter time of evaporation of extracts.

Comparison of the experimentally obtained data for the recovery of BE in
relation to type and volume of solvent (Table I) with numerous data con-
tained in the literature [5, 7, 13, 14, 16, 18, 19, 22, 24] turned out to be impos-
sible due to the fact that the authors of these publications used different vol-
umes of solvents, which (it turns out) influences BE extraction output to
a significant extent.

Ad 1.3. Results presented in Table IT are a confirmation of the lack of any
relationship between C recovery and the volume of solvent and at the same
time of the great influence of this parameter on BE recovery. Percentage of
BE recovery increased from about 20%, at equal volumes of the sample and

2 The contribution of isopropanol in the extraction mixture was however limited to proportion
3:1 due to the increase of pollution (compare Fig. 4) and lengthening of the time of
evaporation of extracts being caused by alcohols.
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optimal mixture of solvents (dichloromethane-isopropanol 3:1, Table I) to
about 38% at volume proportion of sample/solvent 1:2, and to about 72% and
even to about 81% when it was 1:5 and 1:8 respectively.

This kind of relationship between the volume ratio of sample/solvent and
the output of the extraction of C and BE was observed by Refali et al. [21],
who compared a single and double extraction with 3:1 chloroform-
isopropanol mixture and observed that BE recovery increased by about 20%
after double extraction, while extraction of C remained at the same level. Re-
sults of extraction using other solvents also show that an increase in their
volumes significantly improves BE recovery without any significant influ-
ence on C recovery. Application of a mixture of chloroform-isopropanol 3:2 at
the sample/solvent ratio 1:4 and 1:7 allowed BE recovery of 53% [16] and
82% [5] respectively, with a similar C recovery (94.5 and 100% respectively).
Using a mixture of chloroform-isopropanol 9:1 for urine extraction at a sam-
ple/solvent volume ratio of 1:4 and 1:5 gave lower BE recovery —38% [16] and
60% [18] respectively. However, the recovery of BE from plasma (15-23%)
which was obtained by Tagliano et al. [24] deviates unfavourably from the
above mentioned findings. They used an even larger volume (sample/solvent
ratio of about 1:14) of identical solvent (i.e. a chloroform-isopropanol mix-
ture 9:1). Perhaps their results could be explained by the loss of xenobiotic
during evaporation of a great volume of the extract or the effect of the highly
alkaline pH of the extraction.

Ad 1.4. Data presented in Tables IIT and I'V prove that BE recovery could
be increased by salting out of the sample before extraction; the highest in-
crease of recovery, in comparison to the results of extraction of non-salted-
out samples was observed when the sample/solvent ratios were 1:1 and 1:2
respectively. The output of BE extraction increased especially when samples
were salted out with (NH,),SO,. Then the recovery was 2.8 and 2.1 times
larger, which should be linked to the greater solubility of this salt in water in
comparison to NaHCO, — after application of which, the increase in recovery
was smaller (1.7 and 1.4-times respectively).

Results of research on the influence of salting out obtained by the authors
are in agreement with results presented by Jatlow et al. [9], who salted out
(with a mixture of Na,CO, and NaHCO,) samples of urine before their ex-
traction with chloroform — ethanol 4:1 mixture at a sample/solvent volume
ratio 1:2, and they obtained a BE recovery as high as 80%. A comparison of
Jatlow’s results with the 87% BE recovery from plasma obtained by Lau et
al. [13] without the salting out step (also using a chloroform — ethanol
82.5:17.5 mixture) leads to the conclusion that such an increase in BE ex-
traction as obtained by salting out can only be achieved by increasing the
volume of solvent by more than three times.
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The advantage of salting out in the case of biological material is, however,
limited by the related increase in impurities in the extract. Salting out
causes a transfer into the solvent of the majority of the components of the bi-
ological matrix, which also have a polar character as confirmed by Wal-
lace et al. [25].

Ad 2.1. After establishing the conditions of the one-step extraction, the
basic problem was to determine the optimal volume of 0.1 M HCl used at the
second stage of the three-stage extraction (Figure 3)°. Thus, an experiment
was carried out which showed that (Table V) good recovery of both xeno-
biotics (77-80% of C and 90-95% of BE) could be obtained with 2 ml of acid —
independently of whether 5 ml of the solvent contained 1 microgram or
2.5 microgram C or BE, and so this volume of HC1 was used, as BE recovery
at the next stage (III) is highly dependent on the sample/solvent volume ra-
tio (see Table II). Thus, further increasing of the amount of HCI and the cor-
responding increase of the volume of alkaline phase would make it neces-
sary to use too high amounts of solvents.

Ad 2.2. The three-step extraction of the diluted urine* showed (Table VI),
similarly to the case of the one-step extraction, that an increase in the
amount of isopropanol in the solvent caused an increase of BE recovery (to
max. 75% at a ratio of 1:1). However, in the range from 9:1 to 2:1 no influence
of the composition of the solvent on the continually high recovery of C (about
65—67%) was observed. Extracts obtained with a mixture of dichloro-
methane and isopropanol 1:1 (and also 2:1) were much more polluted than
those obtained using a solvent of smaller concentration of isopropanol (see
Figure 4). Application of these mixtures to the analysis of urine, especially
concentrated urine, is connected to a risk of obtaining extracts that are pol-
luted to the extent of making them useless for the quantitative determina-
tion of xenobiotics (especially BE) by the HPLC method.

Ad 2.3. On the basis of the results presented in Table VI, a mixture of di-
chloromethane and isopropanol 3:1 was chosen as the optimal solvent for the
three-step extraction. It was used in the first and third step of extraction in
the experiment performed in order to determine the relationship between
the sample and the solvent that would ensure maximum C and BE recovery

3 The possibilities provided by the three-step extraction were evaluated due to the fact that
extracts of the biological material (especially urine), obtained using the one-step extraction
with dichloromethane and chloroform with alcohols (even at small level of alcohol
concentration), cannot be used directly for analysis by means of the HPLC method (in
conditions described in this paper) due to their high impurity.

4 In which there were taken into account the presented above results of the research on the
influence of the volume of HCl on the C and BE recovery in the three-step extraction (i.e. each
time 2 ml of 0.1 M HC] was added in the second step) and results of the research on C and BE
recovery in the one-step extraction (from which it was found that a mixture of
dichloromethane and isopropanol was the most useful solvent).
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(in both above mentioned steps). It turned out (Table VII) that BE recovery
increased as the amount of solvent increased in relation to the volume of the
extracted sample, and it had the highest value (about 50%) when the sam-
ple/solvent ratio was 1:8 and so it was established to be optimal, especially
since it ensured a similarly high (57%) C recovery. Results of this experi-
ment were thus similar to those obtained during the examination of the in-
fluence of the sample/solvent ratio on the effects of the one-step extraction
(see Table II).

Ad 2.4. The previously established optimal conditions for the three-step
extraction of C and BE (see Tables V, VI and VII) were taken into account in
the final step of the evaluation of its usefulness for analysis of samples con-
taining xenobiotics, in which not only the efficiency of the whole process, but
also of its particular steps were evaluated (Table VIII). In this manner it was
revealed that using the three-step extraction (in accordance with the proce-
dure presented in Figure 3) could guarantee a high recovery of BE (46-51%,
average 49%) and of C (56—62%, average 59%) in a broad range of concentra-
tions of both xenobiotics (0.5-5.0 w/ml).

The presented results of the research on the optimisation of the three-
step extraction of BE and C could not be compared with those obtained by
other authors, for in the accessible literature there were only data on the re-
covery of C at a level of 80% [8], 82% [15] and 65-80% [10], obtained by
means of the three-step extraction, but utilising other systems (than those
applied by the authors): butyl chloride — 0.1 M HCI — butyl chloride [8],
ether — 0.1 M acetic acid — hexane [15]; cyclohexane — 0.1 M H,SO, — cyclo-
hexane [10]. Zhang and Foltz [28], who extracted C and its metabolites
(BE among them) from urine by this method, did not present any numerical
data. Meanwhile, simultaneous recovering of BE and C using the same isola-
tion-purifying process is of a great importance, because of the fact that evalua-
tion of the extent and stage of poisoning by C could be difficult or even impossi-
ble if this metabolite and product of post-mortem changes was omitted [11].

Ad 3.1., 3.2. Results presented in Table IX prove that using the extraction
in the continuous system with chloroform as the solvent can provide a very
high recovery of C (86-93%) and BE (94-96%) for aqueous solutions inde-
pendently of the concentration of xenobiotics (25125 pg) in the sample. The
recovery of both xenobiotics for deproteinized homogenates of kidney (Ta-
ble X) was comparable and also high (68-77% for C and 72—80% for BE) and
independent of the concentration (in the range 1.0-5.0 pg/g).

The results mentioned above indicate the high practical value of C and
BE isolation from biological material by means of the continuous extraction
method with chloroform. It allows not only a very high C and BE recovery
(much higher than that obtained using the three-step extraction), but also
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permits omitting of time- and work-consuming actions such as shaking and
centrifuging.

The i1solation of BE and C from biological material by means of continu-
ous extraction, however, has very important limitations. One of them is re-
lated to the risk of excessive heating of the alkaline aqueous phase and of
causing disintegration of C and BE, which can be partially prevented (as
shown in the experiment performed by the authors) by appropriate control of
the heating process and by reduction of the level of alkalisation of the ex-
tracted material to the indispensable minimum, i.e. 7-8 (Figure 2). The sec-
ond limitation results from the high correlation between BE and C recovery
and the quality of the solvents used for extraction, which was pointed out by
Sukbuntherng et al. [23], who separated C from its polar metabolites using
ethyl acetate. This necessitates performing a control extraction parallel to
the extraction of the analysed sample and of a careful choice of solvents,
which, in the case presented by the authors was associated with the elimina-
tion of two compounds made by POCh Gliwice, i.e. chloroform p.p.a. (which
caused almost entire disintegration of C) and ethyl acetate (as a decrease in
C was also observed when ethyl acetate was used in the TLC developing sys-
tems).

CONCLUSIONS

1. Extraction in a continuous system is especially useful for analysis of
samples of large volume (e.g. deproteinised homogenates of tissues) as
it ensures very high C and BE recovery from biological material (on
condition that suitable pH and temperature of extraction are adhered
to and appropriate quality of chloroform is ensured). The extracts ob-
tained in this manner would be suitable for further analysis by the
HPLC method only after their purification from the biological matrix
by means of the TLC method.

2. Significantly lower C and BE recovery can be obtained with use of the
three-step extraction method (according to the method described in
this work) which is much more time- and work-consuming, but reduces
the biological matrix to the extent that it is possible to analyse the ex-
tracts by the HPL.C method.

3. Results of the C and BE extraction are dependent on the following fac-
tors: pH of the analysed sample (excessively alkaline can cause disin-
tegration of both xenobiotics), the type of simple solvent (that could be
utilised in selective extraction of C only), the contents of the complex
solvent (BE recovery increases with concentration of alcohol), the vol-
ume relationship between the sample and the solvent ( BE recovery in-
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creases with increase in the volume of the solvent, at a constant and
high C recovery) and also on prior salting out of the extracted sample
(significantly improving BE recovery).
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OCENA METOD IZOLACJI KOKAINY I BENZOILOEKGONINY
Z MATERIALU SEKCYJNEGO. CZESC I. EKSTRAKCJA TYPU
CIECZ-CIECZ (LLE)

Marianna KISZKA, Roman MADRO

WSTEP

Réznice w strukturze czasteczki Cijej metabolitu BE sprawiaja, ze majg one od-
mienng polarno$é, a od niej w duzym stopniu zalezy zachowanie sie tych zwiazkow
w trakcie procesow izolacji. Poznanie efektywnosci r6znych metod ich wyosobniania
ma wiec bardzo istotne znaczenie dla prawidlowego postepowania diagnostycznego.

Efektywnoééizolacji ksenobiotykéw zalezy od metody ekstrakeji, rodzaju uzytego
rozpuszczalnika i wielu innych czynnikéw. W przypadku C, ze wzgledu na niska sta-
bilno$é tej substancji w érodowisku zasadowym [6, 17], zasadnicze znaczenie ma pH
$rodowiska ekstrakcyjnego. W pierwszym etapie badan oceniano wiec wptyw pH na
izolacje C i BE, a w dalszych efektywno$c¢ izolacji C i BE przy uzyciu ekstrakeji typu
ciecz-ciecz: jedno- 1 tréjstopniowej oraz ekstrakcji w systemie ciaglym.

MATERIAL, METODY I WYNIKI

C1iBE ekstrahowano z roztwor6w wodnych oraz homogenatéw nerkii prébek mo-
czu, w ktorych wykluczono obecno$é alkoholu i $rodkéw farmakologicznych.
Oznaczenia ilo$ciowe wykonywano przy uzyciu chromatografu cieczowego firmy
Gilson z detektorem spektrofotometrycznym o regulowanej dlugosci fali. Zasto-
sowano: kolumne Hypersil ODS (250 X 4,0 mm, 5 um), faze ruchoma w postaci
mieszaniny (80:20) buforu fosforanowego (0,025 M; pH = 3 z dodatkiem 0,5% tri-
etylaminy) z acetonitrylem w systemie dwéch pomp, predkoéé przepltywu — 1 ml/min,
objeto$é wstrzykiwanej prébki — 10 pl i detekcje przy 233 nm. Sygnal z detektora
przetwarzany byt elektronicznie z zastosowaniem oprogramowania Gilson 715 HPLC
System Controller Software. IloSci wyekstrahowanej C i BE oznaczano metoda
standardu zewnetrznego za pomoca krzywych kalibracji, ktére sporzadzano bezpo-
$rednio z wzorcowych roztworéw C 1 BE, tj. z pominieciem etapu ekstrakcji. Procen-
towy odzysk C i BE obliczano ze wzoru: A : B X 100 % (gdzie: A =iloé¢ C lub BE w ug —
oznaczona metoda HPLC, natomiast B =iloé¢ C lub BE w pg — zawarta w probkach
przed ekstrakcja).
Przeprowadzono szereg eksperymentéw, ktorych celem byta ocena wydajnosci
izolacji C i BE:
1. Metoda ekstrakeji jednostopniowej z uwzglednieniem wplywu:
1.1. pH w zakresie 1-14;
1.2. rodzaju rozpuszczalnika;
1.3. objetosci solwentu;
1.4. wysalania probek przed ekstrakcja.
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Schemat ekstrakeji jednostopniowej ilustruje rycina 1. Uklad i rezultaty badan
nad wplywem pH orazrodzajem solwentu przedstawiono na rycinie 2. Tabele I, IT, I11
1 IV zawieraja natomiast uktad i wyniki doéwiadczen, w trakcie ktérych oceniano
wplyw rodzaju 1 objetoséci solwentu oraz wysalania ekstrahowanych prébek.

2. Metoda ekstrakeji tréjstopniowej z uwzglednieniem wptywu:

2.1. objetosci 0,1 M HCI (na odzysk C 1 BE w II etapie ekstrakcji);
2.2. proporcji sktadnikéw mieszaniny ekstrakecyjne;j;

2.3. relacji miedzy objeto$cia probki a objetoScia solwentu;

2.4. wydajno$ci poszczegélnych etapéw izolacji trojstopniowej.

Procedury realizowane w poszczegdlnych etapach tréjstopniowe) ekstrakeji
przedstawia rycina 3. Uklad 1 rezultaty poszczegdlnych eksperymentéow zawieraja
tabele V, VI, VII 1 VIII oraz rycina 4.

3. Metoda ekstrakcji w systemie ciagtym:

3.1. z wodnych roztworéw wzorcowych (o zawartosci: 25, 50 1 125 pg C i BE
w 100 ml wody), ktére poddawano 6-godzinnej ekstrakeji eterem w $rodo-
wisku kwasnym pH = 2, a p6Zniej chloroformem ze Srodowiska zasadowe-
go pH = 7-8 (przy uzyciu aparatéow firmy Quikfit). Wyciagi eterowe
odrzucano, natomiast do ekstraktéw chloroformowych dodawano 1 krople
1 M HCl1i odparowywano je do sucha. Pozostatoéci rozpuszczano w 2,5 ml
10 M HC], a nastepnie rozcienczano (tym samym roztworem, stosownie
do stezenia ksenobiotykéw w oznaczanej probce) bezposrednio przed wy-
konaniem oznaczen metodg HPLC;

3.2. z homogenatéw nerki (uzyskiwanych przez mechaniczne rozdrabnianie
25 gramowych fragmentéw tego narzadu z dodatkiem 50 ml wody), do
ktérych dodawano po 25, 50 lub 125 pug C 1 BE (co w przeliczeniu odpowia-
dato 1, 2 1 5 ng ksenobiotyku/g tkanki). Tak przygotowane probki od-
biatczano metodq siarczanowo-amonowa wedlug Borkowskiego [2] 1 pod-
dawano ekstrakejijak w p. 3.1, przy czym réwnolegle wykonywano w iden-
tyczny sposob ekstrakcje kazdego homogenatu, ale bez dodatku kseno-
biotykéow. Odparowane ekstrakty rozpuszczano w 0,5 ml metanolu,
oczyszczano metoda TLC' i oznaczano w nich C oraz BE metoda HPLC (po
uprzednim zageszczeniu eluatéw z prébek o stezeniach ksenobiotykdéw
112 pg/g do objetosci 0,5 ml) przy pomocy krzywych kalibracji wykonanych
zuzyciem roztworow wzorcowych, ktére takze ,,oczyszczano” metoda TLC.

Rezultaty oceny ekstrakeji w systemie ciagtym zawieraja tabele IX 1 X.

OMOWIENIE WYNIKOW I DYSKUSJA

Ad 1.1. Wyniki przedstawione na rycinie 2 dowodza, ze w przypadku 5 uzytych
eluentéw wysoki (powyzej 80%) odzysk C metoda jednostopniowej ekstrakeji typu

1 Oznaczanie C 1 BE w ekstraktach z materiatu biologicznego uzyskanych metoda ekstrakcji
ciaglej bylo bowiem mozliwe dopiero po ich oczyszczeniu metoda TLC. W tym celu na plytke
chromatograficzng nanoszono po 40 pl ekstraktu (co odpowiadalo 2 g tkanki), rozwijano
w uktadzie octan etylu-metanol-amoniak (60:30:6) i czes¢ ptytki wywolywano odczynnikiem
Dragendorffa z 20% H2SO4, po czym niewybarwione obszary chromatogramu (zlokalizowane
na poziomie plam ksenobiotykéw) eluowano przy uzyciu 2,5 ml etanolu.
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clecz-ciecz zapewnia utrzymanie pH w zakresie 7—11 ze wzgledu na to, iz w §érodowis-
ku silnie alkalicznym dochodzi do jej hydrolizy.

wZerowa” elucja C z roztworu wodnego w przypadku zastosowania zar6wno eteru,
jak 1 heksanu oraz pH mniejszego niz 4, prowadzi do wniosku, ze czesto stosowang
woczyszczajaca” ekstrakcje kwasna powinno sie prowadzié przy uzyciu wtasnie tych
rozpuszezalnikow. Po zastosowaniu chloroformu i dichlorometanu C przechodzi
bowiem do solwentu nawet w §rodowisku silnie kwasnym (przy pH = 4 juz ok. 20%),
co oznacza straty ksenobiotyku na etapie oczyszczania. Ponadto 0% odzysku BE
z roztworéw wodnych po zastosowaniu eteru lub heksanu w calym zakresie pH
pozwala na wykorzystanie tych rozpuszczalnikéw do oddzielenia C od BE podczas
procesu ekstrakeji. Natomiast za pomoca chloroformu, dichlorometanu i mieszaniny
dichlorometan-izopropanol 3:1 mozna (w szerokim zakresie pH) ekstrahowa¢ z roz-
tworéw wodnych zaréwno C, jak i BE. W érodowisku silnie alkalicznym (pH = 11-12)
dochodzito jednak do spadku wydajnosci ekstrakeji obu ksenobiotykéw.

Zblizone wyniki badan przedstawili Javaid i in. [10], ktérzy nie obserwowali, by
zmiana pH w zakresie 6,5-9,5 wptywala na odzysk C z moczu i1 osocza przy uzyciu
cykloheksanu, ale stwierdzili, ze pH > 10 powodowato spadek wydajnosci izolacji C.
Wysoki odzysk C po ekstrakeji przy uzyciu eteru (zblizony do 100%) w przedziale
pH ="7-11 wykazali réwniez Bouisiin. [3]. W zwiazku z tym, oraz z przedstawionymi
wezeéniej rezultatami badan wlasnych, nalezy wiec przestrzec przed ekstrakcja
C 1 BE ze érodowiska silnie zasadowego (pH = 12,1 1 ~13), ktérego stosowanie
sugeruja Gerlits [7] oraz Dvorchik 1 in. [4].

Ad 1.2. Badania nad wplywem réznych solwentéw na odzysk CiBE zich wodnych
roztwor6ow (tabela I) w pelni potwierdzily opisywana [1, 3, 5, 10, 12, 13, 16, 19, 20, 21,
22, 24] wysoka (57-100%) wydajnosé izolacji C przy zastosowaniu zaréwno prostych
rozpuszczalnikéw organicznych, jak tez ich mieszanin z alkoholami.

BE nie przechodzita natomiast do eteru, bardzo stabo do chloroformu 1 dichloro-
metanu, a nieco lepiej do mieszaniny dichlorometanu z izopropanolem, przy czym
wydajno§é ekstrakeji BE wzrastata wraz ze wzrostem udziatu izopropanolu w mie-
szaninie eluujacej” oraz byla znacznie wieksza wéwczas, gdy prébke ekstrahowano
dwukrotnie wieksza objetoScig rozpuszczalnika. Rezultaty badan przedstawione
w tabeli I §wiadcza réwniez o tym, ze wydajno$é ekstrakeji BE przy pomocy chloro-
formu takze zdecydowanie wzrasta po zmieszaniu go z alkoholami (etanolem lub
izopropanolem). Ponadto z przeprowadzonego eksperymentu wynika, ze identyczny
odzysk BE jak w przypadku mieszaniny chloroform-izopropanol (3:1), mozna uzys-
kaé po zastosowaniu takiego samego udzialu izopropanolu w mieszaninie z dichlo-
rometanem, co ma istotne znaczenie dla analizy. Dichlorometan ma bowiem nizsza,
temperature wrzenia od chloroformu, zatem jego zastosowanie jest korzystniejsze ze
wzgledu na krétszy czas odparowywania ekstraktéw.

Konfrontacja uzyskanych eksperymentalnie danych na temat odzysku BE w za-
leznosci od rodzaju i objetoSci solwentu (tabela I) z licznymi danymi zawartymi
w literaturze [5, 7, 13, 14, 16, 18, 19, 22, 24] okazala sie niemozliwa ze wzgledu na
fakt, iz autorzy tych publikacji stosowali rézne objetosci rozpuszczalnikow, a to jak
sie okazalo) w znacznym stopniu wptywa na wydajnosc ekstrakeji BE.

2 Udzial izopropanolu w mieszaninie ekstrakcyjnej ograniczono jednak do proporcji 3:1 ze
wzgledu na powodowany przez alkohol wzrost zanieczyszczen (por. rycina 4) oraz wydtuzenie
czasu odparowywania ekstraktow.
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Ad 1.3. Potwierdzenie braku jakiejkolwiek zalezno§ci miedzy odzyskiem C a obje-
toScia solwentu i jednoczeénie bardzo duzego wptywu tego parametru na odzysk BE
stanowia wyniki, ktére zawiera tabela II. Procent odzysku BE wzrastal bowiem od
ok. 20% przy rownych objetosciach préobki i optymalnej mieszaniny rozpuszczal-
nikéw (dichlorometan-izopropanol 3:1, por. tabela I) do ok. 38% przy proporcji
objetosci probka/solwent 1:2 1 do ok. 72%, a nawet ok. 81%, wowczas, gdy wynosita
ona odpowiednio 1:51 1:8.

O tego rodzaju zalezno$ci miedzy relacja objetoéciowa prébka/solwent a wydaj-
noscig ekstrakeji C 1 BE §wiadcza spostrzezenia Rafli i in. [21], ktérzy poréwnywali
jedno- oraz dwukrotng ekstrakcje mieszanina chloroform-izopropanol 3:1 i zauwa-
zyli, ze po ekstrakcji dwukrotnej odzysk BE wzrastato o ok. 20%, podczas gdy
ekstrakcja C pozostawala na niezmienionym poziomie. Takze rezultaty ekstrakcji
przy uzyciu innych solwentéw éwiadcza o tym, ze zwiekszenie ich objetoéci poprawia
istotnie odzysk BE bez znaczacego wpltywu na odzysk C. Zastosowanie mieszaniny
chloroform-izopropanol 3:2 w relacji prébka/solwent 1:4 1 1:7 pozwalato bowiem na
odzyskanie odpowiednio 53% [16] 1 82% [5] BE przy zblizonym odzysku C (odpo-
wiednio 94,5 1 100%). Natomiast zastosowanie mieszaniny chloroform-izopropanol
9:1 do ekstrakcji moczu w relacji probka/solwent 1:4 1 1:5 dawalo mniejszy odzysk
BE — odpowiednio 38% [16] 1 60% [18]. Od tej prawidlowosci odbiega jednak nieko-
rzystnie odzysk BE z osocza (15-23%), ktéry uzyskali Tagliaro i in. [24] po zasto-
sowaniu jeszcze wiekszej objetosci (relacja probka/solwent w przyblizeniu 1:14) iden-
tycznego rozpuszczalnika (tj. mieszaniny chloroform-izopropanol 9:1), co mozna
prébowacé wyjasnié stratami ksenobiotyku podczas odparowywania duzej objetosci
ekstraktu lub oddzialywaniem silnie zasadowego pH ekstrakcji.

Ad 1.4. Dane zawarte w tabeli III i IV dowodza, ze odzysk BE mozna zwiekszyé
przez wysalanie probki przed ekstrakcja, przy czym najwiekszy wzrost odzysku
w poréwnaniu z wynikami ekstrakcji niewysalanych prébek zaobserwowano wtedy,
gdy relacje objetosciowe probka/solwent wynosity 1:11 1:2. Wydajnos§¢ ekstrakeji BE
wzrastala zwlaszcza wéwcezas, gdy probki wysalano (NH,),SO,. Odzysk byt bowiem
wtedy odpowiednio 2,8- 1 2,1-krotnie wiekszy, co nalezy wiaza¢ z wieksza rozpusz-
czalnoécia, tej soli w wodzie w poréwnaniu z NaHCO,, po zastosowaniu ktérego
wzrost odzysku byl mniejszy (odpowiednio 1,7- 1 1,4-krotny).

Rezultaty badan autoréw nad wpltywem wysalania sa zatem zbiezne z wynikami
przedstawionymi przez dJatlowa i in. [9], ktorzy wysalali (mieszaning Na,CO,
1 NaHCO,) prébki moczu przed ich ekstrakcja mieszaning chloroform-etanol 4:1
w relacji objetosci préobka/solwent 1:2 1 otrzymali odzysk BE w wysokosci 80%.
Poréwnanie wyniku Jatlowa z 87% odzyskiem BE z surowicy uzyskanym przez Lau
1 in. [13] bez etapu wysalania (takze przy uzyciu mieszaniny chloroform-etanol
82,5:17,5) prowadzi do wniosku, ze taki wzrost ekstrakeji BE, jaki zapewnia wysa-
lanie, mozna osiagnaé dopiero przez ponad trzykrotne zwiekszenie objetosci solwentu.

Korzystny wpltyw wysalania w przypadku materiatu biologicznego jest jednak
ograniczony wigzacym sie z nim wzrostem zanieczyszczen w ekstraktach. Wysolenie
sprawia bowiem, ze do rozpuszczalnika przechodzi wieksza iloéé tych sktadnikéow
materiatu biologicznego, ktore takze maja charakter polarny, co potwierdzili Wal-
lace 1 in. [25].

Ad 2.1. Po ustaleniach do warunkéw ekstrakcji jednostopniowej podstawowym
problemem byto okreslenie optymalnej objetosci 0,1 M HCl uzywanego w II etapie
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ekstrakeji tréjstopniowej (rycina 3)°. Przeprowadzono wiec eksperyment, z ktérego
wynika (tabela V), ze dobry odzysk obu ksenobiotykéw (77-80% C oraz 90-95% BE)
otrzymano po uzyciu 2 ml kwasu — niezaleznie od tego, czy 5 ml solwentu zawieralo
1,0 pg, czy tez 2,5 pg C oraz BE 1 na tej objetoéci HCI poprzestano, gdyz odzysk BE
w nastepnym etapie reekstrakcji (etap III) w znacznym stopniu zalezy od relacji
objetosciowej probka/solwent (por. tabela II). W zwiazku z tym dalsze zwiekszenie
iloéci HCI i odpowiedni do tego wzrost objetoSci fazy alkalicznej spowodowatyby
konieczno$¢ stosowania zbyt duzych iloéci rozpuszczalnikéw.

Ad 2.2. Tréjstopniowa ekstrakcja rozcienczonego moczu® wykazala (tabela VI), ze
podobnie, jak w przypadku ekstrakcji jednostopniowej, wzrost zawartosci izopropa-
nolu w solwencie zwiekszal odzysk BE (do maksymalnie 75% przy jego udziale 1:1),
ale w zakresie od 9:1 do 2:1 nie obserwowano wplywu sktadu solwentu na stale
wysoki (ok. 656—67%) odzysk C. Ekstrakty uzyskane mieszaning dichlorometan-izo-
propanol 1:1 (a takze 2:1) byty jednak znacznie bardziej zanieczyszczone niz te, ktére
uzyskano przy uzyciu solwentu o mniejszej zawarto$ci izopropanolu (por. rycina 4).
Zastosowanie tych mieszanin do analizy moczu, a zwlaszcza moczu zageszczonego,
wigze sie zatem z ryzykiem otrzymania ekstraktow zanieczyszczonych w stopniu
czyniacym je nieprzydatnymi do iloSciowego oznaczania ksenobiotykow (a szczeg6l-
nie BE) metoda HPLC.

Ad. 2.3. Ze wzgledu na wyniki przedstawione w tabeli VI, za solwent optymalny
dla ekstrakeji tréjstopniowej uznano mieszanine dichlorometan-izopropanol 3:1
1 wladnie ja zastosowano w [ 1 I1I etapie ekstrakcji eksperymentu przeprowadzonego
w celu okreslenia takiej relacji miedzy probka a solwentem w obu wyzej wymienio-
nych etapach, ktéra zapewni maksymalny odzysk C i BE. Okazalo sie przy tym
(tabela VII), ze odzysk BE wzrastal w miare zwiekszania objetoéci solwentu w sto-
sunku do objetoéci ekstrahowanej probki, przy czym najwiekszy (ok. 50%) byt
wowczas, gdy relacja objetoSciowa probka/solwent wynosita 1:8, co sprawilo, ze
uznano ja za optymalna, zwlaszcza, ze zapewniata ona podobnie wysoki (57%)
odzysk C. Rezultaty tego eksperymentu byty wiec zbiezne z otrzymanymi w trakcie
badania wplywu relacji prébka/solwent na efekty ekstrakcji jednostopniowej
(por. tabela II).

Ad 2.4. Ustalone wczeéniej (por. tabele V, VI, VII), a optymalne dla odzysku C
1 BE warunki ekstrakeji tréjstopniowej, zostaly uwzglednione w koncowym etapie
oceny jej przydatnosci do analizy probek zawierajacych ksenobiotyki, w ktérym
okres$lono nie tylko wydajnoéé calego procesu, ale réwniez jego poszczegdlnych eta-
pow (tabela VIII). W ten spos6b wykazano, ze zastosowanie tréjstopniowej ekstrakeji
(zgodnie z procedura podang na rycinie 3) gwarantuje wysoki odzysk BE

3 Mozliwosci, jakie stwarza ekstrakcja tréjstopniowa, oceniano ze wzgledu na to, ze ekstrakty
materiatu biologicznego (zwlaszcza moczu) otrzymane przy uzyciu ekstrakeji jednostopnio-
wej mieszaning dichlorometanu lub chloroformu z alkoholami (nawet przy niskiej zawarto$ci
alkoholu) nie nadaja sie do bezposéredniej analizy metoda HPLC (w opisanych w tej pracy
warunkach analitycznych) z powodu ich duzego zanieczyszczenia.

4 W ktorej uwzgledniono przedstawione wyzej rezultaty badan nad wptywem objeto$ci HCl na
odzysk C 1 BE metodq ekstrakeji trojstopniowej (tzn. kazdorazowo w II etapie dodawano
2 ml 0,1 M HCI) oraz rezultaty badan nad odzyskiwaniem C i BE metoda ekstrakcji
jednostopniowej (w $wietle ktérych najbardziej przydatnym solwentem byta mieszanina
dichlorometanu z izopropanolem).
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(46-51, érednio 49%) i C (56—62, Srednio 59%) w szerokim przedziale stezenn obu
ksenobiotykéw (0,5-5,0 pg/ml).

Przedstawionych wyzej wynikéw badan nad optymalizacja ekstrakeji tréjstop-
niowej w odniesieniu do C i BE nie mozna skonfrontowac z ustaleniami innych auto-
réw. W dostepnym piSmiennictwie znaleziono bowiem tylko dane na temat odzysku
C w wysokosci 80% [8], 82% [15] 1 656—80% [10], ktéry uzyskano w rezultacie ekstrak-
¢ji tréjstopniowej, ale po zastosowaniu innych (niz przyjety przez autoréw niniejszej
pracy) systemo6w: chlorek butylu — 0,1 M HCI — chlorek butylu [8]; eter — 0,1 N kwas
octowy — heksan [15]; cykloheksan — 0,1 M H,SO, — cykloheksan [10]. Zhang i Foltz
[26], ktorzy ta metoda ekstrahowali C 1 jej metabolity (w tym BE) z moczu, nie
przedstawili natomiast zadnych danych liczbowych. Tymczasem réwnolegle odzys-
kiwanie BE wraz z C w tym samym procesie izolujaco-oczyszczajacym ma istotne
znaczenie ze wzgledu na to, ze ocena stopnia i fazy zatrucia C jest znacznie
utrudniona lub wrecz niemozliwa wéwczas, gdy pominiety zostanie ten jej metabolit
1 produkt przemian po$miertnych [11].

Ad 3.1, 3.2. Wyniki przedstawione w tabeli IX §wiadcza o tym, ze przy uzyciu
ekstrakcji w systemie ciaglym z zastosowaniem chloroformu jako rozpuszczalnika
mozna uzyskaé¢ bardzo wysoki odzysk C (86-93%) i BE (94-96%) z roztwordow
wodnych niezaleznie od zawarto$ci ksenobiotykéw (25-125 pg) w probce. Porow-
nywalny i takze wysoki (68—77% dla C 1 72—-80% dla BE) oraz niezalezny od stezenia
(w zakresie 1,0-5,0 ug/g) byt réwniez odzysk obu ksenobiotykéw z odbialczonych
homogenatéw nerki (tabela X).

Powyzsze rezultaty §wiadcza o wysokich walorach praktycznych wyodrebniania
C 1 BE z materiatu biologicznego metoda ekstrakcji ciaglej z zastosowaniem chloro-
formu. Pozwala ona bowiem nie tylko na bardzo wysoki (znacznie wyzszy od
uzyskanego przy uzyciu ekstrakeji trdjstopniowej) odzysk C i BE, ale réwniez na
pominiecie takich czaso- 1 pracochlonnych czynnos$ci, jak wytrzasanie oraz wiro-
wanie.

Izolacja C 1 BE z materialu biologicznego za pomoca ekstrakeji ciaglej ma jednak
takze bardzo istotne ograniczenia. Jedno z nich wiaze sie z ryzykiem nadmiernego
ogrzania alkalicznej fazy wodnej i spowodowaniem rozktadu C do BE, czemu mozna
(jak to dowodzi przeprowadzony przez autoréw eksperyment) czeSciowo zapobiegad,
wlasciwie nadzorujac proces ogrzewania oraz ograniczajac stopien alkalizacji
ekstrahowanego materiatu do niezbednego minimum, tj. pH = 7-8 (rycina 2). Drugie
ograniczenie wynika natomiast z duzej zaleznosci odzysku C 1 BE od jakosci uzywa-
nych w tej ekstrakeji rozpuszczalnikow, na co zwrécili takze uwage Sukbuntherng
iin. [23], ktorzy rozdzielali C od jej polarnych metabolitéw przy pomocy octanu etylu.
Oznacza to koniecznoéé prowadzenia kontrolnej ekstrakeji réwnolegle z ekstrakcja,
badanej probki oraz potrzebe starannego doboru rozpuszczalnikéw, co w opisy-
wanym przez autoréw przypadku wigzato sie z wyeliminowaniem dwoéch odczyn-
nikéw produkowanych przez POCH Gliwice, tj. chloroformu cz.d.a. (ktéry powodo-
wal prawie calkowity rozktad C) i octanu etylu (bowiem po zastosowaniu go do
uktadéw rozwijajacych TLC réwniez obserwowano ubytek C).
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WNIOSKI

1. Ekstrakcja w systemie ciaglym jest szczegélnie przydatna do analizy probek

o duzej objetosci (np. odbialczonych homogenatéw tkanek), gdyz zapewnia
bardzo wysoki odzysk C i1 BE z materiatu biologicznego (pod warunkiem, ze
przestrzegane beda odpowiednie pH 1 temperatura ekstrakcji oraz zapew-
niona zostanie odpowiednia jako§é chloroformu), ale uzyskane w ten sposob
ekstrakty nadaja sie do dalszej analizy metoda HPLC dopiero po ich oczysz-
czeniu od tla biologicznego metoda TLC.

. Zmacznie mniejszy odzysk C 1 BE mozna uzyskad, stosujac metode ekstrakcji

tréjstopniowej (zgodnie z przepisem podanym w tej pracy), ktéra jest wpraw-
dzie bardziej czaso- 1 pracochtonna, ale usuwa tto biologiczne w stopniu umoz-
liwiajacym analize ekstraktéw metoda HPLC.

. Rezultaty ekstrakcji C i BE zaleza od: pH analizowanej prébki (nadmiernie al-

kaliczne moze spowodowacé rozktad obu ksenobiotykow), rodzaju prostego sol-
wentu (co mozna wykorzystac do selektywnej ekstrakeji wytacznie C), sktadu
solwentu zlozonego (odzysk BE wzrasta wraz z zawarto$cig alkoholu), relacji
objetosciowe]j probka/solwent (przy stalym 1 wysokim odzysku C odzysk BE
wzrasta w miare zwiekszania objeto$ci solwentu), a takze od uprzedniego wy-
salania ekstrahowanej prébki (co znacznie poprawia odzysk BE).



