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ABSTRACT: Cocaine (C) and benzoylecgonine (BE) were isolated from water solu-
tions, blood, urine and homogenates of the liver, kidney and brain. The columns used
were: C-18 (Baker), Cyano (CN) (Baker) and Bond Elut Certify (Varian). The eluent
was a mixture of dichloromethane — isopropanol — ammonium hydroxide 80:20:2.
The highest recovery of xenobiotic extraction from urine (BE about 80% and C over
90%) and from blood (about 67% of BE and 83% of C), and good recovery from tissues
(44-58% of BE and 66-72% of C) was achieved using Bond Elut Certify columns.
Such extracts from “fresh” autopsy material showed low “background” levels, which
enabled their further analysis using the HPLC method. Additionally, the effects of
various factors on the extraction yield using B. E. Certify columns were studied. No
significant effects of pH and the amount of the solvent on the recovery of C and BE
were observed. It was found that the recovery of both xenobiotics from the brain
homogenates increased after diluting them with a higher amount of phosphate
buffer and decreased when the samples were prepared using acetonitrile.
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INTRODUCTION

The most popular methods of extraction of cocaine (C) and its metabolites
from biological material are liquid-liquid extraction (LLE) and solid phase
extraction (SPE). According to the first part of the work', the non-polar char-
acter of C makes it possible to isolate by means of LLE with the use of the
majority of simple organic solvents. However, the hydrophilic character of
benzoylecgonine (BE) requires addition of a polar component, e.g. alcohol.
LLE is time- and work-consuming, due to the necessary centrifuging (in or-
der to remove emulsions created during the extraction) and lengthy evapo-
ration of extracts (due to the use of large quantities of solvents), which could
be avoided through the application of solid phase extraction [17, 25]. Thus,

1 Compare: Problems of Forensic Science 2001, vol. XLVIII, pp. 7-30.
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in the second part of the work, three kinds of packing for the SPE column
were tested in terms of their usefulness in the isolation of C and BE from au-
topsy material.

MATERIALS, METHODS AND RESULTS

Samples of aqueous solutions, blood, urine, and homogenates of the liver,
kidney and brain (prepared by chopping up fragments of these organs me-
chanically in water at a ratio of 1:1)* were analysed. Upon adding C and BE
to this material, the following concentrations of both xenobiotics were ob-
tained: 2.5 pg/mlin water, urine and blood and 1.25 ug per 1 g of the homoge-
nate, respectively. For the extraction, 1 ml portions of aqueous solution (and
also of blood and urine) were taken, and 2 g of the homogenate (being equiva-
lent to 1 g of an organ). Consequently, samples containing 2.5 ug of C and
2.5 pg of BE were analysed every time.

Quantitative determinations of the isolated xenobiotics were performed
using the high-pressure liquid chromatography (HPLC)® method.

1. The usefulness of various kinds of solid phase (i.e. packing of SPE col-
umns) for isolation of C and BE was evaluated on the basis of the recov-
ery obtained as the result of elution with dichloromethane-isopro-
panol-ammonia (80:20:2) using:

a) Bakerbond SPE C-18 (200 mg, 6 ml) columns and a modified extrac-
tion method [2, 26], according to the scheme shown in Figure 1; the
obtained results are listed in Table I;

b) Bakerbond SPE Cyano (CN) (500 mg, 6 ml) columns and a modified
extraction procedure (a PH-004 application, materials by Baker —
Bakerbond SPE Application Notes) for alkaline medicines [3], acc-
ording to the scheme shown in Figure 2; the obtained results are li-
sted in Table II;

¢) Bond Elut Certify columns by Varian (300 mg, 3 ml) and the anal-
ytical procedure described in materials by Varian [4], as well as in
the work of Abusada et al. [1], according to the scheme presented in
Figure 3; the obtained results are listed in Table III.

2 Similarly, as in the first part of this work, samples taken from the bodies of car accident vic-
tims were firstly examined for the presence of pharmacological means.
3 With the use of the analytical conditions described in the first part of this work.
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* Dichloromethane-isopropanol-ammonium hydroxide 80:20:2.

Preparation
of the sample:

SPE column
conditioning:

Supernatant
addition into

the SPE column:

Column wash:

Extraction:

Material examined:
1 ml of standard water solution

or urine or blood

2 g homogenate = 1 g tissue

+

2 ml carbonate buffer pH = 9

Supernatant

a) 3 ml methanol
b) 3 ml carbonate buffer pH =9

a) 3 ml water
b) 1 ml 5% methanol in water

3 ml of elution mixture*

Extract
+
1 drop of 1 M HCI
Residue
+
0.5 ml 10“M HCl
Eluate

Filtrate

vortexing for 10 seconds
centrifugation for 10 min (4500 r.p.m.)

passing of supernatant
through the column,
flow about 1 ml/min.

filtration

flow about 0.5 ml/min

evaporation (40°C)

centrifugation of the column
for 10 min. (4500 r.p.m.),
drying the column for 10 min

dissolving of the residue

Fig. 1. A diagram of extraction using Bakerbond SPE C 18 columns.

TABLE I. CAND BE RECOVERY AFTER SPE USING BAKERBOND SPE C-18 COLUMNS
ACCORDING TO THE PROCEDURE PRESENTED IN FIG. 1

Mean recovery and standard

Samples Number deviation (+) in [%]
of samples
C BE
Water 4 92.7+10.45 78.3 + 13.67
Urine 4 89.5 +12.26 2%
Blood 4 78.1+12.11 59.2 + 14.10
Brain 4 39.3 +17.02 31.2+17.81
Kidney 4 7% %
Liver 4 50.6 + 18.57 42.1+19.91

* Extracts unsuitable for HPLC determinations.
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Material examined:
1 ml of standard water solution
or urine or blood
2 g homogenate = 1 g tissue
+

4 ml acetonitrile®

Preparation
of the sample: Supernatant
+

20 ml deionised water

Diluted supernatant
SPE column a) 3 ml methanol
conditioning: b) 3 ml jvater

1 ml water
Supernatant
addition into
the SPE column:
Column wash: 3 x 1 ml water
Extraction: 3 ml of elution mixture**
Extract

+
1 drop of 1 M HC1
Residue
+
0,5ml 10*M HCIl
Eluate

Filtrate
*in blood samples, 0,5 ml of methanol added first.
** dichloromethane-isopropanolammonium hydroxide 80:20:2.

vortexing for 10 seconds,
centrifugation for 10 min (4500 r.p.m.)

mixing

passing of supernatant
through the column,
flow about 1 ml/min

drying the column for 10 min

flow about 0.5 ml/min

evaporation (40°C)

dissolving of the residue

filtration

Fig. 2. A diagram of extraction on Bakerbond SPE Cyano (CN) columns.

TABLE II. C AND BE RECOVERY AFTER SPE USING BAKERBOND SPE CYANO (CN)
COLUMNS ACCORDING TO THE PROCEDURE PRESENTED IN FIG. 2

Numb Mean recovery and standard
Samples umber deviation (+) in [%]
of samples
C BE

4 87.7+11.64 0

Water
4 93.6+7.11 0
Urine 4 95.4 + 6.30 0
Blood 4 61.2+11.65 0
Brain 4 30.8 + 10.58 0
Liver 4 35.9+8.51 0
Kidney 4 33.6 £5.47 0

I:I Recovery after using a 100:2 methanol-ammonium hydroxide mixture.
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Preparation
of the sample:

SPE column
conditioning:
Supernatant
addition into
the SPE column:

Column wash:

Extraction:

Material examined:
1 ml of standard water solution
or urine or blood
2 g homogenate = 1 g tissue
+
phosphate buffer pH = 6*

Supernatant

a) 3 ml methanol
b) 3 ml phosphate buffer pH = 6

a) 6 ml water
b) 3 ml 0.1 M HCI
+

9 ml methanol
+
3 ml of elution mixture**
Extract
+
1 drop of 1 M HCI
Residue
+
0.5ml 10*M HCI
Eluate

Filtrate

vortexing for 10's,
centrifugation for 10 min (4500 r.p.m.)

passing of supernatant
through the column,
flow about 1 ml/min

| slowly, drying the column for 5 min
| drying the column for 10 min

| flow about 0.5 ml/min

| evaporation (40 C)

| dissolving of the residue

| filtration

* 2 ml for water solutions and urine samples, 8 ml for blood samples and tissue homogenates.

** dichloromethane-isopropanol-ammonium hydroxide 80:20:2

Fig. 3. A diagram of extraction on Bond Elut Certify columns (Varian).

TABLE III. CAND BE RECOVERY AFTER SPE USING BOND ELUT CERTIFY COLUMNS
ACCORDING TO THE PROCEDURE PRESENTED IN FIG. 3

Samples Number of Mean re.cov.ery an(.il standard
samples deviation (£) in [%]
C BE
Water 3 94.7 + 8.00 80.4 +4.37
Urine 4 96.3 + 6.46 78.9+6.73
Blood 5 82.9+6.19 67.2 £ 5.87
Brain 6 71.3+9.24 44,7+ 17.31
Kidney 5 72.2 + 8.49 58.4 +11.20
Liver 5 66.2 + 10.12 50.3 + 5.91

2. Also evaluated was the efficiency of extraction of C and BE from their
aqueous standard solutions? using Varian Bond Elut Certify columns
(300 mg, 3 ml), taking the influence of the following factors into ac-

count:

4 In agreement with the scheme shown in Fig. 3.
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a) the pH of the phosphate buffer used in the preparation of samples —

b

C

d

in such a manner that 2 ml of the phosphate buffer of pH = 2 or
pH =6 was added to each sample, using 3 ml of the same buffers for
conditioning of the column (the obtained results are shown in Ta-
ble IV);

) the volume of the eluent —in such a way that the extraction was per-

formed using 3, 6 or 10 ml of the eluent mixture (the obtained re-

sults are shown in Table V);

acetonitrile —in such a manner that 2 ml each of acetonitrile and the

pH = 6 phosphate buffer, or 4 ml of this buffer alone were used for

the sample preparation (the obtained results are presented in Ta-

ble VI);

) the quantity (4 or 8 ml) of pH = 6 phosphate buffer used for the dilut-
1on of aqueous standard solutions and brain homogenates (the ob-
tained results are presented in Table VII).

~

TABLE IV. C AND BE RECOVERY FROM WATER SOLUTIONS USING* BOND ELUT

CERTIFY COLUMNS IN RELATION TO THE pH OF THE PHOSPHATE
BUFFER USED TO PREPARE THE SAMPLES AND CONDITION THE COL-
UMNS

Buff Numh Mean recovery and standard
utter umber deviation (+) in [%]
pH of samples
C BE
2 3 96.4 £10.61 83.1 £9.85
3 91.5+ 6.84 85.8 £ 8.57

*According to the diagram presented in Fig. 3.

TABLE V. C AND BE RECOVERY FROM WATER SOLUTIONS USING* BOND ELUT

CERTIFY COLUMNS IN RELATION TO THE ELUENT VOLUME

£l N Mean recovery and standard
uent umber deviation (+) in [%]
volume of samples
C BE
3 ml 3 92.9 +5.33 85.2+6.31
6 ml 92.3 + 6.67 81.6 +£11.46
10 ml 97.2 +£9.43 87.4 + 8.00

*According to the diagram presented in Fig. 3.
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TABLE VI. C AND BE RECOVERY FROM WATER SOLUTIONS USING* BOND ELUT
CERTIFY COLUMNS WITH AND WITHOUT ACETONITRILE

Mean recovery and standard
Type Number deviation (+) in [%]
of solutions of samples
C BE
2 ml buffer 3 90.3 + 8.81 79.4 + 3.35
1 ml acetonitrile
+ 1 ml buffer 3 69.1+7.87 10.2 + 3.21

*According to the diagram presented in Fig. 3.

TABLE VII. C AND BE RECOVERY FROM WATER SOLUTIONS AND BRAIN HOMOGE-
NATES USING* BOND ELUT CERTIFY COLUMNS IN RELATION TO THE
AMOUNTS OF PHOSPHATE BUFFER USED TO PREPARE THE SAMPLES

Buff Numb Mean recovery and standard
utter umber deviation (%) in [%]
Amount of samples
C BE
4 ml 3 91.4 + 3.42 82.3 + 8.17
4 ml 3 52.0 £ 9.89 33.6 + 6.52
8 ml 3 95.3 +7.09 84.5 + 4.46
8 ml 3 73.5+ 7.65 45.6 £ 5.18

I:I Water solution I:I Brain homogenate

*According to the diagram presented in Fig. 3.

RESULTS AND DISSCUSION

la. The extraction procedure using Bakerbond SPE C-18 columns in the
manner depicted in Figure 1 resulted (Table I) in a high recovery of C
and BE from the aqueous solutions (about 93% and 78%, respectively).
C recovery from urine turned out to be comparatively high as well
(about 89%), however the level of impurity in these extracts made it
impossible to determine BE concentrations with the HPLC method.
The efficiency of xenobiotics extraction from blood treated in the same
way was also quite high — about 78% for C and 59% for BE.
Aderjan et al. [2, 26], however, were able to obtain a high xenobiotics
recovery level from both urine (95% of C and 87% of BE) and blood (86% of
C and 75% of BE), using a similar extraction procedure with Analytchem
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International Bond Elute C-18 columns, and gas- chromatography com-
bined with mass detection. A comparable level of efficiency in C and BE
extraction from urine and blood was obtained by Tebbett and McCartney
[27], who used columns with C-8 packing that was more polar, and
treated blood samples ultrasonically (which significantly improved the
flow through the column packing). Moreover, the purity of extracts was
higher when a C-18 column was used. Thus, the results presented in the
current work, as well as those obtained by the above-mentioned authors
remain in agreement with the conclusions of Scheurer and Moore [25],
who claim that non-polar phases are more versatile, but extracts ob-
tained using them (especially extracts from urine) contain large amounts
of impurities, which makes the determination of BE difficult.

The i1solation of C and BE from tissues using Bakerbond SPE C-18
columns turned out to be unsatisfactory, since there were difficulties
transferring all of the tissue filtrates through the column packing, de-
spite the fact that more pressure was used (it came down to the column
stacking). The mean recovery of C and BE from the liver was only 51%
and 42%, respectively, and from the brain scarcely 39% and 31%, re-
spectively. Moreover, the extracts were adulterated significantly. In
the case of the kidney, the “background” was so large that the extracts
were yellow in colour, so the quantitative analysis was resigned from
due to the high risk of destroying the chromatographic column.

Brown, et al [6] observed clogging of the C-18 and C-8 columns as
well. For the extraction of C and BE from enzymatically etched brain,
they successfully used C-2 packing that was more polar. The authors of
the presented work determined the usefulness of C-18 phase in the iso-
lation of xenobiotics from tissues to be limited, this probably caused by
an interaction of fat bodies present in the material with the non-polar
packing of the column.

A significant disadvantage of the extraction performed in columns
with octadecyle phase was also a transfer of water molecules to the ex-
tracts, which was only partially decreased by washing the columns with a
5% aqueous solution of methanol and centrifuging them before extrac-
tion. This should be given particular attention, since even an insignifi-
cant amount of water in the extract can cause decomposition of C and BE
during evaporation because of the alkaline environment of the aqueous
phase’ (caused by the extraction conditions). In the experiment, it was
prevented by the addition of one drop of 1M HCI to the extract (before
evaporation). Removal of the aqueous phase with a pi- pette carried the
risk of additional, uncontrolled loss of the compounds being isolated.

5 As witness the results of study of the authors in the work on the stability of C and BE as
a function of pH and temperature [16].
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1b.

1lc.

The extraction with Bakerbond SPE Cyano (CN) columns (performed
according to the manufacturer’s instructions for isolation of alkaline
compounds, i.e. according to the scheme presented in Figure 2) turned
out to be useless for the extraction of BE (Table II). C recovery, on the
other hand, was fully satisfactory. It was not increased (in cases of
analysis of aqueous solutions) when using a 100:2 methanol-ammonia
mixture as an eluent. The isolation of C from biological materials was
then continued according to the instructions presented in Figure 2 and
it was established that only the recovery of C from urine was quantita-
tively close to that from water (more than 90%). However, its recovery
from blood samples was significantly worse (61%) and was very low
(31-36%) from the brain, liver and kidneys. In the HPLC analysis, in-
terference between C and the background of a biological material was
not observed, which could also be a result of the deproteinating action
of acetonitrile being added during the initial preparation of samples.
Using columns with a mixed type of packing, i.e. Bond Elut Certify,
a high level of efficiency in the extraction of C and BE (Table III) from
aqueous solutions and from urine samples (above 90% and about 80%,
respectively) was observed. The efficiency of extraction of C (83%) and
BE (67%) from the autopsy blood was also high. The recoveries of the
xenobiotics from the liver, kidneys and brain, however, were lower (in
the ranges: 66-72% for C and 45-58% for BE). The obtained extracts
were of such purity that it was possible to identify both of the xeno-
biotics in them using the HPLC method (Figure 4), a fact that can be
attributed to the large volume of methanol used to wash the column,
which can only be applied in the case of the type of packing found in
Bond Elut Certify columns, i.e. of dual character (non-polar and
ion-exchange). In the column filled by C-18 or propylocyane phase, the
same quantity of methanol causes significant losses, especially of com-
pounds that are polar in character (i.e. BE). Moreover, the use of meth-
anol prevented the transfer of water to extracts and degradation of the
recovered xenobiotics.

Comparing the efficiency of C and BE extraction using Bond Elut
Certify columns with that obtained by other authors is difficult due to
the use of various modifications to the analytical procedures, as well as
various columns with mixed types of packing®. In this situation, the
only fact one can admit is that the recovery of C and BE obtained (from

6 It is well-known that any change of pH of the buffer, the quantity of the solvent used or the
composition of the extraction mixture as well as the manner of the preparation of a biological
sample can influence the efficiency of extraction. Moreover, differences in recovery of
xenobiotics may arise between different columns with the same type of packing and even be-
tween different batches of columns made by the same producer [25].
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Fig. 4. The HPLC chromatograms of extracts from autopsy material prepared by

means of the SPE - B. E. Certify method.
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standard solutions, urine and blood) using a Bond Elut Certify column
was comparable to the results obtained by other authors when extract-
ing liquid samples, i.e. urine [8, 10, 11, 12, 13, 18, 23, 24], plasma [7, 8,
10, 11, 13], serum [1, 22] blood [1, 7, 10, 11] or amniotic fluid [19] using
various columns with dual-character packing (B. E. Certify, Clean
Screen, X-Track T). They always obtained a high recovery of C
(87-100%), while BE recovery was considerably variegated (58-96%).
Differences in the recovery of BE could be explained by the observa-
tions of Milles et al. [18] that, using resins of a copolymer structure
(e.g. Clean Screen or X-Track T columns), the extraction efficiency of
polar compounds, such as BE, was higher (of about 20-30%) as com-
pared to the recovery that could be obtained using columns with
a mixed, “combined” packing (e.g. B. E. Certify).

The extraction of C and BE from a biological material other than
urine and blood was described in few publications [14, 20]. In the case
of brain tissue, C recovery was 60 and 74%, respectively, and 54 and
34% for BE, bearing witness to the fact that recovery of xenobiotics
from tissues was lower than that from liquids, similarly to the experi-
ment described here. It should be explained that in the case of the anal-
ysis of blood or homogenates of fresh tissues, no difficulties were
observed in the transfer of their filtrates through the packing of Bond
Elut Certify columns, nor was there any clogging of the columns, these
being the main problems with tissue extraction using the SPE method.
Hernandez et al [14], too, observed that during SPE extraction using
Clean Screen columns, all of the brain samples passed through them
easily (regardless of whether or not they underwent the process of di-
gestion with lipase) and achieved an average recovery of xenobiotics
(60% for C and 54% for BE), similarly to ours. On the other hand,
Moore et al. [20] obtained a higher recovery of C (74%), but lower of BE
(34%) using X-Tract T columns (specially adapted to enable the rapid
flow of highly viscous samples). They related this to the excessive
speed of the samples’ flow through the column.

Comparing of the recoveries of C and BE from the brain obtained in
the experiments described here (using B. E. Certify columns), and
those obtained by Moore et al. [20], with the results of the study by
Huang et al7 [15] does not mean that additional analysis of the sedi-
ment could provide a chance to improve the recovery levels of these
xenobiotics from homogenates of the organs, even assuming that sig-

7 After extraction of supernatants taken from above homogenates of the liver with SPE method
these authors initially obtained a low recovery of alkaline medicines but significantly im-
proved it by an enzymatic digestion of the sediment (at temperature of 60°C, pH = 10.5) and
an additional isolation by means of SPE.



Evaluation of the method of cocaine ... 25

2a.

nificant amounts of C and BE are present in the centrifuge residue. In
a strongly alkaline environment, and at a high temperature not only C,
but its metabolites as well, undergo disintegration.

A comparison of extraction efficiency using three SPE-tested col-
umns turned out to be most advantageous to the Bond Elut Certify
column, as the recovery of C and BE (especially) from tissues was
higher and more stable than in the case of Bakerbond SPE-C-18 col-
umns. Bakerbond SPE Cyano (CN) columns are compromised by zero
recovery of BES, The high “purity” of the extracts, which made determi-
nation of C and BE by the HPLC method possible, decided on the ad-
vantage of extracting with Bond Elut Certify over a traditional LLE?
extraction.

Extraction using Bond Elut Certify columns reveals negative sides

as well, such as high costs, variable column quality, and the possibility
of some transfer of column packing components to the extracts. Ob-
taining repeatable results could pose some problems as well, due to the
fact that xenobiotics recovery depends strongly on the speed of the so-
lution’s flow through the packing of a column. Thus, in quantitative ex-
aminations it is necessary to use internal standards or automatic SPE
extraction equipment [25].
Changing the pH of the phosphate buffer can improve the efficiency of
C and BE recovery. This was supported by the results of examinations
of the meconium. It was found that dilution of its methanol eluents
with a pH = 2 buffer [21] made a higher BE recovery level (by about
25%) possible than did dilution with a pH = 3 buffer [5].

It turned out, however, (Table IV) that changing the pH of the phos-
phate buffer within a range of 2—6 (used in preliminary sample prepa-
ration and conditioning of the column, see Figure 3) did not influence
the recovery of xenobiotics from aqueous solutions.

Thus, the explanation of these doubts concerning the influence of
the buffer’s pH on the efficiency of C and BE extraction should be
sought in the fact that the extraction conditions were modified along
with the change of pH in the bufferl?. The unfounded conviction of
Murphey et al [21] that the lower BE recovery (about 30%) obtained by
Clark et al. [9] for the meconium could be related to the use of apH =6

8 The toxicological expert’s report could not be treated as complete without determination of
BE, asitis one of the main metabolites of C and products of disintegration of this xenobiotic in
biological material in vitro [16].

9 Conditions of extraction and recovery of C and BE with these methods were presented in the
first part of this work.

10 A1l authors used phosphate buffer pH = 6 for Bond Elut Certify and X-Track T columns [1, 7,
8,9,12,13, 15, 18, 20, 23, 27] whereas in the case of Clean Screen columns the following buff-
ers: pH =2 [21], pH =3 [5, 22], pH =4 [10] or pH =6 [11, 14].
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2b.

2c.

2d.

phosphate buffer bears witness to how much depends on the details of
SPE extraction. Murphey et al. observed very weak BE retention on
columns conditioned by a pH = 6 buffer when the xenobiotic was solved
in pure methanol. Nevertheless, Clark et al. evaporated methanol
prior to the drift on the column and dissolved the residue in pH = 6
buffer before introducing it into the column, which should not lower
BE recovery.

It was confirmed in experiments that 3 ml of dichloromethane : isopro-
panol : ammonium mixture (80:20:2) is sufficient for obtaining a high
recovery of C and BE from aqueous solutions, as it was shown that in-
creasing the amount of solvent used for the elution did not signifi-
cantly influence the efficiency of the extraction when using Bond Elut
Certify columns (Table V).

The experiments of Moore et al [19] show that, in the case of some
columns packed with co-polymers, the recovery of C and BE could de-
pend on the amount of elution mixture. After using high flow X-Track
T columns for extraction, they found that increasing the amount of
eluent from 3 to 10 ml caused an increase in the recovery of xenobiotics
from the amniotic fluid (C: 67 — 96%, and BE: 19 — 58%). However,
these authors [5] obtained an even higher level of C (100%) and BE
(64%) recovery from the meconium, using different columns (Clean
Screen, also packed with dual-action resins) and only 3 ml of the same
eluent in the experiment. One can conclude from their aforementioned
research, and from the results of the experiment described here, that
even a small amount of the eluent could assure a high level of efficiency
in the extraction of both xenobiotics when suitable columns are se-
lected. This is also borne out by the results of research performed by
Hernandez et al [14], who used 3 ml of the same eluent and a Clean
Screen column with a type of packing similar to that used in the cur-
rent work with Bond Elut Certify columns, recovering most of the C
and its metabolites from the brain. Repeated extraction with a new
portion of eluent did not improve this result.

An attempt to increase extraction efficiency in the experiment de-
scribed here, using acetylnitrile for preliminary sample preparation,
failed. When acetylnitrile was applied, the mean recovery of C was dis-
tinctly lower than that obtained from samples prepared using only
phosphate buffer, and BE recovery was decreased by about 70% (Ta-
ble VI).

The use of a larger amount of buffer for sample preparation appeared
to be beneficial in the case of extracting brain homogenates, because
after using 8 ml of the buffer, BE recovery increased by about 10% (as
compared to recovery after using 4 ml of the buffer) and C recovery by
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as much as 20%, while recovery from aqueous solutions remained on
a similar level (Table VII).

Similar conclusions can be drawn from a comparison of the effi-
ciency of C and BE extraction from meconium, which was obtained by
Clark et al [9] and Abusada et al [1], who used methanol for the prelim-
inary treatment of samples (after which eluents were evaporated and
dissolved in the buffer). Both obtained maximum recovery of C
(99-100%), whereas BE recovery was only 30% when 5 ml of methanol
was used [9]; using two times this amount of alcohol, however, it in-
creased to 68-90% [1].

CONCLUSIONS

1. Using Varian Bond Elut Certify columns in accordance with the manu-
facturer’s recommendations can assure high efficiency in the extrac-
tion of C and BE from aqueous solutions, urine, blood and tissue
homogenates, and enables determination of xenobiotics, using the
HPLC method, without any additional purification of extracts from bi-
ological material. Conversely, the use of Bakerbond SPE C-18 columns
caused an increase of biological matrix in the extracts (this impedes di-
rect determination of xenobiotics in urine and kidney extracts using
HPLC method), while using Bakerbond SPE Cyano (CN) makes any
recovery of BE impossible.

2. Increasing the amount of phosphate buffer for preliminary tissue ho-
mogenate preparation improves BE and C recovery. However, changes
to the extraction conditions when using Bond Elut Certify columns,
such as decreasing the pH of the phosphate buffer and increasing the
amount of solvent, do not significantly improve the efficiency of the ex-
traction.

3. The recovery of C and BE from aqueous solutions, urine and blood us-
ing Bond Elut Certify is comparable to that obtained in an optimised
LLE extraction (which was described in the first part of this work);
LLE extraction (in the continuous system), however, assures a higher
recovery of both xenobiotics from tissue homogenates.

4. SPE extraction using Bond Elut Certify columns allows one to obtain
much cleaner extracts from biological material, and requires much
smaller amounts of solvent than LLE extraction.

5. The application of SPE extraction involves the risk of column overload
(in the case of extracting samples that are too large or have very high
concentrations of xenobiotics) as well as increasing costs of a toxicolog-
ical analysis.
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OCENA METOD IZOLACJI KOKAINY I BENZOILOEKGONINY
Z MATERIALU SEKCYJNEGO. CZESC II. EKSTRAKCJA
NA FAZIE STALEJ (SPE)

Marianna KISZKA, Roman MADRO

WSTEP

Do izolacji C (kokainy) 1 jej metabolitdéw z materialu biologicznego najpow-
szechniej stosuje sie ekstrakcje typu ciecz-ciecz (LLE — liquid-liquid extraction) oraz
ekstrakcje z fazy statej (SPE — solid phase extraction). Jak wynika z pierwszej czesci
tej pracy,' niepolarny charakter C sprawia, ze moze ona byé latwo izolowana przy
uzyciu ekstrakcji LLE z zastosowaniem wigkszo$ci prostych rozpuszczalnikéw orga-
nicznych. Natomiast hydrofilowy charakter BE (benzoiloekgoniny) wymaga doda-
wania do niej sktadnika polarnego, tj. alkoholu. Ekstrakcja LLE jest jednak czaso-
i pracochtonna ze wzgledu na koniecznoéé wirowania (celem usuwania emulsji
tworzacych sie podczas ekstrakcji) oraz dlugiego odparowywania ekstraktow (ze
wzgledu na stosowanie do$¢ duzych ilo$ci rozpuszezalnikéw), czego mozna uniknagé,
stosujac ekstrakcje na fazie statej [17, 25]. Z tego wzgledu w drugiej czeséci pracy prze-
testowano trzy rodzaje wypelnien kolumn SPE pod katem ich uzytecznosci do izolacji
C 1 BE z materiatu sekcyjnego.

MATERIAL, METODY I WYNIKI

Analizowano probki roztworéw wodnych, krwi 1 moczu oraz homogenatéw watro-
by, nerki i mézgu (ktére uzyskiwano przez mechaniczne rozdrobnienie fragmentéw
tych narzadéw w wodzie w proporcji 1:1)°. Przez dodanie C i BE do tego materialu
uzyskiwano stezenie obu ksenobiotykéw w wysokoSci 2,5 pg/ml w wodzie, moczu
ikrwioraz 1,25 ng/g homogenatu. Do ekstrakeji pobierano po 1 ml roztworu wodnego
(a takze moczu i krwi) oraz po 2 g homogenatu (co odpowiadato 1 g narzadu).
Analizowano zatem kazdorazowo probke zawierajaca 2,5 ug C12,5 pg BE.

Oznaczenia iloSciowe wyizolowanych ksenobiotykéw przeprowadzono metoda
wysokosprawnej chromatografii cieczowej (HPLC)?.

1. Przydatno$¢ réznych rodzajow fazy statej (tj. wypetnien kolumn SPE) do izo-

lacji C 1 BE oceniano na podstawie odzysku otrzymanego w rezultacie elucji
mieszaning dichlorometan-izopropanol-amoniak (80:20:2) przy uzyciu:

1 Por. Z Zagadnieri Nauk Sqdowych 2001, z. XLVIII, s. 7-30.

2 Podobnie, jak w pierwszej czesci pracy, material pobierany ze zwlok ofiar wypadkéw
drogowych sprawdzano przed tym pod wzgledem obecno$ci réznych érodkéw farmakolo-
gicznych.

3 7 zastosowaniem warunkéw analitycznych podanych w pierwszej czeéci tej pracy.
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la.

a) kolumn Bakerbond SPE C-18 (200 mg, 6 ml) i zmodyfikowanej metody eks-
trakeji [2, 26], zgodnie ze schematem przedstawionym na rycinie 1, czego
rezultaty zawiera tabela I;

b) kolumn Bakerbond SPE Cyano (CN) (500 mg, 6 ml) i zmodyfikowanej pro-
cedury ekstrakcyjnej (aplikacja PH-004, materiaty firmy Baker — Baker-
bond SPE Application Notes) przeznaczonej dla lekéw o charakterze zasa-
dowym [3], zgodnie ze schematem przedstawionym na rycinie 2, czego re-
zultaty zawiera tabela II;

¢) kolumn Bond Elut Certify firmy Varian (300 mg, 3 ml) i postepowania ana-
litycznego opisanego w materialach firmy Varian [4] oraz w pracy Abusada
11in. [1], zgodnie ze schematem przedstawionym na rycinie 3, czego rezul-
taty zawiera tabela III.

Oceniano takze wydajnos$é¢ ekstrakeji C 1 BE z ich wodnych roztworéw wzor-

cowych przy uzyciut kolumn Bond Elut Certify firmy Varian (300 mg, 3 ml)

z uwzglednieniem wptywu:

a) pH buforu fosforanowego uzywanego do przygotowania prébek — w ten spo-
s6b, ze dodawano do nich 2 ml buforu fosforanowego o pH =2 lub pH =6, sto-
sujac 3 ml takich samych buforéw do kondycjonowania kolumny (wyniki
zawiera tabela IV);

b) objetosci eluentu —w ten sposdb, ze ekstrakcje przeprowadzano, stosujac 3,
6 lub 10 ml mieszaniny eluujacej (wyniki zawiera tabela V);

¢) acetonitrylu—w ten sposéb, ze do przygotowania prébek uzywano albo 2 ml
acetonitrylu i 2 ml buforu fosforanowego o pH = 6, albo tylko 4 ml tego bu-
foru (wyniki zawiera tabela VI);

d) 1ilosci (4 lub 8 ml) buforu fosforanowego o pH = 6 uzytego do rozcienczenia
wodnych roztworéw wzorcowych i homogenatéw moézgu (wyniki zawiera
tabela VII).

OMOWIENIE WYNIKOW I DYSKUSJA

Procedura ekstrakcji z zastosowaniem kolumn Bakerbond SPE C-18 w sposéb
przedstawiony na rycinie 1 zapewniala (tabela I) wysoki odzysk C i BE z roz-
tworéw wodnych (odpowiednio ok. 93% i 78%). Por6wnywalnie wysoki okazat
sie rowniez odzysk C z moczu (ok. 89%), ale stopien zanieczyszczenia tych eks-
traktéw uniemozliwiat oznaczenie w nich stezenia BE metoda HPLC. Wydaj-
no$¢ ekstrakeji ksenobiotykéw z krwi potraktowanej w ten sposob byla row-
niez do$¢ wysoka — okoto 78% C 1 59% BE.

Zastosowanie podobnej procedury ekstrakeji i kolumn Bond Elut C-18 fir-
my Analytichem International oraz metody chromatografii gazowej z detekcja,
masowa, pozwolito jednak Aderjanowiiin. [2, 26] na wysoki odzysk obu kseno-
biotykdéw z moczu (95% C, 87% BE) 1 z krwi (86% C, 75% BE). Podobna wydaj-
nos$¢ ekstrakeji C 1 BE z moczu oraz z krwi uzyskali Tebbett 1 McCartney [27],
ktorzy uzywali kolumn z bardziej polarnym wypelnieniem C-8, a prébki krwi

4 Zgodnie ze schematem przedstawionym na ryc. 3.
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1b.

poddawali dzialaniu ultradzwiekéw (co znacznie poprawialo przepltyw przez
wypelnienie kolumny), przy czym czystosc ekstraktéw byta wieksza niz po za-
stosowaniu kolumn C-18. Wyniki badan autoréw niniejszej pracy oraz rezulta-
ty otrzymane przez cytowane wyzej osoby sa zatem zgodne z wnioskami
Scheurera i Moore’a [25], zdaniem ktérych fazy niepolarne sa wprawdzie bar-
dziej uniwersalne, ale ekstrakty uzyskane przy ich uzyciu (szczegélnie eks-
trakty z moczu) zawieraja duze ilosci zanieczyszczen, co czyni trudnym ozna-
czanie w nich BE.

Izolacja C1iBE z tkanek przy pomocy kolumn Bakerbond SPE C-18 okazala
sie niezadowalajaca, gdyz wszystkie filtraty tkankowe Zle przechodzilty przez
wypelnienie kolumny mimo stosowania wiekszego podciénienia (dochodzito
nawet do czopowania kolumn). Sredni odzysk C 1 BE z watroby wynosil tylko
51% C142% BE, a z mézgu zaledwie 39% C 1 31% BE. Ponadto uzyskano eks-
trakty znacznie zanieczyszczone. W przypadku nerki ,tlo” bylo tak duze, ze
ekstrakty mialy z6lte zabarwienie, w zwigzku z czym odstapiono od oznaczen
ilo$ciowych ze wzgledu na wysokie ryzyko zniszczenia kolumny chromatogra-
ficznej.

Zatykanie sie kolumn C-18 1 C-8 stwierdzili réwniez Browne i in. [6]. Do
ekstrakeji C 1 BE z mézgu trawionego enzymatycznie z powodzeniem zastoso-
wali natomiast bardziej polarne wypelnienie C-2. Autorzy niniejszej pracy po-
twierdzili zatem malg przydatno§é fazy C-18 do izolacji ksenobiotykéw z tka-
nek, zwiazana prawdopodobnie z oddzialywaniem cial thuszczowych zawar-
tych w tym materiale na niepolarne wypelnienie kolumny.

Powazna wadag ekstrakcji przeprowadzanej na kolumnach z faza oktade-
cylowa bylo takze przechodzenie wody do ekstraktéw, ktore udato sie tylko
cze$ciowo zmniejszy¢ przez mycie kolumn piecioprocentowym wodnym roz-
tworem metanolu oraz ich wirowanie przed ekstrakcja. Nalezy na to zwrécié
szczegblna uwage, bowiem nawet niewielka iloé¢ wody w ekstrakcie stanowi
powazny problem, gdyz moze powodowac rozktad C do BE podczas odparowy-
wania ekstraktow ze wzgledu na (spowodowany warunkami ekstrakcji) alka-
liczny odezyn fazy wodnej>. W eksperymencie zapobiegano wiec temu przez
dodawanie do ekstraktu (przed jego odparowaniem) jednej kropli 1 M kwasu
solnego. Usuwanie warstwy wodnej pipeta wigzalto sie bowiem sie z ryzykiem
dodatkowych, niekontrolowanych strat izolowanych substancji.

Ekstrakcja na kolumnach Bakerbond SPE Cyano (CN) (przeprowadzona zgod-
nie z zaleceniem producenta odnos$nie do izolacji zwiazkow o charakterze za-
sadowym, tj. wedlug schematu przedstawionego na rycinie 2), okazala sie
nieprzydatna do ekstrakcji BE (tabela IT). W petni zadowalajacy byl natomiast
odzysk C, ktérego (w przypadku analizy roztworéw wodnych) nie podwyzszato
zastosowanie jako eluentu mieszaniny metanol-amoniak 100:2. Izolacje C
z materiatu biologicznego kontynuowano wiec zgodnie z przepisem przedsta-
wionym na rycinie 2 i stwierdzono, ze tylko odzysk C z probek moczu byt ilo$-
ciowo zblizony do odzysku z wody (ponad 90%). Znacznie gorszy byt natomiast

5 O czym $wiadcza wyniki badan autoréw tej pracy nad trwaloscia C i BE w zaleznoéci od pH
i temperatury [16].
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lc.

jej odzysk z probek krwi (61%), a bardzo niski (31-36%) z mézgu, watroby i ner-
ki. Podczas analizy metoda HPLC nie obserwowano przy tym interferencji
miedzy C a ttem materiatu biologicznego, co moglo réwniez wynikaé z od-
bialczajacego dzialania acetonitrylu, ktéry dodawano w trakcie wstepnej ob-
rébki prébek.
Przy zastosowaniu kolumn o mieszanym typie wypelnienia, tj. Bond Elut Cer-
tify, stwierdzono wysoka wydajnoséé ekstrakeji (tabela I1I) C 1 BE z roztworéw
wodnych i z probek moczu (odpowiednio ponad 901 ok. 80%). Wysoka byta row-
niez wydajno$é ekstrakeji C (83%) 1 BE (67%) z krwi sekcyjnej. Odzysk kseno-
biotykdéw z watroby, nerki i mézgu byl natomiast nizszy (w granicach: 66—72%
dla C145-58% dla BE). Otrzymane ekstrakty odznaczaty sie przy tym takim
stopniem czysto$ci, ze mozliwe bylo oznaczenie w nich obu ksenobiotykéw me-
todg HPLC (rycina 4), co wiazaé nalezy z do$¢ duza objeto$cia metanolu uzywa-
ng na etapie mycia kolumny, a mozliwa do zastosowania tylko w przypadku
takich wypelnien jak w kolumnach Bond Elut Certify, tj. o podwéjnym cha-
rakterze (niepolarnym i jonowymiennym). W przypadku kolumn wypetnio-
nych faza C-18 lub propylocjanowa taka ilo§¢ metanolu spowodowalaby bo-
wiem znaczne straty zwlaszcza substancji o charakterze polarnym (tj. BE). Za-
stosowanie metanolu zapobiegato ponadto przedostawaniu sie wody do eks-
traktow 1 degradacji odzyskiwanych ksenobiotykéw.

Poréwnanie — z obserwacjami innych autoréw — efektywnosci ekstrakeji C
i BE, ktéra uzyskano przy uzyciu kolumn Bond Elut Certify, jest trudne ze
wzgledu na stosowanie r6znych modyfikacji procedur analitycznych i r6znych
kolumn o mieszanym typie wypelnieniab. W tej sytuacji mozna jedynie zwrécié
uwage na fakt, ze odzysk C 1 BE (z roztworéw wzorcowych, moczu i krwi) doko-
nany przy zastosowaniu kolumny Bond Elut Certify, jest poréwnywalny z re-
zultatami otrzymanymi przez innych autoréw poprzez ekstrakcje prébek
plynnych, tj. moczu [8, 10, 11, 12, 13, 18, 23, 24], osocza [7, 8, 10, 11, 13], suro-
wicy [1, 22], krwi [1, 7, 10, 11] lub ptynu owodniowego [19] przy zastosowaniu
réznych kolumn o podwéjnym charakterze wypetnienia (B. E. Certify, Clean
Screen, X-Track T). Osiagali oni bowiem zawsze wysoki odzysk C (87-100%)
i znacznie zroznicowany odzysk BE (58-96%). Réznice w odzysku BE mozna
wyttumaczy¢ spostrzezeniem Millsa i in. [18], Ze przy uzyciu zywic o struktu-
rze kopolimeréw (np. kolumny Clean Screen lub X-Track T) wydajnos¢ eks-
trakeji takich polarnych substancji, jak BE, jest wieksza (o okolo 20-30%)
w poréwnaniu z odzyskiem, jaki mozna osiagnaé, stosujac kolumny o miesza-
nym, ,taczonym” typie wypetnienia (np. B. E. Certify).

Ekstrakcje C i BE z materiatu biologicznego innego niz mocz i krew opisy-
wano w niewielu publikacjach [14, 20]. W przypadku mézgu odzysk C wynosit
odpowiednio 601 74%, a BE 54 1 34%, co $éwiadczy o tym, ze podobnie jak w opi-

6 Wiadomo bowiem, ze zmiany pH buforu, ilosci rozpuszczalnika uzytego do ekstrakeji lub
sktadu mieszaniny ekstrakcyjnej, a takze sposéb przygotowania prébki biologicznej, moga
wplywac na wydajnosé ekstrakeji. Ponadto moga wystapic réznice w odzysku ksenobiotykéw
takze przy uzyciu kolumn o tym samym typie wypelnienia nawet miedzy poszczegdlnymi
partiami towaru tej samej firmy [25].
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sanym tu eksperymencie, odzysk ksenobiotykéw z tkanek byt nizszy od odzy-
sku z pltynow. Wyjaéni¢ wiec nalezy, ze w przypadku analizy krwi oraz
$wiezych homogenatéw tkankowych nie obserwowano trudnoéci w przeprowa-
dzeniu ich filtratéw przez wypelnienie kolumny Bond Elut Certify, jak row-
niez zatykania sie tych kolumn, tj. gléwnych probleméw zwiazanych z eks-
trakcja tkanek metoda SPE. Réwniez Hernandez1in. [14] w trakcie ekstrakeji
SPE dokonanej przy uzyciu kolumn Clean Screen stwierdzili, ze wszystkie
prébki mézgu przechodzity przez nie tatwo (bez wzgledu na to, czy bylty podda-
ne procesowi trawienia lipaza, czy tez nie) i otrzymali zblizony do uzyskanego
przez autoréw tej pracy $redni odzysk ksenobiotykow (60% dla Ci54% dla BE).
Natomiast Moore i in. [20], stosujac kolumny X-Track T (specjalnie przystoso-
wane do szybkiego przeptywu prébek o duzej lepkoéci), uzyskali wprawdzie
wyzszy odzysk C (74%), ale jednocze$nie nizszy odzysk BE (34%), co powiazali
ze zbyt szybkim przeptywem prébek przez kolumne.

Zestawienie odzysku C i BE z mdzgu otrzymanego w opisanym tu do§wiad-
czeniu (przy uzyciu kolumn B. E. Certify) i przez Moora iin. [20] z rezultatami
badan Huanga i in.” [15] nie oznacza, ze dodatkowa analiza osadu stwarza
szanse poprawienia odzysku tych ksenobiotykéw z homogenatéw narzadéw,
nawet gdyby zatozy¢, ze z pozostalo$cia po odwirowaniu zwiazana jest zna-
czgca iloé¢ C1 BE. W silnie alkalicznych warunkach oraz w wysokiej tempera-
turze ulega bowiem rozktadowi nie tylko C, ale r6wniez jej metabolity.

Poréwnanie efektywnosci ekstrakeji przy uzyciu trzech przetestowanych
kolumn SPE wypadlo zatem najkorzystniej dla kolumn Bond Elut Certify,
gdyz odzysk C i1 BE (zwlaszcza) z tkanek przy ich zastosowaniu okazal sie
wiekszy 1 bardziej stabilny, niz w przypadku kolumn Bakerbond SPE C-18.
Kolumny Bakerbond SPE Cyano (CN) dyskredytuje bowiem zerowy odzysk
BES. Natomiast o przewadze ekstrakcji przy uzyciu kolumn Bond Elut Certify
nad tradycyjna ekstrakcja LLE® decyduje przede wszystkim ,czysto$é” eks-
traktéw, ktéra umozliwia oznaczanie w nich C 1 BE metoda HPLC.

Ekstrakcja z zastosowaniem kolumn Bond Elut Certify ma jednak takze
ujemne strony, do ktérych naleza do$¢ wysoki koszt, rézna jako$é kolumn i mo-
zliwo$¢ przechodzenia do ekstraktow sktadnikéw wypetnienia tych kolumn.
Ze wzgledu na to, ze odzysk ksenobiotykéw zalezy w duzym stopniu od pred-
koSci przeptywu roztwordéw przez wypelnienie kolumny, pewne problemy
moze stwarzac réwniez uzyskanie powtarzalnych wynikéw. W badaniach ilo$-
ciowych konieczne jest w zwiazku z tym stosowanie standardéw wewnetrz-
nych lub sprzetu do automatycznej ekstrakecji SPE [25].

7 Ktoérzy po ekstrakeji SPE supernatantéw znad homogenatéw watroby uzyskali poczatkowo
niski odzysk lekow o charakterze zasadowym, ale znacznie go poprawili przez enzymatyczne
trawienie (w temperaturze 60°C przy pH = 10,5) osadu i dodatkowaq izolacje SPE.

8 A bez oznaczania BE ekspertyzy toksykologicznej tego rodzaju nie mozna uznaé za pelna,
gdyz BE jest jednym z gtéwnych metabolitéw C oraz produktéw rozktadu tego ksenobiotyku
w materiale biologicznym in vitro [16].

9 Warunki ekstrakeji i odzysk C i BE tymi metodami przedstawiono w pierwszej czesSci tej
pracy.
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O tym, ze zmiana pH buforu fosforanowego moze poprawi¢ efektywnoscé eks-
trakeji C1 BE, $wiadczyly dane na temat rezultatéw badania smotki, z ktérych
wynikato, ze rozcienczanie jej metanolowych eluatéw buforem o pH = 2 [21]
umozliwia wyzszy odzysk BE (o okoto 25%) niz rozcienczanie buforem o pH =3 [5].
Okazato sie jednak (tabela IV), ze zmiana odczynu buforu fosforanowego w za-
kresie pH = 2—6 (zastosowanego do wstepnego przygotowania probek oraz kon-
dycjonowania kolumny — por. rycina 3) nie wplywa na odzysk ksenobiotykéw
z wodnych roztworow.

W zwigzku z tym wyjasnienia watpliwo$ci odnoénie do wplywu pH buforu
na efektywno$é ekstrakeji C i1 BE (jakie pozostaja po lekturze licznych publika-
¢ji) nalezy szuka¢ w fakcie, ze wraz ze zmiang pH buforéw® modyfikowano
takze pozostate warunki ekstrakcji.

Jak wiele zalezy od szczegotéw ekstrakeji SPE, Swiadczy nieuzasadnione

przekonanie Murpheya 1 in. [21], ze niski odzysk BE (okolo 30%) uzyskany
przez Clarka i in. [9] ze smétki nalezy wiazaé z zastosowaniem buforu fosfora-
nowego o pH = 6. Murphey i in. przy uzyciu kolumn kondycjonowanych bufo-
rem pH = 6 obserwowali bowiem bardzo stabe zatrzymywanie BE przez ich
wypelnienie wtedy, gdy ksenobiotyk byl rozpuszczony w czystym metanolu.
Jednak Clark 1 in. przed naniesieniem na kolumne odparowywali metanol
irozpuszczali pozostatoéé w buforze o pH = 6, co w §wietle rezultatéw uzyska-
nych przez autoréw niniejszej pracy, nie powinno wplynaé na zmniejszenie od-
zysku BE.
Potwierdzono eksperymentalnie, ze 3 ml mieszaniny dichlorometan-izopropa-
nol-amoniak (80:20:2) to ilo§¢ wystarczajaca do otrzymania wysokiego odzys-
ku C 1 BE z roztworéw wodnych, gdyz wykazano, ze wzrost objetosci roz-
puszczalnika uzywanego do elucji nie wpltywa w sposéb znaczacy na wydajnosé
ekstrakeji z zastosowaniem kolumn Bond Elut Certify (tabela V).

Doéwiadczenie Moore’a i in. [19] §wiadczy o tym, ze w przypadku niekto-
rych kolumn wypelnionych kopolimerami odzysk C i BE moze zaleze¢ od obje-
toSci mieszaniny eluujacej. Po zastosowaniu do ekstrakeji wysokoprzeptywo-
wych kolumn X-track T stwierdzili oni bowiem, ze wzrost objetosci eluentu
z 3 do 10 ml powodowat wzrost odzysku ksenobiotykéw z ptynu owodniowego
(C 67-96%, a BE 19-58%). W do§wiadczeniu z uzyciem innych kolumn (Clean
Screen, ktére wypelnione sa takze zywicami o podwdjnym dziataniu) i tego sa-
mego eluentu o objetosci zaledwie 3 ml autorzy ci [5] uzyskali jednak ze smotki
jeszcze wiekszy odzysk C (100%) 1 BE (64%), co w polaczeniu z ich wczeéniej
przytoczonymi badaniami oraz rezultatami opisanego tu do$wiadczenia
Swiadczy o tym, ze przy odpowiednio dobranych kolumnach nawet niewielka
ilo$¢ eluentu moze zapewnié¢ wysoka wydajno$é ekstrakeji obu ksenobiotykow.
Potwierdzaja to rowniez rezultaty badan przeprowadzonych przez Hernan-
dezaiin. [14], ktorzy stosowali 3 mlidentycznego jak autorzy tej pracy eluentu
oraz kolumny Clean Screen o typie wypelnienia zblizonym do uzytych w niniej-

10 Dla kolumn Bond Elut Certify oraz X-Track T wszyscy autorzy stosowali bufor fosforanowy
opH=611,7,8,9, 12,13, 15, 18, 20, 23, 27], natomiast w przypadku kolumn Clean Screen
uzywano zaréwno buforow opH =2 [21],jakipH =3 [5, 22], pH=4[10] lubpH=6[11, 14].
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szych badaniach kolumn Bond Elut Certify i odzyskali wiekszo$¢ C oraz jej me-
tabolitéw z mézgu, a powtérna ekstrakcja nowa porcja eluentu nie poprawita
tego wyniku.
Préba podniesienia wydajnosci ekstrakeji przez zastosowanie w opisywanym
tu eksperymencie acetonitrylu do wstepnego przygotowania prébek zakon-
czyla sie niepowodzeniem. Po zastosowaniu acetonitrylu sredni odzysk C byt
bowiem wyraznie nizszy od tego, ktéry otrzymano z probek przygotowanych
z uzyciem wylacznie buforu fosforanowego, a odzysk BE zmniejszyt sie o pra-
wie 70% (tabela VI).
Uzycie wiekszej iloSci buforu do przygotowania probek okazalo sie korzystne
w przypadku ekstrakcji homogenatéw mozgu, gdyz po zastosowaniu 8 ml bu-
foru odzysk BE wzrastal (w porownaniu z odzyskiem po zastosowaniu 4 ml bu-
foru) o okoto 10%, a odzysk C nawet o okoto 20%, podczas gdy odzysk
z roztworéw wodnych ksztaltowat sie na podobnym poziomie (tabela VII).
Do podobnych wnioskéw prowadzi poréwnanie wydajno$ci ekstrakeji C
i BE ze smolki, jakg uzyskali Clark i in. [9] oraz Abusada i in. [1], ktérzy do
wstepnej obrobki probek uzywali metanolu (po czym eluaty odparowywali
1 rozpuszczali w buforze). Obaj uzyskali wprawdzie maksymalny odzysk C
(99-100%), ale odzysk BE po 5 ml metanolu wynosit tylko 30% [9], natomiast
po zastosowaniu prawie dwukrotnie wiekszej objetosci tego alkoholu wzrastat
do 68-90% [1].

WNIOSKI

. Uzycie kolumn Bond Elut Certify firmy Varian zgodnie z zaleceniem produ-

centa zapewnia wysoka wydajno$é ekstrakeji C 1 BE z roztworéw wodnych,
moczu i krwi oraz homogenatéw tkanek, jak réwniez umozliwia oznaczanie
ksenobiotykéw metoda HPLC bez potrzeby dodatkowego oczyszczania eks-
traktéw z materialu biologicznego. Natomiast zastosowanie kolumn Baker-
bond SPE C-18 powoduje wzrost tla biologicznego w ekstraktach (co znacznie
utrudnia oznaczanie ksenobiotykéw metoda, HPLC bezposrednio w ekstrak-
tach z moczu 1 nerki), a uzycie kolumn Bakerbond SPE Cyano (CN) uniemoz-
liwia odzyskanie BE.

Zwiekszenie objetosci buforu fosforanowego do wstepnego przygotowania ho-
mogenatéw tkankowych poprawia odzysk BE i C, natomiast takie zmiany wa-
runkéw ekstrakeji przy uzyciu kolumn Bond Elut Certify, jak obnizenie pH
buforu fosforanowego 1 zwiekszenie objetosci solwentu, nie poprawiajg zna-
czaco wydajnosci ekstrakeji.

Odzysk C i BE z roztworéw wodnych, moczu i krwi przy uzyciu kolumn Bond
Elut Certify jest poréwnywalny z otrzymywanym w rezultacie zoptymalizowa-
nej ekstrakeji LLE (ktéra omawiano w pierwszej czeéci tej pracy), ale ekstrak-
cja LLE (systemem ciaglym) zapewnia wiekszy odzysk obu ksenobiotykéw
z homogenatéw tkankowych.

Ekstrakcja SPE przy uzyciu kolumn Bond Elut Certify pozwala na uzyskanie
bardziej czystych ekstraktow z materiatu biologicznego i stosowanie znacznie
mniejszych objetos$ci rozpuszezalnikéw niz ekstrakcja LLE.
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5. Korzystanie z ekstrakcji SPE wigze sie z ryzykiem przeladowania kolumny
(w przypadku ekstrahowania zbyt duzych prébek lub bardzo wysokich stezen
ksenobiotykéw), a takze ze wzrostem kosztow analizy toksykologicznej.



