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Abstract Co-extraction of lipid materials is the major
source of interference in determinations of low-polarity
compounds in many biological matrixes. “SFE-plus-C 3",
a recently developed supercritical fluid extraction method
employing C,g3 adsorbent in the extraction chamber, can
enable selective extraction of low-polarity compounds in
lipid-rich biological matrixes without a cleanup step. This
study reports the application of the SFE-plus-C,; method
to the quantification of:

1. polycyclic aromatic hydrocarbons (PAH) in commer-
cially purchased smoked fish; and

2. anti-cancer agents cyclophosphamide (CP) and sub-
eroylanilide hydroxamic acid (SAHA) spiked into ho-
mogenized whole bovine milk.

Over the course of SFE-plus-C,g extraction, indigenous
lipids are preferentially retained on the C;3 adsorbent.
Compared with the conventional method, only 8-15% of
the lipids in the smoked fish sample, and only 6—18% of
the lipids in the milk sample, were co-extracted by SFE-
plus-C,g. This reduction in the quantity of background
lipids significantly improved chromatographic separa-
tions, retarded deterioration of the column, and dramati-
cally improved the ability to quantify PAH present at trace
levels in smoked fish by GC-MS. Using the SFE-plus-C
method, ten targeted PAH were detected in the range
9.5-13.5 ng g!' in the smoked fish sample. Compared
with these levels, PAH extractions by use of conventional
SFE gave values that were lower by 38—86%. Recoveries
of CP and SAHA spiked into milk were close to 100% in
both SFE-plus-C,g and conventional SFE, where the lipid
background during the chromatographic elution of CP and
SAHA was not so severe.
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Introduction

The problem of detecting trace levels of nonpolar com-
pounds in lipid-rich environments poses a major analyti-
cal challenge, because interfering lipids are often difficult
to separate completely from all targeted analytes. More-
over, the quantity of lipid molecules present in fat-con-
taining samples is often much higher than that of a tar-
geted trace-level contaminant. Environmentally-persistent
nonpolar compounds such as polycyclic aromatic hydro-
carbons (PAH) have a strong tendency to accumulate in
the lipid material of ingesting organisms. Upon ingestion
of contaminated food, bioaccumulation of nonpolar con-
taminants such as PAH can occur in man. Because of the
hazardous nature of PAH, including their suspected role
as cancer-causing agents [1, 2, 3], the ability to determine
PAH levels accurately in a variety of matrix environments
has become an important human health issue. Because the
presence of high levels of lipids in samples is often dele-
terious to the separation and detection systems employed,
often causing irreversible damage to chromatography
columns, alternative approaches are sought to clean up
samples and to improve detection limits.

To determine the quantities of PAH in consumable
food products, typically a liquid solvent extraction (e.g.
Soxhlet extraction) is performed before a multistep sepa-
ration procedure. This general approach has been em-
ployed for analysis of PAH in meat [4, 5, 6], chicken eggs
[7], fish [8], and other seafood [9, 10]. Although different
degrees of success have been achieved, the disadvantages
of this approach are that it is labor-intensive and it con-
sumes large volumes of solvents (often both costly and
toxic, e.g. dichloromethane, benzene). The use of super-
critical-fluid extraction (SFE) has received increasing at-
tention as a suitable alternative to classical solvent extrac-
tion techniques for environmental sample analyses [11,
12, 13, 14, 15]. Among the clear advantages of employing
supercritical CO, over liquid solvents for extraction are
controllable solvent power, ability to handle smaller sam-
ple volumes, reduced analysis times, easy automation,
and extremely low toxicity [16, 17, 18].
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Despite these advantages of SFE, in studies targeting
low-polarity constituents in lipid-containing matrixes, in-
cluding investigations of polychlorinated biphenyls [19,
20, 21, 22, 23] and pesticides [24, 25, 26], it was in-
evitable that lipids were co-extracted with the targeted
low-polarity analytes. This problem of lipid co-extraction
necessitated cleanup steps between extraction and analy-
sis. To remove lipids, obtained SFE extracts were passed
through solid-phase adsorbent traps [27, 28] or columns
packed with alumina, silica, Florisil, or C;4 (octadecyl-
siloxane) beads. An alternative approach to reducing the
lipid content was to place basic or neutral alumina in the
SF extraction chamber [19, 20]. Bavel and co-workers [21]
used basic aluminum oxide in the SF extraction vessel, or
activated carbon (i.e. PX-21 or Carbopack C) mixed with
octadecylsiloxane as solid-phase trapping materials, packed
into an on-line column. This set-up was used to remove
lipids from human adipose tissue for the analysis of PCB
and pesticides. Barker and coworkers [29, 30] have
employed the technique of matrix solid-phase dispersion
(MSPD), in which C,g is used as a nonpolar adsorbent in
a variety of biological matrixes. In these studies, the Cg
beads can serve to adsorb nonpolar to slightly polar ana-
lytes in milk.

In addition to determinations of pollutant contaminants
such as the PAH, pharmacokinetics studies of biological
fluids are essential to quantifying the levels of drugs and
drug metabolites for the development of new drugs. Such
studies ensure that the candidate drug concentration is at,
or above, the level needed for therapeutic benefit, but not
so high that a toxic side effect might result. Suberoylanilide
hydroxamic acid (SAHA) is a new-generation anti-cancer
drug under clinical trials for treatment of leukemia [31, 32]
and human breast cancer [33, 34]. For more than two
decades cyclophosphamide (CP) has been incorporated
into numerous procedures to treat neoplastic diseases [35,
36, 37]. However, there is evidence that several anti-neo-
plastic agents are carcinogenic to man, because secondary
cancers have been found in cancer patients treated with
these drugs, and carcinogenic effects have been observed
in non-cancer patients treated with these agents for other
purposes [38]. Human exposure to these anti-neoplastic
agents during handling (e.g. in a pharmacy or in a hospital)
might pose health risks [39, 40, 41, 42]. It is necessary to
use a sensitive detection method to measure possible up-
take of these drugs by patients and workers.

Several papers report determinations of CP and its
metabolites in lipid-rich biological fluids such as human
[43, 44] and animal [45, 46] milk. In the current study CP
and SAHA were chosen as test analytes of low polarity
whose determination in milk might benefit from a reduced
lipid background. Conventional determinations involve
liquid-liquid extraction, multi-step lipid removal proce-
dures, or evaporation of solvent followed by lipid removal
by use of solid phase adsorbent traps or C,g cartridges.
These approaches are both labor-intensive and time-con-
suming. A literature review shows that SFE has not un-
dergone development as a sample-preparation tool for
analysis of drugs in biological matrixes.

Our group has been engaged in the development and
testing of a novel one-step extraction and cleanup method
that we call SFE-plus-C,¢ [47, 48, 49]. The method has
been shown to enable selective extraction of PAH while
largely retaining lipid components from spiked crab tissue
[47, 48] and smoked meat [49]; both samples have a high
lipid content. This is achieved by placing C,z nonpolar ad-
sorbent beads directly inside the SFE chamber during ex-
traction with supercritical CO,. In the work described in
this report, we have extended the realm of application of
the SFE-plus-C,;3 method to quantification of PAH in
smoked fish, and measurement of the recoveries of the
low-polarity antineoplastic agents, CP and SAHA, spiked
into whole milk. Quantification was performed by GC-MS,
without further cleanup of the SFE-plus-C ¢ extracts.

Experimental

Preparation of PAH, cyclophosphamide (CP),
and suberoylanilide hydroxamic acid (SAHA) standards

Analytical grade (purity >99%) solid PAH and analytical grade
(purity >98%) solid CP were purchased commercially (Sigma, St
Louis, MO, USA). The anti-cancer drug SAHA was synthesized
in-house by Dr Blaise LeBlanc. Stock solutions of the individual
PAH, CP, and SAHA were prepared and these were subsequently
diluted serially with analytical grade dichloromethane (EM Sci-
ence, Gibbstown, NJ, USA). When not in use, these standards, and
mixed standards of these compounds, were stored at —5 °C.

Pretreatment of C,g beads

Analytical grade C;3 nonpolar adsorbent beads (35-75 um size,
60 A porosity) were purchased from Alltech Associates (Deerfield,
IL, USA). C;5 beads (approx. 100 g) were washed sequentially
with at least two bed volumes of hexane, methanol, and dichloro-
methane, and then dried and stored at room temperature.

Smoked Fish

Smoked fish packages were purchased from a local New Orleans
market. Approximately 100 g of fish was finely ground in a
blender, resulting in a smooth solid mixture. The pureed fish was
stored at —30 °C before analysis.

Spiked milk and sorbent slurry

Whole milk (carton) was purchased from a local New Orleans
store. A mixture of CP and SAHA (100 pg each, obtained from
200 pg mL-! of each analyte in 500 pL solution), each containing
an impurity, was spiked into a 0.5-g milk sample in a porcelain
mortar and left to stand for 15 min to allow evaporation of the sol-
vent. C g beads (2 g) and pretreated (washed, dried) anhydrous so-
dium sulfate (2 g) was added and the mixture was stirred. The
smooth sample was transferred into an SFE extraction thimble. In
another set of experiments, identical procedures were followed
with one exception — filter paper (2 g) was used instead of Cg
beads.

SFE

All SFE was performed with a Hewlett—Packard (Palo Alto, CA,
USA) model HP 7680A supercritical-fluid extractor. A mixture of
2.0 g Cg beads, or filter paper, and 0.5 g pureed sample was



poured into an extraction thimble in preparation for extraction with
supercritical CO,. SFE was performed at 100°C and 350 bar uti-
lizing, first, static equilibration for 5 min, then 25 min dynamic ex-
traction at a flow rate of 1.5 mL min~!. Dichloromethane rinsing
(3x1.0 mL) of the stainless steel trapping beads (held at 30 °C dur-
ing extractions) was performed to enable quantitative transfer of
the extracted compounds into 1.5-mL glass receiver vials. All three
rinses were combined in a 4.0-mL glass vial and then evaporated
to dryness to remove dichloromethane with a stream of N, gas.
The dry product was then re-dissolved in 500 pL dichloromethane
and stored at —5°C before GC-MS analysis. Each smoked fish
sample was extracted in triplicate and the three obtained extracts
were each injected into the GC—MS instrument three times, so that
a total of nine determinations was made for each sample. The same
workup procedure was followed for SAHA and CP spiked in milk.

GC-MS

All GC-MS experiments were performed with a Fisons 8000 gas
chromatograph coupled to an Autospec tri-sector magnetic mass
spectrometer equipped with an Opus data system (Micromass,
Manchester, UK). A 30 mx0.32 mm i.d. fused-silica capillary col-
umn coated with a 0.25-um film of BPX-5 5% phenylsiloxane
(SGE, Austin, TX, USA) was used throughout. This GC column
temperature was held isothermal for 1 min at 70°C then pro-
grammed at 8 ° min~! to 280 °C and lastly held isothermal at 280°C
for 15 min. The carrier gas was helium at a flow rate of ~3—4 mL
min~!. The injection port was heated to 280 °C and splitless injec-
tions were performed. The electron impact (EI) mode of mass
spectrometer operation was employed (electron energy 70 eV,
source temperature 200 °C), with a magnet scan from m/z 450 to
50 in 1.6 s. Before data acquisition, the instrument was calibrated
with perfluorokerosene with a minimum resolution of 1000 (m/
Am) at m/z 219. To quantify unknown PAH in the smoked fish
sample, and drugs in spiked milk, three-point GC—-MS standard
calibration curves were generated each day for all analytes. The in-
strumental limit of detection for the range of PAH was 3.6-8.0 pg
(1.0-uL GC-MS injections); for CP and SAHA it was 1.0 and
3.0 ng, respectively, also for 1.0-uL GC-MS injections. All MS
data acquired on the Opus data system were transferred to a Mass-

Fig.1A,B GC-MS total ion
chromatograms of extracts
from pureed smoked fish.

A Conventional SFE (using fil-
ter paper as an inert sorbent).
B SFE-plus-C,g. Peaks labeled
with letters correspond to vari-
ous indigenous lipids:

“a” (m/z 268), “b” (m/z 228),
“c” (m/z 256), “d” (m/z 320),
“e” (m/z 320), “f’ (m/z 320),
and “g” (m/z 410). Note that
the full-scale intensities of the
upper and lower chromato-
grams are identically scaled

to enable direct comparison of 1004
results ] B

Yo

925

lynx 3.0 (Micromass) data system where quantitation was per-
formed.

Results and discussion

The goal of this study was to adapt and employ a single-
step sample-treatment procedure using the SFE-plus-C g
method (no additional cleanup step) for GC—MS analysis
and quantification of low-polarity compounds in commer-
cially sold smoked fish, and in a spiked whole-milk sam-
ple. Determinations of PAH that are potential carcinogens
in smoked fish, or recoveries of the anti-cancer drugs CP
and SAHA, might be hampered by interference from co-
extraction of nonpolar lipids. Such indigenous lipid mate-
rials not only suppress analyte signals but can also de-
grade the GC column irreversibly. In the procedure em-
ployed, before SFE, C,gs nonpolar adsorbent beads were
added directly to the finely ground smoked fish or the ho-
mogenized spiked milk sample slurry that was placed in-
side the extraction chamber.

PAH in smoked fish

To prepare the smoked fish for SFE-plus-C,g extraction,
three replicate samples of finely-ground smoked fish were
mixed with C,; adsorbent beads by use of mortar and pes-
tle. These mixtures were then extracted by SFE under pre-
viously optimized conditions [48]. Extracts were then in-
jected directly into the GC-MS instrument with no further
treatment or clean-up. A control sample was also run un-
der identical conditions except that the C,gz adsorbent was

Conventional SFE
Scan E+

245e8

SFE-plus-C18

ScanEH
245e8

~ Time
35.00
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Table 1 Relative signal intensities of lipids in smoked fish by
SFE methods

Compound Signal intensity of lipids (meantSD)

Conventional SFE*  SFE-plus-C °

Lipid “a” (m/z 268) 100.0£12.7 14.7+4.2
Lipid “b” (m/z 228) 100.0£13.5 10.243.3
Lipid “c” (m/z 256) 100.0£14.2 8.0£2.8
Lipid “d” (m/z 320) 100.0+£12.6 11.2+4.5
Lipid “e” (m/z 320) 100.0£11.3 12.5+4.0
Lipid “t” (m/z 320) 100.0+14.2 8.4£3.5
Lipid “g” (m/z 410) 100.0+ 9.7 14.3+4.5

aAverage values are assigned as 100.0. Standard deviation (total
procedure, n=9) gives an indication of run-to-run variability
bValues are relative to assignment of 100.0 by conventional SFE
method for the same sample

replaced by inert filter paper. The molecular structures
and the EI mass spectra of these PAH standards have been
shown previously [49].

Comparison of the total ion chromatograms (TIC) of
the extracts of the smoked fish sample obtained by use of
conventional SFE method and the SFE-plus-C,; method is
shown in Fig. 1. Some indigenous lipids have been identi-
fied by use of mass spectral library searches of a compiled
database (NIST Libraries and Structure, version VI.0);
these peaks have been labeled with letters. Lipids “a”
(m/z 268), “b” (m/z 228), and “c” (m/z 256) have been
identified, respectively, as a saturated, branched hydrocar-
bon with a molecular formula of C,oH,,, n-tetradecanoic
(myristic) acid, and n-hexadecanoic (palmitic) acid. PAH
cannot easily be seen in the TIC because, compared with
the lipids, they are present at very minor levels. On in-

Fig.2A, B Selected ion chro- &
matograms representing the 100+ A
sum of ion currents from

m/z 178, 202, 228, and 252
obtained from extracts of
pureed smoked fish. A Con-
ventional SFE. B SFE-plus-Cj;.
Peaks labeled with numbers
correspond to PAH:

1, phenanthrene; 2, anthracene;
3, fluoranthene; 4, pyrene;

5, benzo[a]anthracene; 6, chry- ] a

%

spection of Figs.1A and 1B that use identical Y-axis
scales to indicate mass spectral response, one can deduce
that these same lipids were extracted to a much lesser ex-
tent by the SFE-plus-C,3 method than by the conventional
SFE method.

Table 1 shows the signal intensities obtained for in-
digenous lipids from the smoked fish sample by SFE-
plus-C53 and by conventional SFE. For the extract ob-
tained by SFE-plus-Cjy, the signals of lipids “a”, “b”, and
“c” are reduced to 15, 10 and 8%, respectively, of the cor-
responding signals observed by use of conventional SFE.
Peaks “d”, “e”, and “f” correspond to unresolved mixtures
of compounds, presumably lipids, that give ions at m/z
264, 292, and 320. Although ions of these same three m/z
ratios elute continuously in the 22 to 27 min range, the
relative abundances of the three ions change over time.
Using m/z 320 for comparative purposes, in Fig. 1B the
areas of peaks “d”, “e”, and “f” are reduced to 11, 13, and
8%, respectively, compared with Fig. 1A. Similarly, lipid
“g” (m/z 410) is reduced to 14%. The data in Table 1 in-
dicate that the lipids were co-extracted to a much lesser
extent in the SFE-plus-C,3 method, only 8—15% compared
with conventional SFE. Thus, SFE-plus-C,g is clearly
quite effective at removing lipids present in the smoked
fish extract, because 85-92% of the lipids were retained
by addition of C;g beads to the extraction chamber.

The summed selected ion chromatograms of m/z 178,
202, 228, and 252 are shown in Fig.2. The choice of these
four m/z values enables visualization of all ten targeted
PAH compounds because several are isomeric. The ex-
tracts obtained from the conventional SFE method are
shown in Fig.2A, whereas those obtained by use of the
SFE-plus-C 3 method appear in Fig. 2B. It should be noted
that each of the ion current scales shown on the Y-axes in

Conventional SFE ScanER W

178+202+228+252
b 24568

34

78910
AN e

sene; 7, benzo[b]fluoranthene; 0
8, benzo[e]pyrene; 9, ben-
zola]pyrene; 10, perylene.
Peaks labeled with letters cor-
respond to lipids (labeling is
consistent with that in Fig. 1).
The full-scale intensities for
the upper and lower traces are
identical, but each has been
magnified by a factor of 82 as
compared with Fig. 1

%]

b12 34

ScanER M
178+202+228+252
2458

SFE-plus-C18

5 6
c 7 8910

_— Time
25.00 30.00 35.00 40.00
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Fig.3A,B Selected ion chro- Conventional SFE Scan El+
matogram showing only m/z 100~ 178
178 from extracts of pureed | A 6.18¢5
smoked fish. A Conventional
SFE. B SFE-plus-Cg. The im-
proved separation in the SFE- 1
plus-Cg trace is attributed to 1 2
the reduced lipid background %
'\—.——.—-vw—'\—
MM AR ML LR | 1 I 1 1 1 I 1 1 ML 1 1 ) 1 ) ) )
SFE-plus-C18 Scan EH
1004 B 11 2 178
1 6.18e5
Yo
0 ""I""I'"'I""I""I""I""I""I""IJ'I""I""I""l""l""I""I""I""I'"'I""I Time
13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 2200

Fig.2 has been magnified by a factor of 82 compared with
those in Fig.1. The selected ion chromatogram corre-
sponding to the conventional SFE extraction (Fig.2A) re-
veals overwhelmingly high levels of lipid content (see es-
pecially peaks “b”, “c”, and “e’”) compared to those of the
PAH. This is despite the fact that in reconstructing this
chromatogram, only four ions were selected and summed
as the minimum number required to encompass the molec-
ular ions of all ten PAH. In contrast, use of SFE-plus-C;
(Fig.2B) results in a substantial reduction in the quantities
of lipids present, thereby enabling observation of the PAH
peaks, that now dominate.

In Fig. 2A the predominance of lipid “b” that crests be-
tween 17 and 18 min completely masks the peaks corre-
sponding to PAH “1” (phenanthrene, m/z 178) and “2”
(anthracene, m/z 178). As previously stated, peak “b” orig-
inates from myristic acid which gives a molecular ion at
m/z 228, i.e. the same as benz[a]anthracene and chrysene.
To quantify the phenanthrene and anthracene in the con-
ventional SF extract by use of the same set of data, it was
necessary to obtain the single ion chromatogram for m/z
178, shown in Fig.3A. From this figure it is apparent that
the presence of the co-eluting myristic acid resulted in
degradation of the chromatographic resolution of peaks
“1” and “2” (phenanthrene and anthracene, respectively).
Although they are still not “baseline resolved”, there is,
nonetheless, a clear, marked improvement in the separa-
tion when “SFE-plus-C,g” is used (Fig. 3B). This improve-
ment is attributed directly to reduction of the amount of
co-eluting lipid material present.

Another manifestation of lipid interference, in Fig.2A,
is apparent from the fluoranthene and pyrene peaks (“3”
and “4”, respectively, each at m/z 202); these are signifi-
cantly hidden by the lipid background corresponding to

peak “d” that is centered around 22 to 23 min (Fig. 1). The
analogous peaks are much more visible (and are separated
at higher resolution) in Fig. 2B, corresponding to the SFE-
plus-C,¢ method. Examination of the peaks of isomeric
benz[a]anthracene and chrysene (“5” and “6” respec-
tively, each at m/z 228) reveals that interference from co-
eluting lipid “f” that crests between 26 and 27 min (Fig. 1)
heavily degrades resolution and reduces sensitivity in the
conventional method. In contrast, after use of SFE-plus-
C,s (Fig.2B) the peaks are better separated and appear
against a dramatically reduced background. Finally, the
peaks corresponding to the last four isomeric PAH (peaks
“77, 487,97, and “10”, all of m/z 252) are less sharp and
less resolved in Fig.2A, because of the overall higher
lipid background after use of the conventional method,
compared with that obtained after use of the SFE-plus-C g
method (Fig.2B).

Table 2 displays quantitative results from determina-
tions of PAH by use of the two SFE methods. By use of
SFE-plus-C g, the ten targeted PAH were detected in the
smoked fish sample in the range 9.5-13.5 ng g!, with
pyrene present at the highest concentration. The same ten
PAH were detectable by use of conventional SF extrac-
tion, but the level of each was reduced, yielding a range of
values from 4.8 to 8.9 ng g-!. Thus conventional SFE de-
terminations gave values only 38—86% of those obtained
by use of SFE-plus-C,;4. The improvement brought about
by use of SFE-plus-C,g is most evident in the region of the
chromatogram where the lipid background was most se-
vere (corresponding specifically to lipids “c”, “d”, “e” and
“f”). In this range, the SFE-plus-C 3 determinations of flu-
oranthene and pyrene (peaks “3” and “4”, respectively)
gave values that were more than double (265% and 245%,
respectively) those obtained by conventional SFE. After
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Table 2 Determination of

PAH in smoked fish by SFE
methods

SD=Standard deviation for

Compound (peak number,
m/z value, instrumental limit
of detection in pg)

Amount of PAH (ng g!)

Amount (%) PAH
measured by

Phenanthrene (1, m/z 178, 4.6)
Anthracene (2, m/z 178, 4.9)
Fluoranthene (3, m/z 202, 3.8)
Pyrene (4, m/z 202, 3.6)

Benzo[a]anthracene (5, m/z 228, 5.6)

Chrysene (6, m/z 228, 5.1)

Benzo[b]fluoranthene (7, m/z 252, 7.3)

Benzo[e]pyrene (8, m/z 252, 7.0)
Benzola]pyrene (9, m/z 252, 7.1)
Perylene (10, m/z 252, 8.0)

Conventional ~ SFE-plus-C SFE-plus-C ; rela-
SFE (meantSD); b tive to conventional
(meanxSD); a SFE (b/ax100)
7.9+1.2 11.9+1.4 151

7.1+£1.3 11.4£1.3 161

4.8+1.3 12.7£1.0 265

5.5t1.4 13.5£1.2 245

6.6x1.5 12.0£1.3 182

8.3x1.4 12.8+1.2 154

8.9£1.3 10.4£1.0 117

8.4+1.2 9.9+1.2 118

8.4+1.3 9.9+1.1 118

8.1£1.0 9.5+0.8 117

total procedure, n=9

30 min elution time, the lipid background was substan-
tially lower, and recoveries of benzo[b]fluoranthene,
benzo[e]pyrene, benzo[a]pyrene and perylene (peaks “7”,
“87, “9”, and “10”, respectively, all appearing at >30 min)
were increased significantly (117, 118, 118 and 117% re-
spectively, compared with conventional SFE). These re-
sults attest to the fact that the lipid background, that
masks the presence of, and suppresses the detection of,
PAH in the conventional method, has been substantially
reduced by use of SFE-plus-Cs.

Anti-cancer drugs spiked in milk
To test the effectiveness of the SFE-plus-C,; method for

extraction of low-polarity anti-cancer drugs from milk,
cyclophosphamide (CP, m/z 260), and suberoylanilide hy-

Fig.4 The molecular struc-

droxamic acid (SAHA, m/z 264) were spiked into whole
(bovine) milk. The molecular structures and the EI mass
spectra of these drug standards are given in Fig.4. Com-
parison of the total-ion chromatograms (TIC) of extracts
of the spiked milk obtained after use of conventional SFE
and the SFE-plus-C 3 method appears in Fig.5. Peaks la-
beled with numbers arise from the anti-cancer drugs, in-
cluding their impurities, spiked in the milk sample. The
cyclophosphamide (CP, M*= m/z 260) eluted first (peak
1, 19.2 min) and the suberoylanilide hydroxamic acid
(SAHA, M*= m/z 264) eluted later (peak 3, 21.8 min).
Peaks “2” (m/z 310) and “4” (m/z 410) correspond to the
major impurities in CP and SAHA, respectively. Peaks la-
beled with letters are indigenous lipids in the whole milk
sample. Of eleven indigenous lipids, four were identified
by means of mass spectral library searches of the com-
piled database (NIST Libraries and Structure, Version

21

tures and electron impact mass 1004 A cl
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Fig.5A,B GC-MS total ion
chromatograms of extract from
whole milk sample spiked with
anti-cancer drugs. A Conven-
tional SFE (using filter paper
as an inert sorbent). B SFE-
plus-C,g. Peaks labeled with
letters correspond to indige-
nous lipids: “a” (m/z 172),

“b” (m/z 222), “c” (m/z 228),
“d” (m/z 256), “e” (m/z 248),
“f’ (m/z 382), “g” (m/z 382),

1001 A
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C tional SFE j
1 onventional j Scan Elt

TIC
1.24e7

“h” (m/z 382), “i” (m/z 382), AL AR A A LA

“7” (m/z 386), “k” (m/z 410)
and “/” (m/z 410). Peaks la-
beled with numbers represent
anti-cancer drugs and their im-
purities: “/” (m/z 260, cyclo-
phosphamide, CP), “2” (m/z 4
310, impurity from CP), %
“3” (m/z 264, suberoylanilide
hydroxamic acid, SAHA) and ]
“4” (m/z 410, impurity from | b c
SAHA)
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Table 3 Relative signal intensities of lipids in milk by use of SFE
methods

Compound Signal intensity of lipids

LRI BRI |
15.00

Conventional SFE SFE-plus-C;g

(meanSD)?2 (meanxSD)P
Lipid “a” (m/z 172) 100.0+12.5 12.0£3.1
Lipid “b” (m/z 222) 100.0+£11.8 14.5£3.9
Lipid “c” (m/z 228) 100.0+£12.2 10.2+3.3
Lipid “d” (m/z 256) 100.0+13.1 18.3+4.7
Lipid “e” (m/z 248) 100.0+£12.7 15.5¢4.2
Lipid “f” (m/z 382) 100.0£12.7 Not Detected
Lipid “g” (m/z 382) 100.0+£10.3 Not Detected
Lipid “h” (m/z 382) 100.0£11.6 Not Detected
Lipid “i” (m/z 382) 100.0£11.5 Not Detected
Lipid “j” (m/z 386) 100.0+10.4 7.4+£2.4
Lipid “k” (m/z 410) 100.0+£12.4 6.0£2.5
Lipid “I” (m/z 410) 100.0£12.0 Not Detected

2Average values are assigned as 100.0. Standard deviation (total

ML L B DAL | "'I""I""Tirﬂe
20.00 25.00 30.00 35.00
spiked milk sample recovered by use of the SFE-plus-C
and conventional SFE methods. For the SFE-plus-Cg
extract, the signals of lipid “a” (n-decanoic acid), “b”
(diethyl phthalate), “c” (n-tetradecanoic acid), and “d”
(n-hexadecanoic acid) are reduced to 12, 15, 10, and 18%,
respectively, compared with the corresponding signals ob-
served using conventional SFE. Lipid “e” (m/z 248) was
reduced to 16% in the SFE-plus-C;; method compared
with the conventional method. Lipids “f”, “g”, “h” and “1”
are a group of four isomers of m/z 382 that did not appear
above the baseline in Fig. 5B, indicating that each of these
four lipids was almost completely retained by the Cig
beads in the SFE-plus-C,gz experiment. Cholesterol (*j)
and lipid “k” were dramatically reduced, to 7 and 6%, re-
spectively, and lipid “I” was virtually eliminated by use of
the SFE-plus-C,3 method. The lipid recovery data in Table 3
indicate that the lipids were co-extracted to a much lesser
extent in the SFE-plus-C,g method, only 6-18% compared
with the conventional method. In other words, addition of
C,3 adsorbent beads resulted in retention of 82-94% of

procedure, n=9) gives an indication of run-to-run variability
YValues are relative to assignment of 100.0 by conventional SFE
method for same sample

VI.0). Lipids “a’ (m/z 172), “c” (m/z 228), “d” (m/z 256),
and “j” (m/z 386) have been identified as decanoic acid,
n-tetradecanoic (myristic) acid, n-hexadecanoic (palmitic)
acid, and cholesterol, respectively; peak “b” (m/z 222) is
diethyl phthalate. The highest responses were obtained for
palmitic acid, cholesterol, and an unidentified compound
“k” (Fig.5A). Comparison with Fig. 5B using an identical
absolute signal-intensity scale (Y-axis), indicates that the
lipids were extracted to a much lesser extent in the SFE-
plus-C,¢ method than in the conventional SFE method.
Table 3 shows a comparison of results indicating the
relative signal intensities for indigenous lipids from the

the available lipid during SFE.

Table 4 Recoveries of anti-cancer drugs spiked into milk by use

of SFE methods

Compound

Recovery (%) of anti-cancer drugs

Conventional SFE  SFE-plus-C g

(meantSD) (meantSD)
Cyclophosphamide “1” 99.5+ 5.3 97.7£ 59
(CP, m/z 260)
Impurity “2” (m/z 310) 99.1+11.7 99.4+11.9
Suberoylanilide hydroxamic  99.7+ 5.0 97.2+ 54
acid “3” (SAHA, m/z 264)
Impurity “4” (m/z 410) 99.3+14.9 98.6+£12.8

SD=Standard deviation for total procedure, n=9
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Table 4 shows the quantitative recovery results ob-
tained for the anti-cancer drugs (including their impuri-
ties) spiked in milk samples when analyzed by both SFE
methods. The recoveries of CP and SAHA were very
close to 100% in the conventional SFE method whereas
their recoveries in the SFE-plus-C;3 method might be
slightly less than 100%, possibly because of interaction of
the drugs with the non-polar C;3. The error associated
with the measurements indicates, however, that the differ-
ences between mean recovery values obtained by use of
the two methods is not significant. Peak “2” (m/z 310)
represents an impurity from the CP drug that was recov-
ered quantitatively (~99%) by both methods. Peak “4”
(m/z 410) corresponds to an impurity of SAHA which
was, likewise, recovered virtually quantitatively (~99%)
by both SFE methods. In conventional SFE, despite the
higher lipid background, recovery of CP and SAHA did
not decrease. It appears that, quite fortuitously, the co-ex-
tracted lipids did not co-elute with the drug compounds
during gas chromatography. Because separation of lipids
was adequate in these instances, suppression of the sig-
nals from the analyte molecules (CP, SAHA, and impuri-
ties) was not severe. This finding is similar to an earlier
crab tissue analysis in which spiked lipid (stearic acid)
and cholesterol did not impede PAH detection because
they eluted from the GC column sufficiently apart from
the analytes [48]. Even though recoveries were not signif-
icantly improved by use of SFE-plus-Cg, in these in-
stances, the useful life of the GC column was surely pro-
longed as a result of lipid removal.

Conclusions

In determinations of PAH in smoked fish, or of CP and
SAHA spiked in milk, addition of octadecylsiloxane
beads (C,g adsorbent) to the SFE chamber (i.e. the SFE-
plus-C,¢ method) served to preferentially trap interfering
lipids while enabling extraction of PAH or CP and SAHA
from biological matrixes. The method improved the effi-
ciency of extraction for ten PAH in smoked fish by largely
preventing the co-extraction of interfering indigenous lipids
that were preferentially retained on the C,g adsorbent.
This significantly reduced lipid interference in subsequent
GC-MS analyses, and improvement in PAH signals was
most prominent where co-elution of lipids was most se-
vere. The fact that 85-92% of the fish lipids remained ad-
sorbed to the C,g during SFE-plus-C, 5 extraction substan-
tially improved the ability to detect low levels of PAH.
The ten targeted PAH were found, by use of the SFE-plus-
C,3 method, to be present in the range 9.5-13.5 ng g~! in
the smoked fish product. The SFE-plus-C,3 method was
also successful at recovering nearly 100% of CP and
SAHA drugs while simultaneously reducing the co-ex-
traction of indigenous lipids, i.e. 82-94% of the lipids
present were adsorbed by the C,g3 beads during the SFE-
plus-C,g procedure. Although the extracts obtained by use
of the conventional SFE method contained a high lipid
background, these indigenous lipid materials did not co-

elute with the targeted drugs; for these particular anti-can-
cer compounds, therefore, lipid removal by use of the
SFE-plus-C,3s method was less critical to achieving high
recoveries than it was for PAH in fish. Nonetheless, a
lower lipid content in extracts serves to extend the life of
the GC column used.

Acknowledgement Financial support for this research was pro-
vided by the Louisiana Board of Regents Support Fund through
grant no. LEQSF (1998-01)-RD-B-17 and by the National Science
Foundation through grant no. CHE-9981948.

References

1.Freudenthal RL, Jones PW (1976) Carcinog-Compr Surv 1:
418-419
2.Miller EC, Miller JA (1981) Cancer 47:2327-2345
3.Melendez-Colon V, Luch A, Seidel A, Baird WM (2000)
Chem Res Toxicol 13:10-17
4. Sitarska E, Klucinski W, Faundez R, Duszewska AM, Win-
nicka A, Goralczyk K (1995) Bull Environ Contam Toxicol
55:865-869
5.Chen BH, Wang CY, Chiu CP (1996) J Agric Food Chem 44:
2244-2251
6.Chen BH, Lin YS (1997) J Agric Food Chem 45:1394-1403
7.Hothem RL, Zador SG (1995) Bull Environ Contam Toxicol
55:658-665
8.Akpan V, Lodovici M, Dolara P (1994) Bull Environ Contam
Toxicol 53:246-253
9.Cocchieri RA, Prete UD, Arnese A, Giuliano M, Roncioni A
(1993) Bull Environ Contam Toxicol 50:618—625
10.Saxton WL, Newton RT, Roberg J, Sutton J, Johnson LE
(1993) Bull Environ Contam Toxicol 51:515-522
11.Hawthorne SB, Miller DJ (1987) Anal Chem 59:1705-1708
12. Snyder JM, King JW, Nam K-S (1996) J Sci Food Agric 72:
25-30
13.Medvedovici A, Kot A, David F, Sandra P (1998) Chromatogr
Sci Ser 75:369—-401
14.Becnel JM, Dooley KM (1998) Ind Eng Chem Res 37:584-589
15.Sandra P, David F, Baltussen E, De Smaele T (1999) In:
Handley AJ (ed) Extraction methods in organic analysis.
Sheffield Academic Press, Sheffield, UK, pp 243-304
16.King JW (1989) J Chromatogr Sci 27:355-364
17.Hawthorne SB (1990) Anal Chem 62:633A—642A
18.Janssen H-G, Lou X (1999) In: Handley AJ (ed) Extraction
methods in organic analysis. Sheffield Academic Press,
Sheffield, UK, pp 100-145
19.Lee HB, Peart TE, Niimi AJ, Knipe CR (1995) J AOAC Int
78:437-444
20.Hale RC, Gaylor MO (1995) Environ Sci Technol 29:1043—
1047
21.Bavel BV, Jaremo M, Karlsson L, Lindstrom G (1996) Anal
Chem 68:1279-1283
22.Ling YC, Teng HC (1997) J Chromatogr 790:153-160
23.Yasumura K, Kitamura E, Uno M, Tamaki M (2001) Shokuhin
Eiseigaku Zasshi 42:1-6
24.Lehotay SJ (1997) J Chromatogr 785:289-312
25.Voorhees KJ, Gharaibeh AA, Murugaverl B (1998) J Agric
Food Chem 46:2353-2359
26.Fiddler W, Pensabene JW, Gates RA, Donoghue DJ (1999)
J Agric Food Chem 47:206-211
27.Jarvenpaa E, Huopalahti R, Tapanainen P (1996) J Liq Chro-
matogr Related Technol 19:1473-1482
28.Eskilsson CS, Turner C, Esbjornsson A, Mathiasson L (2001)
J Sep Sci 24:297-303
29.Long AR, Hsieh LC, Bello AC, Malbrough MS, Short CR,
Barker SA (1990) J Agric Food Chem 38:427-429
30.Long AR, Hsieh LC, Malbrough MS, Short CR, Barker SA
(1990) J Assoc Off Anal Chem 73:379-384



31.Amin HM, Saeed S, Alken S (2001) Br J Haematol 115:
287-297

32.Licht JD, Derald H (2001) J Clin Invest 108:1277-1278

33.Huang L, Pardee AB (2000) Mol Med 6:849-866

34.Munster PN, Troso-Sandoval T, Rosen N, Rifkind R, Marks
PA, Richon VM (2001) Cancer Res 61:8492-8497

35.Friedman OM, Bien S, Chakrabarti JK (1965) J Am Chem Soc
87:4978-4979

36.Tormey DC, Waalkes TP (1976) Recent Results Cancer Res
57:78-94

37.0stensen M (1992) Am J Reprod Immuno 28:148-152

38.Schmahl D, Kaldor JM (1985) Proc Symp organized by the
IARC and German Cancer Research Center, Heidelberg, Ger-
many, November 25-27

39.Kaijser GP, Underberg WIJM, Beijnen JH (1990) Pharm
Weekbl Sci 12:217

931

40.Sessink PJM, Scholtes MM, Anzion RBM, Bos RP (1993)
J Chromatogr, Biomed Appl 616:333-7

41.Sessink PJM, Friemel NSS, Anzion RBM, Bos RP (1994) Int
Arch Occup Environ Health 65:401-3

42.Sessink PJM, Kroese ED, van Kranen HJ, Bos RP (1995) Int
Arch Occup Environ Health 67:317-323

43. Amato D, Niblett JS (1977) Med. J Aust 1:383-384

44.Rayburn WF (1998) J Reprod Med 43:341-349

45.Lai P, Nuvole P, Sau F (1972) Atti Soc Ital Sci Vet 26:224-226

46. Tsvetkova TS (1978) Vet Med Nauki 15:92-97

47.Ali MY, Cole RB (1997) Proc 45th Annu Conf Mass Spec-
trometry and Allied Topics, Palm Springs, CA, p 911

48. Ali MY, Cole RB (1998) Anal Chem 70:3242-3248

49. Ali MY, Cole RB (2001) J Agric Food Chem 49:4192-4198



