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ness of their cell walls. E. coli, on the other hand,
can be readily disrupted by treatment with lyso­
zyme and low concentrations of detergents or short
bursts of sonication. However, the results seem to
indicate that the MSPD process can perform facile
lysis and fractionation of both of these bacterial
classes in a chemically and physically mild manner
while providing the ability to perform sample frac­
tionation in a single step.

The protein elutions/distributions for E. coli (wa­
ter » MeOH > ACN) and M. paratuberculosis
(water = DCM > MeOH > ACN) were some­
what different. This may be due to differences in
hydrophobicity of certain mycobacterial versus E.
coli proteins and differences in the interactions be­
tween the individual proteins and the remaining
constituents on the column. The distribution of
proteins suggests that those eluting in the more
non-polar solvents (DCM, ACN) may be structur­
ally more lipophilic and possibly associated with
cell membranes in their native environment. Fur­
ther research is being conducted to answer this pos­
sibility.

The data also indicate that the MSPD process
separated the neutral lipids (hexane fraction) from
the phospholipids (DCM and MeOH fractions) in
the bacteria. Likewise, fractionation of sterols, in­
doles, amino acids, purines, pyrimidines, inositols
and other mono- and disaccharides was observed
for each of the bacteria. However, their individual
solvent distributions varied between the two types
of bacteria. Since E. coli also has a high lipopoly­
saccharide content each fraction was examined for
this compound and was found to reside only in the
water fraction. Similarly, nucleic acids and nucleo­
tides were found only in the water fraction but did
not account for the total nucleotide content for the
mass of cells extracted. We have observed that by
beginning the elution sequence with water that a
much higher recovery of genomic and plasmid
DNA can be obtained from these bacteria and that
digestion of the DNA with various restriction endo­
nucleases can be accomplished [27,35].

Taken together these data lend strong support to
the proposal that the MSPD process provides a new
and generic technique for the homogenization, lysis
and/or fractionation of a variety of biological ma­
trices. This conclusion is further borne out by the
data obtained from SEM analysis of the various
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materials. Fig. lA shows the nature of the solid sup­
port/Cj , particles themselves. The material used is
irregular in shape and contains serrated and sharp
edges. These characteristics, as in the use of sand,
alumina or other abrasives, assist in the initial dis­
ruption of the matrix achitecture. Fig. IB shows the
same material after blending with bovine liver. Ex­
amination of these and other tissues gave no in­
dication for the existence of intact subcellular struc­
tures or individual cells, supporting the idea that
complete cellular lysis and dispersion is occurring.
Similarly, Fig. IC shows the result of blending the
C I 8 with mycobacteria. Again, no intact cells were
noted. This should be contrasted to the results seen
with mycobacteria after grinding with identical sil­
ica particles that differed only in the fact that they
were not derivatized with CI 8 (Fig. ID). In this case
fractured silica particles and clusters of intact my­
cobacteria were observed. Thus, the use of silica
particles alone and the application of shearing
forces by grinding were inadequate to obtain lysis
of the mycobacteria.

That the cellular components are dispersed is
somewhat evident from the various figures wherein
C I 8 derivatized particles were used. For example, as
shown in Fig. IE, we often observed particles that
had apparently been in contact with others and had
broken away. These micrographs show what ap­
pears to be a thin layer or film of dispersed material
over the surface of the particles. Measurement of
the thickness of this layer gave a value of approxi­
mately 100 A.

This approach has several possible advantages
over classical methods for the disruption, lysis and
fractionation of biological matrices. The process of
blending is easy to perform and does not require
expensive equipment or special devices. For the
types of samples examined the process provides a
homogeneous blend of the biological and incurred
components dispersed over a large surface area in a
thin film. It is applicable to easy or difficult to dis­
rupt tissues as well as bacteria without modification
of the process or extra exertion. It is chemically and
physically mild, exposing the sample to no excessive
heating, mechanical forces or strong chemical or de­
tergent-based reagent. The material obtained can be
packed into a column from which compounds may
be isolated by various elution schemes. There is suf­
ficient flexibility in the method to allow use of the
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High-performance liquid chromatography versus solid­
phase extraction for post-derivatization cleanup prior to
gas chromatography-electron-capture negative-ion mass
spectrometry of NI,N3-bis-(pentafluorobenzyl)-N7­
(2-[pentafluorobenzyloxy]ethyl)xanthine, a product derived
from an ethylene oxide DNA adduct

Manasi Saha and Roger W. Giese
Department of Pharmaceutical Sciences in the College of Pharmacy and Allied Health Professions, and Barnett Institute of Chemical
Analysis and Materials Science, Northeastern University, Boston, MA 02115 (USA)

ABSTRACT

N7-(2-Hydroxyethyl)xanthine (N7-HEX), as a standard, has been measured at the low picomole level by the following sequence of
steps: (I) derivatization with pentafluorobenzyl bromide; (2) post-derivatization sample cleanup by reversed-phase high-performance
liquid chromatography (HPLC) or silica solid-phase extraction; and (3) separation/detection by gas chromatography electron-capture
negative-ion mass spectrometry (GC-ECNI-MS). The average yield of product from the two sample cleanup procedures applied to 95
pg (0.48 pmol) of N7-HEX was comparable: 60% for HPLC; 56% for solid-phase extraction. The reaction blanks (0 pg N7-HEX)
showed an interfering GC-ECNI-MS peak after HPLC cleanup. This problem was not encountered with solid-phase extraction, which,
along with its greater convenience, made it the preferred technique for post-derivatization sample cleanup.

INTRODUCTION

We are pursuing the detection of DNA adducts
in physiological samples as biomarkers for human
exposure to toxic chemicals. A DNA adduct is a site
on the DNA where a toxic chemical has caused co­
valent damage. Many carcinogens and mutagens
appear to act by producing DNA adducts [1]. High
sensitivity is required to measure DNA adducts in
physiological samples since the samples not only
contain little DNA, but small numbers of such ad­
ducts may be toxic. The techniques which are being

Correspondence to: Professor R. W. Giese, 122 Mugar Building,
Northeastern University, Boston, MA 02115, USA.

employed or developed for this purpose have been
reviewed [2].

Previously we reported our initial progress on the
detection of N7-(2-hydroxyethyl)guanine, an ethy­
lene oxide DNA adduct, by gas chromatography­
electron-capture negative-ion mass spectrometry
(GC-ECNI-MS) [3]. In order to make this adduct
sensitive for detection by GC-ECNI-MS, we con­
verted it, as a standard at the milligram level, to
N7-(2-hydroxyethyl)xanthine (N7-HEX) with ni­
trous acid, followed by derivatization with pentaflu­
orobenzyl bromide to afford Nl, N3-bis-(pentafluo­
robenzyl)-N7-(2-[pentafluorobenzyloxy]ethyl)xan­
thine, (PF13zh-N7-HEX. As little as 1.3 attomoles
[signal-to-noise ratio (SIN) = 10] of the latter, as a
diluted standard, can be detected by GC-ECNI-MS
[4].

0021-9673/93/$06.00 © 1993 Elsevier Science Publishers B.Y. All rights reserved
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Fig. 1. Scheme for the detection of N7-HEX by GC-ECNI-MS.

Here we report additional progress towards the
goal of detecting a trace amount ofN7-(2-hydroxy­
ethyl)guanine in a physiological sample. We have
been working on the pentafluorobenzylation reac­
tion (Fig. 1), and now are able to conveniently de­
tect as little as 95 picograms (0.48 picomole) of
standard N7-HEX by electrophore derivatization­
post-derivatization sample cleanup--GC-ECNI­
MS, as reported here. This progress has been made
largely by focussing on the post-derivatization sam­
ple cleanup step. The derivatization reaction, even
when performed in the absence of analyte, yields
many interfering products that need to be removed
prior to injection of the sample into the GC-ECNI­
MS system.

EXPERIMENTAL

Reagents
N7-(2-Hydroxyethyl)xanthine was prepared as

described [3]. Pentafluorobenzyl bromide, potassi­
um hydroxide and tetrabutyl ammonium hydrogen­
sulphate were purchased from Aldrich (Milwaukee,

M. Saha and R. W. Giese / J. Chromatogr. 629 (1993) 35-40

WI, USA). HPLC grade organic solvents were pur­
chased from Doe and Ingalls (Medford, MA,
USA).

High-performance liquid chromatography (HPLC)
A Microsorb silica reversed-phase column, 150

x 4.6 mm LD., 10 ,urn (Rainin, Woburn, MA,
USA) was used. The mobile phase was acetonitrile
(ACN)-water (65:35, v/v) at 1 ml/min. Detection at
270 nm was done with a Spectra Monitor 3000
(LDC-Milton Roy, Riviera Beach, FL, USA) and
an SP4270 integrator (Spectra-Physics, San Jose,
CA, USA).

GC-ECNI-MS
The GC (5890 Series II), MS (5900A) and data

system (59970 MS Chernstation) were from Hew­
lett-Packard (Palo Alto, CA, USA). Methane (2
Torr) and helium (20 p.s.i.) were used as reagent
and carrier gases, respectively. Other conditions
were as described before [4]. Specially cleaned and
silanized glassware, pipettes and syringes were used
to minimize adsorption losses and cross contam­
ination [5].

Solid-phase extraction
The solid-phase extraction columns were pre­

pared by dry-packing 200 mg of silica gel (60-A
pore, 40-,um irregular particles, J. T. Baker, Phil­
lipsburg, NJ, USA) into a 5.25-in. borosilicate Pas­
teur pipette containing silanized glass wool (1. T.
Baker).

Derivatization of N7-HEX
N7-HEX (95 pg, 0.48 pmol) in 10 ,ul of 1 M HCI

was evaporated in a vial under nitrogen. From a
stock solution of tetrabutyl ammonium hydrogen­
sulphate (5 mg in 5 ml of 1 M KOH) was added 50
,ul (0.15 ,umol) to each vial with subsequent addition
of 150 ,ul of CH 2Cl2 and 10 ,ul (0.065 ,umol) of pen­
tafluorobenzyl bromide. The reaction mixture was
stirred at room temperature for 20 h and the resi­
dual CH 2Cl2 was slowly evaporated under nitro­
gen. Water (50 ,ul) and ethyl acetate (150 ,ul) were
added, and the organic layer after vortexing and
centrifugation was collected. Three more 150-,u1
ethyl acetate extractions were done, and the com­
bined organic layer was evaporated under nitrogen,
redissolved in 50 ,ul of acetonitrile prior to HPLC,
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or in 50/11 of hexane-ethyl acetate (1:1, v/v) prior to
solid-phase extraction, for post-derivatization sam­
ple cleanup as presented in Table I, followed by
GC-ECNI-MS as also described in this table.

RESULTS AND DISCUSSION

For post-derivatization sample cleanup of
(PFBzh-N7-HEX prior to detection by GC-ECNI­
MS, we decided to explore both HPLC and solid­
phase extraction. HPLC is attractive for this pur­
pose because of its speed, high resolution, availabil­
ity of automated equipment, the high quality of
modern HPLC packings, and the use of stainless­
steel hardware. These features collectively could be
important in overcoming the classic, two general
problems in trace organic analysis: losses and inter­
ferences. However, since all samples traverse the
same HPLC system, it can be necessary to thor­
oughly clean the system between injections to mini­
mize sample-to-sample effects such as carryover
(ghosting) of the analyte. Below a certain level of
analyte, on-line UV detection is no longer possible,
so any shifts in retention of the trace analyte might
be a second difficulty.

These two concerns about sample cleanup by
HPLC prior to detection by GC-ECNI-MS should
be easily avoided by solid-phase extraction. A new
cartridge for each sample eliminates the difficulty of
sample ghosting, and the use of optimized washing
and elution conditions can assure the location of
the analyte for a given batch of packing as long as
the sample matrix is relatively constant. On the oth­
er hand, it is not clear that packings for solid-phase
extraction are manufactured with as much attention
to quality and reproducibility as those for HPLC.
Also, solid-phase extraction is a lower-resolution
technique. Thus we wanted to explore both HPLC
and solid-phase extraction.

For HPLC, we selected a C1s-silica packing be­
cause of the well-deserved popularity of this type of
column, particularly its resistance to contamination
by conventional, small-molecule samples, and the
speed and ease of achieving re-equilibration of the
column after solvent changes. The latter property is
important for the thorough washing of the HPLC
system that we anticipated to be important for our
trace samples.

The HPLCprocedure that we developed for sam-
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TABLE I

TWO PROCEDURES USED FOR POST-DERIVATIZA­
TION SAMPLE CLEANUP

Double HPLC (CIs-silica)
( 1) Inject 29 ng of standard (PFBz)3-N7-HEX into the

HPLC system to define the retention time e.g. 9.0 min
for this compound (UV detection).

( 2) Clean the HPLC system."
( 3) Inject 50/11 of acetonitrile (ACN blank A), collect 2 mI,

and hold for steps 11, 12. Repeat HPLC cleaning and
ACN injection twice (ACN blanks B, C).

( 4) Inject reaction blank A, collect 2 mI, and hold for steps
11 and 12.

( 5) Clean the HPLC system."
( 6) Repeat (steps 4 and 5) for reaction blank B, and for

reaction blank C.
( 7) Inject reaction sample A, collect 2 ml and hold for

steps 11 and 12.
( 8) Clean the HPLC system."
( 9) Repeat for reaction sample B, and for reaction sample

C.
(10) Clean the HPLC system."
(II) Evaporate ACN blank A, redissolve in 50/11 ACN,

inject into the HPLC system, collect 2.0 ml, evaporate,
redissolve in 50 /11 of toluene, and inject 1 /11 into the
GC-ECNI-MS system.

(12) Wash the HPLC injector with 3 ml of hot ACN (as in
step 2).

(13) Repeat steps II and 12 for each of the remaining
blanks and samples.

Solid-phase extraction
(I) Wash the silica cartridge with I ml of ethyl acetate and

1 ml of hexane.
(2) Load the reaction blank (A, B) or reaction sample (A,

B, C, D) in 50 /11 of hexane--ethyl acetate (50:50, vjv).
(3) Wash with 4 ml of hexane and 8 ml hexane--ethyl

acetate (90:10, vjv).
(4) Elute with 2 ml of ethyl acetate.
(5) Evaporate and continue as in above step 10.

a The HPLC column was cleaned by twice conducting a gradient
from ACN-water (65:35, vjv) to 100% ACN over a 10-min
period, holding for 4 min, and returning over a 10-min period
to the initial condition. Before each gradient wash, the injector
was washed with 0.5 ml of warm ACN in the inject position
and the same in the load position.

pie cleanup of (PFBzh-N7-HEX derived from sub­
jecting 95 pg (0.48 pmol) of N7-HEX to our deriv­
atization reaction is summarized in Table I. This
procedure was the outcome of preliminary experi­
ments (data not shown) that led to the conditions
selected. Obviously the procedure is very tedious,
particularly the extensive washing of the column
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a The interference is quantified, although it is an unknown, by
assuming that it is (PFBzkN7-HEX.

TABLE II

DETERMINATION OF N7-HEX BY PENTAFLUORO­
BENZYLATION-GC-ECNI-MS USING THE TWO POST­
DERIVATIZATION SAMPLE CLEANUP PROCEDURES
PRESENTED IN TABLE I

and injector between injections, and the separation
of each sample twice by HPLC. But our earlier ex­
periments gave irreproducible results by GC­
ECNI-MS in terms of both losses and interferences
when less rigorous inter-sample washing of the
HPLC system was done, or when the samples were
subjected to a single HPLC separation.

The results of this procedure (Table I) are shown
in Table II. Remarkably, once 29 ng of (PFBzh­
N7-HEX are injected into the HPLC system in or­
der to establish the retention time (with UV detec­
tion), extensive washing of the HPLC system is nec­
essary before the compound is completely removed
from this system. As seen, the first two ACN blanks
(A and B; pure acetonitrile is injected) become con­
taminated [2.9 and 3.9 pg of apparent (PFBzh-N7­
HEX, respectively, at the end of the overall proce­
dure]. Finally the third ACN blank (C), collected
after the column and injector have been subjected to
a 3-h cleaning procedure (defined in Table I), shows
no analyte, as seen in Table II.

For the reaction blanks A-C, it is not clear
whether the observed, interfering peak by GC­
ECNI-MS, as cited in Table II, is contaminating
analyte or some other interfering compound de­
rived from the derivatization reaction. Conceivably
the HPLC system is still contaminated by analyte

Amount of (PFBzkN7-HEX or interfer­
ence" (pg) starting from 0 pg (ACN
blanks and reaction blanks) or 95 pg (re­
action samples) of N7-HEX. A 100%
yield of product would be 356 pg.

from the earlier, 29 ng injection, and the injection of
a reaction matrix as opposed to injection of pure­
solvent (the ACN blanks) displaces additional ana­
lyte from the system. At least the reaction itself is
working at this level: the reaction sample A-C show
an amount of product which is significantly higher
than that present in the reaction blanks. If we sub­
tract the average value for the reaction blanks from
the average value for the reaction samples, we ob­
tain a yield for the reaction of 60%. A representa­
tive GC-ECNI-MS chromatogram for a reaction
blank is shown in Fig. 2a, and for a reaction sample
in Fig. 2b. Note that the abundance scales are dif­
ferent, so the amount of the interfering peak (Fig.
2a) relative to the product peak (Fig. 2b) is different
than the visual appearance. While we could have
explored the origin of the contamination in more
detail, we were disuaded from this by the much bet­
ter performance provided by solid-phase extraction
for sample cleanup, that we investigated in parallel,
as presented below.

For post-derivatization sample cleanup by solid­
phase extraction, we selected a silica packing. While
C1s-silica packings are also popular for solid-phase
extraction, we wanted to avoid the potential for
variability in the C 1 S bonding to silica by manu­
facturers. Also, we had previously found a silica
cartridge to be useful for post-derivatization sample
cleanup of an electrophoric derivative of 5-methyl­
cytosine prior to detection by GC with electron­
capture detection [6].

The convenient procedure that we developed for
post-derivatization sample cleanup of (PFBzh-N7­
HEX by solid-phase extraction on a silica cartridge
is summarized in Table 1. After the samples are
loaded onto the cartridge in hexane-ethyl acetate
(50:50) washing is done with hexane-ethyl acetate
(90:10), and then product is eluted with ethyl ace­
tate. The results from subsequent measurement of
the reaction blanks and reaction samples by GC­
ECNI-MS are shown in Table II. As seen, no in­
terfering peaks are encountered in the reaction
blanks, unlike what was observed after sample clea­
nup by HPLC. The average yield of product from
the four reaction samples tested (A-E) is 56%. [In
prior development work, spiking 57 pg in duplicate
of (PFBzh-N7-HEX into a reaction blank followed
by solid-phase extraction-GC-ECNI-MS gave a re­
covery of 84 and 85%.] Obviously this technique

2.9, 3.9, 0.0
4.1, 10.5,29.0
205, 305, 129

0,0
260, 180, 124, 234

Sample cleanup
procedure

Double HPLC (Cis-silica)
ACN blanks (A,B,C)
Reaction blanks (A,B,C)
Reaction samples (A,B,C)

Solid-phase extraction (silica)
Reaction blanks
Reaction samples (A,B,C,D)
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Optimization of sample application conditions for solid­
phase extraction columns

Chang-Yuan L. Hsu and Rodney R. Walters
Drug Metabolism Research, The Upjohn Company, Kalamazoo, MI49001 (USA)

ABSTRACT

When extraction recoveries during solid-phase extraction are affected by the volume or type of matrix applied to the column, the
assay is not very robust. Using as examples the extraction of four basic drugs from biological matrices using cyano and octadecyl
solid-phase extraction columns, it is shown that the recovery from I ml of plasma can be good while the recovery from water or diluted
plasma is poor. Control of sample pH was found to increase recoveries from the cyano column by improving adsorption during sample
application. Addition of detergent was found to enhance recoveries from the octadecyl column by moderating retention and allowing
the drugs to be eluted more easily.

INTRODUCTION

Although solid-phase extraction (SPE) is widely
used for the cleanup of biological samples prior to
chromatographic analysis [1,2], developing rugged
methods based on solid-phase extraction is still
somewhat of an art. One problem that we have fre­
quently encountered is a biofluid volume and/or
type dependent recovery of drug and internal stan­
dard. There are three potential causes of poor re­
coveries: incomplete adsorption of drug to the SPE
stationary phase during sample application with the
'lost' drug thus eluting in the initial flow-through of
the column; premature elution during column­
washing; or incomplete elution during the final elu­
tion step.

Experimentally determined differences in recov­
eries of drug from plasma, urine, or water must be
due to chemical or physical differences between
these matrices which affect either the properties of
the solute or the stationary phase. The most likely
factors causing matrix-dependent recoveries are

Correspondence to: R. R. Walters, Drug Metabolism Research,
The Upjohn Company, Kalamazoo, MI 49001, USA.

pH, ionic strength, and surface tension. This pre­
sentation will describe the results of experiments
aimed at identifying the crucial variables for assay
methods for two basic compounds extracted using
cyano SPE columns and two other basic com­
pounds extracted using CiS SPE columns, and
show how the assays could be made more rugged
with respect to recovery from water, plasma, and
urine samples of various volumes.

EXPERIMENTAL

Materials
The compounds tested for recovery, U-77567,

U-88055, U-70226, and U-74747, were obtained
from Upjohn (Kalamazoo, MI, USA). Sequanal
quality trifluoracetic acid (TFA) was from Pierce
(Rockford, IL, USA). Other chemicals were reagent
grade and solvents were of HPLC or UV grade.

Apparatus
Solid-phase extraction was performed using

Bond-Elut CiS and Cyano SPE columns containing
100 mg of stationary phase and a Vac-Elut solid­
phase extraction manifold (Analytichem, Harbor
City, CA, USA). The HPLC system used for the
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TABLE II

RECOVERIES OF U-70226 AND U-74747 FROM VARIOUS MATRICES AFTER EXTRACTION USING CIS SPE COLUMNS

Treatment

Plasma + 0.05 MpH 7
buffer-Or! % TEA

Urine + 0.05 MpH 7
buffer-Ol % TEA

Water + 0.05 MpH 7
buffer-O.I % TEA

Water
Plasma
Plasma

Urine
Urine

0.1 MpH 5 buffer
0.1 M pH 7 buffer
0.1 M pH 9 buffer
Saline
Saline-0.1 % TEA
5% Dextrose
0.04% Tween 80
0.04% Triton X-IOO
0.04% Triton X-IOO-O.I % TEA

I ml each

0.1 ml urine,
I ml buffer
I ml each

I ml
Iml
0.1 ml +
0.9 ml water
Iml
0.1 ml +
0.9 ml water
Iml
Iml
I ml
I ml
Iml
Iml
Iml
Iml
I ml

U-70226 U-74747
Recovery (% ± S.D.) Recovery (% ± S.D.)
(n = 2) (n = 2)

106 ± I 104 ± 3

76 ± 13 51 ± 10

78 ± 0 54 ± 3

54 ± I 33 ± I
71 ± 3 68 ± 3
67 ± 2 59 ± I

66 ± I 46 ± I
59 ± 4 40 ± 5

64 ± 0 48 ± I
55 ± 2 41 ± 2
79 ± I 60 ± 0
73 ± 3 53 ± I
29 ± 6 42 ± 7
57 ± 6 36 ± 6
96 ± 3 104 ± I
94 ± I 95 ± 2
57 ± 2 97 ± 2

derivatized with l-naphthyl isocyanate [4] and as­
sayed by reversed-phase column-switching HPLC
[3].Recoveries were measured against a derivatized,
non-extracted solution of the compounds.

The buffers used to dilute the samples in Tables I
and II were all sodium phosphate buffers of the in­
dicatedpH and molarity. The pH of each buffer
containing TEA was adjusted after addition of
TEA.

RESULTS AND DISCUSSION

U-77567 (Fig. 1) is a basic compound assayed in
biofluids using solid-phase extraction (cyano col­
umn) followed by reversed-phase HPLC. Recover­
ies of drug and internal standard (U-88055, Fig. 1)
were high for 0.1-1 m1 samples of both plasma and
urine but low if 10 J.ll of plasma or urine were dilut­
ed to 1 ml with water prior to extraction due to their
high drug content (same total amount of drug in all
cases). It was suspected that this biofluid volume­
dependent extraction recovery problem was caused

by incomplete adsorption of drug to the cyano
phase during sample application. Therefore, several
experimental factors, such as pH, ionic strength,
and the use of detergents, were tested for their ef­
fects on drug recovery.

The data from the experiments with U-77567 and
U-88055 are shown in Table I. The results clearly

W
NH- CH2 -<:J

::-.. -1 U-88055
NH ....0

Fig. 1. Structures of U-77567 and U-88055, which were solid­
phase extracted using a cyano column.
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extraction (SPE) and a methanol-water solvent sys­
tem. This method has been used very successfully to
fractionate and isolate non-polar organic toxicants
from complex effluents [1,2,8]. However, other
aqueous samples, such as sediment pore water, of­
ten contain toxicants not typically found in ef­
fluents, which are not effectively fractionated by the
phase II method. For example, compounds such as
polyaromatic hydrocarbons, polychlorinated bi­
phenyls and long chain aliphatic hydrocarbons
have been implicated in the toxicity of sediment
pore waters [16]. These compounds are highly
hydrophobic, as is evidenced by their high log Kow

values. Such hydrophobic compounds are not well
fractionated by the phase II method. To overcome
this limitation a study was conducted which eval­
uated alternative solvent systems and alternate sor­
bents, to achieve optimum toxicant separation and
recovery over a broad range of log Kow values. One
major limitation of the solvent system choice is that
the fractionation method is toxicity directed, there­
fore all SPE fractions must be tested with aquatic
organisms to track the toxicity. Methanol is one of
the very few solvents that these organisms can toler­
ate at the percentage levels used in the aqueous ex­
posure tests. When solvents were evaluated for their
efficacy in eluting highly hydrophobic compounds
we were left with very few choices that met our tox­
icity testing requirements. Problems such as high
toxicity, the formation of azeotropes or immiscibil­
ity with methanol eliminated the use of solvents
such as acetonitrile, acetone, diethyl ether and hex­
ane. Methylene chloride was selected because of its
solvent strength and because it can be removed
from a methanol-methylene chloride mixture leav­
ing a methanol fraction that can be tested for toxic­
ity.

E. Durhan et al. / J. Chromatogr. 629 (1993) 67-74

Materials
SPE. The two SPE sorbents evaluated were octa­

decylsiloxane (CIS) and octylsiloxane (Cs) bonded
to silica. The SPE columns were obtained from
J.T.Baker (Phillipsburg, NJ, USA) and contained 1
g of sorbent.

XAD. Two resins were evaluated: prepurified
XAD-4 and XAD-7 obtained from Alltech Associ­
ates, Inc. (Deerfield, IL, USA).

High-purity water was obtained from a SuperQ
system of Millipore (Bedford, MA, USA). High pu­
rity Burdick & Jackson (Muskegon, MI, USA)
methanol, methylene chloride and high-purity wa­
ter were used for all fractionations.

A test mixture containing compounds with a
range of log Kow values of 2.5 to 7.0 was used to
evaluate chromatographic separations of the SPE
and XAD resins. Chemicals in the test mixture and
their estimated log Kow are listed in Table 1. The
stock solutions of the test mixture compounds were
prepared in acetone, and the sorbent loading solu­
tion contained approximately 10 J1gjl of each com­
pound in high-purity water with 5% methanol.

Methods
SPE loading andfractionation. A log SPE column

was conditioned by pumping 25 ml methanol
through the column, followed by 25 ml high-purity
water. A 950-ml volume of loading solution (unfil­
tered) or sediment pore water (filtered through a
0.45-J1m nylon filter) was then passed through the
column at a rate of 5 mljmin. The post-column so-

TABLE I

TEST MIXTURE COMPOSITION

a Calculated using the CLOGP program of A. J. Leo, Pomona
Col1ege, Claremont, CA, Medchem Project, CLOG-3.3 com­
puter program, 1985.

EXPERIMENTAL

Instrumentation
GC-MS. A Hewlett-Packard (Palo Alto, CA,

USA) Model 5970B mass selective detector with a
Model 5980A gas chromatograph, Model 7673A
automatic liquid sampler and HP-UX series Chem­
station.

HPLC. A Hewlett-Packard Model 1090 liquid
chromatograph with a diode array detector and an
Isco (Lincoln, NE, USA) Foxy fraction collector
were used for HPLC analyses.

Compound

Diethyl phthalate
Naphthalene
Phenanthrene
Chrysene
Hexachlorobenzene
p,p'-DDE

Abbreviation

DEP
NAPH
PHEN
CHRY
HCB
DDE

Estimated
Log Kow"

2.57
3.32
4.49
5.66
6.42
6.94
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U-80447 (Fig. 1) were provided by Upjohn (Kala­
mazoo, MI, USA). HPLC-grade acetonitrile was
obtained from Burdick and Jackson (Muskegon,
MI, USA) and analytical-reagent grade acetic acid,
ammonia solution and potassium phosphate (di­
basic) from Mallinckrodt (Paris, KY, USA). Puri­
fied water was produced with a Milli-Q reagent wa­
ter system (Millipore, Bedford, MA, USA).

Chromatography
The liquid chromatographic system consisted of

a Waters (Milford, MA, USA) M-6000A pump, a
Kratos (Ramsey, NJ, USA) Spectroflow 783 vari­
able-wavelength UV detector set at 318 nm, a Per­
kin-Eimer (Norwalk, CT, USA) ISS-IOO Autosam­
pier fitted with a 200-11,1 sample loop, and an ODS
column (250 x 4.6 mm I.D., 5 J.Lm particle size)
(Jones Chromatography, Littleton, CO, USA) pro­
tected by a Pelliguard ODS guard column (50 x 2.1
mm I.D., 32 J.Lm particle size) (Whatman, Clifton,
NJ, USA). The mobile phase was a mixture of 450
ml of acetonitrile, 550 ml of water and 1.2 ml of
acetic acid with an apparent pH of 6.0 ± 0.1 adjust­
ed with ammonia solution, and was then filtered
and degassed with helium prior to use. The chro­
matographic system was operated at ambient tem­
perature (21-23°C) with an eluent flow-rate of 1.0
ml/rnin. Quantification was accomplished based on
the peak-height ratio of drug to r.S. using a Harris
computer system.

Serum extraction
Twelve C 1 8 SPE columns (100 mg/Ln ml) (Var­

ian, Harbor City, CA, USA) placed on the vacuum
extraction manifold (Supelco, Bellefonte, PA,
USA) were prewashed with one column volume of

Ft
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acetonitrile followed by one column volume of 0.1
M K2HP04 solution. Unknown serum samples
(lml), each mixed with 50 J.LI of 10 J.Lg/ml I.S. solu­
tion, were loaded onto SPE columns with a vacuum
of 86 kPa. After vacuum aspiration for 5 min at ca.
27 kPa, the SPE columns were rinsed with 100 J.LI of
acetonitrile-water (30:70,v/v) followed by 2 ml of
0.1 M K 2HP04 solution (86 kPa). The columns
were dried with vacuum aspiration (ca. 27 kPa) for
10 min. U-82217 and the I.S. were then eluted from
the column with 300 J.LI of acetonitrile by applying a
slow uniform pressure to the top of the column us­
ing nitrogen (about 0.2 kg/em"). Each eluate was
collected in a 2-ml autosampler vial and mixed with
200 J.LI of purified water. A 50-J.LI volume of the mix­
ture was injected into the HPLC system for analy­
sis.

Urine extraction
A I-ml volume of unknown urine sample mixed

with 100 J.LI of 10 J.Lg/ml I.S. solution was transferred
to the prewashed SPE column as described above:
The SPE column was rinsed with 150 J.Ll of aceto­
nitrile-water (30:70, v/v) under gravity flow (with­
out vacuum). The remainder of the SPE procedure
was the same as described for serum except that 700
J.LI instead of 200 J.Ll of water were mixed with the
300 J.Ll of acetonitrile extract for final HPLC analy­
sis.

Brain extraction
Unknown brain samples were prepared by homo­

genizing accurately weighed rat brain sample (ca.
200 mg) in a 5-mI grinding chamber with I ml of
acetonitrile-water (50:50, v/v). The homogenate
was combined with I ml of water used for rinsing
the grinder piston and vortex mixed for 30 s. A I-ml
volume of the brain homogenate was transferred
into a 1.5-ml micro centrifuge tube, mixed with 50
J.LI of I.S. working solution (10 J.Lg/ml) and centri­
fuged at 750 g for I min in a Brinkmann (Westbury,
NY, USA) Model 5415 micro centrifuge. The su­
pernatant of brain homogenate was then trans­
ferred into a C 18 SPE column. The remainder of the
SPE procedure was the same as that for the serum
extraction.

Fig.!. Structures of U-82217 and the I.S. (U-80447).

U-82217 I.S. Validation
The assay validation was similar to the analytical
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