Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

Free Radical Research, February 20103 44(2): 191-198

informa

healthcare

Measurement of urinary F,-isoprostanes by gas chromatography-
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Abstract

Analysis of F,-isoprostanes in urine using gas chromatography-mass spectrometry is confounded by the presence of
endogenous compounds interfering with the internal standard, 15-F, -IsoP-d, (m/z 573). Previous efforts to resolve the
15-F, -IsoP-d, from co-eluting peaks with different solid phase extractions were unsuccessful. This study has now used a
highly-deuterated, d,-analogue of the derivatization agent N,O-Bis(trimethyl-d-silyl) trifluoroacetamide (BSTFA-d,) yield-
ing trimethylsilyl ethers, but this was not successful in resolving the 15-F, -IsoP-d, from co-eluting peaks. It was hypoth-
esized that interfering peaks at m/z 573 could be the tetrahydro analogue of 15-F, -IsoP. However, using an authentic
standard showed the interfering peaks are not due to this metabolite. In subsequent experiments good resolution was shown
of the 15-F,-IsoP peak using 8-F, -IsoP-d, (m/z 573) as the internal standard. These data show that care must be taken

when using GC-MS for quantitation of F,-IsoPs to prevent interfering substances affecting the results.
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Introduction

Morrow et al. [1] reported that F,-Isoprostanes
(F,-IsoPs), a complex group of prostaglandin F, -like
compounds, were produced . vivo by non-enzymatic
free radical peroxidation of arachidonic acid (20:4
®—6, AA). Four regioisomers differing in the nature
of their side chains are formed and eight isomers can
be produced from each of these regioisomers, leading
to formation of 64 theoretical F,-IsoPs [2-4]. F,-IsoPs
are thought to be formed from esterified arachidonate
in phospholipids and are released as free acids by
phospholipases [5,6].

The validity of F,-IsoPs as markers of in vivo lipid
peroxidation was demonstrated in a multi-laboratory
validation study ‘Biomarkers of Oxidative Stress
Study (BOSS)’ that compared different markers of
oxidative stress using acute CCl, poisoning in a rodent
model of oxidative stress [7]. The results in plasma
and urine showed that the most accurate method to

assess . vivo oxidant stress status was the quantifica-
tion of F,-IsoPs.

Various analytical methods have been developed to
quantify F,-IsoPs including enzyme immunoassay
(EIA) [8], radioimmunoassay (RIA) [9], gas chroma-
tography-mass spectrometry (GC-MS) [10-12], gas
chromatography-tandem mass spectrometry (GC-
MS-MS) [13], liquid chromatography-mass spec-
trometry (LC-MS) [14,15] and LC-tandem mass
spectrometry (LC-MS-MS) [16]. To date the MS-
based methods appear the most robust. Although
immunoassays are commercially available, it was
shown that results obtained by GC-MS and EIA are
not equivalent [17].

The laboratory developed a gas chromatography-
negative ion chemical ionization-mass spectrometry
(GC-NICI-MS) method to analyse F,-IsoPs [12].
However, the authors and others have reported that
in urine, endogenous compounds co-eluting with the
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internal standard (IS) 15-F,-IsoP-d, at m/z 573
potentially confound quantitative analyses [11]. The
authors also showed the use of different GC condi-
tions and different solid phase extraction procedures
(SPE) did not resolve the peak representing 15-F, -
IsoP-d, from the interfering peaks [11].

The aims of this study were to (i) resolve the inter-
nal standard from the co-eluting peaks using a highly-
deuterated analogue of the derivatization agent
N,O-Bis(trimethyl-d-silyl) trifluoroacetamide (BS'T-
FA-d;) yielding the corresponding trimethylsilyl
(TMS) ethers, (ii) examine whether the use of the
8-F,-IsoP-d, (IS) produced reproducible results
for urinary F,-IsoPs and (iii) identify whether the
interfering peaks at m/z 573 could be the tetrahydro
analogue of thel5-F, -IsoP.

Materials and methods
Chemicals, reagents

15-F, -IsoP-d, and 8-F,-IsoP-d, were purchased
from Cayman Chemicals (Ann Arbor, MI) and used
without further purification. Pentafluorobenzylbro-
mide (PFBBr) and N,N-diisopropylethylamine
(DIPEA) were purchased from Sigma Chemicals
(St Louis, MO). The silylating agent N,O-bis-
(trimethylsilyl)trifluoroacetamide (Mw 257.4) with
1% trimethylchlorosilane (BSTFA-TMCS, 99:1)
(BSTFA) was purchased from Pierce Chemicals
(Rockford, IL); the silylating agent N, O-Bis(trimethyl-
dg-silyl) trifluoroacetamide (BSTFA-dy, Mw 275.51)
was from C/D/N Isotopes Inc. (Pointe-Claire, Que-
bec). Certify II cartridges were from Varian (Lake
Forrest, CA). All solvents were of HPL.C grade.

Urine collection

A pooled 24-h urine sample from healthy volunteers
was collected and aliquots were stored frozen at
—80°C until analysis without preservative.

Ent-15-Fy-IsoP
HO

\“\\w
I CO,CH,
)
HO
OH
Reduction

Saponification

Measurement of F ,-isoprostanes

Free F,-isoprostanes were measured by GC-NI-
CI-MS in a modification of a previously reported
method [12]. 8-F, -IsoP-d, and 15-F, -IsoP-d, were
added to urine (0.20 ml). After acidification (pH
4.5-4.7) with 1 M HCl, samples were applied to SPE
cartridges and washed with methanol/water and
hexane/ethyl acetate. F,-isoprostanes were eluted
with ethyl acetate/methanol, dried and derivatized.

Derivatization

The F,-isoprostane fraction was treated with a mixture
of PFBBr (40 ul) and DIPEA (20 pl). The sample
was dried under nitrogen and then treated with
BSTFA + TMCS (99:1, 20 uL) or with BSTFA-d,
(20 pL) and anhydrous pyridine (10 uL) at 45°C
for 20 min to yield the trimethylsilylethers that
were dried under nitrogen and reconstituted in
isooctane.

Accuracy. Accuracy, expressed as a percentage, was
determined as described by Tsikas et al. [18]. Accu-
racy of the method was calculated from the equation:
(mean of spiked samples — mean of unspiked sam-
ples)/expected amount. 15-F, -IsoP at different con-
centrations (0-400 pg/mL) and 15-F, -IsoP-d4 and
8-F,-IsoP-d4 (5 ng) were added to samples prior to
extraction. Five determinations per concentration
level were realized.

Within- and between-day precision. Within-day preci-
sion was calculated from repeated analysis (n = 5) of
urines spiked with three different concentrations (0,
500 and 1000 pg/mL) of 15-F, -IsoP during 1 work-
ing day, by the same operator. Between-day precision
was calculated from analysis (z = 5) of urines spiked
at the same concentrations (0, 500 and 1000 pg/mL)
of 15-F, -IsoP. One analysis was performed each day.

Ent-5,6,13,14-tetrahydro-15-F;-IsoP

HO
CO,H

OH

Figure 1. Reduction of ent-15-F, -IsoP methyl ester to ent-5,6,13,14-tetrahydro-15-F, -IsoP.
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Figure 2. Partial ion chromatograms from GC-NICI-MS analysis of urinary sample (1 mL) derivatized with BSTFA. (A) Urine spiked
with 15-F, -IsoP (2 ng) and 15-F, -IsoP-d, (5 ng) (m/z 569 and m/z 573); (B) Non-spiked urine (m/z 569 and m/z 573).

In both, 15-F, -IsoP-d, and 8-F, -IsoP-d, (5 ng) were
added prior to SPE extraction.

Chemical synthesis of the terrahydro analogue
of 15-F, -IsoP

Ent-15-F, -IsoP was synthesized in the laboratory
as previously described [19]. Ent-15-F, -IsoP
methyl ester was reduced to ent-5,6,13,14-tetra-
hydro-15-F, -IsoP (Figure 1) by hydrogenation and

saponification of methyl ester. Briefly, a solution of
the methyl ester (10 mg, 0.027 mmol) in ethanol
and 10% palladium on carbon (4 mg) in ethanol
(1.5 mL) was hydrogenated at atmospheric pres-
sure for 20 min. The mixture was filtered through
Celite and concentrated to provide the hydroge-
nated ester as a colourless oil (10.1 mg, 100%). To
the solution of the crude ester (10 mg, 0.027 mmol)
in THF (tetrahydrofuran)/H,O (1:1, 1 mL) was
added monohydrated lithium hydroxide (7.2 mg,
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Figure 3. Partial ion chromatograms from GC-NICI-MS analysis of urinary sample (1 mL) derivatized with BSTFA-d,. (A) Urine spiked
with 15-F, -IsoP (2 ng) and 15-F, -IsoP-d, (5ng) (m/z 596 and m/z 600); (B) Non-spiked urine (m/z 596 and m/z 600).

0.172 mmol, 6.4 eq) and the reaction was stirred
at room temperature for 4 h. The reaction mixture
was acidified with 1 M HCI and extracted with
ethyl acetate. The combined organic layer was
washed with brine, dried with MgSO,, concen-
trated and purified by flash chromatography (9:1
ethyl acetate/methanol) to afford the free acid (8.7
mg, 92% yield). The chemical structure was con-
firmed by 1 D and 2 D NMR (Nuclear magnetic
resonance) and HRMS (high-resolution mass
spectrometry) techniques.

Results
Derivatization with BSTFA

GC-MS analysis of urine spiked with 15-F, -IsoP
and the d,-analogue monitored ions at m/z 569 for
15-F, -IsoPs and m/z 573 for 15-F,-IsoP-d, (IS)
following derivatization with PFBBr and BSTFA
(Figure 2A). Figure 2B shows a chromatogram of
human urine monitoring ions at m/z 569 for endog-
enous urinary F,-IsoPs (Rt 12.127 min) and moni-
toring ions at m/z 573 shows the unknown peaks
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Figure 4. Overlay chromatograms of urine spiked with 15-F, -IsoP-d, and 8-F, -IsoP-d, (5 ng) with chromatogram of urine blank at m/z

573 derivatized with BSTFA.

(Rt 12.123 and 12.178 min), near the retention time
(Rt 12.143 min) of 15-F, -IsoP-d, (5 ng).

Derivatization with BSTFA-d,

In a first attempt to resolve the peak representing 15-F, -
IsoP-d, from the two interfering peaks we derivatized the
samples with BSTFA-d,. Silylation with BSTFA-d,
increased the mass of 15-F, -IsoP and 15-F, -IsoP-d, by
the expected 27 Da (3 X (CD3)3Si-) for the three
hydroxyl groups. The ions monitored are m/z 596 for
F,-IsoPs and m/z 600 for 15-F, -IsoP-d, (IS).

Using standards of 15-F, -IsoP (2 ng) and 15-F, -
IsoP-d, (5 ng) we established the retention times of
the BSTFA-d, analogues as 12.013 min and 11.983,
respectively (Figure 3A).

Table 1. Precision and accuracy of the method using 8-F, -IsoP-d,.
Analyses were performed in five measurements. The
concentration of internal standard 8-F, -IsoP-d, is 5 ng/mL.

F,-IsoP
measured (pg/ml)
15-F, -IsoP Measured Precision
added (pg/ml) mean SD Accuracy (%) (RSD, %)
0 375.74 19.28 N. A. 5.18
50 411.38 10.5 71.27 2.57
100 456.74 16.74 80.99 3.69
150 500.60 12.66 83.24 2.55
200 527.18 9.36 75.72 1.79
400 682.94 16.92 76.8 2.49

BSTFA-d, adducts of 15-F,-IsoP and 15-F, -
IsoP-d, eluted earlier than the BSTFA derivatives.
Urine without IS and monitoring at m/z 600 demon-
strated two peaks at 11.961 and 12.010 min (Figure
3B), near the retention time (Rt 11.983 min) of
15-F, -IsoP-d, (5 ng) (Figure 3A).

Using 8-F, -IsoP-d, as internal standard

Figure 4 shows overlay chromatograms at m/z 573 of
non-spiked urine and urine spiked with 15-F, -IsoP-
d, (5 ng) and 8-F, -IsoP-d, (5 ng). We observed that
the unknown peaks (Rt 12.123 and 12.178 min) and
8-F,-IsoP-d, (12.292 min) were fully resolved and
that 8-F, -IsoP-d, could be used as an internal stan-
dard for the assay.

Table II. Precision and accuracy of the method using 15-F, -
IsoP-d,. Analyses were performed in five measurements. The
concentration of internal standard 15-F,-IsoP-d, is 5 ng/mL.

F,-IsoP
measured (pg/ml)
15-F, -IsoP Measured Precision
added (pg/ml) mean SD  Accuracy (%) (RSD, %)
0 240.84 9.52 N. A. 3.95
50 260.16 7.01 38.64 2.70
100 289.71 12.43 48.87 4.29
150 308.23 12.03 44.93 3.90
200 318.46 12.83 38.81 4.03
400 419.48 6.38 44.66 1.52
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Table III. Within- and between-day precision of 15-F, -IsoP in human urine with 8-F, -IsoP-d,. Analyses were performed in five
measurements. The concentration of internal standard 8-F, -IsoP-d, is 5 ng/mL.

Between day Within day
15-F, -IsoP pg/ml added M SD RSD % M SD RSD %
0 352.72 41.78 11.85 374.71 19.34 5.16
500 765.51 74.87 9.78 787.28 52.13 6.62
1000 1187.86 69.36 5.84 1230.28 33.42 2.72

Accuracy. Table I shows accuracy obtained with 8-F, -
IsoP-d, (5 ng). Mean F,-IsoP in urine was 375.74 *
19.28 pg/mL, RSD, 5.18% at baseline. Externally
added 15-F,-IsoP was recovered from urine
quantitatively with high accuracy (77.60% * 4.68%)
and low imprecision (RSD relative standard deviation,
3.04%) at each concentration, indicating the validity
of the method over the concentration range tested.

Table II shows accuracy obtained with 15-
F,-IsoP-d, (5 ng). Mean F,-IsoP in urine was
240.84 = 9.52 pg/mlL, RSD, 3.95% at baseline.
Externally added 15-F,-IsoP was recovered from
urine quantitatively with 45.29% = 4.62% accuracy
and low imprecision (RSD relative standard devia-
tion, 3.35%).

F,-IsoP measured with 8-F,-IsoP-d, (375.74 *
19.28 pg/mL, RSD, 5.18%) were significantly
different from F,-IsoP measured with 15-F, -IsoP-
d, (240.84 * 9.52 pg/mL, RSD, 3.95%) (p <
0.0001).

Linearity. Linear regression analysis between
measured (y) and added (x) F,-IsoPs concentrations
resulted in the regression equation for the 8-F, -
IsoP-d,, y = 0.77x + 377, R?> = 0.998, and for the
15-F, -IsoP-d,, y = 0.44x + 239, R? =0.993.

Within- and between-day precision. Using 8-F, -IsoP-d,
(5 ng, n = 5) showed within-day variation ranged
between 2.72-6.62% and between-day variation
ranged between 5.84-11.85% (Table III).

Using 15-F, -IsoP-d, (5 ng, n = 5) showed within-
day variation ranged between 2.10-17.24% and
between-day variation ranged between 5.97-12.26%
(Table 1V).

Identification of interfering compounds

We proposed that the co-eluting interfering peaks
at m/z 573 could be the tetrahydro analogue of
the 15-F,-IsoP; 5,6,13,14-tetrahydro-15-F, -IsoP
(Figure 1). However, we observed that the
ent-5,6,13,14-tetrahydro-15-F, -IsoP eluted at 12 741
min which is significantly different from the 15-F, -
IsoP-d, (12 143 min). A comparison of the retention
times of the unknown compounds (Rt 12.123 and
12.178 min) and ent-5,6,13,14-tetrahydro-15-F, -IsoP
(Rt 12.741 min) indicates they are not the same.

Discussion

We have shown herein that accurate and reproduc-
ible quantitative analysis of urinary F,-IsoP can be
achieved using 8-F, -IsoP-d, as internal standard in
conjunction with SPE and GC-MS.

Previous attempts by our group to resolve 15-F, -
IsoP-d, from co-eluting compounds at /z 573 exam-
ined different GC conditions [11]. However, we were
unable to separate the co-eluting compounds from
the 15-F, -IsoP-d, and suggested the use of 4(RS)-
F, -neuroprostane as the internal standard for quan-
tification of urinary IsoPs [11].

Previous reports have noted that a limitation in
the analysis of urinary F,-IsoP by GC-MS is the
presence of peaks in the m/z 573 spectrum co-eluting
with the 15-F,-IsoP-d,. Consequently the true
concentration of urinary F,-IsoP could be under-
estimated. For example we previously reported using
15-F, -IsoP-d, that urine F,-IsoP concentration in
healthy males was ~ 1.1 ng/mg creatinine [12]. In
contrast, urinary excretion of F,-IsoP was ~ 2.1 ng/mg
creatinine in healthy men and women using 8-F, -
IsoP-d, as internal standard [20]. Another limitation

Table IV. Within- and between-day precision of 15-F, -IsoP in human urine with 15-F, -IsoP-d,. Analyses were performed in five
measurements. The concentration of internal standard 15-F, -IsoP-d, is 5 ng/mL.

Between day Within day
15-F, -IsoP pg/ml added M SD RSD % M SD RSD %
0 199.09 24.40 12.26 213.03 36.73 17.24
500 442.80 28.99 6.55 441.09 57.60 13.06
1000 695.44 41.52 5.97 739.12 15.54 2.10
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when using 15-F, -IsoP-d, as internal standard for
the quantitation of F,-IsoP is that the peak areas of
the co-eluting impurities can be highly variable
between urine samples.

Analysis of F,-IsoP by GC-MS requires deriva-
tization to the strong electron-capturing PFB esters
using PFB and DIPEA as a catalyst [12,21-25]. As a
rule, esterification of the carboxyl group precedes the
silylation of the hydroxyl groups because silylating
agents such as BSTFA readily convert the carboxyl
group to its TMS ester. Etherification of the hydroxyl
groups is carried out with BSTFA-TMCS yielding
TMS ethers.

BSTFA-d, was previously used by Waugh et al.
[26], Fessel et al. [27] and Song et al. [28] to char-
acterize isoprostanes, isofurans and neurofurans,
respectively, by stable isotope dilution GC/electron
capture/negative ionization as the pentafluorobenzyl
ester, trimethylsilyl ether derivative. In this regard,
BSTFA-d, was used to determined the number of the
hydroxyl groups. Recently, VanRollins et al. [29] also
used the BSTFA-d, to identify unesterified adrenate
products (F,-Dihomo-Isoprostanes) using authentic
17-F, -NeuroP as standard [30].

We found that as expected silylation with BSTFA-
d, compared to BSTFA increased the mass of the
derivatives by 27 Da: 15-F, -IsoP (m/z 569 — 596)
and 15-F,-IsoP-d, (m/z 573 — 600). Using this
approach, however, we were still unable to resolve
the 15-F,-IsoP-d, from the co-eluting interfering
compounds.

We have calculated the accuracy of the method
using 15-F,-IsoP-d, or 8-F,-IsoP-d,. The use of
15-F, -IsoP-d, as an internal standard resulted in
poor accuracy compared with 8-F, -IsoP-d, (45.29%
* 4.62% and 77.60% * 4.68%, respectively) and
under-estimated the concentrations of F,-IsoP. Using
8-F,-IsoP-d, also showed better within-day variation
than using 15-F, -IsoP-d,.

It is noteworthy that using different extraction
methods, the interfering peaks are observed in urine
but not in plasma, cerebrospinal fluid (CSF) or in
tissue extracts. In our hands plasma F,-IsoP mea-
sured using 8-F,-IsoP-d, or 15-F,-IsoP-d, gave
similar results (207.10 * 7.78 pg/mL and 207.36 *
10.36 pg/mL, respectively). Our data are in contrast
to the report by Lee et al. [31] that showed 8-F, -
IsoP-d, and 15-F, -IsoP-d, have equal response.

We hypothesized that the unknown compounds
detected at m/z 573 could be the tetrahydro analogue
of 15-F, -IsoP: ent-5,6,13,14-tetrahydro-15-F, -IsoP.
However, ent-5,6,13,14-tetrahydro-15-F, -IsoP was
shown to elute at a longer retention time than F,-IsoPs.
Therefore, ent-5,6,13,14-tetrahydro-15-F, -IsoP is not
the peak co-eluting with 15-F, -IsoP-d, at m/z 573.

In conclusion, we suggest that the use of 8-F, -
IsoP-d, as an internal standard provides more accu-
rate and reproducible quantification of urinary
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F,-IsoPs than 15-F, -IsoP-d, which under-estimates
the true concentration of urinary isoprostanes due
to the presence of unknown compounds at m/z 573
that have a retention time similar to this internal
standard.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of the paper.
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