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Abstract—Quantification of 8-iso-prostaglandin F(8-iso-PGE,) has been suggested to be a reliable indicator of lipid
peroxidation that may be related to in vivo free radical generation, oxidative damage, and antioxidant deficiency. We
have developed a LC-MS/MS method to quantify 8-iso- B{#nd its dinor metabolite, 2,3-dinor-8-iso-prostaglandin

F,, (2,3-dinor-8-iso-PGE,), in human urine samples. After an initial purification step using an automated C18 solid
phase extraction procedure, the urine sample was injected directly into a liquid chromatography (LC) system and
detected with tandem mass spectrometry. The detection limit of the assay was 9 pg for 8-ijsoaR@R pg for
2,3-dinor-8-iso-PGE;, with both inter- and intraday variations of less than 12%. The inaccuracies were less than 3% for
both analytes at three different levels. The urinary excretion rate of 2,3-dinor-8-isg;R@# higher than that of
8-iso-PGE,,, and changed in proportion to the parent compouer (0.70,n = 60). Values obtained with this method
showed good linear correlation to duplicate 8-iso-B@Reasurements performed with GCMS € 0.97,n = 15). The

mean excretion rates of 8-iso-PGFand 2,3-dinor-8-iso-PG[E, were significantly higher in smokers than in nonsmok

ers (0.53+ 0.37 vs. 0.25+ 0.15ug/g creatininep = 0.002 for 8-iso-PGE;, and 8.9+ 3.8 vs. 4.6+ 2.6 ug/g creatinine,

p = 0.003 for 2,3-dinor-8-iso-PGE, respectively). The excellent accuracy, reproducibility, and high throughput of this
method should permit it to be used in large clinical studies and standard clinical laboratories. © 2003 Elsevier Science
Inc.
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Human urine, Oxidative stress

INTRODUCTION free radical-catalyzed peroxidation of arachidonic acid
[11]. Quantification of 8-iso-PGE, has been suggested
to be a reliable indicator of lipid peroxidation that may
erbe related to in vivo free radical generation, oxidative

damage, and antioxidant deficiency [11-17]. Elevated
levels of 8-iso-PGE;, have been reported in animal mod
els with free radical injury [18,19], in patients with
cardiovascular disease [1], in Alzheimer's disease
[20,21], in heavy smokers [22,23], and in type 2 diabet-
ics [24,25].

Of the many different prostaglandin oxidation prod-
ucts that can be measured, free 8-iso-RGhR urine is
particularly useful because sampling is noninvasive, and

— , . sample preparation is simpler than for plasma or other
Address correspondence to: Yuanling Liang, Steris Laboratories, Inc., ,. . .. . . e .
620 N. 51st Ave.. Phoenix, AB5043-4705, USA: Tel: 602-447-3306: lipid-containing tissues or fluids, where artificial forma-
Fax: 602-447-3536; E-Mail: liangy8@yahoo.com. tion of isoprostanes during sample processing may occur.

Oxidative stress is thought to play an important contrib-
utory role in the pathogenesis of numerous degenerative
or chronic diseases, such as arteriosclerosis [1], canc
[2], tissue injury [3,4], and aging [5—10]. Considerable
attention has focused on identifying suitable biomarkers
to assess in vivo rates of oxidative damage. Candidate
biomarkers can be classified into three major groups:
markers of oxidative damage to lipids, proteins, and
nucleic acids (DNA and RNA).
The compound, 8-iso-prostaglandig Fis one of a

large number of prostanes produced predominantly by
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The measurement of its major metabolites, such as 2,3-
dinor-8-iso-PGF,,, [26] and 2,3-dinor-5,6-dihydro-8-iso-
PGF,,, [27] in urine samples, has a so been demonstrated
to be a useful tool to evaluate 8-iso-PGF,,, tota body
production in vivo more accurately. A stronger correla
tion was observed between 8-iso-PGF,,, and 2,3-dinor-
8-is0-PGF,,,, than that of 2,3-dinor-5,6-dihydro-8-iso-
PGF,, [26]. However, since urinary 2,3-dinor-8-iso-
PGF,,, was first described by Chiabrando et al. in 1999
[27], no further information has become available re-
garding its biological role, its relationship to levels of
8-is0-PGF,,,, or its measurement in human or animal
samples.

Various analytical methods have been used to measure
8-is0-PGF,,, including Enzyme Immunoassay (EIA)
[24,28,29], radioimmunoassay (RIA) [30], gas-chromatog-
raphy mass spectrometry (GCMS) [22,31-33], and liquid
chromatography mass spectrometry (LC-MS) [34].

Analysis of 8-iso-PGF,,, in urine samples by GCMS
has been accepted by most researchers as the “gold
standard technique.” However, extensive sample prepa-
ration procedures are required for this method, including
C18 and silica solid phase extractions (SPE), thin-layer
chromatography (TLC) purification, two derivatization
steps, and several drying and reconstitution steps before
samples can be injected onto the GCMS column. These
complex and time-consuming sample preparation proce-
dures make this technique less than ideal to handle large
number of samples for determination of 8-iso-PGF,,, ina
clinical laboratory environment.

The EIA methods utilizing a 96 well plate, also called
enzyme-linked immunosorbent assay (ELISA), have
been developed and made commercially available by at
least three different manufacturers with four different
formats. Their performance compared to the standard
GCMS method has been inconsistent among reported
studies [24,28]. Based on experience in our laboratory,
three of the commercialy available kits require sample
preparation steps similar to that of GCMS. We found
that, without these sample purification steps, the ELISA
assays could generate results, which appeared to be over
1000-fold higher than they should be. Moreover, the
extensive sample preparation steps diminish the high
throughput nature of ELISA methodology, so that they
no longer offer any real advantage over the GCMS
method. One of the commercialy available ELISA kits
was advertised as designed to measure urinary 8-iso-
PGF,,, without a need for sample preparation and puri-
fication. However, in our hands, values of replicate de-
terminations frequently differed greatly and the average
coefficient of variation was unacceptably high (>40%).

Liquid-chromatography tandem mass spectrometry
(LC-MS/MYS) following a C18 SPE preparation step has
also been used to assess urinary F2-isoprostanes, as

described by Li and colleagues with promising results
[34]. However, while repeating their procedure, we no-
ticed that the sample throughput was limited not only by
along LC separation time, but also by repeated contam-
ination of the curtain plate, which facilitates transfer of
the sample from the atmospheric LC system to the ultra
high vacuum chamber of the mass spectrometer. This
phenomenon probably occurs because urine matrix could
not be entirely removed during the C18 SPE purification
step, and results in signal attenuation and reduced sen-
sitivity. As a result, fewer than 20 samples could be
consecutively processed before the curtain plate had to
be cleaned to restore signal intensity.

We now report a new LC-MS/MS method, that is
rapid, semiautomated, and provides accurate and precise
measurements of 8-iso-PGF,,, in human urine samples.
Both 8-iso-PGF,,, and its dinor metabolite, 2,3-dinor-8-
is0-PGF,,,, can be measured simultaneously. The sample
throughput is increased significantly (over 100 samples
can be processed daily) due to employment of rapid SPE
and LC-MS/MS procedures, optimal remova of urine
matrix, and minimum contamination of the curtain plate.
Moreover, by reducing the extent of manual operations,
this procedure also reduces the potential for human error.

MATERIALS AND METHODS
Reagents and standards

All organic solvents were HPLC grade and obtained
from Fisher Scientific (Pittsburgh, PA, USA). 8-iso-
PGF,,, 8-iso-15(R)-prostaglandin F,, (8-is0-15(R)-
PGF,,), prostaglandin F,,, (PGF,,), 15(R)-prostaglandin
F,. (15(R)-PGF,,), 11B-prostaglandin F,, (9«,11B-
PGF,,), 98 prostaglandin F,, (98,1la- PGF,,), and
isotope labeled 8-iso-prostaglandin  F,,-D4 (8-iso-
PGF,,-D4), and 2,3-dinor-8-iso-PGF,,,, were obtained
from Cayman Chemica Company (Ann Arbor, MI,
USA). All of the PGF,,, isomers were dissolved or di-
luted into adequate volumes of ethanol to generate stock
solutions, which were aliquoted into small vials and
stored at —70°C.

Clinical sample collection

Random urine samples from 41 subjects (26 males
and 15 females) were collected. The mean age of the
subjects was 50 years with a range of 32—80 years.
Twenty-two of the subjects had never smoked or had quit
smoking at least 15 years prior (11 men and 11 women),
while the remaining subjects were active smokers (15
men and 4 women). The mean age of the smokers was
slightly lower than nonsmokers (46 vs. 54 yearsold, p =
0.028). Random urine samples, collected from an addi-
tional group of 19 subjects, were included in an analysis
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of correlating 8-iso-PGF,, and 2,3-dinor-8-iso-PGF,,,.
Smoking status and other health-related information
were unavailable for these 19 subjects. Urine creatinine
was measured using standard clinical methodology on a
Synchron Clinical System LX20 (Beckman Coulter, Ful-
lerton, CA, USA).

Sample preparation

All of the urine samples were aliquoted and stored at
—70°C until analysis. The freshly thawed urines were
mixed for a few seconds on a vortex shaker and centri-
fuged at 8000 X g for 3 min to precipitate solids. One
milliliter of urine supernatant was transferred into a glass
tube, spiked with 10 ng of an internal standard (8-iso-
PGF,,-D4), and diluted with 1 ml of deionized (DI)
water. After gently mixing, the treated urine was purified
through a C18 solid phase extraction (SPE) cartridge on
an automated SPE workstation (RapidTrace; Zymark,
Hopkinton, MA, USA), as follows: A Varian’'s Bond
Elut C18 cartridge (3CC/500 mg; Varian, Harbor City,
CA, USA) was solvated with 5 ml of ethanol and equil-
ibrated with 5 ml of DI water. The sample was loaded
and washed sequentially with 5 ml of water, 5 ml of
ethanol:water (5:95 v/v), and 1 ml of hexane. The col-
umn was then eluted with 2 ml of ethyl acetate. The
sample eluent was evaporated to dryness under a stream
of nitrogen gas and reconstituted in 50 ul of acetonitrile:
water (20:80 v/v) solution. We also tested a commercial
8-isoprostane affinity column (Cayman Chemical Com-
pany) for urine purification. After draining off the col-
umn buffer solution, 1 ml of urine sample, spiked with
10 ng of 8-iso-PGF,,-D4, was loaded onto the affinity
column. The column was washed with 10 ml of Eico-
sanoid Affinity Column Buffer and 10 ml DI water. The
targeted analytes were eluted with 5 ml of Eicosanoid
Affinity Column Elution Solution. The sample eluent
was evaporated to dryness under a steam of nitrogen gas
and reconstituted in 50 ul of acetonitrile:water (20:80
v/v) solution.

LC-MSMS analysis

The HPLC system consisted of two Shimadzu LC-
10AD pumps, a Shimadzu degasser (Shimadzu Scientific
Instruments, Columbia, MD, USA), and a Perkin Elmer
autosampler (Perkin Elmer LLC, Norwak, CT, USA).
Ten microliters of the reconstituted urine sample were
injected onto a YMC ODS-AQ column (2.0 X 50 mm, 3
um particle size; Waters, Milford, MA, USA) with an
identical guard column (2.0 X 10 mm, 3 um). The
sample was delivered at a flow rate of 200 wl/min (min).
The mobile phases consisted of methanol:acetonitrile
(5:95 v/v) (A) and 2 mM ammonium acetate (B). The
HPLC separation was carried out with a solvent gradient

program of: 15% A at time O, alinear increase to 70% A
a 6 min, a linear increase to 100% A at 8 min, than a
linear decrease from 100 to 15% A within 1 min. A
switch valve was used to inject only the components
eluted between 3 and 8 min into the mass spectrometer
chamber. A 30 s equilibration time was used for each
sample. The total HPLC running time was 9.5 min.

The HPLC system was directly interfaced with atriple
stage quadrupole mass spectrometer (API2000; Applied
Biosystem, Foster City, CA, USA) equipped with a Tur-
bolonSpray ionization source. Negative electrospray was
used as the means of ionization. Instrument control, data
acquisition, and data analysis were carried out with An-
alyst software (Applied Biosystem). Nitrogen was used
as the callision gas. The mass spectrometer was opti-
mized in the multiple reaction-monitoring (MRM) mode
by diffusing 1ug/ml of 8-iso-PGF,,,, 8-is0-PGF,_-D4, or
2,3-dinor-8-iso-PGF,,, standard solutions. The ion pairs
of m/z 353/193, m/z 357/197, and m/z 325/237 were
used to monitor 8-iso-PGF,,,, 8-iso-PGF,,, -D4, and 2,3-
dinor-8-iso-PGF,,,, respectively. A seven point linear
calibration curve was established using both internal and
external standards over a range of 0—40 ng/ml. Ten
nanograms of interna standard (8-iso-PGF,,-d4) were
added into each 1 ml of urine sample or 200 ul of
calibration standard. The seven level cdibration stan-
dards were measured at the beginning and the end of the
unknown samples. Two levels of urine based quality
control samples, one within the “normal” range (Level 1)
and the other one elevated by spiking with 8-iso-PGF,,,
and 2,3-dinor-8-iso-PGF,,, standards (Level 2), were in-
jected at the beginning, the end, and after every 10
samples to monitor the inter- and intraday accuracy and
precision.

RESULTS AND DISCUSSION

LC-MSMS

Under negative electrospray ionization mode, the
most abundant molecular ions were m/z 353 for 8-iso-
PGF,,, m/z 357 for 8-iso-PGF,,-D4, and m/z 325 for
2,3-dinor-8-iso-PGF,,,. The negatively charged molecu-
lar ions undergo extensive collision-induced dissocia-
tion. The molecular structures and product ion spectra of
al three targeted compounds are shown in Fig. 1. The
fragmentation patterns were similar between 8-iso-
PGF,,, and 8-iso-PGF,_-d4, except that the daughter ions
of 8-iso-PGF,_-D4 were aways four-units higher than
those of 8-is0-PGF,,,. This indicates that the majority of
the stable daughter ions were generated from chain A,
which was |abeled with four deuterium atoms. The most
intensive daughter ions were m/z 193 for 8-iso-PGF,,,
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Fig. 1. Product ion spectra of 8-is0-PGF,,-d4 (A), 8-is0-PGF,,, (B),
and 2,3-dinor-8-iso-PGF,,, (C).

m/z 197 for 8-iso-PGF,, -D4, and m/z 236 for 2,3-dinor-
8-is0-PGF,,,.

The product ion spectra of the five 8-iso-PGF,,, iso-
mers. PGF,,, 15(R)- PGF,,, 15(R)-8-iso-PGF,,,
9,11B- PGF,,, and 98,11a- PGF,,, were also deter-
mined under the same condition as that of 8-iso-PGF,,,.
All of the PGF,,, isomers showed the same fragmenta
tion pattern with m/z 193 as the most abundant daughter
ion, followed by the daughter ion of m/z 309. Therefore
it is very important to develop a good LC program to
separate 8-iso-PGF,,, from all of its isomers, so that a
reliable result can be achieved during quantification of
8-is0-PGF,,, in urine samples.

Liquid chromatographic separation of 8-iso-PGF,,,
8-is0-15(R)- PGF,,, PGF,,, 15(R)- PGF,,, 9«,11B-
PGF,,, and 98,11a- PGF,,, was carried our after dilut-
ing each standard stock solution into 20% acetonitrile;
water. Fig. 2 showed the LC-MS/MS chromatogram of a
mixture of PGF,, isomers, containing 10 ug/l of each
PGF,,, like compounds. It can be seen that 8-is0-PGF,,,
was clearly separated from al other PGF,,, isomers.

10017
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1
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Fig. 2. The LCMSMS chromatograms of a standard solution, contain-
ing 10 ng/ml of each PGF,, isomers, detected under MRM detection
mode for ion pairs of m/z 353/193. Peak (1): 8-is0-15(R)-PGF,,; (2):
98,11a- PGF,,; (3) 8-is0-PGF,,; (4): 9a,11B-PGF,,; (5): 15(R)-
PGF,,; and (6) PGF,,.

Under MRM detection mode, the typical LC-MS/MS
chromatograms of a standard solution, containing 2
ng/ml of 8-iso-PGF,, and 2 ng/ml of 2,3-dinor-8-iso-
PGF,,, and a urine sample are shown in Fig. 3. After
spiking 10 ng of 8-is0-PGF,,-d4 as interna standard,
both the standard solution and urine sample underwent
the same SPE purification and analysis with the LC-
MS/MS protocols, as described above. From Fig. 3(1),
one can see that in al three monitored channels, there
were no additional peaks on the chromatograms of the
standard solution. In urine samples, however, an un-
known peak appeared on the 8-iso-PGF,_-D4 chromato-
gram [Fig. 3(I1) (A), peak (b)]. Due to unknown matrix
effects, retention time shift had been observed in some
urine samples. All of the analyteswereretainedinthe LC
column longer than they used to be. To eliminate any
possible interferences or artifacts during identification
and quantification of the internal standard, 8-iso-PGF,,,-
D4, a urine sample was extracted with and without
adding 8-iso-PGF,,-D4. No signal was detected between
5.0 to 6.0 min for the sample processed without 8-iso-
PGF,,-D4. However, peak (b) was consistently present
with the same intensities. This indicates that there is no
interference with the measurement of the interna stan-
dard, 8-iso-PGF,_-4.

Figure 3(Il) (B) showed that neither 9«,11B-PGF,,,
nor 98,11a-PGF,,, have been detected from urine, and
8-is0-PGF,,, was baseline separated from all other natu-
raly existed PGF,, isomers. Although there are no in-
terferences from the PGF,,, like isomers to the quantifi-
cation of 8-iso-PGF,,,, the interferences from other types
of naturally existing prostaglandins might exist. There-
fore, a pooled urine extract was monitored under prod-
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Fig. 3. The LCMSMS chromatograms of standard solution (1), containing 2 ng/ml of 8-iso-PGF,,, & 2,3-dinor-8-iso-PGF,,,, and urine
sample (I1) detected under MRM detection mode. The ion pairs of m/z 357/197, m/z 353/193, m/z 325/237 were used to monitor
8-is0-PGF,,,-04 (as internal standard) (A), 8-iso-PGF,,, (B), and 2,3-dinor-8-iso-PGF,,, (C), respectively. Peak (a): 8-iso-PGF,,-D4 ;
(b): unknown component; peak (1): 8-iso-15(R)-PGF,, ; (2): 8-iso- PGF,,; (3): 15(R)-PGF,,; and (4) PGF,,.

uct-ion scan monitoring (PIM) mode for ion m/z 353. A
strong peak was observed at the retention time charac-
teristic of 8-is0-PGF,,,, which was not proportional to the
actual amount of 8-iso-PGF,,, in the sample. The product
ion spectrum of this peak showed that the main daughter
ion of the compound is m/z 273, and fragment ion of m/z
193 was not detectable. When 10 wl of 40 ng/ml 8-iso-
PGF,,, standard solution was injected into the LC system
and monitored under the same PIM mode for the nega-
tiveion of m/z 353, only a single peak was observed on
the chromatogram, with a product ion spectrum matching
that obtained through direct diffusion of the 8-iso-PGF,,,
standard solution. However, the signal intensity was an
order of magnitude smaller than that of urine samples,
athough the concentration of 8-iso-PGF,,, in the urine
extract was approximately five times less than that of the
standard. This indicates that in the urine sample an
unknown interference compound co-eluted with 8-iso-
PGF,,,, and the concentration of the co-eluent was much
higher than that of 8-iso-PGF,,,. Because this compound
has the same m/z for the [M-H] ™ ion as that of 8-iso-
PGF,,, it appears to be unfeasible to quantify 8-iso-
PGF,, under single mass spectrometer detection mode
by monitoring the molecular ion only.

To verify the possible interference of this co-eluent
compound in the quantification of 8-iso-PGF,,, the
8-isoprostane affinity column (Cayman Chemical Com-
pany) was used to purify urine samples. After purifica-
tion with the affinity column, the reconstituted urine

sample was injected into the same LC-MS/MS system,
and analyzed with the same methods and instrumental
settings as those of the previous tests. Compared to C18
SPE cartridge, the affinity column was more effective in
purifying the urine samples. The chromatograms were
very simple with only one peak appearing in each 8-iso-
PGF,, and 8-iso-PGF, -d4 detection channel. None of
the PGF,, isomers can be detectable. And no signal
could be detected in 2,3-dinor-8-iso-PGF,, monitoring
channel. Under product-ion-scan monitoring mode for
negative ion m/z 357 the peak was verified as 8-iso-
PGF,,-d4. No signa could be detected under product-
ion-scan monitoring mode for negative ion m/z 353 after
HPL C separation, since the concentration of 8-iso-PGF,,,
was too small to be detected. The same urine sample was
tested in triplicate after either C18-SPE cartridge or
affinity column purification procedures, similar concen-
trations of 8-iso-PGF,,, were measured after either puri-
fication method (0.39 = 0.03 ng/ml with C18 SPE and
0.36 = 0.03 ng/ml with affinity column procedures).
This finding indicated that the interference of the co-
eluted compound was totally eliminated under MRM
mode, so that the same quantitative results could be
obtained with either C18 SPE or affinity column purifi-
cation procedures. Because 2,3-dinor-8-iso-PGF,,, was
not recovered from the affinity column, the C18 SPE
cartridge remained our first choice for simultaneous de-
termination of both 8-iso-PGF,, and 2,3-dinor-8-iso-
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Table 1. Percent Recovery of 8-iso-PGF,,, and 2,3-dinor-8-iso-PGF,,, from Urine Samples

Urine Sample? Spiked Amount Urine + Spike®
(ng/ml) (ng/ml) (ng/ml) Recovery (%)
8-is0-PGF,,, 0.34 + 0.02 0.40 0.73 £ 0.04 98
0.53 = 0.02 1.0 1.51 + 0.02 97
0.24 += 0.02 2.0 225+ 0.06 104
2,3-dinor-9-is0-PGF,,, 281031 3.0 5.75 * 0.42 98
6.98 = 0.40 10.0 16.85 + 1.05 99

2 Results presented as mean = SD, n = 6.

PGF,,. The latter purification approach was used in all
subsequent studies.

The existence of 2,3-dinor-8-iso-PGF,, was con-
firmed by monitoring the same urine extract under the
PIMS mode for negative ion m/z 326. Although the
signal intensities were weak, the product ion spectra
consistently matched that obtained from the 2,3-dinor-8-
is0-PGF,,, standard solution.

Method validation

Seven standard solutions, containing 0.2—10 ng/ml of
each target analyte, were used to evaluate the method
sensitivity. Detection limits of 9 pg for 8-iso-PGF,,, and
3 pg for 2,3-dinor-8-iso-PGF,,, (tota injection mass)
were determined at the signal-to-noise ratio (S/N) of
three. The assay remained linear over arange of 10 pg to
1 ng of 8-iso-PGF,, or 2,3-dinor-8-iso-PGF,,, injected
onto the LC column. The accuracy of the procedure was
demonstrated by spiking urine samples with three levels
of 8-is0-PGF,,, standard, 0.4, 1.0 and 2.0 ng/ml, and two
levels of 2.3-dinor-8-iso-PGF,,,, 3.0 and 10.0 ng/ml. Six
independent extractions were performed on each spiked
and unspiked urine sample on three different days. The
results are provided in Table 1. Two pooled urine sam-
ples, Level 1 and Level 2, were used to evaluate inter-
and intraassay precision and as quality control samplesto
monitor the day to day performance of the assay. Both
intra- (n = 6) and inter- (n = 20 for over 3 months) assay
variation were <12% for level 1 and <9% for level 2
(data not shown). More than 50 urine samples have been
assayed continuously without significant contamination
of the curtain plate. The variation of the signal intensities
for the same standard, tested at the beginning and after
50 urine samples, was less than 5%. This finding sug-
gests that the mgjority of the urine matrix is removed by
the C18 SPE step and the column-switch technique.
Thus, the combination of C18 SPE sample preparation
and column switch technique reduced the contamination
of the mass spectrometer interface, and makes this
method more robust. A comparison study of our method
with the standard GCM S method was performed on 15
urine samples kindly provided by Dr. L. J. Roberts
(Vanderbilt University, Nashville, TN, USA), which had

been previoudly assayed in his laboratory [33]. The cor-
relation of results obtained using these two methods was
excellent (R = 0.97, n = 15, Fig. 4). However, a sys-
tematic negative bias of approximately 50% was ob-
served for our results compared with those obtained with
GCMS method. This difference is probably due to the
fact that derivatization procedures used for the GCMS
method combine three prostaglandin F2 isomers, 8-iso-
PGF,,, 98, 11a- PGF,,, and 8-iso-15(R)-PGF,,, to form
a single peak, as detected by GCMS. Therefore, the
estimates obtained by GCMS represent the sum of all
three isomers [35]. No derivatization procedure was in-
volved in the LC-MS/MS procedure. Meanwhile, 8-iso-
PGF,,, was clearly separated from al above-noted iso-
mers during LC procedure (Fig. 2). So that 8-iso-PGF,,,
is the only isomer quantified in this assay.

Both 8-iso-PGF,, and 2,3-dinor-8-iso-PGF,, were
determined simultaneously on 60 human urine samples.
In this group of samples, the mean excretion rate of
2,3-dinor-8-iso-PGF,,, (6.2 = 3.6 ng/g creatinine) was
over an order of magnitude higher than that of 8-iso-
PGF,, (0.29 = 0.22 ug/g creatinine). Nonetheless, a
significant correlation was observed between 8-iso-
PGF,,, and 2,3-dinor-8-iso-PGF,, (R = 0.70, n = 60)
(Fig. 5). This observation suggests that 2,3-dinor- 8-iso-

=5 3
E _| Y=0.6075X-0.1281 N
> R=0.967
2 2-
E
7]
-
o
N -
E 1
S
0 T I T I

0 1 2 3 4 5
GC/MS Results (ng/mL)

Fig. 4. Linear regression of the 8-iso-PGF,,, values measured by the
LC-MS/MS method and the standard GCM S method.
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PGF,, might be valuable as an additional marker to
evaluate overall formation of 8-iso-PGF, and lipid per-
oxidation in vivo.

Clinical studies

We measured 8-iso-PGF,,, and 2,3-dinor-8-iso-PGF,,,
in random urine samples from 19 smokers and 22 non-
smokers. The results are shown in Table 2. The mean
excretion rate of 8-iso-PGF,,, by smokers (0.53 = 0.37
ng/g creatining) was significantly (p = 0.002) higher
than that of nonsmokers (0.25 + 0.15 ug/g creatinine).
Thisresult is consistent with previous publications show-
ing that smoking is associated with higher rates of oxi-
dative stress [22,23,35], athough the elevated level we
observed was somewhat less than those previously re-
ported. Higher (p = 0.003) 2,3-dinor-PGF,,, levels were
also detected in smoker (8.9 + 3.8 ug/g creatinine) than
in non-smokers (4.6 = 1.6 ug/g creatinine). This pattern
was present in both genders. Mean 8-iso-PGF,,, levels
were at least 2-fold higher in both male (0.16 + 0.07 vs.
0.50 * 0.37 ug/g creatining, p < .001) and female
smokers (0.33 = 0.16 vs. 0.62 + 0.43 ug/g creatinine, p

= .049). The levels of 2,3-dinor-8-iso-PGF,,, were also
higher in male smokers vs. nonsmokers. (7.6 = 3.2 vs.
3.7 = 1.0 pg/g creatining; p = .001), and in female
smokers vs. nonsmokers (13.7 = 0.4 vs. 5.5 = 1.6 ug/g
creatinine; p = .002). The corresponding urine creatinine
levels, however, did not differ significantly between gen-
ders (p = .485) or smoking status (p = 0.145). The
slightly elevated creatinine concentration in smoker’'s
urines could be due to the differences in the timing of
sample collections. Samples from nonsmoking subjects
were random urines, whereas most of the smoker’s urine
samples were first or second morning collections, which
may have been more concentrated. However, after nor-
malization of al values to creatinine excretion, neither
8-is0-PGF,,, nor 2,3-dinor-8-iso-PGF,, concentrations
were related to urinary creatinine levels (Fig. 6). Linear
regression between creatinine and normalized 8-iso-
PGF,,, concentrations showed aline with aslope equal to
—0.01 and R = 0.024, indicating that the extent of urine
concentration did not appear to influence the measure-
ment of 8-iso-PGF,,, and 2,3-dinor-8-iso-PGF,,,.

These experiments demonstrate that both 8-iso-PGF,,,
and 2,3-dinor-8-iso-PGF,,, can be measured reliably and
conveniently in human urine samples using LC/MS-MS.
Moreover, these studies suggest that increases of both
urinary 8-iso-PGF,, and 2,3-dinor-8-iso-PGF,,, levels
can be detected in samples from active smokers. Our data
also demonstrate that 2,3-dinor-8-iso-PGF,,,, a degrada-
tion products of 8-iso-PGF,,,, may be a valuable marker
to assess the total endogenous formation of 8-iso-PGF,,,
in vivo. Further study is needed to confirm the above
results and to further explore the clinical significance of
2,3-dinor-8-iso-PGF,,, as an oxidative stress marker.

CONCLUSION

We have described the development of a new method
for analysis of 8-iso-PGF,,, and one of its major metab-
olites, 2,3-dinor-8-iso-PGF,,, in human urine samples as

Table 2. Urinary 8-iso-PGF,,, and 2,3-dinor-8-iso-PGF,,, Levels in Smokers and Nonsmokers

Gender Nonsmoker? Smoker® p Value

8-150-PGF,,.° (ng/mg creatinine) Men 0.16 = 0.07 0.50 = 0.37 <.001
Women 0.33 £ 0.16 0.62 = 0.43 .049

Total 0.25 = 0.15 0.53 = 0.37 .002

2,3-dinor-8-iso-PGF,,° (ng/mg creatinine) Men 37*x10 76 *32 .001
Women 55+16 137+ 04 .002

Tota 46+16 89+ 38 .003

Creatinine® (mg/dl) Men 117 £ 41 137 + 92 .352
Women 100 £ 55 161 = 55 .362

Total 104 = 48 136 = 87 145

#1n nonsmoker group, there were 11 men (60 * 10 years) and 11 women (48 * 9 years).
b1n smoker group, there were 15 men (45 + 10 years) and 4 women (50 = 10 years).

¢ Results presented as mean + SD.
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Fig. 6. Linear regression of 8-iso-PGF,,, (A) and 2,3-dinor-8-iso-PGF,,, (m) vs. the corresponding urine creatinine concentrations.

indicators of oxidative stress. Both target compounds can
be measured simultaneously with a 10 min assay. This
study demonstrated that using the isotope labeled 8-iso-
prostaglandin as an internal standard is crucial in this
method to allow unequivoca identification of 8-iso-
PGF,,, and 2,3-dinor-8-iso-PGF,,, peaks, despite the re-
tention time shifts in some urine samples. We found no
interference from any other naturally existing 8-iso-
PGF,, isomers. An interfering compound co-eluting
with 8-iso-PGF,,, was detected, which could not be re-
moved by C18 SPE purification procedures. However,
the interference of this coeluted compound could be
removed entirely either by setting the mass spectrometer
to the multiple reaction monitoring mode, or by using an
8-isoprostane affinity column to purify urine samples.
When 8-iso-PGF,,, is the only analyte of interest, better
purification performance could be achieved by using the
8-is0-PGF,,, affinity columns, instead of C18 SPE car-
tridges. However, using affinity columns precludes the
determination of the, 2,3-dinor-8-iso-PGF,,,, metabolite
and possibly other PGF,, isomers of potential interest. In
addition, due to the column design constraints, the puri-
fication procedure with the affinity column is not easily
automated, and the cost of each 8-iso-PGF,, affinity
column is more than 20 times that of a C18 SPE car-
tridge. Although it has been claimed by the manufacturer
that the affinity column can be regenerated at least five
times, in our hands the 8-iso-PGF,, recovery rate
dropped significantly after each regeneration process. In
our opinion, the simultaneous determination of both
8-is0-PGF,,, and its dinor metabolite, plus the low cost
and automated cleanup procedures, make the C18 SPE

procedure the better choice for routine tests in a clinical
laboratory environment.

We have demonstrated in this study that LC-MS/MS
has potentia for the routine analysis of urinary 8-iso-
PGF,,, and 2,3-dinor-8-iso-PGF,,,, in a clinical labora-
tory environment. This method represents significant ad-
vancement in terms of rapidity and simplicity over
methods previously reported for measurement of 8-iso-
PGF,, and its dinor metabolite. The high sensitivity of
this technique provides areliable tool for the determina-
tion of the urinary excretion of 8-iso-PGF,, even at very
low levels. The minimum amount of manual manipula-
tion aso reduces the likelihood of human error. The
sample cleanup with three different solvent systems and
the use of the column-switching technique alows sub-
stantial removal of urine matrices, minimizing the con-
tamination and clogging of the mass spectrometer inter-
face, thus greatly increasing sample throughput.

This method could potentially be further ssmplified by
using a newer model of tandem mass spectrometry,
which has been claimed by the manufacturer to be 60—
100 times more sensitive than the one used in this study.
Presumably, at this higher level of sensitivity, samples
representing much smaller volumes of urine (and hence
matrix) could be injected directly onto the LC column
without any sample purification step. The targeted com-
pounds could be selectively determined by the separation
power of both HPLC and MS/MS.

We expect that the technique reported herein will
make it easier to monitor the effects of antioxidants,
drugs, or dietary manipulations on in vivo formation and
metabolism of 8-iso-PGF,,,. In view of its specificity,
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this analytical procedure may also help better define the
validity and limitations of 8-iso-PGF,, and its dinor
metabolite, 2,3-dinor-8-iso-PGF,,,, as markers of in vivo
oxidative stress in experimental and clinical settings.
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ABBREVIATIONS

Dl—deionized

2,3-dinor-8-iso-PGF,,—2,3-dinor-8-iso-prostaglandin
F2a

ElA— enzyme immunoassay

ELISA—enzyme-linked immunosorbent assay

GCM S— gas-chromatography mass spectrometry

HPLC—High performance liquid chromatograpy

8-is0-PGF,,—8-iso-prostaglandin F,,,

8-is0-PGF,,,-d4—isotope labeled 8-iso-prostaglandin

F,,-d4
LC—liquid chromatography
LC-MS/M S—L iquid-chromatography
spectrometry
MRM—multiple reaction-monitoring
PIM—product ion-scan monitoring
RIA—radioimmunoassay
S/IN—signal/noise ratio
SPE—solid phase extractions
TLC—thin-layer chromatography

tandem mass



