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Abstract

Over the past decade, the number of known eicosanoids has expanded immensely and we have
now developed an ultra-performance liquid chromatography - electrospray ionization triple
quadrupole mass spectrometric (UPLC-QTRAP/MS/MS) method to monitor and quantify
numerous eicosanoids. The UPLC-QTRAP/MS/MS approach utilizes scheduled multiple reaction
monitoring (MRM) to optimize sensitivity, number of metabolites that can be analyzed and the
time requirement of the analysis. A total of 184 eicosanoids including 26 deuterated internal
standards can be separated and monitored in a single 5 min UPLC run. To demonstrate a practical
application, human plasma samples were analyzed following solid-phase extraction (SPE) and the
recovery rate and matrix effects were determined for the 26 deuterated internal standards added to
the plasma. The method was validated and shown to be sensitive with the limit of quantitation at
pg levels for most compounds, accurate with recovery rates of 70-120%, and precise with a
CV<30 for all compounds. Also, the method showed a linear response over a range spanning
several orders of magnitude. In a QC human plasma sample, we identified and rigorously
quantified over 120 eicosanoids.
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1. Introduction

Eicosanoids comprise a class of bioactive lipids derived from a unique group of
polyunsaturated essential fatty acids that mediate a wide variety of important physiological
functions [1]. They exert complex control over many physiological processes, including
inflammation [2]. Also, many eicosanoids are associated with chronic disease conditions
including heart disease [3], cancer [4] and arthritis [5].

Arachidonic acid (AA) and related polyunsaturated fatty acids serve as the metabolic
precursors for eicosanoid synthesis. Biologically, these molecules are generally stored in the
sn-2 position of the glycerol backbone of membrane phospholipids. To be used for
biosynthesis, the arachidonic acid must first be released from phospholipids via
phospholipase A, (PLAy) [6], and which is then acted on by enzymes of the cyclooxygenase
pathway (COX) or the lipoxygenase pathway (LOX) to form prostaglandins (PG) and
thromboxanes (TX) or leukotrienes (LT), respectively. The COX site incorporates molecular
oxygen at the 11- and 15-carbons on arachidonic acid to form PGG,, followed by a
peroxidase activity that reduces the peroxide to a hydroxyl to form PGH,. PGH, is an
intermediate for a number of different bioactive products through the action of PG synthases
that can form a number of important signaling molecules, including PGl,, TXA, PGE,,
PGD, and PGFy,. Alternatively, the LOX pathway produces LTs including 5-HETE, 15-
HETE, LTA,, LTBy4, LTC4 etc, which constitute a family of biologically active molecules
formed in response to immunological and non-immunological stimuli. For example, 5-LOX
produces 5-hydroperoxy-eicosatetraenoic acid (5-HpETE) by incorporating one molecular
oxygen at the C-5 position of arachidonic acid that can be reduced to 5-HETE, or undergo a
catalytic rearrangement in the 5-LOX active site to form LTA,4. An additional set of
enzymes catalyzes the stereospecific rearrangement of LTA4 to produce LTBy4, LTCy4, and
LTD4.

This complete enzymatic system produces hundreds of eicosanoids derived from AA and
related polyunsaturated fatty acids with very similar structures, chemistries and physical
properties [7], which makes the analysis of eicosanoids a challenging task, especially in
biological samples. The concentration of eicosanoids in plasma or serum is the lowest
among all endogenous lipid metabolites [8]. However, under certain conditions the plasma
level of eicosanoids may change considerably and thus, eicosanoids may serve as a useful
readout reflecting disease progression. As a result, current research is focused on developing
fast, sensitive, and reliable methods that accurately profile and quantify eicosanoid
biomarkers [9,10].

In the past, eicosanoids were mainly analyzed by enzyme-linked immunosorbent assays
(E1A) [11, 12], gas chromatography-mass spectrometry (GC-MS) [13] and liquid
chromatography —mass spectrometry (LC-MS) [14]. The drawback of EIA is a lack of
specificity and the ability to determine multiple analytes in a single set of analyses. GC-MS
provides greater sensitivity and selectivity for eicosanoid analysis, but requires chemical
derivatization steps that limit its application. The rapid progress of liquid-chromatography-
electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) has facilitated the use
of this technology for accurate monitoring of eicosanoid metabolites in biological samples
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[7]. Previous reports include liquid-liquid extraction for the determination of PGE, and
LTB,4 in plasma using LC-MS [15], the analysis of four kinds of PGs and LTs in cell culture
media by LC-MS [16], an on-line two dimensional reverse-phase LC-MS for the
simultaneous determine of PGE,, PGF,, and 13,4-dihydro-15-keto PGF,, [17], and a LC-
MS method for the simultaneous determination of twenty-three eicosanoids [18], a UPLC-
MS platform that enables profiling of 122 eicosanoids from human whole blood[19], a
targeted HPLC-MS/MS analysis platform for 100 oxylipins and 36 oxylipins was detected
from 250 uL human plasma in 26 min[20], a LC-MS/MS method for rapid and concomitant
quantification of 26 PUFA metabolites from Caco-2 cells [21], a LC-MS/MS for the
simultaneous analysis of arachidonic acid and 32 related metabolites in 1 mL human plasma
[22], a online HPLC-MS/MS analyzed more than 20 different oxidized fatty acids and their
precursors from 200 uL plasma or urine [23], a fast LC-MS/MS method including on-line
SPE and LIT fragment confirmation for the profiling of 7 PUFAs and 94 oxidized
metabolites from 200 uL plasma [24]. We previously developed a high-throughput lipidomic
analysis of eicosanoids using LC-MS to monitor 141 unique species in a single 22 min
analysis [25], and applied it to investigate the human plasma lipidome [26,27].

However, these methods may need much more biolgocial sample or longer analysis time. In
order to address the need for large-scale high-throughput analysis of eicosanoids in small
quantities of human plasma and tissues, we now report the development of a method
utilizing an ultra-high performance liquid chromatography-QTRAP MS/MS (UPLC-
MS/MS) for monitoring 184 eicosanoids in a 5 min run. The new methodology is validated
by identification and quantitation of eicosanoids in 20 uL human plasma.

2. Experimental

2.1 Reagents

All eicosanoids and deuterated internal standards were purchased from Cayman Chemical.
Optima LC-MS grade acetonitrile (ACN), methanol (MeOH), and water were obtained from
Fisher Scientific. Isopropanol (IPA) was purchased from Sigma-Aldrich. Formic acid (FA)
was obtained from EMD Technologies. Dulbecco's Phosphate Buffered Saline (DPBS) was
obtained from Corning Life Science.

2.2 Sample preparation

2.2.1 Preparation of primary standard and internal standard solutions—For the
preparation of calibration curves, stock solutions were prepared in ethanol that contained all
eicosanoid standards, each at a concentration of 0.25 ng/uL.. Working standard solutions for
all eicosanoids were prepared by serial dilution of the stock solutions to create the necessary
concentrations. A solution containing 26 internal (deuterated) eicosanoid standards was
prepared at 0.01 ng/uL in ethanol. All solutions were stored at -80°C when not in use.

2.2.2 Extraction of metabolites from plasma and tissue—Aliquots of 20 ul control
plasma (Human Source Plasma, Gemini Bio-Products) were diluted to 1 mL with phosphate
salt buffer spiked with 100 uL of the internal standard solution. The eicosanoids were
extracted using Strata-X reversed-phase SPE columns (8B-S100-UBJ, Phenomenex).
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Columns were washed with 3 mL MeOH and then equilibrated with 3 mL H,0. After
loading the sample, the columns were washed with 10% MeOH to remove impurities, and
the metabolites were then eluted with 1 mL of MeOH and stored at -80°C to prevent
metabolite degradation. Prior to analysis, the eluant was dried under vacuum and redissolved
in 50 uL of the UPLC solvent A (water/acetonitrile/acetic acid (60:40:0.02; v/v/v)) for
UPLC/MS/MS analysis.

Took tissue sample, then weighed, and transferred to 1 mL PBS buffer containing 10%
MeOH tube. The tissue was homogenized using Beadbug Microtube Homogenizer
(Benchmark Scientific). The eicosanoids extracted from homogenates with SPE followed
the same protocol as plasma sample.

2.3 UPLC-MS/MS

An Acquity UPLC system (Waters Corp) was used. Reversed-phase separation was
performed on an Acquity UPLC BEH shield RP18 column (2.1x100 mm 1.7 um; Waters).
The mobile phase consisted of (A) ACN/water/acetic acid (60/40/0.02, v/v) and (B) ACN/
IPA(50/50, v/v). Gradient elution without splitting was carried out for 5 min at a flow rate of
0.5 mL/min. Gradient conditions were as follows: 0-4.0 min, 0.1-55% B; 4.0-4.5 min,
55-99% B; 4.5-5.0 min, 99% B; A 10 pL aliquot of each sample was injected into the
column. The column temperature was kept at 40 °C. All samples were incubated at 4 °C
during analysis.

Mass spectrometry was performed on an ABI/Sciex 6500 QTRAP hybrid, triple quadrupole,
linear ion trap mass spectrometer equipped with a Turbo V ion source. Eicosanoids were
detected in negative electrospray ion mode. Curtain gas (CUR), nebulizer gas (GS1) and
turbo-gas (GS2) were set at 10 psi, 30 psi and 30 psi, respectively. The electrospray voltage
was -4.5 kV, and the turbo ion spray source temperature was 525 °C. Nitrogen was
employed as collision gas and the collisionally-activated dissociation (CID) was set at a high
level.

Eicosanoids were analyzed using scheduled multiple reaction monitoring (MRM). Mass
spectrometer parameters including the declustering potentials and collision energies were
optimized for each analyte. Data acquisitions were performed using Analyst 1.6.2 software
(Applied Biosystems). Multiquant software (Applied Biosystems) was used to quantify all
metabolites.

2.4 Analytical validation

2.4.1 Linearity and LOD and LOQ—A typical standard curve was prepared by adding 1
ng of each internal (deuterated) eicosanoid standard to the following amounts of eicosanoid
(nondeuterated) primary standards: 0.005, 0.015, 0.025, 0.035, 0.05, 0.15, 0.25, 0.35, 0.5,
1.5, 2.5, 3.5, and 5.0 ng. Quantitation of eicosanoid levels was performed using linear
regression of the response ratios (peak area analyte/peak area internal standard) obtained
from the calibration curve to calculate the corresponding eicosanoid amount. The limit of
detection (LOD) was defined as the concentration that resulted in a peak with a signal-to-
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noise ratio (S/N) greater than 3:1 (3 S/N) and the limit of quantitation (LOQ) was defined as
(S/N) greater than 7:1 (7 S/N)

2.4.2 Recovery rate and matrix effect—Recovery from control plasma was determined
by comparison of the analyte peak area of the internal standard spiked into a plasma sample
compared with the corresponding peak area of standard solutions extracted in a similar
manner. The determination was performed in triplicate. The matrix effect was calculated by
dividing the peak area of the internal standard spiked into a plasma sample and extracted
into mobile phase A by the area of the deuterated standard in the standard solution. This
determination was also performed in triplicate.

2.4.3 Accuracy and precision—Accuracy and precision of the method was determined
using quality control (QC) samples spiked at three levels of eicosanoids: low (LQC) 0.15 ng,
medium (MQC) 1.5 ng, and high QC (HQC) 5 ng. QC samples were prepared by spiking
blank plasma with three levels of eisosanoids and internal standards prior to plasma
extraction as described. Intra-batch and inter-batch (three different batches) accuracy and
precision were determined by analyzing five QC samples covering the calibration range. The
precision of the quantitation was expressed as percent coefficient of variance (CV %),
calculated by dividing the standard deviation by the mean and then multiplied by 100.

These QC amounts included the known fortified level added to the control plasma plus the
endogenous amount of analytes. The endogenous amounts of analytes in plasma were
determined in five replicate measurements. The accuracy of the analytic method was
denoted by the relative error (RE %), calculated as percent of the mean deviation from the
known amount plus endogenous amount, RE % = [(amount found — (known amount +
endogenous amount) x 100/(known amount + endogenous amount)].

2.4.4 Stability—To determine the stability of the processed samples, they were kept at 4°C
in the autosampler and injected three times at 0, 4 and 8 h with three levels of quality control
samples, respectively. The peak area of the analytes at the initial point (0 h) was used as the
reference to determine the relative stability at subsequent points.

3. Results and Discussion

3.1 Method development

SPE techniques were used to extract eicosanoid metabolites from plasma, which is more
suitable for processing a large number of samples than a more efficient liquid/liquid
extraction (LLE) technique [28]. The extraction efficiency of LLE is generally higher than
SPE, but this method also extracts many endogenous impurities that can affect the
separation and quantitation of target analytes. The ability of SPE to eliminate impurities is
better than that of LLE, which improves the detection of eicosanoids in biological matrices,
especially when present at low levels.

A crucial aspect of our method is the inclusion of 26 deuterated internal standards. All
samples are spiked with a mixture of deuterated internal standards prior to lipid extraction.
An internal standard is used to correct for run-to-run variation in extraction efficiency, for
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monitoring the chromatographic response, and for normalization purpose which allows for
accurate quantification. Also, eicosanoid quantitation was performed by the stable isotope
dilution method. For each eicosanoid to be quantify, an internal standard was selected that
had a different precursor ion mass than the target analyte, but was chemically and
structurally as similar to the target analyte as possible. This is ideally achieved by using a
deuterated analog of the analyte. We employed these standards whenever they were
commercially available. For example, (d4) PGE, was employed as the internal standard for
PGEo,. In other cases, we employed a deuterated analog that was the closest to the desired
analog in characteristics. For example, (d4) 15d PGJ, was employed as the internal standard
for PGJ,, 15d- PGJy, and 15d-PGD5. The 26 deuterated internal standards, which presently
used to quantify, assigned to each of the 158 eicosanoids analyzed are listed in Table 1.

A targeted approach was used to identify and quantify lipids using mass spectrometry (MS)
coupled with ultra-high performance liquid chromatography (UPLC-MS). A targeted MRM
approach provided for higher sensitivity than an unbiased full scan MS analysis. UPLC also
provided enhanced chromatographic resolution, sensitivity, reproducibility and fast
separation. Additionally, a QTRAP 6500 was used in the present study. The advantages of
the QTRAP 6500 are scan speeds of up to 20,000 Da/second for optimized UPLC strategies,
a twenty-fold increase in the detector dynamic range, and LOQ improvement of up to five
fold. In summary, the UPLC-QTRAP 6500 system provides a sensitive, accurate and fast
separation and monitoring platform.

All eicosanoids are detected in the negative ion mode to take advantage of their conserved
terminal carboxyl moiety. Fig. 1 shows a representative extracted ion chromatogram for the
separation of all 184 eicosanoids including the 26 internal standards, which are monitored in
a single 5 min LC-MS/MS analytical run. The optimal declustering potential (DP) and the
collision energy (CE) has been determined for each MRM pair (Table 2). These values were
optimized by directly infusing commercial standards into the mass spectrometer.

Peak selectivity was demonstrated by comparison with individual MRM transitions and the
retention time of each analyte, as shown in Table 2. Scheduled MRM is an improvement
over traditional MRM allowing for better data collection and more analytes to be monitored
in a single analysis. We found a 30 sec retention time window for each MRM pair sufficient
to allow for potential small shifts in retention time. In addition to providing good sensitivity,
MRM approaches are highly selective, reducing the need for extensive sample cleanup. As a
proof of principle, control plasma was analyzed and we found no discernable distortions.

The MS/MS spectra of most eicosanoids show numerous product ions. Various product ions
from the precursor were also listed In Table 2, and the product ions for MRM detection was
marked with underline. The product ions employed here for the MRM detection were
selected to yield the best discrimination from other eicosanoids that co-elute in the vicinity
of the analyte and to yield the highest signal. By balancing LC retention time and product
ion selection, we were able to successfully distinguish the large majority of the eicosanoids
listed. For example, owing to the silimar structure, (d4) PGE, and PGE, have the same
retention 7.1 min from LC, but the precursor and product of (d4) PGE, and PGE, was
different, which was 355—275 and 351—271, respectively. In the other case, the precursor
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and product of PGE, and PGD, was the same, 351—271, but the retention time of PGE, and
PGD, was different.

While a similar eicosanoid may have the same product ions, their relative intensities usually
vary. The ratio of intensities of these product ions can be used to distinguish these species.
In this case, multiple MRM transitions can then be analyzed, and the ratio of product ions
found in the unknown can be compared with either an MS/MS library spectra or a pure
standard run under the same conditions. This would aid in confirming the identity of a
chromatographic peak.

3.2 Different precursor for eicosanoids

The key precursor polyunsaturated fatty acid (PUFA) for eicosanoids is arachidonic acid
(AA, 20:4, n-6). Other eicosanoids and related compounds are formed from
eicosapentaenoic acid (EPA, 20:5, n-3), docosahexaenoic acid (DHA, 22:6, n-3), and
dihomo-y-linolenic acid (DGLA, 20:3, n-6). Arachidonic acid is the main precursor for a
wide spectrum of unique eicosanoids produced by COX, LOX, and CYP. Biochemical
characterizations of EPA and DHA have generally suggested that these fatty acids are less
prone to metabolism by eicosanoid pathway enzymes [29]. In the present studies, we probed
for 88 eicosanoids derived from AA, 22 from DHA, 17 from EPA, 13 from DGLA, and 18
from other fatty acids, that were identified as outlined in Fig 2. The solid black lines around
circles showed how many metabolites from the different PUFA. The comprehensive and
simultaneous analysis of all eicosanoids is important because eicosanoids derived from
different PUFA sources may have different physiological effects. For example, in neural
trauma and neurodegenerative diseases, there is a dramatic rise in the levels of AA-derived
eicosanoids and in contrast, DHA-derived metabolytes can prevent neuroinflammation [30].

3.3 Method validation

The assay was validated for analyte recovery rate, matrix effect, linearity, inter-batch and
intra-batch precision and accuracy for the major analytes. This procedure was performed on
five replicates and on three consecutive days. Analyte stability was performed on processed
samples maintained at 4°C for 4h and 8h.

3.3.1 Recovery rate and matrix effect—(line 254)Matrix effect occurring between
different matrics and adding to the complexity of a measurement and can lead to a bias. In
the case of eicosanoid analysis, there is no true “blank” plasma available because of
endogenous analytes present in all human plasma at various levels. Since a deuterated
internal standard is either an analogous lipid metabolite or a molecule with similar chemical
characteristics (chemical structure of the eicocanoids can be found in Ref. 2, 21 and 23),
both lipid metabolites and internal standards will have similar ion suppression and extraction
efficiencies. Thus, internal standards were used to evaluate the matrix effect and the
recovery rate of the method.

The matrix effect was determined by spiking the internal standard mixture into a blank
plasma sample after exaction. The results are shown in Table 3. Except for (d4) PGF2a, (d8)
5-HETE and (d8) arachidonic acid, the matrix effect of the other 23 internal standards are all
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(line 264) above 80 %, indicating that ion suppression affects during analysis are minimal
for most analytes. For the three exceptions, it is possible that co-eluting matrix components
may reduce the ion intensity of the analytes. Phospholipids, and in particular
glycerophosphocholines and lysophosphatidylcholines, represent the major class of
endogenous compounds causing significant matrix effects, which will suppress the signal of
other co-eluting lipids. So the removal of phospholipids is preferable for analysis of other
kinds of lipids in lipidomics study. Because Phospholipids are amphipathic compounds
which generally consist of a phosphate-containing polar head group and one or two long
hydrophobic fatty acid ester chains. So the absorption of phospholipids on the C18 column
is much stronger than eicosanoids. If using C18 material, phospholipids generally can be
eluted with isopropanol as mobile phase. In our experiment condition, phospholipids
generally cannot be eluted from SPE column. So the interference from phospholipids may
be neglected. However, lysophospholipids may be coeluted from SPE in our experiment
conditions. So part of matrix effect may be caused from lysophospholipids. To minimize the
matrix effect, a more efficient and selective extraction method or an efficient
chromatographic separation of the analytes from matrix interferences could be developed.

Absolute recovery was determined by spiking the internal standards into plasma samples
before exaction, as shown in Table 3. Recovery of 21 of the internal standards was above
70%. The lower recovery for (d4) PGF2a, (d8) 5-HETE and (d8) arachidonic acid may be
caused by the matrix effect noted above. The lower recovery for (d4) 14d PGJ, and (d4)
Resolvin E; may be due to non-specific binding by the SPE absorbent. The error margin for
the matrix effect and absolute recovery rate was +10%.

3.3.2 Linear and lower limit of quantitation—The limit of quantitation for each
analyte was defined as the lowest signal obtained with S/N =7. Based on these criteria, the
LOQ of 86% of the analytes was less than 10 pg, as shown in Table 2. For target analytes, if
the concentration of endogenous is much higher and separation interference is much lower,
the LOQ is lower. Otherwise, the LOQ for target eicosanoids was much high.

Eicosanoid quantitation was performed by the stable isotope dilution method. For each
eicosanoid to be quantified an internal standard was selected and a linear standard curve was
generated where the ratio of analyte standard peak area to internal standard peak area was
plotted versus the amount of analyte standard. The method offers good linearity for all
analytes, the R2 value is above 0.97 and the typical standard eicosanoid curves are shown in
Fig. 3.

3.3.3 Accuracy and Precision—The results of intra- and inter-day precision and
accuracy testing using QC standard samples prepared in plasma as a blank matrix are
summarized in Table 4. Human plasma contains a number of endogenous eicosanoids and
we found that we could identify and quantify 60 endogenous metabolites in 20 ul of standard
plasma.

For QC samples, the nominal amount of the QC sample was expressed as the sum of the
endogenous amount and the spiked amount. In all, 147 eicosanoids from plasma can be
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monitored and 121 eicosanoids can be monitored and also quantified using QC samples
(Supplementary Table S1, Supporting Information).

Precision (CV %) values for 95% of the analytes were within 20%, 100% of the analytes
were within 30%. Accuracy (RE %) for 87% of the analytes was within 20%, 100% analytes
were within 30%. These results indicate a good reproducibility for the determination of 121
analytes in human plasma using QC samples.

For the bioanalytical method validation and sample analysis, calibration standards and QC
samples should ideally be prepared in the same matrix as the intended sample. This is
especially true when electrospray ionization mass spectrometry is used because, as outlined
above, components in the biological sample can lead to matrix effects [31]. Typically,
suppression or enhancement of analyte response is accompanied by diminished precision
and the accuracy of subsequent measurements [32]. Due to the endogenous presence of
eicosanoids at various levels, it is difficult to prepare a calibration curve in plasma; thus, we
had to use calibration curves prepared in ethanol that are devoid of interfering matrices and
impurities. This may contribute to analytical difficulties in detecting and accurately
quantitating some of the eicosanoid molecular species for plasma sample. For example, the
matrix effect may contribute to the deviation of the measurements of arachidonic acid for
spiked plasma samples. To analyze the free fatty acids themselves, we have found that GC-
MS provides an optimal approach [33].

3.3.4 Stability—To test the stability of the processed samples, they were kept at 4°C in the
loading tray for various times prior to injection. Post-preparative stability of resuspended
extracts showed a precision (CV %) and accuracy (RE %) for 100% of the analytes were
within 20% for 0, 4 and 8h of pre-loading. Therefore it is concluded that eicosanoids in
resuspended plasma extracts are stable for at least 8h when stored at 4°C.

3.3.5 Application of method to other tissues—The method was also applied to detect
eicosanoids in mouse and human tissues, including adipose tissues, liver tissues and muscle
tissues. Complete eicosanoid profiles similar to these from plasma were obtained from
sample sizes as small as 2 mg of tissue. Of course, homogenization of the tissue samples
before SPE extraction may be needed. These results demonstrate that this method is broadly
applicable and can be used to measure eicosanoids in various biological sources.

4. Conclusion

Eicosanoids have wide ranging physiological functions, thus it is important to be able to
accurately quantify and profile them in biological materials. A targeted UPLC-MS/MS
method to globally monitor and quantify eicosanoids from human plasma and other tissues
was developed and validated. Based on this new separation and detection platform, 184
unique metabolites were simultaneous monitored in a single 5 min analytical run. This
makes it possible to analyze a large number of samples on a routine basis, including clinical
samples. Target eicosanoid profiling should help the identification of potential biomarkers
and understanding their role in specific diseases. Moreover, due to the sensitivity of the
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method only small tissue samples (line 329) are needed (i.e., 20 uL of human plasma or 2
mg of tissue) to comprehensive analysis.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Recovery Rate and Matrix Effect of Internal Standards
No Internal Standard Recovery rate(%) Matrix effect (%)
1 (d4) 6k PGFla 94.1 86.6
2 (d4) TXB2 87.2 89.0
3 (d4) PGF2a 62.1 76.6
4 (d4) PGE2 89.5 84.8
5  (d4) PGD2 82.2 99.5
6  (d4) 15d PGJ2 58.2 91.4
7 (d4) dhk PGF2a 94.7 97.3
8  (d4) dhk PGD2 84.4 96.8
9 (d11) 8-iso PGF2a llI 81.3 97.0
10 (d4) LTB4 82.9 90.8
11 (d8) 5-HETE 67.9 68.1
12 (d8) 12-HETE 80.8 87.4
13 (d8) 15-HETE 82.5 88.4
14 (d6) 20-HETE 71.0 85.8
15 (d4) 9-HODE 76.2 82.1
16  (d4) 13-HODE 86.71 85.9
17 (d7) 5-oxoETE 92.8 85.2
18  (d4) Resolvin E1 63.0 85.8
19 (d11) 8,9 EET 78.7 87.5
20 (d11) 11,12 EET 74.4 89.9
21 (d11) 14,15 EET 78.1 93.9
22 (d4) 9,10 diHOME 70.9 91.1
23 (d4) 12,13 diHOME 78.0 90.0
24 (d5)LTC4 112.6 119.0
25 (d5)LTE4 112.7 118.3
26  (d8) Arachiconic Acid 54.3 70.4
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