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MS-based targeted metabolomics of eicosanoids and other oxylipins: analytical and interindividual variabilities

Oxylipins, including the well-known eicosanoids, are potent lipid mediators involved in numerous physiological and pathological processes. Therefore, their quantitative profiling has gained a lot of attention during the last years notably in the active field of health biomarker discovery. Oxylipins include hundreds of structurally and stereochemically distinct lipid species which today are most commonly analyzed by (ultra) high performance liquid chromatography-mass spectrometry based ((U)HPLC-MS) methods. To maximize the utility of oxylipin profiling in clinical research, it is crucial to understand and assess the factors contributing to the analytical and biological variability of oxylipin profiles in humans. In this review, these factors and their impacts are summarized and discussed, providing a framework for recommendations expected to enhance the interlaboratory comparability and biological interpretation of oxylipin profiling in clinical research.

Eicosanoids and other oxylipins represent a superfamily of signalling lipids generated from arachidonic acid (AA) and related polyunsaturated fatty acids (PUFAs) through a complex network of biochemical reactions involving over 50 unique and cell-specific enzymes [START_REF] Buczynski | Thematic Review Series: Proteomics. An integrated omics analysis of eicosanoid biology[END_REF]. To regulate a wide array of biological processes, PUFAs are converted to oxylipins via four major pathways (Figure 1): the cyclooxygenase (COX) pathway producing prostanoids such as prostaglandins (PG) and thromboxanes (Tx); the lipoxygenase (LOX) pathway producing hydroperoxy-PUFAs which are rearranged into monohydroxy-PUFAs or further converted by LOX catalyzed reactions to leukotrienes (LT) and numerous dihydroxy-and trihydroxy-PUFAs, including specialized pro-resolving mediators (e.g. lipoxins, resolvins, protectins); the cytochrome P450 pathway (CYP), primarily producing ω-/ω-1 hydroxy-and epoxy-PUFAs, with the epoxides being further transformed to vicinal (i.e. adjacent or 1,2-)dihydroxy-PUFAs; and the nonenzymatic pathway producing various hydro(peroxy) PUFAs, epoxy-PUFAs [START_REF] Rund | Formation of trans-epoxy fatty acids correlates with formation of isoprostanes and could serve as biomarker of oxidative stress. Prostaglandins and Other Lipid Mediators 3[END_REF] as well as iso-and neuroprostanes (3,[START_REF] Rund | Development of an LC-ESI(-)-MS/MS method for the simultaneous quantification of 35 isoprostanes and isofurans derived from the major n3-and n6-PUFAs[END_REF]. In response to external stimuli (e.g. bradykinin, thrombin, inflammatory insult), PUFAs [START_REF] Smith | Cyclooxygenases: structural, cellular, and molecular biology[END_REF] and oxylipins [START_REF] O'donnell | Directing eicosanoid esterification into phospholipids[END_REF] are released from membrane phospholipids by phospholipases including phospholipase A2 (PLA2). Of note, hundreds of structurally and strereochemically distinct oxylipins can be produced from AA and other PUFAs.

For instance, depending on the stimuli and the cell type, AA and EPA can be converted into PGE 2 and PGE 3 respectiveley through the COX pathway or structurally distinct oxylipins (e.g. LTB 4 and LTB 5 ) via the 5-LOX pathway (Figure 1).

The structural specificity of oxylipins leads to specificity in their biological activities, many of which are still being elucidated. Important to clinical research, they are notably involved in the regulation of inflammation, thrombosis, endothelial function, vascular tone and insulin secretion, each of these systems being either stimulated or inhibited by the different oxylipin types as simplified in Figure 2. Many oxylipins exert their biological effects by binding to cognate receptors, which are members of the G protein-coupled receptor (GPCR). However, for several oxylipins such as M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4 epoxy-PUFAs, the receptors characterized to date cannot explain all of the biological effects elicited by these compounds [START_REF] Park | GPR40 is a low-affinity epoxyeicosatrienoic acid receptor in vascular cells[END_REF]. Other known routes of oxylipin elicited effects include directly influencing the open-state probability of membrane ion channels including the calcium sensitive potassium channels (K Ca ) and transient receptor potential channels (TRPs) [START_REF] Meves | Arachidonic acid and ion channels: an update[END_REF][START_REF] Watanabe | Anandamide and arachidonic acid use epoxyeicosatrienoic acids to activate TRPV4 channels[END_REF][START_REF] Wen | 20-Hydroxyeicosatetraenoic acid (20-HETE) is a novel activator of transient receptor potential vanilloid 1 (TRPV1) channel[END_REF], activation of intracellular transcription factors such as PPARs [START_REF] Bos | Prostanoids and prostanoid receptors in signal transduction[END_REF][START_REF] Hardwick | Eicosanoids in metabolic syndrome[END_REF], and interference with intracellular signalling pathways such as NFκB [START_REF] Bosviel | DHA-derived oxylipins, neuroprostanes and protectins, differentially and dose-dependently modulate the inflammatory response in human macrophages: Putative mechanisms through PPAR activation[END_REF][START_REF] Brooks | The fatty acid oxidation product 15-A3t-isoprostane is a potent inhibitor of NFkappaB transcription and macrophage transformation[END_REF][START_REF] Musiek | Electrophilic cyclopentenone neuroprostanes are anti-inflammatory mediators formed from the peroxidation of the omega-3 polyunsaturated fatty acid docosahexaenoic acid[END_REF].

Oxylipins derived from omega-3 fatty acids can be either more or less potent than or antagonistic to their omega-6-derived analogs [START_REF] Tatsuno | Comparison of the effect between leukotriene B4 and leukotriene B5 on the induction of interleukin 1-like activity and calcium mobilizing activity in human blood monocytes[END_REF], e.g epoxy-omega-3-PUFA are more potent antihypertensive compounds than their arachidonic acid-derived counterparts [START_REF] Ulu | An omega-3 epoxide of docosahexaenoic acid lowers blood pressure in angiotensin-II-dependent hypertension[END_REF]. Even two oxylipins derived from the same PUFA can be antogonists. For instance, TxA 2 and PGI 2 , both derived from the oxygenation of AA through the COX-dependent metabolism, respectively activate or inhibit thrombosis. Such regulatory cross talk among metabolic cascades is common (18)[START_REF] Oni-Orisan | Dual modulation of cyclooxygenase and CYP epoxygenase metabolism and acute vascular inflammation in mice[END_REF][START_REF] Rouzer | Endocannabinoid oxygenation by cyclooxygenases, lipoxygenases, and cytochromes P450: cross-talk between the eicosanoid and endocannabinoid signaling pathways[END_REF]. Finally, depending on the receptor, the tissue or the dose, a single oxylipin can also have opposite effects. For example, PGE 2 can exert either pro-or anti-aggregatory effects depending on its dose or the type of EP receptor it binds to [START_REF] Yeung | The expansive role of oxylipins on platelet biology[END_REF]. Similarly, PGE 2 mediates lung inflammation in human cells [START_REF] Lee | Lung inflammation caused by adenosine-5'-triphosphate is mediated via Ca2+/PKCs-dependent COX-2/PGE2 induction[END_REF] whereas it inhibits inflammatory signalling in murine peritoneal macrophages [START_REF] Shiho | Regulation of TNFa and interleukin-10 production by prostaglandins I2 and E2: studies with prostaglandin receptordeficient mice and prostaglandin E-receptor subtype-selective synthetic agonists[END_REF]. Moreover, while PGD 2 synthesis can have both pro-and anti-inflammatory impacts, and is synthesized by two convergent gene products [START_REF] Urade | Lipocalin-type and hematopoietic prostaglandin D synthases as a novel example of functional convergence[END_REF], regulation of this system controls the onset and resolution of inflammation in some models [START_REF] Rajakariar | Hematopoietic prostaglandin D2 synthase controls the onset and resolution of acute inflammation through PGD2 and 15-deoxyDelta12 14 PGJ2[END_REF].

While oxylipins are found in all tissues, cells are highly selective as to the type of oxylipin they synthesize. For instance, TxA 2 is mainly produced by platelets, while the endothelium is a major source of PGI 2 . Of note, TxA synthase is also expressed in lung and macrophages and significant levels of PGI synthase is found in smooth muscle cells [START_REF] Funk | Prostaglandins and leukotrienes: advances in eicosanoid biology[END_REF][START_REF] Ueno | Coupling between cyclooxygenase, terminal prostanoid synthase, and phospholipase A2[END_REF]. PGF 2 α is mainly produced by uterus, PGE 2 is the major oxylipin generated in kidney [START_REF] Smith | Cyclooxygenases: structural, cellular, and molecular biology[END_REF] and skin [START_REF] Li | Age-Associated Increase in Skin Fibroblast-Derived Prostaglandin E2 Contributes to Reduced Collagen Levels in Elderly Human Skin[END_REF], and the hematopeietic form of PGD synthases is highly expressed in immune and inflammatory cells, but also identified in brain and [START_REF] Urade | Lipocalin-type and hematopoietic prostaglandin D synthases as a novel example of functional convergence[END_REF][START_REF] Farhat | Hematopoietic-Prostaglandin D2 synthase through PGD2 production is involved in the adult ovarian physiology[END_REF]. Some LOXs also have preferential cell distribution with LOX-5 being mainly expressed in leukocytes, macrophages and dendritic cells 12/15-LOX (ALOX15) has a broad tissue distribution [START_REF] Shureiqi | 15-LOX-1: a Novel Molecular Target of Nonsteroidal Anti-inflammatory Drug-Induced Apoptosis in Colorectal Cancer Cells[END_REF] but is notably abundant in eosinophils and bronchial epithelium, 15-LOX2 (ALOX15B) is highly expressed in the skin and prostate, while 12-LOX (ALOX12) is mainly found in platelets [START_REF] Kuhn | Mammalian lipoxygenases and their biological relevance[END_REF].

Interestingly the regiospecificity of products from a single enzyme can differ for unique PUFAs. For example while 15-LOX yields the 15-hydroperoxy metabolite of AA, it produces similar amounts of 14-and 17-hydroperoxy metabolites of DHA [START_REF] Kutzner | Mammalian ALOX15 orthologs exhibit pronounced dual positional specificity with docosahexaenoic acid[END_REF]. While CYPs are highly expressed in liver, there are also high levels of expression in brain, lungs, kidneys, gastro-intestinal tract and heart [START_REF] Jamieson | Cytochrome P450-derived eicosanoids and heart function[END_REF]. Humans express ~50 CYP isoforms, ~20 of which are shown to biosynthesize oxylipins, notably members of the CYP2C (e.g. CYP2C8, CYP2C9, CYP2C19) and CYP2J (e.g. CYP2J2) families that are the predominant human epoxygenases, while CYP4A and CYP4F have predominantly ω/ω-1-hydrolase activity [START_REF] Westphal | Cytochrome p450 enzymes in the bioactivation of polyunsaturated Fatty acids and their role in cardiovascular disease[END_REF]. In plasma, the major part of hydroxy-PUFA and epoxy-PUFA are found esterified into lipids [START_REF] Schebb | Comparison of the effects of long-chain omega-3 fatty acid supplementation on plasma levels of free and esterified oxylipins[END_REF], e.g. the glycerolipids of lipoproteins (> 95% in rats) [START_REF] Shearer | Lipoprotein lipase releases esterified oxylipins from very low-density lipoproteins[END_REF]. Other vectors of circulating oxylipins include albumin that can both passively adsorb oxylipins [START_REF] Mentzer | Binding of 13-HODE and 15-HETE to phospholipid bilayers, albumin, and intracellular fatty acid binding proteins. implications for transmembrane and intracellular transport and for protection from lipid peroxidation[END_REF] or form covalent adducts [START_REF] Maclouf | Interactions of prostaglandin H2 and thromboxane A2 with human serum albumin[END_REF] and extracellular vesicles that are both carriers and producers of oxylipins [START_REF] Boilard | Extracellular vesicles and their content in bioactive lipid mediators: more than a sack of microRNA[END_REF]. Free oxylipins are also detected in plasma and are dramatically influenced postprandially by the nature of the diet [START_REF] Wopereis | Assessment of inflammatory resilience in healthy subjects using dietary lipid and glucose challenges[END_REF]41).

Oxylipin profiling has the potential to provide a wealth of information regarding global changes in the homeostasis of a vast array of biological processes. Current MS-based oxylipin targeted metabolomics allows the assessment of changes in a vast array of oxylipins simultaneously within acceptable run-times, resulting in increased interest in oxylipin profiling during recent years, notably in the active field of biomarker discovery. This review will present applications of oxylipin profiling over the past several years, while describing the main analytical and biological factors contributing to the variability in oxylipin profiles.

Applications of the MS-Based profiling of oxylipins
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The synthesis of oxylipins and subsequent induction of cell signalling pathways is tightly regulated under normal physiological conditions. Oxylipin synthesizing enzymes and/or receptor dysregulation is associated with a variety of diseases including cardiovascular diseases (CVD) and various immune-related diseases. Moreover, the manipulation of oxylipin synthesis, through modulation of precursor PUFAs or enzyme inhibitors via nutritional or therapeutic approaches, has great potential in the prevention and management of disease. Therefore, oxylipin profiling of biological fluids is being used to identify potential disease biomarkers, to characterize inflammatory and oxidative status, and to monitor the effects of nutrition or drugs on these regulatory systems.

Recent studies addressing one of these goals are presented in Table 1.

Of note, the study design (i.e. power, participant selection and matching), the analytical choices (free or total, plasma or serum), and the metabolic coverage of the MS-method applied (number and variety of oxylipins) are very different between the studies and more importantly these parameters may have significant consequences on the relevance and robustness of the biomarkers identified.

While the natural variance and reference value of oxylipin levels in healthy humans is not clinically established, recent results show that the mean coeifficient of variation (CV) of oxylipins in the plasma of clinically healthy human can reach 87% and the magnitude of variance depends on the type and concentration of oxylipin considered (42) (Figure 3). This high variance highlights the need for large clinical cohorts of well-selected and matched participants to properly power studies to identify discriminant oxylipins. However, while the absolute concentration of individual oxylipins is likely important, shifts in oxylipin relative abundance or pattern may hold great potential as complex disease biomarkers. Therefore, as assays increase their metabolic coverage of representative oxylipins, they will provide a higher resolution pattern to be considered for biomarker discovery.

In the field of disease biomarkers, most studies applying oxylipin profiling are related to cardiometabolic disorders. For instance, in a recent nested case-control cohort study involving 175 cardiovascular cases and 172 controls (matched for recruitment center, age, sex, diabetes status,
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insulin use, statin use, and smoking) and covering 36 free oxylipins, one factor containing 10 free fatty acids and 19 oxylipins was significantly associated with cardiovascular events [START_REF] Kamleh | Increased Levels of Circulating Fatty Acids Are Associated with Protective Effects against Future Cardiovascular Events in Nondiabetics[END_REF]. Of note, this association was only observed in non-diabetic patients highlighting the need for patient stratification in clinical investigation. Moreover, linoleic-acid derived epoxides, alcohols and ketones (i.e. EpOMEs, 9HODE, 13-HODE and 13-KODE) were the metabolites most strongly associated with change in interadventitia common carotid artery diameter over time. In a Chinese population, a large nested casecontrol cohort study involving 744 incident acute myocardial infarction cases and 744 controls matched for gender, dialect group, date of birth, date of recruitment and date of blood collection failed to detect significant association between free oxylipin clusters and acute myocardial infarction (besides TXB 2 which may reflect sample collection, processing or storage) [START_REF] Sun | Plasma fatty acids, oxylipins, and risk of myocardial infarction: the Singapore Chinese Health Study[END_REF]. Interestingly, the authors suggested that examining oxylipins within the esterified pool of lipoprotein particules rather than free oxylipins could provide better predictive biomarkers of coronary heart disease. This lays emphasis on this critical point when focusing on oxylipins as potential disease biomarkers. Although the origin and role of most free and almost all esterified oxylipins are not well understood, assessing the esterified pool could be more relevant in a context of biomarker discovery for three main reasons: (i) it represents the major portion of circulating oxylipins (especially epoxy-and hydroxy-PUFA); (ii) it is known to be biologically active [START_REF] Hammond | Esterified eicosanoids: generation, characterization and function[END_REF]; and (iii) it fluctuates as a function of lipoprotein particle concentrations and composition [START_REF] Shearer | Abnormal lipoprotein oxylipins in metabolic syndrome and partial correction by omega-3 fatty acids[END_REF], which is of importance since other factors associated with such lipidomic fluctuations are known disease risk factors (e.g. hypertriglyceridemia, cholesterol distributions). Moreover, one can expect (whereas this has not been assessed) that the esterified oxylipins are more stable and therefore less affected by sample collection, processing or storage.

Another common application for the targeted metabolomics of oxylipins is to generate an integrative assessment of the inflammatory and oxidative stress status of an individual. The utility of such data is also enhanced by broad metabolic coverage to include complementary and opposing oxylipins derived from all pathways and multiple substrates to allow relevant biological interpretation. Inflammation and oxidative stress are the drivers for the onset of many diseases and
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8 assessing them accurately is therefore crucial in clinical research. Inflammatory status is usually quantified by markers like C-reactive protein (CRP), interleukin 1, TNF-α, and fibrinogen while the non-enzymatically formed isoprostanes are considered to be the "gold standard" biomarkers of endogenous lipid peroxidation and oxidative stress [START_REF] Milne | Human biochemistry of the isoprostane pathway[END_REF]. However, we recently observed in patients in the early phases of sarcopenia that the classic inflammatory biomarkers do not identify subtle differences in inflammatory and oxidative stress status [START_REF] Dalle | Effects of a 12-week high-alpha-linolenic acid intervention on EPA and DHA concentrations in red blood cells and plasma oxylipin pattern in subjects with a low EPA and DHA status[END_REF]. Indeed, although CRP and F 2isoprostanes were similar in patients with different muscle status, several oxylipins (e.g. 15-HETE, 5-HEPE, 9-HETE, 9-HEPE and 14-HDHA) demonstrated subtle differences in inflammation and oxidative stress providing a better characterization of the early phases of sarcopenia.

Targeted metabolomics of circulating oxylipins has also been widely used to monitor and subsequently understand the effect of diet (mainly omega-3 fatty acids) or drugs (e.g. antiinflammatory drugs) on health. The impacts of these two environmental factors on oxylipin patterns will be detailed later (see section 4.1), but important observations arised from studies presented in Table 1. The first is related to the variability of response which is systematicaly reported by the authors, depending for example on the basal status of omega-3 fatty acids (48,[START_REF] Keenan | Basal omega-3 fatty acid status affects fatty acid and oxylipin responses to high-dose n3-HUFA in healthy volunteers[END_REF], participant health status [START_REF] Shearer | Abnormal lipoprotein oxylipins in metabolic syndrome and partial correction by omega-3 fatty acids[END_REF], age and sex [START_REF] Caligiuri | Elevated levels of proinflammatory oxylipins in older subjects are normalized by flaxseed consumption[END_REF]. The second observation refers to the necessity to assess all pathways of oxylipin biosynthesis to identifiy unexpected effects of treatments (51). As with the influence of basal omega-3 fatty acid status on oxylipin responses to fish oil consumption [START_REF] Ostermann | Effects of omega-3 fatty acid supplementation on the pattern of oxylipins: a short review about the modulation of hydroxy-, dihydroxy-, and epoxy-fatty acids[END_REF], examination of response dynamics through the use of regression analysis can actually take advantage of such variance to provide new information. Similarly, if unique response phenotypes are observed within an experimental population, it may be important to develop new hypotheses surrounding the associations of oxylipins and health risks to truely understand the utility of these potential 

Analytical variability linked to the MS-based profiling of circulating oxylipins.

To enhance our understanding of the physiological roles of oxylipins that influence health and disease, high quality data are required from a wide array of biological matrices. Therefore, robust analytical methods with high sensitivity, accuracy and precision, are needed. Due to the complex and interactive nature of lipid mediator signaling, it is now well accepted that the physiological effects of these compounds result from a shift in the overall oxylipin pattern, e.g. from a pro-to an antiinflammatory status [START_REF] Arita | Mediator lipidomics in acute inflammation and resolution[END_REF], rather than from the absolute concentration of individual mediators. Thus, state-of-the-art analytical methods aim to precisely detect as many members of the oxylipin cascades (such as the arachidonic acid cascasde) as possible. This broad, and if possible comprehensive, monitoring of such an endogenous pathway is typically referred to as targeted metabolomics [START_REF] Roberts | Targeted metabolomics[END_REF].

The analysis of oxylipins as a superclass of endogenous compounds presents a number of challenges including a diverse array of compound polarity, stability, and endogenous concentrations that can vary ≥4-orders of magnitude [START_REF] Willenberg | Characterization of changes in plasma and tissue oxylipin levels in LPS and CLP induced murine sepsis[END_REF][START_REF] Ostermann | Modulation of the endogenous omega-3 fatty acid and oxylipin profile in vivo-A comparison of the fat-1 transgenic mouse with C57BL/6 wildtype mice on an omega-3 fatty acid enriched diet[END_REF]. Therefore, to quantify oxylipins with high sensitivity and precision, critical considerations include sample collection and storage, instrument selection, analytical breadth and the biological matrix of concern. Each of these factors will affect method development aspects such as the modes of analyte extraction.

Sample collection procedures

-A major source of variability in analysis is the formation/degradation of oxylipins during or after sample collection. Oxylipins, particularly COX-1 derived Tx as well as 12-LOX generated hydro(peroxy)-PUFA are formed during blood coagulation [START_REF] Jonasdottir | Effects of anticoagulants and storage conditions on clinical oxylipid levels in human plasma[END_REF][START_REF] Schuchardt | Comparison of free serum oxylipin concentrations in hyper-vs. normolipidemic men[END_REF]. Thus, serum has to be regarded as an "ex-vivo" coagulation assay and it is likely that the M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 10 time and temperature for coagulation before spinning and freezing affects the formation of oxylipins [START_REF] Frano | Impact of post-collection freezing delay on the reliability of serum metabolomics in samples reflecting the California mid-term pregnancy biobank[END_REF]. The anticoagulant -e.g. ethylenediaminetetraacetic acid (EDTA) or heparin -used for the preparation of plasma has also been shown to modulate the oxylipin pattern [START_REF] Jonasdottir | Effects of anticoagulants and storage conditions on clinical oxylipid levels in human plasma[END_REF][START_REF] Dorow | Preanalytical Investigation of Polyunsaturated Fatty Acids and Eicosanoids in Human Plasma by Liquid Chromatography-Tandem Mass Spectrometry[END_REF][START_REF] Goodfriend | Heparin, lipoproteins, and oxygenated fatty acids in blood: a cautionary note[END_REF]. Thus, levels between differently generated plasmas may vary considerably and should not be directly compared.

EDTA is used in most studies investigating the oxylipin profile (Table 1). Best practice is to centrifuge and store samples immediately after collection and define minimal/maximal duration and conditions for transitory storage. Even short periods of storage (1-2 h) of plasma at room temperature or in the refrigerator lead to ex vivo changes in the oxylipin profiles (57 , 60). For example, Figure 4 shows the massive variability induced by differences in the handling of whole blood during the first two hours post-blood collection at different temperatures prior to plasma isolation. Although the direct addition of methanol (57 , 60) or additives (inhibitors or antioxidants) might have beneficial effects on the stability of analytes. However, these procedures are seldom feasible in clinical settings, since commercially available collection tubes containing such materials are not currently available. Similar considerations are needed in the standardization of post-coagulation freezing delays when serum analyses are considered experimentally relevant [START_REF] Frano | Impact of post-collection freezing delay on the reliability of serum metabolomics in samples reflecting the California mid-term pregnancy biobank[END_REF]. Serial sampling from indwelling catheters offers unique challenges, and the process of catheter maintenance must be carefully chosen. If heparin is used for catheter maintenance, or in association with other medical interventions (e.g. heart lung machine action) large increases in circulating non-esterified oxylipins are observed (61 , 62, 63). Although heparin stabilization of lipoprotein lipase can be reversed by the administration of protamine sulfate, great care should be taken when analyzing and interpreting such samples due to the effect heparin can have on the oxylipin profile in these settings.

These data illustrate the importance of standardized procedures and protocols in clinical studies to reduce sample collection induced variability in oxylipin concentrations. Regardless, the analysis of blood samples from cohort studies collected with non-documented and/or variable sample conditions may be valuable to help define the physiological role of oxylipins. However, researchers should consider that such data sets may have higher than expected variance and
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11 carefully consider interpretation of data pertaining to metabolites with known instabilities. If future studies can identify robust markers of poor sample handling, these may provide non-biased tools for the exclusion of samples with evidence of significant ex-vivo changes in oxylipin profiles, increasing the utility of such studies. In at least 3 studies to date we have found that greatly exaggerated concentrations of 9-HETE and the linoleate-derived trihydroxy metabolites (TriHOMEs) may be such potential markers of poor sample handling (unpublished data). Moreover, in order to correctly interpret the results, quantitative data on the variability induced by transitory storage at each step of plasma generation prior storage at -80°C is urgently needed.

Sample storage procedures -

Variability of oxylipin levels is also induced by storage time and conditions. In a recent article, Giera and coworkers show an impressive data set demonstrating that only 4 weeks storage at -20°C leads to artificial oxylipin formation [START_REF] Jonasdottir | Effects of anticoagulants and storage conditions on clinical oxylipid levels in human plasma[END_REF]. This is consistent with earlier reports showing that short term storage at 4°C as well as freeze/thaw cycling massively influence oxylipin patterns [START_REF] Dorow | Preanalytical Investigation of Polyunsaturated Fatty Acids and Eicosanoids in Human Plasma by Liquid Chromatography-Tandem Mass Spectrometry[END_REF]. Interestingly, Giera and coworkers also show that the oxylipin pattern in EDTA plasma is not stable when stored at -80°C [START_REF] Jonasdottir | Effects of anticoagulants and storage conditions on clinical oxylipid levels in human plasma[END_REF]. For most of the oxylipins, small changes were observed over the time span of one year. However, two critical oxylipins, i.e. TxB 2 and 12-HETE, were found to increase (2-20 fold and 1.5-15 fold, respectively) under certain conditions (without methanol or butylated hydroxytoluene (BHT, radical scavenger) addition). As these metabolites are halmark indicators of platelet degranulation [START_REF] Yeung | The expansive role of oxylipins on platelet biology[END_REF][START_REF] Goodall | Platelet 12-LOX scores a HIT[END_REF], for long term storage, the preparation of platelet depleated plasma may be advantageous. Taking into account that clinical samples are stored under these conditions, the data for TxB 2 and 12-HETE should be evaluated with caution in samples which have been stored over a long period, e.g. samples from prospective cohort studies. In our hands, the oxylipin pattern in human plasma is stable during storage at -80°C for 2.5 years as shown for selected oxylipins in Figure 5. Though this data is only obtained over a period of 2.5 years from a pool of well-prepared EDTA plasma from healthy subjects, it implies that oxylipins can be evaluated in biological samples that have been stored at -80°C for many years. Overall, these
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12 data demonstrates the importance of carefully controlling all aspects of sample collection and storage to minimize oxylipin variability.

Sample preparation approach -

In general, oxylipins occur in plasma esterified into complex lipids such as phospholipids, triglycerides and cholesterylesters (>90% of oxylipins (hydroxy-PUFA and epoxy-PUFA)), or as free oxylipins, i.e. in their non-esterified form. Esterified oxylipins are commonly quantified in a sum parameter consisting of esterified and free oxylipins (total oxylipins) following hydrolysis by saponification. It should be noted that alkaline conditions destroy the βhydroxy-keto PG (e.g. PGEs, PGDs) and Tx, as well as cysteinyl leukotrienes and ketones but not the β-hydroxy-alcohols (PGFs) [START_REF] Gladine | Lipid profiling following intake of the omega 3 fatty acid DHA identifies the peroxidized metabolites F4neuroprostanes as the best predictors of atherosclerosis prevention[END_REF]. Reported conditions for saponification vary using e.g. potassium hydroxide (0.2-0.5 M in sample (66, 67), sodium hydroxide (0.5-3.75 M in sample [START_REF] Schebb | Comparison of the effects of long-chain omega-3 fatty acid supplementation on plasma levels of free and esterified oxylipins[END_REF][START_REF] Newman | Proteinuria increases oxylipid concentrations in VLDL and HDL but not LDL particles in the rat[END_REF][START_REF] Arnold | Arachidonic Acidmetabolizing Cytochrome P450 Enzymes Are Targets of ω-3 Fatty Acids[END_REF][START_REF] Duflot | A sensitive LC-MS/MS method for the quantification of regioisomers of epoxyeicosatrienoic and dihydroxyeicosatrienoic acids in human plasma during endothelial stimulation[END_REF]) or sodium bicarbonate (0.1 M in sample ( 71)). Temperature and duration of hydrolysis range from 4-90°C for 20 min to 18 h [START_REF] Schebb | Comparison of the effects of long-chain omega-3 fatty acid supplementation on plasma levels of free and esterified oxylipins[END_REF](66)[START_REF] Quehenberger | Quantitative determination of esterified eicosanoids and related oxygenated metabolites after base hydrolysis[END_REF][START_REF] Newman | Proteinuria increases oxylipid concentrations in VLDL and HDL but not LDL particles in the rat[END_REF][START_REF] Arnold | Arachidonic Acidmetabolizing Cytochrome P450 Enzymes Are Targets of ω-3 Fatty Acids[END_REF][START_REF] Duflot | A sensitive LC-MS/MS method for the quantification of regioisomers of epoxyeicosatrienoic and dihydroxyeicosatrienoic acids in human plasma during endothelial stimulation[END_REF][START_REF] Morisseau | Naturally occurring monoepoxides of eicosapentaenoic acid and docosahexaenoic acid are bioactive antihyperalgesic lipids[END_REF]. Moreover, to promote efficient hydrolysis of complex lipids with low solubility including triglycerides and cholesterylesters, transesterification of lipids in methanolic sodium hydroxide in the presence of lipidclass surrogates (i.e. phospholipids, triglycerides, cholesterylesters, and free fatty acids), followed by hydrolysis using water has been established [START_REF] Gladine | Lipid profiling following intake of the omega 3 fatty acid DHA identifies the peroxidized metabolites F4neuroprostanes as the best predictors of atherosclerosis prevention[END_REF].

In some protocols an initial liquid-liquid extraction (e.g. chloroform/methanol or cyclohexane/isopropanol/ammonium acetate), or protein precipitation with organic solvents has been used to extract the lipids from the biological sample before hydrolysis [START_REF] Gladine | Lipid profiling following intake of the omega 3 fatty acid DHA identifies the peroxidized metabolites F4neuroprostanes as the best predictors of atherosclerosis prevention[END_REF]66,[START_REF] Newman | Proteinuria increases oxylipid concentrations in VLDL and HDL but not LDL particles in the rat[END_REF][START_REF] Duflot | A sensitive LC-MS/MS method for the quantification of regioisomers of epoxyeicosatrienoic and dihydroxyeicosatrienoic acids in human plasma during endothelial stimulation[END_REF][START_REF] Morisseau | Naturally occurring monoepoxides of eicosapentaenoic acid and docosahexaenoic acid are bioactive antihyperalgesic lipids[END_REF].

These different strategies may influence the amount of oxylipins isolated and liberated during hydrolysis and thus directly affect apparent (total) oxylipin concentrations resulting in variations in the reported concentrations. However, only a few reports data on method optimization are presented -as in ( 67) -and thus so far, the effects of different saponification strategies has not been systematically evaluated.

For analysis of free oxylipins in biological samples, solid phase extraction (SPE) is the most commonly applied technique today, and SPE materials with different retention mechanisms as well
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as different elution solvents are used [START_REF] Dumlao | Highthroughput lipidomic analysis of fatty acid derived eicosanoids and N-acylethanolamines[END_REF][START_REF] Arnold | Arachidonic acidmetabolizing cytochrome P450 enzymes are targets of {omega}-3 fatty acids[END_REF][START_REF] Yang | Quantitative profiling method for oxylipin metabolome by liquid chromatography electrospray ionization tandem mass spectrometry[END_REF][START_REF] Giera | Lipid and lipid mediator profiling of human synovial fluid in rheumatoid arthritis patients by means of LC-MS/MS[END_REF] and have been summarized and compared in [START_REF] Ostermann | Comparison of sample preparation methods for the quantitative analysis of eicosanoids and other oxylipins in plasma by means of LC-MS/MS[END_REF]. SPE allows relative enrichement of analytes from larger sample sizes to lower detection limits. Protein precipitation (57 , 77) and liquid-liquid-extraction (78 , 79) procedures have also been reported.

While counterintuitive, the dilution of samples by protein precipitation procedures can effectively lower detection limits by reducing ion suppression/enhancement influences of co-extracted metabolites. In the SPE protocols, sample pre-treatment strategies have to be optimized for each protocol and include protein precipitation followed by dilution of the samples with buffer -often coupled to pH adjustment (e.g. using anion-exchange cartridge material) -or acidification of samples. Following elution with appropriate organic solvents, samples are reduced and reconstituted to achieve concentration of analytes of up to 10-fold (compared to the plasma sample). Differing SPE protocols are most likely one of the most important factors contributing to the high variability in the concentrations of oxylipins in biological samples, such as human plasma of healthy individuals. In a direct comparison of the SPE protocols using the same instrumental setup and the same set of samples ( 76) it has been shown that apparent recoveries of internal standards added to the samples at the beginning of preparation (i.e. analytical surrogates) varied significantly between protocols. This could be explained by differences in analyte extraction efficiency and/or differential removal of ion suppressing matrix components, such as phospholipids (Figure 6).

Matrix induced ion suppression/enhancement is a key problem when using electrospray ionization-mass spectrometry (ESI-MS) for quantitative analysis in biological matrices [START_REF] Stahnke | Compensation of matrix effects by postcolumn infusion of a monitor substance in multiresidue analysis with LC-MS/MS[END_REF]. Ion suppression can be particularly problematic in targeted oxylipin metabolomics since only a few isotopically labeled internal standards are used for a large number of oxylipins eluting at different retention times. In this context, it has to be kept in mind that matrix differences between individual samples such as different human plasma samples (i.e. healthy vs disease, fasting vs postprandial, normolipidemic vs hyperlipidemic) may also increase variability in results, and assessing the consistency of suppression across samples within any single study should be considered. Moreover, there is an optimum balance between sample extraction and final concentration that can vary by Hence, a carefully optimized and well-characterized extraction protocol leading to reproducible analyte concentrations in the analyzed matrix is of the utmost importance for the production of biologically meaningful oxylipin data. If ion suppression is ignored -or not characterized -apparent changes in oxylipin concentration may result from differences in the matrix and not changes in the associated metabolic cascades. Therefore, ideal methods will limit the observable matrix-dependent ionization effects across the entire chromatographic run.

3.4 Analytical hardware -While gas liquid chromatography-MS (GLC-MS) methods were commonly used in the early days of oxylipin quantification, these have been almost completely replaced by (ultra) high performance liquid chromatography-MS ((U)HPLC-MS) methods on reversed phase (RP) columns, which can cover >170 analytes from up to six PUFAs precursors including linoleate (C18:2n6), alpha-linolenate (C18:3n3), dihomo-gamma-linolenate (C20:3n6), arachidonate (C20:4n6), eicosapentaenoate (C20:5n3) and docosahexaenoate (C22:6n3) (Table 2). Rare analyses of oxylipins from adrenic acid (C22:4n6) [START_REF] Rund | Development of an LC-ESI(-)-MS/MS method for the simultaneous quantification of 35 isoprostanes and isofurans derived from the major n3-and n6-PUFAs[END_REF][START_REF] Campbell | Synthesis of dihomoprostaglandins from adrenic acid (7,10,13,16-docosatetraenoic acid) by human endothelial cells[END_REF][START_REF] Kopf | Adrenic acid metabolites as endogenous endothelium-derived and zona glomerulosa-derived hyperpolarizing factors[END_REF] or n3-or n6-docosapentaenoic acid (DPA, C22:5n3/n6) [START_REF] Rund | Development of an LC-ESI(-)-MS/MS method for the simultaneous quantification of 35 isoprostanes and isofurans derived from the major n3-and n6-PUFAs[END_REF][START_REF] Markworth | Divergent shifts in lipid mediator profile following supplementation with n-3 docosapentaenoic acid and eicosapentaenoic acid[END_REF], and very long chain elovanoids [START_REF] Bhattacharjee | Elovanoids are a novel class of homeostatic lipid mediators that protect neural cell integrity upon injury[END_REF] have also been reported. Recent articles describe the use of super-critcial-fluid chromatography [START_REF] Berkecz | Analysis of oxylipins in human plasma: Comparison of ultrahigh-performance liquid chromatography and ultrahigh-performance supercritical fluid chromatography coupled to mass spectrometry[END_REF]. Because oxylipins in their non-esterified form bear the acidic carboxy-moiety of the polyunsaturated fatty acid precursor, ionization is dominantly carried out by ESI in negative ion mode. Only in a few applications different techniques are used, e.g. atmospheric pressure chemical ionization following derivatization (86) (Table 2).

Today, oxylipins are most often quantified using triple quadrupole MS (QqQ-MS) (Table 2).

This type of analyzer is well suited for the detection of oxylipins because of its high ion transmission and matrix independence (compared to Paul traps or linear ion traps). In addition, these systems are generally coupled with either photomultipliers or electron multipliers, providing linear detector responses over concentration ranges of 5-6 orders of magnitude. The latter is crucial for oxylipin
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15 quantification because levels of analytes differ in the very same sample by well over three orders of magnitude, e.g. in plasma of healthy humans from 0.050 to 11 nM [START_REF] Bos | Prostanoids and prostanoid receptors in signal transduction[END_REF]) or in healthy mouse plasma (following feeding with omega-3 fatty acids) from 0.064 to 495 nM for PGE 2 and 12-HEPE (56) (data obtained from the mean reported concentraton within one group).

Pathophysiological conditions induce strong changes where a linear range of at least four orders of magnitude is needed [START_REF] Shearer | Abnormal lipoprotein oxylipins in metabolic syndrome and partial correction by omega-3 fatty acids[END_REF][START_REF] Willenberg | Characterization of changes in plasma and tissue oxylipin levels in LPS and CLP induced murine sepsis[END_REF]. A key feature of QqQ-MS is that oxylipins are detected following fragmentation. Given that oxylipins are formed by oxygenation of unsaturated bounds within the PUFA backbone, their (exact) molecular masses cannot distinguish regioisomeric structures. Thus, only fragmentation makes a specific MS-detection of isobaric compounds possible. It is important to remember, however, that oxylipin regioisomers can often generate non-specific fragments, and care must be taken in both quantitative ion selection and chromatographic resolution of certain spieces [START_REF] Newman | The simultaneous quantification of cytochrome P450 dependent linoleate and arachidonate metabolites in urine by HPLC-MS/MS[END_REF]. However, QqQ-MS only allows the analysis of pre-selected species, i.e. "targeted metabolomics", and today analyses of 50-200 oxylipins are common (Table 2). Using time of flight (TOF) or orbitrap mass analyzers equipped with a quadrupole collision cell (e.g. qTOF or Q Exactive™) allow acquisition of full (fragment) spectra making simultaneous targeted and non-targeted oxylipin metabolomics/lipidomics possible. To date, few applications with these instruments have been published, most being qualitative (88 , 89). At present, using two methods for non-targeted (orbitrap) and targeted (QqQ) metabolomics, as recently described by Wheelock and coworkers [START_REF] Kamleh | Increased Levels of Circulating Fatty Acids Are Associated with Protective Effects against Future Cardiovascular Events in Nondiabetics[END_REF], is the most promising approach for gaining both, lipidomics data and quantitative information on oxylipins.

Isomeric and enantiomeric complexity -Due to the complexity of oxylipin isomer

profiles present in biological samples, careful selection of collision induced mass transitions along with high chromatographic resolution and stable retention times are required to yield the selectivity and sensitivity needed to correctly identify and quantify oxylipins. Thus, effort is required for optimizing both the mass spectrometric parameters and the chromatographic method, to avoid peak misalignment and/or mass spectrometric overlap of secondary ions which can lead to the generation These interfering peaks hamper peak integration and thus might lead to variations in apparent concentrations.

In addition to selective MS detection, the large number of isomeric oxylipins require excellent chromatographic separation. Currently, separation is typically carried out by reversed phase chromatography often using columns filled with sub-2-µm or fused core particles (Table 2).

The fragment spectra of several oxylipins, particularly regio-and stereoisomers are often too similar to be resolved spectrally. An example of such a critical separation pair, i.e. two oxylipins with the same precursor mass giving rise to similar fragment spectra, are the hydroxylated-AA metabolites 9-HETE and 12-HETE [START_REF] Willenberg | Targeted metabolomics of the arachidonic acid cascade: current state and challenges of LC-MS analysis of oxylipins[END_REF]. Similarly the most sensitive transition for 8 [START_REF] Watanabe | Anandamide and arachidonic acid use epoxyeicosatrienoic acids to activate TRPV4 channels[END_REF]EpETrE also shows signals for 11 [START_REF] Hardwick | Eicosanoids in metabolic syndrome[END_REF]EpETrE ( 87) making these two epoxy-AAs another critical pair requiring chromatographic baseline separation. Even using optimized MS-transitions and optimal (state of the art) reversedphase liquid chromatography, isobaric interferences from the sample matrix could overlap with the oxylipin peak. This is particularly a challenge in the detection of multiple-hydroxylated PUFA such as specialized pro-resolving mediators (SPM), with a large number of possible regio-and stereoisomers. Well characterized examples for this, which -if not recognized -lead to strong variations in the apparent concentration (i.e. poor accuracy), are the interference between LTB 4 and 5(S),12(S)-diHETE [START_REF] Jonasdottir | Differential mobility separation of leukotrienes and protectins[END_REF] and different isobaric compounds mimicking lipoxin A4 (LXA 4 ) [START_REF] Ferreirós | Lipoxin A4: Problems with its determination using reversed phase chromatography-tandem mass spectrometry and confirmation with chiral chromatography[END_REF]. Similarly, interfering peaks for Maresin 1 (MaR1), and the protectins PD1 and PDX occur in improperly stored plasma [START_REF] Jonasdottir | Effects of anticoagulants and storage conditions on clinical oxylipid levels in human plasma[END_REF].

Complicating matters, trans-double bond containing oxylipins also exist, produced by either the metabolism of trans-fatty acids or the rearrangement of formed oxylipins [START_REF] Roy | Cytochrome P450/NADPH-dependent formation of trans epoxides from trans-arachidonic acids[END_REF][START_REF] Balazy | Trans-arachidonic acids: new mediators of nitro-oxidative stress[END_REF][START_REF] Adkins | Dietary Docosahexaenoic Acid and trans-10, cis-12-Conjugated Linoleic Acid Differentially Alter Oxylipin Profiles in Mouse Periuterine Adipose Tissue[END_REF].
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17 Another significant consideration in oxylipin analyses is the chirality of the detected species.

In particular, independent detection and quantification of enantiomers can aid in interpretation of results in a biologically relevant context. For instance, a variety of oxylipins can be produced by the direct interaction of reactive oxygen species with unsaturated lipids, with the resulting products having no enantiomeric enrichment, while enzymatic reactions generally have high degrees of enantiomeric enrichment [START_REF] Lee | Targeted chiral lipidomics analysis[END_REF][START_REF] Mesaros | Targeted quantitative analysis of eicosanoid lipids in biological samples using liquid chromatography-tandem mass spectrometry[END_REF][START_REF] Karara | Endogenous epoxyeicosatrienoic acids: Cytochrome P-450 controlled stereoselectivity of the hepatic arachidonic acid epoxygenase[END_REF][START_REF] Fuchs | An LC-MS/MS workflow to characterize 16 regio-and stereoisomeric trihydroxyoctadecenoic acids[END_REF][START_REF] Mazaleuskaya | Analysis of HETEs in human whole blood by chiral UHPLC-ECAPCI/HRMS[END_REF](100)(101)(102). Notably, the clotting process yields dramatic shifts in oxylipin enantiomeric patterns [START_REF] Mazaleuskaya | Analysis of HETEs in human whole blood by chiral UHPLC-ECAPCI/HRMS[END_REF]. In addition, some enzymes yield the opposite enantiomers of the same regioisomers, for example 12(R)-HETE production by CYPs and psoriatic lipoxygenases, and 12(S)-HETE production by the ALOX12 gene product (103, 104). Historically, these techniques have relied upon normal phase chromatography of pentaflurobenzyl ester derivatives, however new reverse phase chiral materials are opening the door to routine application of these methods in the future.

(100-102). Recently developed approaches couple a non-chiral reversed phase-column with a chiral amylose-based column that can be used with reversed phase solvents (101, 105). These were used e.g. to successfully unveil the stereospecific formation/degradation of epoxy-PUFA and hydroy-PUFA (101) as well as the characterizing the configuration of SPMs (105).

Accessibility of analytical calibrants and internal standards -To accurately quantify

oxylipins, a calibration with authentic reference compounds is required, typically carried out by external calibration with internal standards introduced to the samples, thus allowing correction for methodological variance (e.g. sample loss, ion suppression). Currently, several hundred nonesterified oxylipins are commercially available through a small handful of companies. However, oxylipins esterified into complex lipids including triacylglycerides, phospholipids, cholesterylesters and appropriate isotopically labeled analogs are essentially unavailable through the commercial market place and thus only available to those scientists with the skill and resources to synthesize and purify them. With respect to the available standards, varying purities of these reference compounds have been reported (106), which is likely one cause of the massive differences in reported concentrations [START_REF] Ostermann | Effects of omega-3 fatty acid supplementation on the pattern of oxylipins: a short review about the modulation of hydroxy-, dihydroxy-, and epoxy-fatty acids[END_REF]107). The limited availability of isotopically labeled structural analogs, and their Despite optimizing and standardizing sample collection, preparation and analysis, inter-and intra-day variation will remain. Recent studies show that an intra-day variation of <20% can be achieved for most analytes in human plasma when present at concentrations above the lower limit of quantification (LLOQ) (41). However, variability increases as analyte concentrations approache the LLOQ. Therefore, methodological robustness should be considered when interpreting results, particularly when the null hypothesis is not rejected. Such robustness factors should include method variability along with other validation criteria such as internal standard recoveries, detected matrix effects, sensitivity (i.e. LLOQs), and calibration stability and accuracy. To this end, we would encourage the routine reporting of these robustness factors, which are rarely reported outside of method development studies at this time.

When comparing oxylipin concentrations from different laboratories (Table 2), it is important to consider the analytical choices within each method. Round-robin trials comparing methods established and routinely implemented in different laboratories will be the key to identifying strengths, weaknesses, and intercomparability of different approaches. Ultimately, such efforts will allow the implementation of internationally agreed upon sample preparation procedures and/or a routine performance standard that will allow the highest confidence in these important data sets, and promote the direct comparison of studies performed at multiple locations. reported concentration of oxylipins should be performed carefully, and only the relative change within the studies seems to be a measure which can be robustly compared.

Accurate analyte quantification requires signal to noise ratios to exceed a defined threshold.

This is comprehensively discussed in internationally accepted guidelines on method validation (European Medicines Agency, US food and Drug Administration, US Environmental Protection Agency, etc.). With a signal/noise ratio of at least 5, the typically reported LLOQ for oxylipins on state-of-the-art QqQ instruments is ~0.5 to 50 fmol on column (Table 2). The LLOQ varies about 10-fold between different oxylipins based on their ionization and fragmentation behavior. Proper definition of analyte specific LLOQs in the methods used is crucial, because it impacts the breadth and number of oxylipins that can be reported in a biological sample. Reporting levels below the LLOQ need to be identified as they are prone to high variation and inacceptable accuracy. It should be stressed, however, that while measures below the limit of detection (LOD) are not an indication of the presence or absence of a compound, and those below the LLOQ (above the LOD) are subject to higher false positive/false negative rates (108), they may have statistical value in maintaining the number of observations across all analytes, and may be better than removal and imputation or arbitrary replacement by the LLOQ, procedures that should be implemented with great care (109-111). Taking an injection volume of 5 to 10 µL and an average molecular mass of 300 Da into account, as a rule of the thumb the LLOQ for oxylipins in the injected solution is between 0.1 and 10 nmol/L (0.3 to30 ng/mL). The detection of lower concentration of oxylipins becomes possible by preconcentration during sample preparation if a concurent increase in ion suppression is not observed. Diet constitutes the single largest environmental factor that modulates both the type and dose of PUFAs available for oxylipin biosynthesis. Oxylipins can be produced either directly in phospholipid membranes (e.g. non-enzymatically or via 15-LOX pathways) (112, 113), however for most enzymes, the esterified PUFAs have to be released from membranes by the action of phospholipase A2 (PLA2) (114). In most human tissues and circulating cells, the omega-6 PUFAs (i.e. arachidonic acid and linoleic acid) are the most abundant PUFAs stored in membranes (115, 116) and therefore the main substrates for oxylipin biosynthesis. However, changing dietary PUFAs (type and dose) can readily modify the fatty acid composition of cellular lipids. This has been well demonstrated with increased intake of long chain omega-3 PUFAs (i.e. EPA and DHA) from fish or fish oil based supplements, which leads to dose-and time-dependent incorporation of both fatty acids in blood lipids, blood cell lipids, and many tissue pools [START_REF] Keenan | Basal omega-3 fatty acid status affects fatty acid and oxylipin responses to high-dose n3-HUFA in healthy volunteers[END_REF]117,118) (and see review (119) for more details). The incorportion of long chain omega-3 PUFAs is usually accompanied by a decrease in omega-6 PUFAs including linoleic, dihomo-γ-linolenic and arachidonic acids ( 119), but the rate and magnitude of these changes are dependent on an individuals basal omega-3 status [START_REF] Keenan | Basal omega-3 fatty acid status affects fatty acid and oxylipin responses to high-dose n3-HUFA in healthy volunteers[END_REF]. Changing the relative proportion of omega-3 and omega-6 PUFAs in membranes influences oxylipin patterns because of both shifts in substrate availabilityand variable substrate affinity with the different enzymes. For instance, cytosolic PLA2 has a strong affinity for AA and EPA but very weak interaction with DHA, which is preferentially hydrolyzed by the calcium-independent PLA2 (iPLA2, Type VIA) (120 (45, 49 , 52). Similar, but less consistant results have been reported for free oxylipins [START_REF] Ostermann | Effects of omega-3 fatty acid supplementation on the pattern of oxylipins: a short review about the modulation of hydroxy-, dihydroxy-, and epoxy-fatty acids[END_REF].

Inter-individual variability of plasma oxylipin patterns.

As illustrated in

Relative changes in EPA are generally more pronounced. Crossvalidating the effects of omega-3 PUFA supplementation on the different pathways of biosynthesis between different studies produces no systematic trends [START_REF] Ostermann | Effects of omega-3 fatty acid supplementation on the pattern of oxylipins: a short review about the modulation of hydroxy-, dihydroxy-, and epoxy-fatty acids[END_REF]. Several authors, however, reported predominant changes in the CYP pathways (123) consistent with a higher affinity of CYP enzymes with omega-3 PUFAs. Recent data demonstrate that the plasma levels of hydroxy-PUFA, epoxy-PUFA and dihydroxy-PUFA derived from n3-PUFA increase in a linear fashion with the intake of n3-PUFA (124).

While PUFA instake can alter substrate availability, other factors can alter oxylipin patterns through modification of the expression and/or activity of enzymes of the oxylipin pathways. The first environmental factor to consider when interpreting oxylipin profiles should be the use of drugs that specifically target oxylipin pathways. These notably include non-steroidal anti-inflammatory drugs [START_REF] Watanabe | Anandamide and arachidonic acid use epoxyeicosatrienoic acids to activate TRPV4 channels[END_REF][START_REF] Wen | 20-Hydroxyeicosatetraenoic acid (20-HETE) is a novel activator of transient receptor potential vanilloid 1 (TRPV1) channel[END_REF][START_REF] Hardwick | Eicosanoids in metabolic syndrome[END_REF] were also higher in plasma of old healthy men and women in comparison with younger controls ( 146). The effects of aging on CYP-derived oxylipins in humans are more scarce and contradictory (149). Most studies have investigated the expression or activity of CYPs at the hepatic level, but the difficulty in accessing human liver samples hampered the demonstration of a significant effect of aging on human CYPs and its consequences on the production of CYP-derived oxylipins. According to the free radical theory of aging ( 150) and knowing the role of reactive oxygen species (151) and lipid peroxides (3) in the regulation of the expression/activity of COX and LOX, oxidative stress is likely a contributing factor to the effect of aging on oxylipin patterns.

Modulation of oxylipin biosynthesis by sex was reported more than 50 years ago (152).

Sexual dimorphism of oxylipin pathways depends on the type of tissue investigated as well as the hormonal status of individuals, which is itself age related. However, males generally have higher levels of PGE 2 and Tx derived from the COX pathway, while females have higher levels of leukotrienes but lower levels of pro-resolving oxylipins, both produced by LOX enzymes (See detail in (147). This is consistent with the higher preponderance of leukotriene-related diseases such as asthma and rheumatoid arthritis in women. Sex is a known factor influencing CYP-dependent drug metabolism (153), but conflicting results were reported in relation to oxylipin metabolism and it is difficult to
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ascertain if gender has a significant influence on the expression/activity of oxylipin generating CYPs (149). However, there are clear sex differences in the levels and distribution of the soluble epoxide hydrolase (sEH), an important epoxy fatty acid converting enzyme (154). It should be noted that, when looking at comprehensive oxylipin profiles, which has been rarely done so far, the overall effect of sex and its interaction with other factors makes interpretation more complicated. Recent studies in rats showed that ~40% of oxylipins (from profiles including 60-71 oxylipins) were influenced by sex and almost all were higher in male rats (155,156). These studies also showed that sex differences are influenced by diet (e.g. male rats have higher levels of adipose oxylipins when fed a high DHA diet, while females have higher oxylipins when fed a high EPA diet), by the type of precursor PUFA (e.g. rat kidney DHA derived oxylipins are higher in females, while AA derived oxylipins are more often higher in male) and by tissue (e.g. in kidney, DHA oxylipins are influenced by diet and sex whereas no change is observed in liver). Mechanisms underlying the influence of sex on enzymes of the oxylipin biosynthetic pathways logically include a regulation of expression/activity by sex hormones. Their role as modulators of COX pathways remains unclear, with investigations mainly focused on primary enzymes of the pathway (i.e. COX). On the other hand, differences in LOX-derived oxylipins have been directly related to variant androgen levels in men and women (147). This can be the result of a direct modulation of LOX enzymes by sex hormones but other regulatory aspects of the LOXdependent oxylipin formation including interaction with other proteins (e.g. 5-lipoxygenaseactivating protein or FLAP), subcellular localization, phosphorylation and other factors (e.g. ATP, glyceride, redox tone, Ca 2+ ) (3) may also be affected by sex and sex hormones.

Genes of enzymes involved in the biosynthesis of oxylipins are highly polymorphic, which may contribute to the variability of oxylipin patterns in healthy humans. However, human genetic studies mostly focused on clinical outcomes rather than oxylipin metabolism. Several large studies investigated the associations between the polymorphism of primary oxylipin enzymes (i.e. COX, LOX and CYP) and the risk of diseases involving oxylipins, such as CVD and cancer. For instance, Ross et al. 161), associations between CYP and sEH polymorphisms and CVD have been intensively investigated. Even though some studies detected significant associations between several variants of CYP and CVD, contradictory results, probably due to ethnic variability, environmental factors (e.g. smoking) and gender specific effects, have been reported and hamper conclusions of significant associations (162,163). Associations between sEH polymorphisms and CVD have been investigated in case-cohort samples of the Atherosclerosis Risk in Communities (ARIC) study. In a first sample of 1,336 participants, two common haplotypes with opposing effects showed significant associations with the risk of ischemic stroke in African American subjects (164). In a second study involving 2,065 participants of the ARIC cohort, Caucasians with the K55R polymorphic variant allele of sEH were found to have a higher risk of CAD and an increase in the relative abundance of linoleate-derived diols relative to their epoxide precursors (165). Similarly, the most common epoxygenase gene polymorphism has been associated with a significant decrease of enzymatic activity and consequently EpETrE biosynthesis (162). Other evidence of a polymorphism-dependent effect on oxylipin levels were reported by Ross et al. (157) in which COX-2/rs20417 carriers had significantly lower urinary levels of Tx and prostacyclin compared to non-carriers. Concerning the LOX pathway, common variants generally have no functional consequences and loss-of-function variation of the human LOX genes are rare (global allele frequency <0.1%) (166). Nevertheless, an intervention study conducted in 116 healthy adults reported that 5-LOX gene variants were associated with
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26 altered production of AA, EPA and DHA derived LOX-metabolites (i.e. hydroxy and oxo-fatty acids but not leukotrienes) and different response to omega-3 (i.e. fish oil) supplementation (159).

While poorly studied and being more a concern of intra-individual variability, temporal changes in both plasma and urinary oxylipins have been reported. Temporal changes in plasma oxylipins may be linked to meal induced changes (41), however, circadian rythms in arachidonic acid metabolism have also been reported ( 167) and circadian effects on other aspects of lipid metabolism are well documented (168). Similarly, urinary CYP-dependent metabolites were found to oscilate independent of meals in free feeding men and women [START_REF] Newman | The simultaneous quantification of cytochrome P450 dependent linoleate and arachidonate metabolites in urine by HPLC-MS/MS[END_REF]. As oxylipins are also important regulators of renal water retention and as urinary but not plasma levels are dramatically influenced by sodium intake and depuration (169, 170), these are also important factors to consider when urinary oxylipin profiling is considered.

Summary and outlook

Oxylipins represent an important regulatory cascade and continuing to unravel this system and its intricate interactions has the potential to offer great value to society. To maximize the utility of this information and accelerate our gain in knowledge, it will be critical (i) to promote our ability to directly compare results generated by independent research teams and (ii) to be able to distinguish abberant oxylipins pattern from natural variance. To do this, sources of variance, both analytical and biological, must be identified, minimized where possible, and considered during data analysis and interpretation.

The preanalytical sources of variance are large and best practices along with international standardization in sample collection, storage and preparation should be established. Based on our own understanding of the current literature, we would argue for the use of EDTA plasma and to centrifuge and store samples at -80°C immediately after collection. A first important point to consider for sample preparation is the choice of analyzing total (i.e. free and esterified) or only free oxylipins, as this choice will have important consequences on the oxylipin profiles and subsequent and may be less affected by sample collection, processing or storage, but their quantitative anaysis currently requires hydrolysis, which destroys several COX-derived oxylipins. Subaliquots of 100 µL of plasma for total (free and esterified) oxylipin analysis or of 500 µL for free oxylipin analysis should be stored at -80°C in methanol pre-cleaned polyethylene tubes until use. This procedure should reduce artifacts associated with freeze/thaw cycling and platelet activation after prolonged storage.

Differences in sample preparation procedures (i.e. SPE, liquid-liquid extraction, protein precipitation), the application of analytical internal standard corrections (i.e. which isotope labeled internal standard is being used to correct for which specific analytes) and the purity of calibration standards are likely sources of variance in comparing results from different laboratories. In particular, matrix effects resulting in ion suppression of analytical internal standards that do not coelute with their analytical target may lead to inaccurate, while reproducible results (systemic error). Therefore, researchers should take care in assessing the stability of their internal standard recoveries across all samples within their study. First, they should be sure that ion suppression does not segregate by experimental group and they should report all internal standard recoveries as metadata to the study so that others can assess to what degree corrections for loss/suppression are being applied to the reported data, as this may influence the accuracy and thus global comparability of the results.

In terms of analytical variability, in general, modern analytical hardware if well maintained is exceptionally stable. Much more important are the standards used to calibrate these instruments, and control over factors including ion suppression/enhancement. The greatest need in the scientific community are the availability of analytical standards and an increased suite of isotopically labeled analogs, including those which allow the direct quantitative analysis of oxylipins within complex lipids. It would be valuable for the research community to establish priorities for the production of new analytical resources for this field. Moreover, the concentration of all standards used should be Therefore, moving forward, if we conciously control analytical variance while embracing biological variance as a research community, we are sure to enhance the impact of our efforts and accelerate our discovery of new knowledge regarding the biological regulation of these important regulatory factors.
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Table 1. Selected examples of recent applications of the oxylipin profiling to identify biomarkers from human blood samples.

Approach

Method Main objectives Reference

Biomarkers of complex disease

Nested case-control cohort study (n=375)

EDTA plasma, free oxylipins (n=36)

• Determine the oxylipin profiles associated with the risk of future cardiovascular events (IMPROVE pan European cohort). ( 42)

Nested case-control study (n=42)

EDTA plasma, free oxylipins (n=21)

• Screen for metabolic perturbations in umbilical cord blood plasma from preterm infants that did or did not develop subsequent pulmonary hypertension.

Clinical trial (n=48) EDTA plasma, total oxylipins (n=95)

• Compare the oxylipin profiles of lipoproteins from healthy vs metabolic syndrome.

Nested case-control cohort study (n=1488) EDTA plasma, free oxylipins (n=12)

• Examine the prospective association between plasma fatty acids, oxylipins, and risk of acute myocardial infarction (Singapore Chinese Health Study).

(

) 43 
Nested case-control cohort study (n=231)

Serum, free oxylipins (n=31),

• Study the metabolomic fingerprint in active rheumatoid arthritis irrespective of patients' response (BiOCURA cohort).

Nested case-control cohort study (n=479)

EDTA plasma, free oxylipins (n=35) 

Biomarkers of nutrition and drug effects

Dietary intervention (n=35)

EDTA plasma, free oxylipins(n=56)

• Determine the impact of long-term treatment with omega-3 fatty acids on plasma oxylipin patterns in patients with severe hyperlipidemia and CVD on standard lipid-lowering and cardioprotective medications. From January 2016 to August 2018 EDTA plasma was repeatedly prepared using the current standard procedure at the time. Since November 2016, protein precipitation by methanol was carried out prior SPE. The dotted lines indicate the mean concentration ± 30% (determined over 32 months). Oxylipin concentrations were determined as described in [START_REF] Ostermann | Comparison of sample preparation methods for the quantitative analysis of eicosanoids and other oxylipins in plasma by means of LC-MS/MS[END_REF] till 11/2016 and in 2017-2018 as described in [START_REF] Rund | Development of an LC-ESI(-)-MS/MS method for the simultaneous quantification of 35 isoprostanes and isofurans derived from the major n3-and n6-PUFAs[END_REF]185). 

  biomarkers in clinical research.MS-based targeted metabolomics of oxylipins represents a very interesting tool for various applications in clinical research, but the impact of analytical and biological parameters on the patterns needs further understanding to avoid inappropriate study design and subsequent biased biological interpretation. Moreover, expansive oxylipin coverage will increase our ability to interpret the interactions and cross-talk among the various biosynthetic routes and substratedependent metabolites, informing our understanding and possible treatment of dysoxylipinemic diseases.

  e.g. adipose vs liver vs plasma) and may be influenced by the nature of sample extraction and the total lipid levels of the tissues.

  leading to false conclusions. The importance of selective mass transitions is illustrated by Figure7. Two transitions of the hydroxylated-DHA 17-HDHA were used to quantify the analyte in human plasma and rat liver. In both matrices, the selective transition yields clean chromatograms with only one peak while using the unspecific transition results in several peaks.

  application in these analyses likely exacerbates this problem. Recently, verifiedconcentration standards, i.e. quantitative grade standards, became available for selected compounds, such as MaxSpec TM (Cayman Chemicals, Ann Abor, MI, USA) and are supplied with batch-specific certificates of analysis. However, up to now only a few standards are available and we recently suggested a strategy to quantify non-verified material with these few verified-concentration standards (106).

Figure 3 , 1

 31 plasma concentrations of oxylipins are highly variable in clinically healthy humans and each oxylipin has its own variability. Both, environmental and intrinsic factors can in measured oxylipin patterns, which are independent of analytical variability.Such natural variance of systemic oxylipins can stem from changes in either substrate availability or modulating the expression and/or activity of responsible biosynthetic enzymes. 4.Influence of environmental factors on oxylipin patterns -Oxylipin patterns reflect the integration of many factors, most notably the availability of unsaturated fatty acid precursors, the relative abundance and activity of specific enzymes, and the degree of oxidative stress present in the individual at the time of sample collection. Each of these factors is influenced by the environment.

(

  NSAIDs), which act via the inhibition of COX isoenzymes and are one of the most widely used drugs in global pharmacological management of acute and chronic pain(125). Other examples are 5-LOX inhibitors (e.g. Zileuton) in the treatment of allergy and asthma, or antithrombotic agents (e.g. Dazoxiben, Camonagrel, Picotamide) that inhibit Tx synthases. Of note, even for these widely used and well characterized drugs, responses are complex and impacts on oxylipin patterns are often broader than expected (51). For instance, the use of celecoxib, a specific COX-2 inhibitor, in patients , was associated with increased levels of CYP-and LOX-derived oxylipins (126), which could be a result of substrate shunting into these alternative pathways. Other drugs not specifically designed to modulate enzymes of the oxylipin pathways can also influence oxylipin patterns. This is notably the case of statins, inhibitors of HMG-CoA reductase, which are widely used in the treatment of hypercholesterolemia. Statins have been shown to increase the production of COX-2-derived oxylipins in various tissues via S-nitrosylation of, while only modest changes in 5-LOX metabolites appeared in the non-esterified plasma pool with high-dose simvastatin (131).Phytochemicals in medicinal herbs or plant-based foods (i.e. alkaloids, polyphenols, terpenoids and plant-derived lipids) also influence the activity of oxylipin enzymes. Among them, polyphenols are representative and nutritionally significant coumpounds investigated for the last 30 years. Numerous in vitro cell-based or enzyme-based assays support the inhibitory effects of various dietary polyphenols including flavonoids, curcumin, stilbenes and secoiridoids on PLA2, COX and 5-LOX and CYP gene expression and/or activity(132)(133)(134)(135)(136)(137)

  conducted a remarkable study to prospectively explore the association of a COX-2 variant (i.e. 49,232 participants. The results showed that rs20417 variant was associated with a reduced risk of major cardiovascular events (157). Common polymorphisms in the 5-LOX pathway including variants of 5-LOX, FLAP, LTA 4 H and LTC 4 S were associated with myocardial infarction in a recent case-cohort study conducted in 3000 participants of the Danish Diet, Cancer and Health study (158), and promoter region variants in the ALOX5 have been linked to the efficacy of fish oil modulation on cardiovascular risk (159). Genetic variability of 5-, 12-and 15-LOX enzymes and FLAP may also affect colorectal neoplasia as reported in three US population-based case-control studies of colorectal cancer involving 5,625 subjects (160). CYP metabolites (i.e. EpETrE) having recognized cardioprotective effects (

  note, total oxylipins represent the major portion of circulating oxylipins

  concentration-verified standard material. Until certified standards are available for all oxylipins quality assessment strategies as described byHartung et al. (106) have to be implemented in each analytical lab.Beyond these procedural and analytical factors, environmental and intrinsic factors tremendously contribute to the natural variability of oxylipin profiles. Care should be taken during the analysis of human studies to truely test assumptions of population normality prior to committing to simple mean testing as a primary outcome. While the accumulating literature shows that dietary and pharmacological components together with age, sex and genetics all have the potential to modulate substrate PUFAs and/or enzyme activities to shift oxylipin profiles, the natural variance of each circulating oxylipin has not been established so far. This will be crucial to appropriately power experimental designs and to enhance the identification of reliable and relevant biomarkers of disease. Increasing our knowledge regarding the natural variance of oxylipin biosynthesis is also of great interest in personalized nutrition or medicine. These efforts will provide new understanding regarding the variability of individual' responses to dietary factors and therapeutics, thus offering insights into diseases susceptibilitythat may allow for patient stratification and personnalization of disease management. Similarly, if unique response phenotypes are observed within an experimental population, it may be important to develop new hypotheses surrounding the associations of oxylipins and health risks to truely understand the utility of these potential biomarkers in clinical research.
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  Determine the effect of a high-ALA diet on EPA and DHA levels in red blood cells and their oxylipins in the plasma of subjects with a low EPA and DHA status. Compare the oxylipin profiles of lipoproteins from healthy vs metabolic syndrome subjects with or without supplementation with omega-3 fatty acids. Compare the short and long term effects of DHA supplementation on the oxylipin plasma signature and oxylipin response of stimulated blood cells in healthy men. Quantitatively map the effects of small-molecule drugs on the entire arachidonic acid Investigate the effects of dietary omega-3 fatty acids on the metabolic signatures of post-menopausal women. Evaluate the acute and short-term effects of walnut intake on changes in microvascular function and the relationship of these effects to plasma epoxides. Determine if oxylipin concentrations change with the consumption of flaxseed enriched foods or differ with subject age.
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 3412363 Figure 1. Overview of the main eicosanoids and other oxylipins produced from AA, DHA and EPA through the COX, LOX, CYP and non-enzymatic pathways.
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 45 Figure 4. Ex vivo degradation/formation of oxylipins in human whole blood after blood withdrawal.Blood of a healthy human volunteer was collected in EDTA tubes, pooled and left for 5 min, 30 min, 60 min or 120 min either at room temperature (RT) or on ice. After centrifugation (1200 g, 15 min, 4 °C), plasma was immediately frozen (-80 °C) and the oxylipin concentration was analyzed within 5 days. The resulting concentrations after different periods of time in sample preparation are compared to those with direct sample preparation (t (5min, RT) ). The results clearly show, that after 60 min storage of whole blood the levels of several oxylipins are massively reduced (e.g.-EpETrE) while other analytes are formed ex vivo (e.g. PGE 2 ). Reprint with permission from[START_REF] Willenberg | Characterization of changes in plasma and tissue oxylipin levels in LPS and CLP induced murine sepsis[END_REF].
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 396 Figure 6. Ion suppression analysis for (A) 2 H 4 -PGE2 with SepPak-SPE, (B) 2 H 4 -9-HODE with the Oasis-EA-SPE and (C-E) for 2 H 4 -9(10)-EpOME with different SPE protocols. The retention time window of each IS is highlighted in dark grey, the elution window of all analytes using this ISTD is depicted in light grey. The different SPE methods are summarized in Ostermann, 2015. Reprint with permission from (76).
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 7 Figure 7. Quantification of 17-HDHA in human plasma and rat liver tissue using different MS-

  

  While not comprehensively investigated, several independent studies in both animal models and humans have reported a significant influence of age and sex on oxylipin levels (see(146, 147) for recent compilation of the literature). Aging is generally associated with increased levels of COXderived oxylipins including PGE 2 , 6-keto-PGF 1 a, TxB 2 and their stable metabolites 2,3-dinor TxB 2 and 2,3-dinor-6-keto-PGF 1 α. Levels of pro-inflammatory leukotrienes (e.g. LTB 4 , LTC 4 ) and hydroxy fatty acids (e.g. 5-HETE) derived from the LOX-pathway are also higher in biological fluids or tissues from aged individuals compared to younger ones. On the contrary, pro-resolving LOX-derived oxylipins (e.g. LXA 4 , LXB 4 , Mar1, RvD1) are generally found in lower abundance in aged individuals with the exception of PD1, which was reported to be increased in the brain of aged mice (146). Other oxylipins produced by sequential LOX and CYP enzymes or autoxidation of linoleic acid(98 , 148), namely
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). Of note, some of this in vitro evidence should be interpreted with caution since they often arise from experiments conducted using native compounds rather than circulating forms of polyphenols and at high doses not achievable through diet. However, short term or long term controlled dietary interventions have reported significant modulation of systemic COX-and LOX-derived oxylipin levels following intake of polyphenol-rich foods in healthy humans (138, 139) even though interindividual variability sometimes hamper such demonstration (140). Other general life style habits such as smoking (141, 142), alcohol consumption (143) or

Table 2 .

 2 Overview of exemplary instrumental LC-MS-methods covering more than 35 analytes for the quantification of oxylipins. Ionization was carried out by electrospray ionization in negative ion mode on a QqQ instrument and analytes were separated using RP liquid chromatography (C18). Included are sample preparation steps (solid phase extraction (SPE), liquid-liquid extraction (LLE), protein precipitation (ProtPrec)), column dimensions, runtime (including equilibration time), lower limit of quantification (LLOQ) or limit of detection (LOD), internal standards (ISTD) and validation parameter.

	Lab	Sample Preparation	Column dimensions	Runtime	1	LLOQ range 2	Nb Analytes	Nb Precursor PUFA	Nb ISTD	Validation	Ref
		ProtPrec, SPM									
	Schebb, 2018; 2019	(plasma, serum, other body fluids	(150 x 2.1 mm; 1.8 µm)	32		0.5-200	175	10	20	calibration curve, LOD, LLOQ, intra-and interday accuracy and precision, recovery rate, matrix effect	(4, 185)
		cell culture)									
	Newman, 2014	LLE, saponification, SPE (plasma)	(150 x 2.1 mm; 1.7 µm)	16		0.4-14	80	6	18	Calibration curve, precision internal standard alkaline stability	(65)
	Newman, 2012	LLE, saponification, SPE (plasma)	(150 x 2.1 mm; 1.7 µm)	16		0.5 -100	59	6	13	Calibration curve, precision	(49)
	Newman, 2002	glucuronidase, LLE (urine)	(150 x 2.1 mm; 5 µm)	28		60 -600	13	2	2	Calibration curve, precision, LOD, LLOQ, standard additions	(87)
	Hammock, 2009	SPE (serum, BALF)	(150 x 2.0 mm; 5 µm)	21		0.1-100	39	3	8	Calibration curve, LLOQ, precision, accuracy, recovery rate	(74).
	Holčapek , 2019	ProtPrec, SPE (plasma)	(150 × 2.1 mm; 1.7 μm)	12		7.5-70	63	6	14	Calibration curve, LOD, LLOQ, carry-over, precision, accuracy, recovery rate, matrix effect	(107)
	Dennis, 2007; 2010; 2011	SPE (cell culture media and plasma)	(250 x 2.1 mm; 4 µm)	20		LOD: 3-178	140	7	26	Calibration curve, recovery, LOD	(186-188)
		SPE									
	Dennis, 2014; 2018	(saponification) (plasma, cell	(100 x 2.1; 1.7 µm)	7		0.3-810	158	9	26	Calibration curve, LOD, LLOQ, recovery rate, matrix effect, accuracy, precision, stability	(67, 189)
		homogenates)									
	Dennis, 2011	SPE (cell culture media, rat tissue, mouse tissue)	(250 x 2.1 mm)	25		LOD: 0.3-3.6	141	7	27	Calibration curve, LOD	(72)
	Ceglarek ,	ProtPrec, online	(100 x 2.1 mm;	13		2.7-156	94	5	22	recovery, LOD, LLOQ, calibration curve, precision	(190)
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