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sian counterparts ( 6 ), and higher n-3 FA intakes are 
associated with reduced mortality from heart failure ( 7 ). 
Administration of prescription omega-3 acid ethyl esters 
(P-OM3; 1 g/day) in the Gruppo Italiano per lo Studio 
della Sopravvivenza nell’Infarto miocardico (GISSI)-Pre-
venzione and the GISSI heart failure studies ( 8, 9 ) reduced 
total mortality as well as major adverse cardiac events. It is 
well established that therapeutic doses of P-OM3 reduce 
serum triglycerides (TG) ( 10 ), and lower doses appear to 
have anti-arrhythmic properties ( 11 ), but the specifi c mo-
lecular mechanisms responsible for these clinical effects 
are not well understood. 

 There has been considerable speculation that “eico-
sanoids” (oxygenated metabolites of 20-carbon FAs; e.g., 
prostaglandins, leukotrienes, thromboxane) may mediate 
some of the effects of n-3 FAs, but there is little direct evi-
dence in humans to support this hypothesis. Other mecha-
nisms relating to alterations in membrane function ( 12 ) 
or gene regulation ( 13 ) may also be involved. 
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 Omega-3 fatty acids (n-3 FA) have benefi cial effects in 
cardiovascular ( 1 ), infl ammatory ( 2 ), renal ( 3 ), and neu-
ropsychiatric diseases ( 4, 5 ). In Japan, increased serum n-3 
FA levels appear to explain the lower prevalence of athero-
sclerosis in middle-aged men compared with their Cauca-
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oxidative rearrangements. Oxylipins include oxygenated 
metabolites of unsaturated FAs from both the n-3 [e.g., 
 � -linolenic (aLA), eicosapentaenoic (EPA), docosahexaenoic 
(DHA)] and n-6 [e.g., linoleic (LA), dihomo- � -linolenic 
(dgLA), arachidonic (AA)] series. Enzymatically generated 

 Eicosanoids belong to a larger class of molecules known 
as oxylipins, subsets of which are shown in   Figs. 1 and 2   
and supplemental Fig. I (5-LOX pathways). Many of these 
molecules or their direct precursors can be derived by 
either specifi c enzymatic reactions or nonspecifi c auto-

  Fig.   1.  12- and 15-Lipoxygenase-associated metabolism of linoleic (A), arachidonic (B), and eicosapentaenoic (C) acids. Reactive oxygen 
species (ROS) can also produce PUFA hydroperoxides. Metabolites are indicated by circles and enzymes by rounded rectangles. Treatment 
effects are indicated by color: black = unchanged; blue = decreased; orange = increased; white = not measured. Bolded arrows demarcate 
metabolic pathways evaluated and gray circles and arrows are unmeasured metabolites along evaluated pathways. Analogous metabolic 
pathways for  � -linolenic acid and docosahexaenoic acid exist, and the metabolites measured within these pathways track the changes ob-
served in linoleic and eicosapentaenoic acids, respectively.   
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centration ranges of these metabolites in humans and to 
document the responsiveness of these levels to increased 
intakes of their parent n-3 FAs. In this study, we report that 
increased n-3 FA intake impacts a wide array of oxygen-
ated lipid metabolites of 18-22 carbon fatty acids in the 
blood of a small group of human subjects. 

 METHODS 

 Subjects and design 
 Ten healthy adults meeting the inclusion and exclusion crite-

ria previously described ( 16 ) participated. The four men and six 
women were all Caucasian, with a median [interquartile range 
(IQR)] age of 33 ( 24, 51 ) years and a BMI of 25.5 ( 21, 29 ) kg/m 2 .   

prostaglandins and thromboxanes (Tx) are produced 
from cyclooxygenase (COX)-derived metabolites, while 
leukotrienes are 5-lipoxygenase (5-LOX) products. In ad-
dition, various alcohols, epoxides, and diols can be pro-
duced from the actions of LOXs, cytochrome P-450s 
(CYP), and epoxide hydrolases. Although n-6 oxylipins 
have been reasonably well described ( 14 ), reports of en-
dogenous levels of n-3 oxylipins in humans are rare ( 15 ) 
and focus only on COX or LOX metabolites; epoxy-n3 has 
not been reported. Moreover, the effects of n-3 FA admin-
istration on the levels of a wide array of n-6 and n-3 oxy-
lipins remain unreported to the best of our knowledge. To 
understand how biochemical and cellular effects of indi-
vidual n-3 oxylipins may relate to conditions affected by 
fi sh-oil treatment, it is critical to establish the normal con-

  Fig.   2.  Cytochrome P450 epoxygenase-associated metabolism of linoleic (A),  � -linolenic (B), arachidonic (C), eicosapentaenoic (D), 
and docosahexaenoic (E) acids. Metabolites are indicated by circles and enzymes by rounded rectangles. Some reactions may be mediated 
by multiple enzymes. Treatment effects are indicated by color: black = unchanged; blue = decreased; orange = increased; white = not mea-
sured. Bolded arrows demarcate metabolic pathways evaluated and gray circles and arrows are unmeasured metabolites along evaluated 
pathways.   
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 RESULTS 

 The baseline and fi nal levels of whole plasma polyunsatu-
rated FAs (PUFA) are given in   Table 1  . As expected, EPA 
and DHA levels increased with treatment by  � 8- and  � 3-
fold, respectively. Neither LA nor aLA was altered by P-OM3; 
however, small decreases in dgLA and AA were noted. 

 Alcohols and ketones 
 As   Tables 2  and  3   show, alcohols derived from each of the 

six parent PUFAs were present at baseline in concentrations 
ranging from  � 1–100 nM, except LA alcohols, which were 
present in much greater concentrations ( � 100–1000 nM). 
FA alcohols derived from each of the measured parent 
PUFAs (except aLA) were altered by P-OM3 treatment. In the 
case of AA metabolites, 15-HETE was present in the highest 
concentration, with progressively decreasing concentrations 
as the site of oxygenation moves toward the carboxyl group. 
The exception to this trend is 5-HETE, the other AA regioiso-
mer with a single proximate double bond, which was present 
at the same concentration as 15-HETE. As for EPA metabo-
lites, 5-HEPE (with a single proximate double bond) was pres-
ent in the highest concentration, while both 12- and 15-HEPE 
(with two proximate double bonds) were present at lower 
concentrations. P-OM3 increased the measured EPA and 
DHA alcohols by 5.7- and 2.1-fold, respectively, regardless of 
regioisomer and reduced AA and LA alcohols by  � 20% and 
dgLA alcohols by 34%. Neither the aLA alcohols nor the AA 
terminal alcohol 20-HETE were affected by P-OM3. 

 Ketones of LA and AA were present at concentrations 
ranging from 10–200 nM. P-OM3 treatment reduced AA-
derived ketones by about 20% but had no effect on LA-
derived ketones. In both sets of ketones, the concentrations 
of the most distal alcohols (15-KETE and its LA analog 13-
KODE) were about 2–3 times more abundant than more 
proximal alcohols (5-KETE and 9-KODE). Standards for 
EPA- and DHA-derived ketones were not commercially 
available and, therefore, not quantifi ed. 

 Epoxides and vicinal diols 
 As shown in   Table 4  , baseline concentrations of PUFA 

epoxides decreased in the following order: LA > AA > 
DHA > EPA  �  aLA epoxides. Of the AA-derived epoxides, 
11(12)-EpETrE was 2–3 times more abundant than the 
others. P-OM3 increased EPA- and DHA- derived epoxides 
5- and 2-fold, respectively, as seen in the alcohols. 

 Among vicinal diols, the baseline concentrations of 
the EPA-derived DiHETEs and DHA-derived DiDPA 
were comparable to those of the AA-derived counterpart 
DiHETrEs. Among the AA-derived DiHETrEs, the baseline 
concentrations decreased continuously from the proximal 
diol (5,6-DiHETrE) to the distal diol (14,15-DiHETrE). 
The most abundant diol was 9,10-DiHOME, which was 
among only three diols that were more abundant than 
their parent epoxide. 

 Other oxylipins 
 A small number of nonvicinal diols and triols of LA, AA, 

and EPA were available as calibration standards, allowing 

Oxylipin levels were measured before and after 4 weeks of treat-
ment with 4 g/day of P-OM3 (Lovaza, GlaxoSmithKline, Phila-
delphia, PA). The study was approved by the University of South 
Dakota Institutional Review Board, and written informed con-
sent was obtained from each subject. 

 Sample collection and analysis 
 Blood was drawn into sodium EDTA after a 10 h overnight 

fast, and whole plasma FA composition was measured using gas 
chromatography as described for erythrocyte extracts ( 17 ). 
Briefl y, FAs were extracted from 100  � l plasma aliquots using 
methylene chloride, methanol, and water (2:2:1), followed by 
treatment with 14% boron trifl uoride in methanol at 100°C for 
10 min. The resulting FA methyl esters were analyzed in a 
GC2010 (Shimadzu, Columbia, MD) using a 100 m SP2560 cap-
illary column (Supelco, Bellefonte, PA). Oxylipin isolation and 
determination were performed using modifi cations of previ-
ously reported procedures, which included expansion of the 
previous analyte list ( 18, 19 ) (see supplemental data for more 
detail). Briefl y, plasma (200  � l) was spiked with butylated 
hydroxytoluene/EDTA in 10 deuterated prostanoid, eicosanoid, 
and octadecanoid surrogates (see supplemental Table II), and 
subjected to overnight hydrolysis in 1 M methanolic sodium hy-
droxide to release ester linked oxygenated lipids ( 18 ). Samples 
were extracted on 60 mg Oasis HLB solid phase extraction col-
umns (Waters, Milford, MA), dried for 30 min, wetted with 0.5 
ml methanol, eluted with 2 ml ethyl acetate into 6 µL of 30% 
glycerol, and reduced to dryness under vacuum. We have con-
fi rmed oxylipid stability for more than 5 months at  � 80°C 
under these conditions (unpublished observations). Residues 
were reconstituted in 75 µL of a 400 nM solution of 1-cyclo-
hexyluriedo-3-dodecanoic acid (CUDA) and 1-phenylurea-3-
hexanoic acid (PUHA) in methanol, vortexed, and fi ltered for 
3 min by centrifugation at 0.1 µm using Amicon Ultrafree-MC 
durapore PVDF fi lters (Millipore). Analytes within the fi ltered 
elutes were separated by reverse-phase ultra-performance liquid 
chromatography (UPLC) on a 1.7  � m Acquity BEH column 
(Waters) using a 25 min two-solvent gradient (solvent A = 0.1% 
acetic acid; solvent B = 90:10 v/v acetonitrile/isopropanol; see 
supplemental Table I). Oxylipids were detected by negative 
mode electrospray ionization tandem quadrupole mass spec-
troscopy using modifi cations of the previously reported method 
( 19 ). Ionization and fragmentation energies for the reported 
precursor-product ions were optimized for analysis on an API 
4000 QTrap (Applied Biosystems Inc., Foster City, CA). Colli-
sion induced dissociation mass transitions and analytical surro-
gates for all target analytes are reported in supplemental Tables 
II–V. 

 Statistics 
 The effects of P-OM3 on the plasma concentrations of n-3 FA 

oxylipins were tested using multiway ANOVA (ANOVA). Epox-
ides of n3 FAs and the DHA-derived diol 19,20-DiHDPA were 
obtained in a second analysis of the sample extracts (n = 7; 
insuffi cient extract volumes from 3 subjects). Data from all 10 
subjects were available for all other oxylipins. Oxylipin concen-
trations were log-transformed to achieved normal distributions 
with equal variance. Tukey’s honest signifi cant difference test 
was used in posthoc analyses. The least square mean (95% CI) of 
individual regioisomers is reported. Results were considered sig-
nifi cant at  P  < 0.05. Analyses were performed using JMP software 
(version 7.0.2). All model assumptions were verifi ed and model 
fi t was confi rmed. 

 Oxylipin nomenclature 
 See supplemental data. 
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are suggestive, information regarding either plasma con-
centrations of the suite of potential metabolites or their 
sensitivity to manipulation is limited. For instance, to the 
best of our knowledge, this article is the fi rst to document 
the presence of EPA- and DHA-derived n-3 epoxides and 
diols in human plasma and to demonstrate that the con-
centrations of multiple n-3 long chain oxylipin classes are 
increased by EPA/DHA ethyl ester ingestion. 

 One important mechanism that could produce the anti-
infl ammatory benefi ts of long chain omega-3 FA ingestion 
is through alteration of 5-LOX-dependent metabolism. 
The 5-LOX-dependent pathways produce powerful proin-
fl ammatory effects, with the AA-based oxylipins playing a 
major role in mediating infl ammation ( 23 ). Here, P-OM3 
decreased 5-HETE and 5-KETE by 20% while increasing 
5-HEPE, leading to  � 30% increase in measured 5-LOX 
products. Powell et al. demonstrated that 5-HEPE is able 
to stimulate immune cells, but to a lesser degree than 
5-KETE or 5-HETE ( 24 ), so the absolute impact of these 
changes in 5-LOX products in terms of infl ammatory tone 
are diffi cult to establish. These intricacies and metabolic 
interactions highlight the fact that care must be taken 
when extrapolating in vitro effects of oxylipin species 
(each studied in the absence of the others) to the in vivo 
setting, where multiple oxylipins are likely to be simultane-
ously changing. 

 As opposed to the relatively clear proinfl ammatory ef-
fects of the 5-LOX AA metabolites, it is more diffi cult to 
uniformly categorize other AA-derived LOX metabolites, 

the quantitative determination of these compounds in 
plasma (see supplemental Table VI). Concentrations of 
these oxylipins ranged 0.5–10 nM. P-OM3 treatment uni-
formly reduced the measurable n-6 nonvicinal diols by 
 � 20% and triols (e.g., lipoxin A 4 ) by  � 35%. The EPA- 
derived triol resolvin E 1  was not detected above 0.5 nM. 

 Plasma prostaglandin F2a (PGF 2a ) and thromboxane 
(TxB 2 ) were detected in the  � 1–10 nM range and were 
unaffected by P-OM3 treatment. The infl uence of POM-3 
on PGE 2  and PGD 2  derived metabolites could not be de-
termined, as these metabolites are unstable under the al-
kaline hydrolysis procedures used to liberate oxylipins in 
this study. Levels of LTB 5 , 6-keto PGF 1 �  , 20-Hydroxy-LTB 4 , 
20-carboxy-LTB 4 , and 12,13-DiHODE were below detec-
tion limits in our assay. 

 DISCUSSION 

 Many facts point to omega-3 FA oxidation products as 
normal components of the human metabolome. These in-
clude the presence of n3-FA biosynthetic pathways, the 
promiscuous nature of FA oxygenating enzymes, and the 
defi ned role of many oxygenated n3-FAs in infl ammatory 
homeostasis, not to mention the nonspecifi c nature of re-
active oxygen-dependent modifi cations of unsaturated lip-
ids in both membranes and bulk lipid pools. Moreover, 
the broad occurrence of unsaturated FA oxidation prod-
ucts in nature would suggest that omega-3 FA oxidation 
products may also be present in the diet. While these facts 

 TABLE 1. Plasma content (% of total FA) of the oxylipin parent FA 

Oxylipin Parent FA Pre P-OM3 Post P-OM3 Fold Change  P 

LA 34.2 (32, 36) 33.5 (32, 35) – >0.05
aLA 0.558 (0.48, 0.65) 0.551 (0.47, 0.64) – >0.05
dgLA 0.204 (0.19, 0.22) 0.174 (0.16, 0.19) 0.85 0.015
AA 7.24 (6.8, 7.8) 6.34 (5.9, 6.8) 0.88 0.012
EPA 0.425 (0.31, 0.59) 3.6 (2.6, 5) 8.46 0.0004
DHA 1.47 (1.2, 1.8) 3.97 (3.3, 4.8) 2.71 0.0001

Before and after 4 weeks of treatment with prescription omega-3 acid ethyl esters (P-OM3) in healthy volunteers 
(n = 10). Abbreviations: AA, arachidonic acid; aLA,  � -linolenic acid; dgLA, dihommo- � -linolenic acid; DHA, 
docosahexaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid; LA, linolenic acid; P-OM3, prescription omega-3 
ethyl esters.

 TABLE 2. Plasma octadecanoic acid alcohol and ketone concentrations (nM)  a   

Alcohol Oxylipin Isomer Comparison  b  Pre P-OM3 Post P-OM3 Fold Change  P  c  

 LA – HODE 
9-HODE A 296 (250, 340) 252 (220, 290) 0.86 0.047
13-HODE B 741 (640, 860) 641 (550, 750)

 aLA – HOTE 
9-HOTE – 8.07 (5.6, 12) 7.65 (5, 12) – >0.05
13-HOTE – 6.82 (5.6, 8.2) 5.84 (4.8, 7.1)

 LA – KOTE 
9-KODE A 88.2 (75, 100) 74.9 (64, 88) – >0.05
13-KODE B 206 (180, 240) 182 (160, 210)

The mean and 95% CI of individual regioisomers after adjustment for subject and extraction batch. 
Abbreviations: AA, arachidonic acid; aLA,  � -linolenic acid; EPA, eicosapentaenoic acid; HODE, 
hydroxyoctadecadienoic acid; HOTE, hydroxyoctadecatrienoic acid; KODE, ketooctadecadienoic acid; KOTE, 
ketooctadecadienoic acid; LA, linolenic acid; LOX, lipoxygenase; P-OM3, prescription omega-3 ethyl esters.

  a   See  Fig. 1  for associated 12- and 15-LOX pathways and the analogous AA and EPA regioisomers.
  b   Regioisomers derived from the same parent FA with different letters differ signifi cantly ( P  < 0.05) by Tukey’s 

Honest Signifi cant Differences test.
  c  P -value of treatment effects on plasma concentrations.
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oxides, as well as many of their downstream metabolites, 
with P-OM3 treatment. The fi nding that P-OM3 treatment 
affected not only EPA- and DHA-derived oxylipins but also 
AA- and LA-derived species suggests that at least some of 
the benefi cial effects of n-3 FA supplementation could be 
mediated by this shift. As there was a general absence of an 
acute infl ammatory condition in the study population and 
we used strong alkaline conditions to prepare samples, 
this study has little power to assess POM-3 impacts on 
COX-dependent metabolism. 

 While oxylipins can be derived by either coordinated 
enzymatic reactions, autooxidative processes, or a combi-
nation of the two, the effects of these compounds will de-
pend on their local concentration rather than their source. 
While investigation of the role of each metabolite may pro-
vide insight into the effect of P-OM3, future investigations 
should not ignore the fact that these changes occur in the 
context of a coordinated and concerted shift in the levels 
of a vast array of oxylipins; almost every one reported here. 
For example, the fi nal effect of increasing EPA alcohols 
cannot be considered without regard to concurrent in-
creases in DHA alcohols and/or decreasing concentra-
tions of AA and LA alcohols. 

 In the current study, base hydrolysis was used to release 
esterifi ed oxylipids, resulting in measures of whole plasma 
concentration without regard to their status as free or es-
terifi ed lipids. Because over 95% of alcohols, ketones, ep-
oxides, diols, and triols are sequestered in plasma 
lipoproteins ( 37 ), it is expected that the downstream ef-
fect of these plasma metabolites will be highly infl uenced 
by shifts in lipoprotein metabolism. Additionally, given 

as there is a spectrum of activity from pro- to anti-infl am-
mation depending on the regioisomer ( 25–27 ). The mid-
chain octadecanoid products derived from LA were the 
most abundant oxylipins detected in plasma. P-OM3 low-
ered the concentration of both HODE isomers by 16% 
without signifi cant affects on the aLA-derived HOTEs. The 
13-HODE has been reported to have numerous physiolog-
ical effects, including potent inhibition of platelet binding 
to endothelial cells ( 28 ) and antiproliferation ( 29 ), sug-
gesting that the reduction in these metabolites should not 
be overlooked when considering the overall effects of di-
etary omega-3 FAs. 

 In general, CYP epoxygenase products have potent 
anti-infl ammatory ( 30, 31 ) and vasodilatory ( 32 ) effects. 
AA epoxides function as endothelium-derived hyperpo-
larizing factors with roles in vascular homeostatic mainte-
nance and capacity to block cardiac hypertrophy ( 33 ). 
While less well characterized, the hydrolysis products of 
these epoxylipids, the 1,2- or  vicinal -diols, are putative 
PPAR �  agonists ( 34 ) and, thus, may also modulate in-
fl ammation through PPAR-dependent pathways ( 35 ). In 
vitro, EPA and DHA epoxides are 10- to 100-fold more 
potent than their AA counterparts with respect to vascu-
lar relaxation ( 36 ). As with the 5-LOX products, POM-3 
intake increased n3 epoxide and diols and decreased 
AA-dependent products, but it had no impact on the 
linoleate-derived epoxides or diols. Thus, raising n-3 
epoxide concentrations with agents like P-OM3 may pro-
mote an anti-infl ammatory processes. 

 Together, these fi nding demonstrate shifts in specifi c 
metabolite classes of oxylipins, namely FA alcohols and ep-

 TABLE 3. Plasma eicosanoic and docosanoic acid alcohol and ketone concentrations (nM)  a   

Alcohol Oxylipin Isomer Comparison  b  Pre P-OM3 Post P-OM3 Fold Change  P  c  

 dgLA – HETrE 
15-HETrE – 13.7 (12, 16) 8.98 (7.6, 11) 0.66 0.003

 AA – HETE 
5-HETE A 81.9 (72, 93) 66 (58, 75) 0.8 <0.0001
8-HETE B 33.9 (30, 38) 26.1 (23, 29)
9-HETE C, B 36.3 (32, 41) 29.7 (26, 34)
11-HETE C 43.4 (38, 49) 34.1 (30, 39)
12-HETE D 52.6 (47, 59) 43.4 (38, 49)
15-HETE A 84.7 (75, 96) 67.4 (60, 76)

   �-alcohol 
20-HETE – 4.35 (3.6, 5.3) 4.27 (3.5, 5.2) – –

 EPA – HEPE 
5-HEPE A 12.4 (10, 15) 71.1 (58, 88) 5.7 <0.0001
12-HEPE B 3.54 (2.9, 4.4) 20.1 (16, 25)
15-HEPE B 3.48 (2.8, 4.3) 19.2 (16, 24)

 DHA – HDoHE 
17-HDoHE – 26.8 (21, 34) 56 (44, 71) 2.1 0.001

 AA – KETE 
5-KETE A 19.7 (17, 23) 16.3 (14, 19) 0.83 0.03
15-KETE B 63.1 (54, 74) 53.8 (46, 63)

Mean and 95% CI of individual regioisomers after adjustment for subject and extraction batch. Abbreviations: 
AA, arachidonic acid; aLA,  � -linolenic acid; dgLA, dihomo- � -linolenic acid; DHA, docosahexaenoic acid; EPA, 
eicosapentaenoic acid; FA, fatty acid; HDoHE, hydroxydocosahexaenoic acid; HEPE, hydroxyeicosapentaenoic 
acid; HETE, hydroxyeicosatetraenoic acid; HETrE, hydroxyeicosatrienoic acid; HODE, hydroxyoctadecadienoic 
acid; KETE, ketoeicosatetraenoic acid; LA, linolenic acid; LOX, lipoxygenase; P-OM3, prescription omega-3 ethyl 
esters.

  a   See  Fig. 1  and supplemental  Fig. I  (5-LOX) for associated pathways for each oxylipin regioisomer.
  b   Regioisomers derived from the same parent FA with different letters differ from each other signifi cantly ( P  < 

0.05) by Tukey’s Honest Signifi cant Differences test.
  c  P  value of treatment effects on plasma.



2080 Journal of Lipid Research Volume 51, 2010

 The authors are indebted to Brenda Collison-Schmidt, Andrew 
Christianson, Joe Ashmore, and Kritsi Fillaus, who provided 
excellent technical assistance and study coordination. 

 REFERENCES 

    1 .  Harris ,  W. S. ,  M.   Miller ,  A. P.   Tighe ,  M. H.   Davidson , and  E. J.  
 Schaefer .  2008 .  Omega-3 fatty acids and coronary heart disease risk: 
clinical and mechanistic perspectives.    Atherosclerosis   .    197   :   12 – 24 .  

    2 .  Calder ,  P. C.   2006 .  n-3 polyunsaturated fatty acids, infl ammation, 
and infl ammatory diseases.    Am. J. Clin. Nutr.     83   :   1505S – 1519S .  

    3 .  Donadio ,  J. V. ,  Jr .,  T. S.   Larson ,  E. J.   Bergstralh , and  J. P.   Grande . 
 2001 .  A randomized trial of high-dose compared with low-dose 
omega-3 fatty acids in severe IgA nephropathy.    J. Am. Soc. Nephrol.   
  12   :   791 – 799 .  

    4 .  Samieri ,  C. ,  C.   Feart ,  L.   Letenneur ,  J. F.   Dartigues ,  K.   Peres ,  S.  
 Auriacombe ,  E.   Peuchant ,  C.   Delcourt , and  P.   Barberger-Gateau . 
 2008 .  Low plasma eicosapentaenoic acid and depressive symptom-
atology are independent predictors of dementia risk.    Am. J. Clin. 
Nutr.     88   :   714 – 721 .  

    5 .  Lin ,  P. Y. , and  K. P.   Su .  2007 .  A meta-analytic review of double-blind, 
placebo-controlled trials of antidepressant effi cacy of omega-3 fatty 
acids.    J. Clin. Psychiatry   .    68   :   1056 – 1061 .  

    6 .  Sekikawa ,  A. ,  J. D.   Curb ,  H.   Ueshima ,  A.   El-Saed ,  T.   Kadowaki , 
 R. D.   Abbott ,  R. W.   Evans ,  B. L.   Rodriguez ,  T.   Okamura ,  K.   Sutton-
Tyrrell ,  et al .  2008 .  Marine-derived n-3 fatty acids and atherosclero-
sis in Japanese, Japanese-American, and white men: a cross-sectional 
study.    J. Am. Coll. Cardiol.     52   :   417 – 424 .  

    7 .  Yamagishi ,  K. ,  H.   Iso ,  C.   Date ,  M.   Fukui ,  K.   Wakai ,  S.   Kikuchi ,  Y.  
 Inaba ,  N.   Tanabe , and  A.   Tamakoshi .  2008 .  Fish, omega-3 polyun-
saturated fatty acids, and mortality from cardiovascular diseases 
in a nationwide community-based cohort of Japanese men and 
women the JACC (Japan Collaborative Cohort Study for Evaluation 
of Cancer Risk) Study.    J. Am. Coll. Cardiol.     52   :   988 – 996 .  

    8 .  Marchioli ,  R. ,  F.   Barzi ,  E.   Bomba ,  C.   Chieffo ,  D.   Di Gregorio , 
 R.   Di Mascio ,  M. G.   Franzosi ,  E.   Geraci ,  G.   Levantesi ,  A. P.  

both the effects of P-OM3 on lipoprotein metabolism ( 10, 
38–40 ) and the shift in the oxylipin distribution among li-
poproteins brought on by dyslipidemias ( 41 ), future stud-
ies should consider the effect of P-OM3 on oxylipins in the 
context of lipoprotein metabolism as well. Finally, it is ex-
pected that tissue oxylipin synthesis, the expression of oxy-
lipin receptors, and differential rates of inactivation of 
each metabolite will all contribute to the net effect of any 
intervention that alters oxylipin patterns. 

 SUMMARY 
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Epoxide Oxylipin Baseline n-3 FA
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Vicinal Diol 
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Change  P  c  
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14(15)-EpETE A 3.78 (2.8, 5.2) 17.5 (13, 24) 4.7 <0.0001 14,15-DiHETE A 2.14 (1.8, 2.6) 8.6 (7.2, 10) 4.1 <0.0001
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Signifi cant Differences test.
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  e   Surrogate recovery failed quality control due to lactone formation (See Fig. 2  ).
  f   No commercial standard available.
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