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  Health consequences associated with low intakes of the 
long-chain, marine omega-3 (n3) FAs have become a cen-
tral issue in nutritional lipid research. The United States 
Department of Agriculture’s 2010 Dietary Guidelines rec-
ommend consumption of 8 ounces per week of fi sh, pro-
viding an average of 250 mg eicosapentaenoic acid (20:5n3) 
and docosahexaenoic acid (22:6n3) per day for preven-
tion of heart disease ( 1 ). Moreover, public awareness re-
garding the potential health benefi ts of n3 FAs has spurred 
an increase in fatty fi sh and fi sh oil consumption ( 2 ). 

 Although the mechanisms by which n3-HUFAs improve 
health are still being explored, it is clear that increasing 
n3-HUFA intake can decrease the risk of cardiovascular 
disease (CVD) in at-risk individuals ( 3–5 ). In hyperlipi-
demic subjects, treatment with high doses of n3-HUFAs 
lowers triglycerides ( 6 ) and improves total:HDL choles-
terol ratios ( 6, 7 ), a surrogate marker associated with a re-
duction in CVD risk. The n3-HUFAs 20:5n3 and 22:6n3 
also reduce infl ammatory responses in a range of condi-
tions ( 8–10 ). A well-accepted effect of n3-HUFA supple-
mentation is a reduction in thrombin-stimulated platelet 
aggregation due to decreased platelet cyclooxygenase me-
tabolism ( 11 ). More recently, a cyclooxygenase-indepen-
dent diminution of platelet sensitivity to collagen has been 
reported after P-OM3 treatment ( 12 ). Thus, an increase in 
the anti-infl ammatory n3-HUFAs, which lowers the more 
proinfl ammatory n6-HUFAs ( 13–15 ), at least partially 
explains the health benefi ts of n3-HUFA consumption 
( 8–10 ). 

      Abstract   A subject’s baseline FA composition may infl u-
ence the ability of dietary highly unsaturated omega-3 FAs 
(n3-HUFA) to change circulating profi les of esterifi ed FAs 
and their oxygenated metabolites. This study evaluates the 
infl uence of basal n3-HUFA and n3-oxylipin status on the 
magnitude of response to n3-HUFA consumption. Blood 
was collected from fasting subjects (n = 30) before and after 
treatment (4 weeks; 11 ± 2 mg/kg/day n3-HUFA ethyl es-
ters). Esterifi ed FAs were quantifi ed in erythrocytes, plate-
lets, and plasma by GC-MS. Esterifi ed oxylipins were 
quantifi ed in plasma by LC-MS/MS. Treatment with n3-
HUFAs increased n3-HUFAs and decreased n6-HUFAs in all 
reservoirs and increased plasma n3-oxylipins without sig-
nifi cantly changing n6-oxylipin concentrations. As subject 
basal n3-HUFAs increased, treatment-associated changes 
decreased, and this behavior was refl ected in the percentage 
of 20:5n3 + 22:6n3 in red blood cell membrane FAs (i.e., the 
omega-3 index). To maintain an omega-3 index of 8% and 
thus reduce cardiovascular disease risk, our analyses sug-
gest a maintenance dose of 7 mg/kg/day n3-HUFA ethyl 
esters for a 70 - kg individual.   These results suggest that 
the basal n3 index may have clinical utility to establish effi -
cacious therapeutic experimental feeding regimens and to 
evaluate the USDA Dietary Guidelines recommendations 
for n3-HUFA consumption . —Keenan, A. H., T. L. Pedersen, 
K.i Fillaus, M. K. Larson, G. C. Shearer, and J. W. Newman. 
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used within this manuscript, and a translation of this naming 
structure can be found in the Supplementary data. Plasma oxy-
lipins were determined by LC-MS/MS after their release from 
the esterifi ed pools with mineral base using a previously reported 
method with slight modifi cations ( 22 ). Briefl y, plasma aliquots 
(100  � l) were spiked with 11 deuterated oxylipins surrogates, in-
cluding FA prostaglandins, thromboxanes, leukotrienes, primary 
alcohols, secondary alcohols, and epoxides. A complete list of 
analytical surrogates and internal standards and target analytes 
can be found in Supplementary Tables I–V. Spiked samples were 
then enriched with 12 M sodium hydroxide to yield a 2 M metha-
nolic sodium hydroxide solution. This mixture was incubated for 
1.5 h at 60°C. Subsequently, the hydrolyzed samples were diluted 
with water to 16% methanol, and analytes were trapped on con-
ditioned 60 mg Oasis™ HLB SPE columns (Waters, Milford, 
MA). Columns were washed and dried, and residues were eluted 
with 0.5 ml methanol followed by 2 ml of ethyl acetate ( 22 ) into 
6  � l 30% glycerol in methanol. Residues were brought to dryness 
under vacuum and reconstituted in methanol containing 100 nM 
each of 1-cyclohexylurea-3-dodecanoic acid (Sigma-Aldrich, St. 
Louis, MO) and 1-phenylurea-3-hexanoic acid as internal stan-
dards. The sample was vortexed, cooled, and fi ltered by cen-
trifugation for 3 min using 0.1  � m Amicon® Ultrafree-135 MC 
Durapore PVDF fi lters (Millipore, Billerica, MA). Analytes were 
separated by reverse phase on an ultra-performance liquid chro-
matograph with a 1.7  � m Acquity BEH column (Waters, Milford, 
MA) using a 16 min gradient (Solvent A = 0.1% acetic acid; Sol-
vent B = 90:10 v/v acetonitrile/isopropanol; see Supplementary 
Table V for details). Oxylipins were detected by negative mode 
electrospray ionization, tandem quadrupole mass spectroscopy 
ionization, and fragmentation energies for the reported analyte 
precursor-product ions were optimized for analysis on an AP 
4000QTrap (AB SCIEX, Foster City, CA). Collision-induced dissoci-
ation mass transitions for all target analytes are reported in Supple-
mentary Tables I–IV. Representative total ion chromatograms of 
calibration solutions and plasma samples are shown in Supplemen-
tary Fig. I. The total area under the sample  m/z  353.2 > 193.1 ion 
trace between 4.4 and 5.7 min was quantifi ed using the PGF2 �  cali-
bration curve and used as an estimate of the sample F2-isoprostane 
concentrations (Supplementary Fig. II). Average surrogate recover-
ies were deemed acceptable across the study. Although recoveries 
were analyte specifi c, they ranged between 58 ± 15% and 90 ± 7% 
for all reported results (Supplementary Table VI). 

 Data analysis and statistics 
 Differences in measured lipid concentrations and mol% com-

positions between pre- and post P-OM3 challenge were tested by 
two-tailed paired  t -tests after data transformation to normality. 
Although the amount of P-OM3 delivered was constant, body 
mass and thus dose varied considerably within the cohort. 
Changes in plasma concentrations of FAs and oxylipins were ex-
pressed with respect to subject P-OM3 mg/kg/day dose. Com-
plete data sets were available for all assays except for three subjects 
whose platelet FAs were not available. All data were log-trans-
formed to achieve normal distributions. Differences in means 
identifi ed at  �  < 0.05 were considered signifi cant after adjusting 
for false positives due to multiple comparisons (q = 0.2) using the 
procedures of Benjamini and Hochberg ( 27 ). 

 RESULTS 

 Changes in cellular and plasma esterifi ed FAs 
 Plasma, platelets, and RBCs showed distinct FA profi les 

before and after treatment (supplementary Table VII), 

 Recently, the red blood cell (RBC) sum percent of 
20:5n3 and 22:6n3 (i.e., the n3 index) has appeared as an 
indicator of CVD risk ( 16, 17 ) that also correlates with obe-
sity, depression, and diet quality ( 18–20 ). However, inves-
tigations of metabolic covariates of the n3 index are 
limited. Although the n3 index may have clinical utility 
( 21 ), we have little information regarding the variability of 
the index’s response to intervention. Therefore, to better 
interpret the n3 index in clinical settings, the associated 
changes in other lipid metabolites and the variability of 
this biomarkers’ response to n3-HUFA intake need to be 
clarifi ed. 

 In the current study, a cohort of apparently healthy indi-
viduals (n = 30) was treated with prescription n3 acid ethyl 
esters (P-OM3) for 4 weeks, extending an earlier study in a 
smaller cohort (n = 10) ( 22 ). The earlier study suggested 
that the magnitude of changes in plasma achieved with a 
P-OM3 challenge were dependent on metabolite baseline 
concentrations. In this study, P-OM3 impacts on plasma, 
erythrocyte, and platelet esterifi ed FAs, as well as a suite of 
n3 and n6 oxylipins in the plasma esterifi ed lipid pool, were 
assessed. Our fi ndings support the observed baseline-
dependent responses in subject lipid pools and suggest re-
sponse thresholds in the study population. 

 MATERIALS AND METHODS 

 Subjects and sample collection 
 Thirty apparently healthy adults volunteered for this study and 

met inclusion criteria previously described ( 23 ). Participants (9 
male; 21 female) had an average age of 32.9 years (range, 21–59 
years) and body mass index of 25.7 kg/m 2  (range, 21–32 kg/m 2 ). 
Oxylipin and FA pools were measured before and after a 4 week 
challenge with 4 g/day P-OM3 (Lovaza; GlaxoSmithKline, Phila-
delphia, PA) containing 465 mg 20:5n3, 365 mg 22:6n3, and at 
least 900 mg of total n3 ethyl esters. This range of n3-HUFA in-
take has been associated with a protective antioxidant effect, 
whereas higher levels are accompanied by risks of oxidative stress 
( 24, 25 ). Individual P-OM3 doses were calculated considering 
bodyweights and were 47 ± 9 mg/kg on average (men: 37–54 
mg/kg; women: 34–58 mg/kg). After a 10-h overnight fast, blood 
was drawn into sodium EDTA, and plasma was isolated. Red 
blood cells (RBCs) and platelets were isolated as previously re-
ported ( 22, 26 ). The study was approved by the University of 
South Dakota Institutional Review Board, and written consent 
was obtained from each subject. 

 Fatty acid analysis 
 Plasma, RBC, and platelet FA composition was measured using 

gas chromatography as previously described ( 22, 26 ). Briefl y, lip-
ids were extracted using methylene chloride, methanol, and water 
(2:2:1) followed by treatment with 14% boron trifl uoride in 
methanol at 100°C for 10 minutes. Margaric acid (17:0) was used 
as an internal standard for determination of plasma FA con-
centrations. The FA methyl esters were analyzed in a GC2010 
(Shimadzu, Columbia, MD) using a 100 m SP2560 capillary column 
(Supelco, Bellefonte, PA). 

 Oxylipin analysis 
 The International Union of Pure and Applied Chemistry 

(IUPAC)-adopted systematic abbreviations for oxidized FAs are 
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(i.e., Resolvin D1), whereas those derived from other par-
ent FAs were not affected ( Fig. 2B ). Moreover, the concen-
trations of the sum of the measured 20:5n3 ( P  < 0.001) 
and 22:6n3 ( P  < 0.07) epoxides were increased ( Table 1 ), 
as was true for some but not all of the measured n3-diols 
(see Supplementary Table VIII). Concentrations of the 
18:2n6-derived oxylipins were not signifi cantly changed by 
P-OM3 treatment (supplementary Table IX). 

 Concentration changes are inversely proportional to 
baseline concentrations 

 Despite high compliance, substantial variability was ob-
served in the magnitude of plasma FA changes detected 
after the P-OM3 challenge. The 4 g P-OM3 daily intake is 
expressed as mg/kg dose. Before evaluating metabolite 
dose response behavior, each subject’s P-OM3 dose was 
transformed to a percentage of the average cohort dose 
(47 mg/kg dose). In   Fig. 3  ,  the adjusted dose-dependent 
fold changes in esterifi ed lipid concentrations are plotted 
against their baseline concentrations. A subject entering 
the study with a baseline concentration equal to the x-intercept 
would not be expected to change their metabolite concen-
trations if they received the average cohort dose. There-
fore, we infer that the x-intercept defines a change 
thre shold for the population studied. As the difference be-
tween the subjects’ baseline concentrations and the change 
threshold increased, so did the magnitudes of changes 
observed. 

 The effect of P-OM3 on the distribution of subjects 
above the change threshold was tested by chi-square test 
(supplementary Tables X–XII). Metabolites unaffected by 
lipid supplementation would have a random probability of 
increasing or decreasing during the 4 week treatment pe-
riod, with high and low measurements tending to regress 
toward the population mean upon the repeated measure-
ment ( 28 ). Therefore, if truly random, an equal number 
of subjects would be expected above and below the x-inter-
cept. Although the 18 carbon FAs and oxylipins were 
evenly distributed about the threshold, the 20:4n6 and 
many of its metabolites showed >60% of subjects below 
this line. Thus, although P-OM3 did not produce signifi -
cant decreases in the mean 20:4n6 concentrations ( Table 1 ), 
19 of 29 ( � 65%) subjects were distributed below the 
20:4n6 change threshold ( �  2   p  = 0.2), suggesting a subtle 
shift in the population distribution of 20:4n6. On the 
other hand, 20:5n3 and 22:6n3 showed a 100% distribu-
tion above the threshold, as did the n3 alcohols. Distribu-
tions of observed n3 epoxide and diol ranged from 90% to 
60% above their respective change thresholds. 

 Omega-3 index response to P-OM3 is infl uenced by initial 
values and dose 

 The initial and fi nal n3 index values were strongly cor-
related ( R  2  = 0.82;  P  < 0.01). In addition, the dose-dependent 
change in the n3 index was negatively correlated with the 
baseline n3 index ( R  2  =  � 0.36;  P  = 0.05). In other words, 
all subjects increased n3-HUFA abundance in RBCs, but 
those with higher baseline values changed less. These 
observations led us to explore the potential use of an 

with treatment-induced changes summarized in   Fig. 1  .  In 
general, n3-HUFAs were incorporated into all three com-
partments at the expense of the n6-HUFAs. Changes in 
RBC and platelet 20:5n3 and 22:6n3 composition was 
 � 50% of those observed in plasma. 

 Treatment with P-OM3 did not affect saturated FA com-
position. The relative abundances of monounsaturated 
FAs (MUFAs), including palmitoleic acid (16:1n7) and 
oleic acid (18:1n9), were reduced in plasma and RBCs but 
were unchanged in platelets. Among the n6-polyunsatu-
rated FAs (PUFAs), the composition of linoleic acid 
(18:2n6) was reduced in RBCs, whereas  � -linolenic acid 
(18:3n6) was reduced in RBCs and plasma. On the other 
hand, 20- and 22-carbon HUFAs were changed in all lipid 
pools analyzed. Arachidonic acid (20:4n6) showed the 
greatest decrease in relative abundance, with changes in 
mol% being roughly equivalent at  � 2% across all three 
sample types ( Fig. 1 ). Dihomo- � -linolenic acid (20:3n6) 
was reduced in plasma > RBCs > platelets. Conversely, re-
ductions in adrenic acid (22:4n6) were in the order of 
platelets > RBCs > plasma. 

 On a concentration basis, a slight increase in the total 
plasma-HUFAs was detected after treatment (  Table 1  ).  Al-
though 20:4n6 concentrations were unchanged, levels of 
22:4n6 and osbonic acid (22:5n6) were decreased, whereas 
20:5n3, 22:5n3 and 22:6n3 were increased. 

 Changes in plasma esterifi ed oxylipins 
 Quantitative measurements of 51 18- to 22-carbon oxy-

lipins passed quality assurance criteria and are reported in 
Supplementary Tables VII and VIII. The relative abun-
dances of esterifi ed plasma oxylipins were altered by 
P-OM3 treatment (  Fig. 2 ) .  As observed in the n6 and 
n3-HUFAs ( Fig. 1 ), the high abundance oxylipins derived 
from n6- and n3-HUFAs were decreased and increased, re-
spectively ( Fig. 2A ). This included changes in the mea-
sured 20:4n6-, 20:5n3-, and 22:6n3- mid-chain alcohols 
and ketones. The P-OM3 challenge also increased the rela-
tive abundance of n3-HUFA epoxides, diols, and triols 

  Fig.   1.  Changes in the mol% composition of platelet, RBC, and 
plasma lipid pools after 4 g/day n3 FAs ethyl esters. The n6-HUFAs 
were reduced and n3-HUFAs were enriched in all measured com-
partments. MUFAs were reduced in plasma and RBCs, and minor 
but signifi cant changes in platelet stearate (C18:0) were observed. 
Data are presented as mean ± SEM. Signifi cant changes in compo-
sition were assessed with paired two-tailed  t -tests and are indicated 
at * P  < 0.05 and ** P  < 0.001.   
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the duration of the current study, the fi ndings reported 
here should be relevant to other forms of ingested n3-
HUFAs. 

individual’s baseline n3 index to estimate a dosing regi-
men required to achieve a desired n3 index after a 4 week 
period (  Fig. 4  ).  Based on the analysis of the current data 
set, an effi cacious dosing regimen can be seen to follow a 
power curve, with higher doses being required to effect 
rapid change in individuals with lower initial n3 index val-
ues. Similarly, a dose of 35 mg/kg/day P-OM3 (4 mg/kg/
day 20:5n3 + 3 mg/kg/day 22:6n3) is estimated to main-
tain an n3 index of 8 and thus reduce cardiovascular dis-
ease risk. 

 DISCUSSION 

 n3 Fatty acids have broad health-promoting effects ( 29, 
30 ), with multifactorial impacts on genes, metabolism, 
and regulatory systems ( 31 ). Although n3 FAs are thought 
to have direct actions, they are also precursors to bioactive 
metabolites ( 32–34 ), and n3 intake increases many of 
these metabolites in plasma ( 22 ). However, variability in 
responses to n3 FA intake has been reported. In an earlier 
n3 FA feeding study, subjects with the lowest baseline n3-
oxylipin concentrations showed the greatest increase after 
treatment. However, the cohort size was too small to re-
port this observation with appropriate statistical rigor ( 22 ). 
To validate the earlier observation and to place it in a con-
text of overall FA status, we have investigated the impact of 
a P-OM3 challenge on plasma and blood cell esterifi ed 
FAs and plasma esterifi ed oxylipins using a dose associated 
with the protective effects of n3 FA ingestion, higher doses 
having been associated with oxidative stress ( 24, 25 ). Al-
though n3 FAs ingested as ethyl esters are incorporated 
into circulating triglycerides more slowly than ethyl ester 
forms ( 35 ), the absorption of ethyl esters and triglycerides 
and their incorporation into chylomicron are equivalent 
when dietary fats are held constant ( 36 ). Therefore, given 

 TABLE 1. Plasma concentrations of HUFAs and their oxylipin products (mean ± SEM) before and after 4 weeks 
of 4 g/day n3 FA ethyl esters 

 Pre  Post  Fold Change  P *

Parent fatty acid (µM)
  � HUFAs 1,680 ± 150 2,370 ± 290 <+2 0.04
 20:4n6 1,240 ± 99 1,140 ± 140 — >0.05
 22:4n6 41.9 ± 3.0 23.9 ± 2.9  � 2 <0.001
 22:5n6 33.6 ± 3.2 15.3 ± 1.9  � 2 <0.001
 20:5n3 74.5 ± 17 512 ± 69 +7 <0.001
 22:5n3 73 ± 10 130 ± 20 +2 <0.01
 22:6n3 222 ± 26 557 ± 66 +3 <0.001
Oxylipin (nM)
  � HUFA alcohols (n = 10) 789 ± 92 756 ± 47 — >0.05
 20:4n6 alcohols (n = 6) 732 ± 87 562 ± 87 < � 2 >0.05
 20:5n3 alcohols (n = 3) 17.7 ± 3.2 101 ± 8.0 +6 <0.0001
 22:6n3 alcohols (n = 1) 39.3 ± 3.7 94.0 ± 7.1 +2 <0.0001
  � HUFA epoxides (n = 10) 58.9 ± 14 65 ± 13 — >0.05
 20:4n6 epoxides (n = 3) 50.6 ± 11.37 40.6 ± 7.86 — >0.05
 20:5n3 epoxides (n = 2) 1.13 ± 0.37 9.12 ± 2.03 +9 <0.001
 22:6n3 epoxides (n = 2) 7.13 ± 2.02 15.4 ± 3.29 +2 0.07
  � HUFA  vic- diols (n = 10) 62.9 ± 4.0 68.5 ± 5.5 — >0.05
 20:4n6 diols (n = 3) 23.8 ± 2.0 20.0 ± 1.5 — 0.13
 20:5n3 diols (n = 2) 38.0 ± 2.6 47.3 ± 4.1 <+2 0.09
 22:6n3 diols (n = 1) 0.48 ± 0.3 1.17 ± 0.20 +2 <0.001

* Differences in means were assessed by paired two-tailed  t -tests.

  Fig.   2.  Changes in the mol% composition of the plasma esteri-
fi ed n6-HUFA (black) and n3-HUFA (white) oxylipins after inges-
tions of 4 g/day (47 ± 9 mg/kg) n3 FA ethyl esters. The alcohols 
and ketones (A) of n6-HUFAs were reduced by the P-OM3 chal-
lenge, whereas the n3-HUFAs of these oxylipins, as well as the ep-
oxides, diols, and triols (B), were increased. Changes in composition 
are presented as mean ± SEM. Signifi cant changes in composition 
were assessed with paired two-tailed  t -tests and are indicated at 
* P  < 0.05) and ** P  < 0.001.   
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in MUFA and PUFA pools were not reported ( 38 ). These 
shifts in cellular HUFA composition may alter the genera-
tion of bioactive lipids from activated platelets ( 37 ) and 
RBCs ( 41 ). 

 P-OM3 impact on plasma oxylipins 
 The plasma esterifi ed oxylipin pool refl ects a time-inte-

grated snapshot of oxygenated metabolites derived from 
multiple processes and physiological sources. As with the 
FAs, oxylipins were enriched in n3 species during the 
P-OM3 challenge. However, the sum of the oxylipin pools 
suggests that concentrations of these lipid classes as a 
whole were not increased despite the 2-fold increase in 
the sum plasma-HUFAs. Although n3-HUFA feeding has 
been reported to reduce systemic infl ammation ( 42 ), 
levels of F2-isoprostanes, markers of oxidative stress, were 
not changed after the P-OM3 challenge (Supplementary 
Table VIII), suggesting little to no difference in oxidative 
stress in this cohort. The differences in change thresholds 
of different metabolites depicted in  Fig. 3  show that 

 P-OM3 impact on cell and plasma FAs 
 Increasing n3-HUFA intake leads to their enrichment in 

platelet, RBC, and plasma phospholipid pools ( 26, 37–39 ), 
resulting in unique compositional shifts in each compart-
ment ( Fig. 1 ). Decreases in the relative abundance of 
20:4n6 and other long-chain n6-HUFAs were expected 
with the P-OM3 challenge. For instance, reductions in 
platelet plasmalogen 22:4n6 and phosphatidylcholine 
20:4n6 have been linked to its replacement with 20:5n3 
( 40 ). In the current study, P-OM3 reductions in platelet 
20- and 22-carbon n6-HUFAs were balanced by increasing 
20- and 22-carbon n3-HUFAs, consistent with competition 
between these FAs with similar structures. Similar effects 
were observed in RBCs and plasma, with the total plasma-
HUFA concentrations being increased  � 2-fold. However, 
RBCs and plasma lipids also showed minor reductions in 
MUFA and PUFA pools. In a similar study of men on a 
Mediterranean diet fed 4 g/day n3-HUFA ethyl esters for 
2 months, the magnitude of HUFA changes were similar 
to those observed in the current study; however, changes 

  Fig.   3.  Supplementation-dependent changes in representative unsaturated FAs (A), FA alcohols (B), FA epoxides (C), and FA diol (D) 
expressed as a function of pretreatment concentrations. The magnitudes of concentration changes with treatment decrease as baseline 
concentrations increase, indicating the presence of a fi nite and saturable lipid pool. The x-intercepts indicate the population’s change 
threshold (i.e., the apparent baseline concentration of each FA), which would be most likely associated with change in concentration.   
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of platelet aggregation ( 44 ), and pulmonary smooth mus-
cle relaxants ( 45 ). Although the literature pertaining to 
the production and function of n3 epoxides is limited, the 
similarity of their effects to the well-described AA-derived 
epoxides ( 46–48 ) suggest that future research focusing on 
the relative potency of these n3 and n6 metabolites is 
needed to fully appreciate the potential impact and mech-
anisms of P-OM3 treatments and the association to infl am-
mation and CVD risk in the population. 

 Magnitudes of POM-3-induced changes are a function 
of baseline concentration 

 Baseline adjustment is a common practice used to re-
duce variance in collected data where treatment-dependent 
changes occur on a substantial natural background. How-
ever, when the baseline concentration infl uences response, 
a static baseline adjustment does not optimally correct the 
dataset. In the current study, we see that constructing 
linear regressions for the fold change in concentra-
tions as a function of baseline levels can effectively visu-
alize baseline-dependent effects. Moreover, the presence 
of a population-wide “change threshold” is suggested. 

 A dynamic system that ceases to change despite contin-
ued input can be considered to have reached a saturation 
point or dynamic equilibrium ( 49 ). The circulating pool 
of esterifi ed plasma FA and oxylipins can be viewed in this 
way. This is supported by our observation that an individ-
ual with high circulating 20:5n3 at baseline shows a greater 
resistance to a change in 20:5n3 after P-OM3 treatment 
than an individual starting with a substantially lower con-
centration. Similarly, high basal arachidonate concentra-
tions are associated with signifi cantly greater reductions in 
circulating 20:4n6 and its metabolites with P-OM3 feed-
ing, and subjects with very low 20:4n6 levels actually saw 
increases in it and its metabolites despite increases in n3 
FAs. A recent population-wide study reported that n3- and 
n6-HUFA levels in the RBCs are in such a homeostatic bal-
ance ( 50 ). Although the scope of the current study is lim-
ited by the discrete nature of the lipid challenge, the 
cohort size (n = 30) is suffi cient to draw conclusions re-
garding the overall behavior of the sampled population 
( 51 ). Given the high correlation between baseline concen-
trations and the magnitudes of change achieved and assum-
ing that shifts in the background diet between samplings 
do not signifi cantly affect these changes, each individual 
can be used as an independent gauge of the equilibrium 
within a population. Therefore, we would argue that regres-
sion of the random changes in lipid concentrations within 
a population can be used to establish the change thresh-
old (i.e., the concentrations about which the population 
levels oscillate for any given FA despite changes in dietary 
lipid intake). 

 Additionally, although n3-HUFA supplementation 
might be expected to decrease circulating n6-PUFAs, such 
a fi nding may be masked by natural variance in the popu-
lation. Changes in the FA and oxylipin levels can be con-
sidered to have two sources of variance: the response to 
the lipid challenge and a random oscillation about the 

oxylipin and FA profi les are not mirror images. Although 
the x-intercepts of FA alcohols and their precursor FAs 
showed similar rank orders (18:3n3 < 20:5n3  �  22:6n3  �  
20:4n6 < 18:2n6), those of the other oxylipin profi les were 
distinct. 

 Although the sizes of the plasma 18- and 20-carbon oxy-
lipin pools were unchanged, modest reductions in 20:4n6-
derived alcohols and substantial increases in n3-HUFA 
alcohols and epoxides were observed ( Table 1 ). In addi-
tion, the average fold change in the sums of these com-
pound classes roughly matched that of their precursor 
FAs. Reductions in 20:4n6 metabolites are larger than 
measured n3-HUFA increases. However, the n3 oxylipins 
are underrepresented in the current assay (e.g., 3 of 7 
20:5n3 alcohols and 1 of 9 22:6n3 alcohols). Therefore, 
the relative enrichment in 20:5n3 and 22:6n3 metabolites 
may be substantially larger than the 20:4n6 metabolites re-
ductions. Because the membrane pools are of a static size, 
the n3-HUFA enrichment most likely produces signifi cant 
reductions in oxylipins generated from other n6-HUFA, 
including 22:4n6 and 22:5n6. Although the biological ef-
fects of the n3 oxylipins are poorly described, these bioac-
tive metabolites have been argued to underlie some of the 
health benefi ts associated with n3 FA intake. For instance, 
the DHA alcohol 17-HDoHE is a potent anti-infl ammatory 
agent, inhibiting 5-lipoxygenase gene expression and TNF- �  
production in macrophages ( 43 ). Similarly, n3 epoxides 
have reported activity as potent analgesics ( 34 ), inhibitors 

  Fig.   4.  Changes in the n3 index are infl uenced by basal n3 status 
and dose. A: The n3 index achieved after 4 weeks of P-OM3 intake 
was positively correlated with the product of the initial n3 index 
and the dose. B: The theoretical dose required to cross an n3 index of 
8% given an initial n3 index is estimated from this relationship. 
The study dose range (35–65 mg/kg/day) is shown in gray.   
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based on their metabolic responsiveness to various lipids, 
improving our ability to predict individual responses to 
n3-HUFA ingestion. This approach is a step toward a 
new way of thinking about individual responses to dietary 
lipids.  
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population’s equilibrium point that changes as a function 
of dietary variance combined with the regression to the 
mean effect in repeated measures ( 28 ). As a result, when 
the dietary pressure is high relative to the random oscilla-
tion, as is the case for the n3-HUFAs in the current study, 
uniform changes are observed. However, where pressures 
are low, such changes can be masked. Therefore, the co-
hort’s 20:4n6 status and variability in dietary 20:4n6 are 
important factors explaining why some individuals showed 
increases in 20:4n6- and 20:4n6-derived n6-alcohols de-
spite P-OM3 supplementation. 

 n3 index response to P-OM3 treatment 
 The n3 index (i.e., the percentage of 20:5n3 + 22:6n3 in 

RBC membrane FAs) provides a useful tool for quantify-
ing CVD risk. An n3 index of 8–10% is recommended to 
reduce CVD risk ( 52 ). In this study, although the P-OM3 
regimen increased the n3 index in all subjects, only four 
achieved the 8% level by the end of the 4 week study. As 
with the FAs and FA metabolites, the n3 index showed a 
P-OM3 dose response that was infl uenced by the subjects’ 
basal status. Therefore, n3 index status appears to be an 
important predictor of therapeutic effi cacy. If this rela-
tionship is stable across multiple populations, the basal n3 
status may provide an empirically rational means to estab-
lish and evaluate dosing regimens in the clinic. Using the 
current dataset, an estimate of this relationship was devel-
oped. This assessment yielded two interesting fi ndings. It 
appears that to elicit a predetermined change in the n3 
index, the dose required depends on the initial n3 status 
( Fig. 4 ). Additionally, the daily dose for a 70 kg individual 
to maintain an n3 index of 8 is  � 35 mg/kg/day P-OM3, 
or 7 mg/kg/day total n3-HUFA ethyl ester. The United 
States Department of Agriculture has recommended a 
daily intake of 250 mg of dietary n3-HUFAs for the preven-
tion of heart disease ( 1 ), which is equivalent to 3.6 mg/kg/
day for a 70 kg individual. 

 CONCLUSION 

 We assessed changes in plasma, platelet, and RBC FAs 
and in bound plasma oxylipins in 30 subjects after a 28 day 
challenge of 11 ± 2 mg/kg/day n3-HUFA ethyl esters. Both 
dose and initial n3 status infl uenced the impact of P-OM3 
on circulating esterifi ed lipid pools. The baseline-depen-
dent changes in FA and oxylipin concentrations revealed 
the presence of change thresholds in affected pools. The 
resistance of blood esterifi ed FA and oxylipin concentra-
tions to change increased as those concentrations ap-
proached the population change threshold. This behavior 
is also refl ected in the n3 index response, suggesting that 
the basal n3 index may have clinical utility to establish ef-
fi cacious therapeutic regimens and experimental feeding 
regimens and to evaluate the USDA Dietary Guidelines. 
To refi ne and generalize these fi ndings, future efforts 
should expand the dose and duration of n3-HUFA chal-
lenges in distinct cohorts and compare the results with 
those reported here. By using crossover study designs, such 
studies will also provide a means of identifying individuals 
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