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Specialized pro-resolving mediators: do they circulate

in plasma?’
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This issue of the Journal of Lipid Research reports a patient-
oriented study by workers at the University of Pennsylvania
(Penn group) (1) using n-3 PUFA ester supplementation in
attempts to detect the appearance of oxidized DHA and
EPA in plasma and urine. Fish oil and purified n-3 PUFA
supplementations have certainly emerged on the con-
scious level of the Western consumer by intense advertis-
ing, both for prescription supplements (e.g., Lovaza fish
oil) and over-the-counter fish oil products and related bio-
logical extracts. In large part, interest in these products
stems from the promise of potential health benefits when
the ratio of n-6 esters (linoleate and arachidonate) to n-3
esters (EPA and DHA) is lowered, which results in the re-
duction in the biosynthesis of pro-inflammatory, n-6 derived,
prostaglandins and leukotrienes. Adding to the favorable re-
duction of pro-inflammatory lipid mediators has been the
discovery of EPA and DHA metabolites with properties of
enhancing the resolution of inflammation in an active fash-
ion (2). These novel lipids have been termed “specialized
pro-resolving mediators” (SPMs) and a large number of such
biologically active products have now been chemically de-
scribed, including protectin D1 (2), protectin DX (3), ma-
resin 1 (2), resolvin D1 (2), and resolvin E1 (2) (Fig. 1).
Studies of the biosynthesis, pharmacologic activity, and mea-
surement of these products in cellular models has driven in-
terest in this area, leading to the question being asked: Can
the biosynthesis of one or more of these SPMs be enhanced
in vivo as a result of n-3 PUFA dietary supplementation?

Effects of n-3 fatty acid supplements on cardiovascular dis-
ease were first popularized by studies in Greenland Eskimos
several decades ago, which launched hundreds of clinical
studies of the effect of an enriched fish oil diet on various
diseases, including cardiovascular disease, neurological dis-
eases, dermatological disorders, and cancer, to name just a
few (4). Today, this area remains somewhat cloudy, controver-
sial, but economically healthy (http://www.washingtonpost.
com/business/economy/ claims-that-fish-oil-boosts-health-
linger-despite-science-saying-the-opposite/2015/07/08/
db7567d2-1848-11e5-bd7-4611a60dd8e5_story.html).

It has been surprisingly difficult to demonstrate a clear
and significant benefit of increasing n-3 fatty acids in the
diet, including reduction of disease symptoms related to
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inflammation and postulated to involve n-6 inflammatory
mediators. The Journal has been an active participant in
reporting results from several human subject studies ad-
dressing this topic. Some of these reports are at odds with
each other, including the point of whether or not SPMs
can be detected in the plasma of subjects with enhanced
dietary n-3 fatty acid esters intake. There have been reports
in the jJournal of the detection and quantitation of certain
SPMs in blood as well as reports that SPMs cannot be de-
tected in plasma. In a very important part of their study, the
Penn group carried out the clinical maneuver of an inflam-
matory challenge and using doses of fish oil sufficiently
high to influence blood pressure and platelet function (and
much higher than usually consumed as a health supple-
ment) but failed to find SPMs in plasma. Interestingly, mea-
surements by both sides of this controversy have been made
using sophisticated tandem mass spectrometry as the ana-
lytical platform to increase specificity and sensitivity for
detection of SPMs (LC-MS/MS targeted strategies).

The analytical results and conclusions that have been
reached by these studies are at odds with each other as il-
lustrated by recent reports from the University of Western
Australia (b, 6), where levels of these SPMs were detected
close to the analytical detection limit and from the Penn
group (1) that could not find specific SPMs. In general,
these papers used very similar approaches of targeted
LC-MS/MS, but there are sufficient differences between
the two approaches to make it difficult to assess which one
is valid. Perhaps both are correct? There are inherent chal-
lenges illustrated by these studies when measuring lipids,
even with state-of-the-art mass spectrometric equipment at
these very trace levels in a complex biological matrix such as
plasma. A distinct advantage of the Penn group’s approach
was the availability of deuterated standards for all SPMs to
precisely indicate LC elution of each target molecule as
well as the ability to calculate precise extraction efficiency
for each of the target SPMs in plasma. The University of
Western Australia only had one internal standard in their
LC-MS/MS targeted assays and this internal standard was
not an SPM. In any event, the controversy remains as to

}See referenced article, J. Lipid Res. 2015, 56: 1808-1820.
*To whom correspondence should be addressed.
e-mail: Robert. Murphy@ucdenver.edu

Journal of Lipid Research Volume 56, 2015 1641



7R,14S-dihydroxy-4Z,8E,10E,
12Z,16Z,19Z-docosahexaenoic acid

75,8R,175-trihydroxy-47,9€,11E,13Z,15E,19Z-
docosahexaenoic acid

10R,17S-dihydroxy-4Z,
7Z,11E,13E,15Z, 19Z-
docosahexaenoic acid

10S,17S-dihydroxy-4Z,
7Z11E,13Z,15E,19Z-
docosahexaenoic acid

Ho RVE1

NN N
COOH

HOY
OH
5S,12R,18R-trihydroxy-

6Z,8E,10E,14Z,16E-
eicosapentaenoic acid

2 A 17(18)-EpETE

COOH

17(18)-epoxy-
eicosapentaenoic acid

Fig. 1. Chemical structures and stereochemistry of pro-resolution metabolites of EPA and DHA. These are some of the major SPMs that

have been described.

whether these SPMs are detectable in plasma and as a corol-
lary, whether they do or do not change as a result of n-3 fatty
acid dietary supplementation. Development of higher sensi-
tivity as well as ancillary specificity in mass spectrometry
should add considerably to clarify this important issue.

Another recent patientoriented study of EPA and DHA
supplementation published in the Journal (7), also failed to
observe resolvins E or D in plasma. However, this group from
Berlin did identify a family of metabolites in plasma derived
from the cytochrome P450 pathway of metabolism of EPA
and DHA. Arachidonate metabolites derived from the CYP-
epoxygenase pathway are known to be bioactive, but little is
known about the EPA- and DHA-derived epoxides or their
diol products that result from epoxide hydrolysis. Interest-
ingly, the majority of these EPA and DHA epoxides (90%)
were found as esterified products in plasma that were
released upon base hydrolysis (7). The Penn group also
found significant elevation of the most abundant of these
CYP-epoxygenase products identified by the Berlin group
as 17(18)-EpETE (Fig. 1) and 19(20)-EpDoPE. The Berlin
group used abbreviation 17,18-EEQ and 19,20-EDP for
these same compounds. These products might turn out to
be the best indicators of n-3 fatty acid supplementation in
plasma and interestingly, anti-inflammatory activity has
been described for these epoxides (8).

One positive lead presented in this report from the Penn
group was that urinary metabolites of these SPMs might be
detected and therefore serve as relevant markers to indicate
in vivo biosynthesis. This strategy of using urinary metabolites
was established many years ago in eicosanoid biochemistry
and is an accepted method by which to address both leukot-
riene and prostaglandin synthesis in animals and human
subjects. In fact, it was the measurement of a prostacyclin
metabolite excreted into the urine that was used to assess
the potential cardiovascular risk inherent in the COX-2 in-
hibitors (9). This discovery about COX-2 inhibitors was made
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by this Penn group. We will look forward to improvements in
the analytical methodology and approach in order to address
these important issues of the role of DHA and EPA in regulat-
ing the resolution of inflammation in various diseases, in-
cluding cardiovascular diseases, by the formation of SPMs.Hl
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