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Abstract The focus of the present study was to define the
human plasma lipidome and to establish novel analytical
methodologies to quantify the large spectrum of plasma
lipids. Partial lipid analysis is now a regular part of every
patient’s blood test and physicians readily and regularly
prescribe drugs that alter the levels of major plasma lipids
such as cholesterol and triglycerides. Plasma contains many
thousands of distinct lipid molecular species that fall into
six main categories including fatty acyls, glycerolipids, glyc-
erophospholipids, sphingolipids, sterols, and prenols. The
physiological contributions of these diverse lipids and how
their levels change in response to therapy remain largely un-
known. As a first step toward answering these questions, we
provide herein an in-depth lipidomics analysis of a pooled
human plasma obtained from healthy individuals after over-
night fasting and with a gender balance and an ethnic distri-
bution that is representative of the US population.li In
total, we quantitatively assessed the levels of over 500 dis-
tinct molecular species distributed among the main lipid
categories. As more information is obtained regarding the
roles of individual lipids in health and disease, it seems
likely that future blood tests will include an ever increasing
number of these lipid molecules.—Quehenberger, O., A.
M. Armando, A. H. Brown, S. B. Milne, D. S. Myers, A. H.
Merrill, S. Bandyopadhyay, K. N. Jones, S. Kelly, R. L. Shaner,
C. M. Sullards, E. Wang, R. C. Murphy, R. M. Barkley, T. J.
Leiker, C. R. H. Raetz, Z. Guan, G. M. Laird, D. A. Six, D. W.
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In this era of genomics, transcriptomics, and proteo-
mics, metabolomics is emerging as an important component
of the omics evolution (1). Of the four kinds of biological
molecules that comprise the human body, i.e., nucleic ac-
ids, amino acids (proteins), carbohydrates (sugars), and
lipids (fats), lipids stand out among the various cellular
metabolites in the sheer number of distinct molecular spe-
cies. Using state-of-the-art lipidomics approaches made
possible by newly developed instrumentation, protocols,
and bioinformatics tools (2), the LIPID MAPS Consortium
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is carrying out comprehensive analyses of the mammalian
lipidome (3). As an emerging ‘omics’ field, lipidomics
provides a powerful approach to understanding lipid biol-
ogy (4).

The National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) in collaboration with the Na-
tional Institute of Standards (NIST) recently produced a
human plasma standard reference material (SRM 1950)
for metabolite analysis. The SRM was prepared by obtain-
ing plasma samples from 100 individuals between 40 and
50 years of age, whose ethnicity was representative of the
US population and that included an equal number of men
and women. The intent of the NIDDK/NIST project was
to provide a reference material that would be publically
available to researchers and that could be used by the clin-
ical chemistry community to identify plasma metabolites
for diagnostic purposes.” Signature metabolites could
then be further probed for their usefulness as disease
biomarkers.

The LIPID MAPS Consortium has developed innovative
lipidomics techniques based on liquid chromatography
coupled to mass spectroscopy to probe biological systems
(3) and has undertaken the task of analyzing the NIDDK/
NIST SRM by systematically identifying and quantifying
the lipid molecular species of the mammalian lipidome
(5, 6). We report here for the first time an in-depth lipid
profile of human plasma that reveals the enormous struc-
tural diversity of lipids comprising the six major lipid cat-
egories as defined by LIPID MAPS.* Lipidomics analysis of
the sample was challenging due to the extremely large
number of lipid species in human plasma and the analyti-
cal complexity of the molecular species present. Neverthe-
less, we report the quantitative levels of over 500 different
lipid molecular species present in this human reference
plasma sample.

EXPERIMENTAL PROCEDURES

Experimental details are provided online as supplemental
material.

RESULTS AND DISCUSSION

Plasma lipid distribution by category

The results are presented and discussed below for
each main lipid category and the diversity of lipid mo-
lecular species is summarized in Fig. 1. The most num-
ber of lipid molecular species analyzed was for the
sphingolipid category but the sterols, including choles-
terol and its esters, were the most abundant of the lipids
on a molar basis (nmol/ml) followed by triglycerides,
glycerophospholipids, free fatty acyls, sphingolipids,
diacylglycerols, and prenols, though on a weight basis
(mg/dl) the glycerophospholipids were the most abun-
dant, as shown in Table 1. Complete data sets are also
available on the LIPID MAPS/Nature Lipidomics Gateway,
www.lipidmaps.org.
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Several simplifying assumptions were necessary to gen-
erate the data in the molecular detail presented through-
out this study. First, only a small number of isotope-labeled
internal and reference standards are available for mass
spectrometry-based quantitative analyses for the most
abundant lipids in plasma, i.e., cholesteryl esters, triglycer-
ides, and glycerophospholipids. Therefore, we assumed
that the behavior of these standards with respect to extrac-
tion and mass spectrometry was representative for each
class of abundant lipid. Second, for the triglycerides and
glycerophospholipids, isobaric (same molecular weight)
molecular species exist, which further confounds precise
quantitation. We realize that these simplifying assump-
tions may have introduced errors into the accuracy with
respect to absolute quantitation for each lipid species.
Nonetheless, the total values obtained for individual lipid
classes are similar to those measured by techniques that
disregard molecular species identity. The information
provided in the supplementary tables thus provides an ac-
curate picture of the relative amounts of unique lipid mo-
lecular species in the NIST plasma sample. When using
the data as a reference, one should keep in mind that the
plasma samples were kept frozen for some time during the
collection effort. Although every precaution was taken to
minimize the effects of storage and thawing on the integ-
rity of the sample, some oxidation or hydrolysis of lipids
cannot be entirely ruled out. Physical strain imposed dur-
ing the process of blood drawing may lead to the activa-
tion of leukocytes and induce the formation of metabolites
of the arachidonic acid cascade. This may potentially con-
tribute to the amount of eicosanoids that were measured
in the plasma samples. Leukocyte activation is of particu-
lar concern when hemolysis occurs; therefore, all individ-
ual plasma samples that displayed visible indications of
hemolysis were discarded and not included to generate
the pool of the plasma SRM.

Fatty acyls

Although free fatty acids represent only a small fraction
of total fatty acids in plasma, they represent a highly meta-
bolically active lipid class. Adipose tissue is the main source
of plasma free fatty acids, which have a distribution that is
closely related to the fatty acid composition of the diet (7).
Under normal conditions the release of fatty acids from
adipose tissue is tightly regulated to meet the energy de-
mands of tissues; however, in several metabolic disorders
this homeostasis is compromised and shifts toward in-
creased lipolysis leading to the release of excess free fatty
acids relative to tissue needs. As shown in Table 1 and sup-
plementary Table IA, human plasma of healthy individuals
after overnight fasting contains an average of 214 nmol/
ml of free fatty acids. Oleic acid (18:1) is the major con-
stituent followed by palmitic acid (16:0) and stearic acid
(18:0) (supplementary Table IA). Together, these three
species comprise about 78% of all free fatty acids in the
circulation. Linoleic acid (18:2) and arachidonic acid
(20:4) are the main PUFAs (about 8% of the total), but the
nutritionally essential a-linolenic acid (18:3w-3), eicosap-
entaenoic acid (20:5, EPA), and docosahexaenoic acid
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Human plasma lipid diversity. Relationships among the major mammalian lipid categories are shown starting with the 2-carbon

precursor acetyl CoA, which is the building block in the biosynthesis of fatty acids. Fatty acyl subsituents in turn may be transferred to be
part of the complex lipids, namely sphingolipids, glycerolipids, glycerophospholipids, and sterols (as steryl esters). Some fatty acids are
converted to eicosanoids. A second major biosynthetic route from acetyl CoA generates the 5-carbon isoprene precursor isopentenyl pyro-
phosphate, which provides the building blocks for the prenol and sterol lipids. Fatty acyl-derived subsituents are colored green; isoprene-
derived atoms are colored purple; glycerol and serine-derived groups are colored red and blue, respectively. Arrows denote multistep
transformations among the major lipid categories starting with acetyl CoA. Values in yellow ovals represent the number of analytes within
each lipid category that were quantified by mass spectrometry in the human plasma sample (see text).

(22:6, DHA) are also present at significant levels, together
making up about 1% of all free fatty acids.

Eicosanoids are a class of bioactive lipid mediators that
are derived from the metabolism of arachidonic acid or
related PUFAs (8). Three classes of enzymes including
cyclooxygenases (COX-1 and COX-2), lipoxygenases
(LOXs), and cytochrome P450 epoxygenases (CYPs) syn-
thesize eicosanoids (9). In addition, PUFAs can undergo
autoxidation to produce bioactive lipids through a nonen-
zymatic pathway. PUFA metabolites derived from all three
enzymatic pathways and through autoxidation and lipid
peroxidation were detected in the SRM (Table 1 and sup-
plementary Table IB). Typically, eicosanoids have a short
half-life and undergo further enzymatic or nonenzymatic
modifications that are often accompanied by a change of
pharmacological potency. Notably, 15deoxy A PGD,
(15d PGDy), a degradation product of prostaglandin Dy
(PGDy), was one of the major COX metabolites found in
the human plasma sample. The formation of 15d PGD, is
of particular interest because, like 15deoxy AP PGJ,
(15d PGJy), this eicosanoid robustly stimulates peroxisome
proliferator-activated receptor-y activity, which has been
implicated in the regulation of inflammatory responses.
The hydroxylated products of arachidonic acid, 5-hydroxy-

eicosatetraenoic acid (5-HETE) and 12-HETE, and of lino-
leic acid, 9-hydroxy-octadecadienoic acid (9-HODE) and
13-HODE, were the major metabolites of the LOX path-
way detected in the sample. In fact, the 5-LOX product
5-HETE represented the single most prominent eicos-
anoid found in the SRM. We also identified some promi-
nent metabolites derived from the CYP pathway including
12,13-dihydroxy-octadec-9-enoic acid (12,13 DiHOME),
which is produced by the action of epoxide hydrolase from
the corresponding 12,13 epoxide of linoleic acid, the
epoxide 14,15-epoxy-5,8,11-eicosatrienoic acid (14,15
EpETrE) formed from arachidonic acid and the corre-
sponding vicinal diol 14,15-dihydroxy-5,8,11-eicosatrienoic
acid (14,15 DiHETTE). Some autoxidation products were
also detected. Interestingly, the majority of these lipid per-
oxidation products are derived from DHA, even though
this 22:6 fatty acid represents a minor fraction of all free
PUFAs in the plasma.

Glycerolipids

Glycerolipids encompassed a high proportion of total
lipids present in plasma. Of these, the most abundant
members were triacylglycerols (TAGs), which were pres-
entata concentration of 1.1 pmol/ml (90.6 mg/dl) in the
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TABLE 1. Lipid categories and species quantified in the human

plasma SRM
Number of Sum Sum

Lipid Category Species (nmol/ml) (mg/dl)
Fatty Acyls

Fatty Acids 31 214 5.82

Eicosanoids 76 0.071 0.002
Total 107 214 5.82
Glycerolipids

Triacylglycerols 18 1058 90.6

1,2-Diacylglycerols 28 39 2.36

1,3-Diacylglycerols 27 13 0.805
Total 73 1110 93.7
Glycerophospholipids

PE 38 435 32.7

LPE 7 36.6 1.78

PC 31 1974 157

LPC 12 103 5.25

PS 20 7.00 0.559

PG 16 6.12 0.480

PA 15 2.50 0.173

Pl 19 31.5 2.74

N-acyl-PS 2 0.013 0.001
Total 160 2596 201
Sphingolipids

Sphingomyelins 101 303.468 22.817

Monohexosylceramides 56 2.3135 0.180

Ceramides 41 11.586 0.732

Sphingoid Bases 6 0.5678 0.02029
Total 204 318 23.7
Sterol Lipids*

Free Sterols 14 826 31.8

Esterified Sterols 22 2954 114
Total 36 3780 146
Prenol Lipids

Dolichols 6 0.025 0.003

Coenzyme-Q 2 4.59 0.394
Total 8 4.62 0.397
Total 588 8023 471

* Sterols in plasma (nmol/ml) were determined as described
in the supplementary experimental procedures. Weight calculations
(mg/dl) were based on the sterol backbone for sterol esters.
Additionally, total sterols were also measured by clinical laboratories
following procedures certified by the Center for Disease Control and
they reported similar plasma levels, though they are lower than the
national average (National Health and Nutrition Examination Survey
2003-2006). The SRM consists of plasma pooled from individuals
within a narrow age range. Thus, cholesterol values may deviate from
other averages that include individuals from a wider age spectrum.

plasma SRM (Table 1). The absolute concentration of
TAGs is dependent on food intake because the synthesis
and packaging of TAG into lipoprotein particles (chiefly
chylomicrons and very low density lipoprotein) is the ma-
jor mechanism by which these lipids are distributed to tis-
sues in the body. We found that about 50% of all TAGs
had a total of 52 fatty acyl carbon atoms and that most fatty
acyl groups had multiple double bonds. Although the
analysis of TAGs did not allow definition of all molecular
species, previous studies have revealed that each molecu-
lar subset (e.g., 52:3 TAG) is a complex mixture of multi-
ple isobaric entities (10). For example, the three abundant
species that make up 52:3 TAG are 16:1/18:1/18:1,
16:1/18:0/18:2, and 16:0/18:1/18:2, not considering iso-
mers that differ at the position on the glycerol carbon
atoms where acylation occurs. Including minor fatty acyl
species such as 18:3, 20:1, 20:2, and 20:3 fatty acids in the
calculation expands the number of possible nonisomeric
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and distinct molecular species to over seven. Applying
chromatographic retention times and considering all
isobaric species, it was possible to detect over 200 individ-
ual molecular species of TAGs in the plasma sample (sup-
plementary Table ITA). In addition, several ether-linked
glycerolipids were detected as alkylether triacylglycerols
(ether 50:3, ether 50:2, ether 52:4, ether 52:3, ether 54:6,
ether 54:5, and ether 54:4). Diacylglycerols (DAGs) were
also present in the plasma sample but at substantially
lower levels. Both 1,2-DAGs (supplementary Table IIB)
and 1,3-DAGs (supplementary Table IIC) were quanti-
fied and found to contain between 30 and 40 total acyl
carbon atoms esterified to the glycerol backbone. 1,2-
DAGs were about three times as abundant as 1,3-DAGs in
this sample.

Glycerophospholipids

Over 200 species of glycerophospholipids were detected
and identified in the plasma SRM. Due to the presence of
isobaric species with the same m,/z, out of all species identi-
fied, 158 glycerophosphate (PA), glycerophosphocholine
(PC), glycerophosphoethanolamine (PE), glycerophos-
phoglycerol (PG), glycerophosphoinositol (PI), and glyc-
erophosphoserine (PS) species were quantified and are
summarized in Table 1. The composition by subclass and
quantities of individual glycerophospholipid species are
reported in supplementary Table IIIA. By mass, the over-
whelming majority of glycerophospholipids in human
plasma are PCs and PEs. These two classes were also found
to contain substantial amounts of ether-linked lipids (PEe/
p = 43% of PE by mass; PCe/p = 5.4% of PC by mass; e des-
ignates the plasmanyl and p designates the plasmenyl ana-
logues of glycerophospholipids). The amount of total
glycerophospholipid is similar to that previously reported
using different analytical approaches (11, 12).

In eukaryotes, the polyglycerophospholipid cardiolipin
is synthesized and localized in the mitochondrion (13, 14)
particularly the inner mitochondrial membrane (15). As
plasma is free of cells and subcellular organelles like mito-
chondria, cardiolipin was not detected. The limit of detec-
tion of plasma cardiolipin was found to be 4 nM using
synthetic cardiolipin standards.

Evidence for the existence of N-acylphosphatidylserine
(N-acyl-PS) was first reported by Nelson in 1970 in sheep
erythrocytes (16). As part of the LIPID MAPS consortium’s
search for novel lipids, Guan et al. (17) in 2007 reported
the identification of a family of N-acyl-PS molecules pres-
ent in mouse and pig brain, yeast, and mouse RAW264.7
macrophage tumor cells. The role of MNacyl-PS in animal
cells was not investigated, but it was proposed that N-acyl-
PS may function as a precursor of the bioactive signaling
lipid Nacyl-L-serine (17). Building on this work, we probed
the human plasma SRM for the presence of the two most
abundant ions of N-acyl-PS previously detected, i.e., 58:1
and 60:2, named for the number of carbons and double
bonds each contains. Both ions containing a complex
mixture of isobaric species were detected, with 58:1 mak-
ing up 83% of the total N-acyl-PS detected (supplementary
Table IIIB).



Sphingolipids

We identified over 200 individual sphingolipids in the
human plasma SRM. These results are summarized in
Table 1 and levels of subspecies are shown in supplemen-
tary Table IV. Sphingomyelins (SM) accounted for the larg-
estfraction of sphingolipids in plasma, and ~100 subspecies
were sufficiently abundant for their amounts to be esti-
mated (supplementary Table IV). This number is about
twice that of previous estimates of plasma SM subspecies
(18-21). Sphingosine was the most common sphingoid
base, accounting for ~61% of the total, followed by sphin-
gadiene (18%) and sphinganine (9.5%); the remainder
had other even- and odd-chain lengths, with the 16-carbon-
chain length sphingosine accounting for ~10%. The fatty
acids of SM ranged in chain length from 13 to 28 carbons,
of which over half were saturated (with 16:0 comprising
about one-third of all SM subspecies), about 20% were
monounsaturated (the most prevalent being 24:1), and
there were small amounts of fatty acids with two (about
3%) and three (<1%) double bonds. Our approaches
would not have detected 3-O-acyl-SM, which has been re-
ported in trace amounts (22), because the acyl-group would
be hydrolyzed during extraction (23). These proportions
are likely to vary among individuals because diet can affect
the types and amounts of SM in plasma (24-26).

The majority of the ceramide monohexoses (CMHs)
also had sphingosine as the most prevalent sphingoid base
and fatty acid chain lengths ranging from 14 to 26 car-
bons, but fewer subspecies were quantified because the
amounts were much lower than SM (~1%). The major
backbone subspecies were similar to SM except that the
proportion of very-long-chain fatty acids is higher for CMH
(supplementary Table IV). The CMH of human plasma
was comprised of both glucosyl- (GlcCer) and galactosyl-
ceramides (GalCer), as has been reported before (27-29),
with higher proportions of GlcCer. More complex gly-
cosphingolipids such as lactosylceramide were also de-
tected but these were not quantified because the internal
standards are not yet available.

Plasma contained small amounts of free ceramide (4%
of SM) with approximately the same spectrum of subspe-
cies as were seen in SM and CMH, although many of the
minor subspecies were present in amounts too low for
quantitation (supplementary Table IV). A noteworthy fea-
ture of the free ceramides was that the fatty acid distribu-
tion differed substantially from that seen in SM or CMH
with very little palmitic acid (~5%) compared with the
very-long-chain fatty acids (i.e., 24:0, ~33%, and 24:1,
~12%). A similar distinction has been reported in other
analyses of human plasma (30, 31). The N-acyl-derivatives
of two novel categories of ceramides with 1-deoxy- and
1-(desoxymethyl)-sphingoid base backbones were also de-
tected but not quantified (32).

Free sphingoid bases were found in the human plasma
SRM, with sphingosine 1-phosphate as the major species,
followed by lower amounts of sphingosine, sphinganine,
and sphinganine 1-phosphate. In addition to d18:1 sphin-
gosine l-phosphate (d indicates the presence of two hy-
droxyl groups, followed by the chain length and number

of double bonds), there were smaller amounts of other
chain lengths (d16:1 to d19:1). A similar profile has been
seen in other studies (33-36), although the amounts vary
by several fold, which might be due to differences in diet,
timing of collection, or storage of the sample.

Sterol lipids

Sterols in plasma exist in both free and fatty-acyl esteri-
fied forms. For quantification of total (esterified and free)
sterols, plasma was subjected to base hydrolysis, extracted
with organic solvent, and sterols were partially purified by
solid-phase extraction (37-39). Fourteen different sterols
of endogenous and exogenous sources (diet) were detected
at concentrations spanning five orders of magnitude (sup-
plementary Table VA). Cholesterol was the most abundant
sterol at 3.76 pmol/ml (145 mg/dl) followed by several ste-
rol intermediates arising from the cholesterol biosynthetic
pathway, including lathosterol, desmosterol, and 7-dehy-
drocholesterol, which were present at concentrations rang-
ing from ~2 to 6 nmol/ml. Two plant sterols derived from
the diet, campesterol and sitosterol, were also within this
range. Oxysterols, which are derivatives of cholesterol with
an extra hydroxyl group on the side chain or ring struc-
tures, and the biosynthetic intermediate lanosterol, were
the least abundant sterols at 0.02—0.5 nmol/ml.

Free sterols were extracted and isolated using similar
methods (37-39) but without the base hydrolysis step
(supplementary Table VB). Cholesterol again was the most
abundant free sterol at 0.82 pmol/ml. Lathosterol and
desmosterol, both intermediates in cholesterol biosynthe-
sis, were present at ~~1-2.5 nmol/ml. Another biosynthetic
intermediate, 7-dehydrocholesterol, was not detected as a
free sterol. The diet-derived sterols, campesterol and sitos-
terol, were detected at ~1nmol/ml. Free oxysterol levels
ranged between ~~0.001 and 0.0lnmol/ml. Depending on
the sterol, between 2 and 45% were present in free form;
22% of cholesterol was found in the free form. An aliquot
of the NIDDK/NIST reference plasma was also submitted
for total (esterified and free) cholesterol measurement us-
ing a colorimetric assay-based clinical instrument, which
returned an average value of 3.86 pmol/ml. This concen-
tration is consistent with the mass spectrometry-based
measurement of 3.76 pmol/ml.

We also quantified cholesteryl esters (CEs) without prior
hydrolysis and found that at 3.6 pmol/1 (230 mg/dl), the
neutral CEs represented the single most abundant lipid
class in this human plasma sample. The complexity of mo-
lecular species was far less than that observed in other neu-
tral lipids such as TAGs and DAGs in that a single molecular
species, 18:2 CE, comprised over 50% of this class (supple-
mentary Table VC). Also, 20:4 CE was a major component
(6.9% mol fraction of total CE). Considering the absolute
concentration of these polyunsaturated CE species in
plasma, it is likely that a majority of arachidonate found in
cells is delivered directly as 20:4 CE or is made from 18:2
CE. Subtracting the value of free cholesterol measured in
the plasma SRM from the total cholesterol value (supple-
mentary Tables VA, B) yields a predicted value of 2.94
pmol/ml for the CE content of the sample. This value is

Lipidomics of human plasma 3303



smaller than the CE content determined directly (3.6
pmol/ml). We believe that the smaller value of 2.94 pmol/
ml is more correct and that the difference arises from the
use of a single internal standard (13(]18:1 CE) to estimate
the quantities of all CE species as opposed to using mul-
tiple sterol standards that more accurately reflect recov-
ery and chromatographic behavior of individual sterols.
Should it become important to measure individual CE spe-
cies with greater accuracy in the future, appropriate stan-
dards will be developed.

Prenol lipids

Prenol lipids are synthesized from five carbon isoprene
units. Two classes of prenol lipids were included in this
analysis, dolichols and ubiquinones (Table 1). Dolichols
are a group of a-saturated polyprenols, with the number
of isoprene repeats typically varying from 14 to 24 (40).
Changes in serum and plasma dolichol levels may have
clinical significance (40, 41) and have been shown to in-
crease in a number of human diseases (40, 42). Free
dolichols consisting of 16-20 isoprenoid units were de-
tected in the human plasma SRM (supplementary Table
VIA). Consistent with previous reports (40, 42), dolichol-19
was the most abundant species, making up 53% of the
total free dolichol detected. A total of 25.1 pmol/ml of free
dolichol was detected in the human plasma SRM, com-
parable to previously published plasma levels (43).

Ubiquinones are a group of 1,4-benzoquinones modi-
fied with repeating isoprene units. The number of iso-
prene repeats varies among organisms, with yeast and
bacteria possessing 6, 7, and 8 repeats (CoQg, CoQ;, and
CoQ, respectively) and rats, mice, and humans possessing
9 and 10 repeats (CoQq and CoQ), respectively) (44). Our
analysis of human plasma SRM focused on CoQg and
CoQ),, which are essential components of the mitochon-
drial electron transfer chain and thus required for ATP
synthesis. Clinical evidence suggests that CoQq and CoQ,
also possess cardioprotective properties, preventing ische-
mic damage to heart tissue and reducing ventricular dys-
function and cardiac arrhythmias associated with heart
failure and acute myocardial infarction (44-46). Because
the biosynthesis of CoQ) is dependent upon the availability
of farnesyl pyrophosphate produced by the mevalonate
pathway, inhibition of the rate-limiting enzyme in this
pathway, HMG-CoA reductase, by the cholesterol lowering
statin drugs may lead to reductions in serum CoQ levels
(46, 47). Both CoQy and CoQ,, were detected in the hu-
man plasma SRM samples (supplementary Table VIB).
Consistent with previous reports (44, 46, 47), CoQ,, was
the more abundant of the two ubiquinones, making up
94% of the total plasma CoQ. A total of 4.6 pmol/1 of
plasma ubiquinone was detected, slightly higher than pre-
viously published values (43, 47, 48).

CONCLUSION
The analysis of just two main plasma lipids (triglycerides

and cholesterol, the latter in both the LDL and HDL sub-
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fractions) and sporadically vitamin D has been considered
an integral component of medical diagnosis and treatment
for some time. Indeed, it is now well established that intra-
cellular lipid metabolism is dramatically perturbed in nu-
merous metabolic diseases that have genetic and/or dietary
and nutritional as well as life style origins and may have im-
plications for the treatment of metabolic diseases including
Type 2 diabetes and cardiovascular disease as well as
autoimmune disorders including rheumatoid arthritis,
neurodegenerative diseases, kidney and liver disorders, and
numerous other lipodystrophys. The causal link between
lipids and these various disorders has brought about an in-
creasing comprehension of the diverse functions of lipids in
many cellular metabolic pathways. Aside from their role as
building blocks of membranes of cells and organelles and as
energy storage entities, lipids perform important functions
in signaling and metabolic regulation. Their diversity in
function is reflected by an enormous variation in structure;
however, restraints imposed by previously available analyti-
cal procedures have limited the number of lipid species that
could be reliably assessed in clinical laboratories. Typical
blood tests include total triglycerides and cholesterol, but as
we report here, it is now technically feasible to quantify hu-
man plasma lipids with a much greater depth and accuracy.
The amazing complexity of the human plasma lipidome es-
tablishes it as a rich source of molecules that can be evalu-
ated for the clues that they provide about human physiology,
nutrition, and disease. Analysis of a patient’s plasma lipi-
dome will in the future of clinical medicine provide a valu-
able approach for detecting and monitoring human diseases
and their treatment efficacy Bl

We extend our appreciation to Dr. Arthur Castle, Program
Director, Metabolomics and Informatics, NIDDK, for logistic
support in reference material development and making it
available to LIPID MAPS as part of the National Institutes of
Health Roadmap initiative.
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