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Abstract: The aim of this study was to examine the consistency of ultra performance liquid chromatography-tandem
mass spectrometry (UPLC-TMS) in detecting the levels of para-arachidonic acids (PAAs) among differently processed
plasma/serum samples. Ethylenediaminetetraacetic acid (EDTA)-K2, sodium citrate, heparin lithium, coagulant/
separation gel, and coagulant-free vacuum blood-sampling tubes were used to collect the fasting blood samples
from 15 volunteers. All blood samples were subjected to solid-phase extraction using an Oasis HLB pElution 96-well
plate, and UPLC-TMS was used to detect 19 types of PAAs in the blood samples. Within the plasma samples, the con-
centrations of 5, 6-DHET; 11, 12-epoxyeicosatrienoic acid (EET); 5-hydroxyeicosatetraenoic acid (HETE); leukotriene
B4 (LTB4); plasma thromboxane B2 (TXB2); and 12-HETE were significantly higher in the heparin lithium group than
in the EDTA-K2 and sodium citrate groups. Within the serum samples, the concentration of LTB4 was significantly
higher in the coagulant/separation gel group than in the coagulant-free group, while that of TXB2 was significantly
higher in the coagulant-free group than in the coagulant/separation gel group. The levels of some types of PAAs in
differently processed plasma/serum samples were inconsistent, and the concentrations of 5, 6-DHET; 5-HETE; 12-
HETE; TXB2; and LTB4 were significantly higher in the two serum samples and the heparin lithium group than in the
EDTA-K2 and sodium citrate groups.

Keywords: Ultra performance liquid chromatography-tandem mass spectrometry, para-arachidonic acid, arachi-
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noic acids under the catalysis of soluble epox-
ide hydrolase.

Introduction

Para-arachidonic acids (PAAs) are the oxidation

products of arachidonic acids; the generation
of PAAs from arachidonic acids is catalyzed by
three enzymes, namely cyclooxygenases, lipox-
ygenases, and cytochrome P450 [1]. The
metabolites of the cyclooxygenase pathway
include prostaglandins and thromboxanes,
while those of the lipoxygenase pathway include
leukotrienes and hydroxyeicosatetraenoic aci-
ds, and those of the cytochrome P450 pathway
include epo-eicosatrienoic acids and w-end
hydroxyl hydroxyeicosatetraenoic acids. Among
these metabolites, epo-eicosatrienoic acids
can generate bihydroxyl hydroxyeicosatetrae-

PAAs play an important role in maintaining car-
diovascular system function and homeostasis
within the human body, and disorders in the
metabolism of PAAs are associated with many
diseases [2]. Epoxyeicosatrienoic acids (EETs)
are endogenous hyperpolarization factors that
promote vasodilatation and vascular growth;
abnormal metabolism of EETs is associated
with various diseases, including high blood
pressure, diabetes, and cancer [3]. The main
biological functions of 20-hydroxyeicosatetrae-
noic acid (HETE) include contraction of blood
vessels and promotion of angiogenesis, and
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aberrant metabolism of 20-HETE has been
shown to play an important role in the occur-
rence and development of cardiovascular dis-
eases, such as high blood pressure [4]. There-
fore, epo-eicosatrienoic acids and 20-HETE
have become therapeutic targets of vascular
dysfunction-related diseases. For example,
new antihypertensive drugs targeting 20-HETE
are currently being developed [5]. Leukotrienes
(LTs) are able to adjust the contraction and per-
meability of blood vessels.

In recent years, ultra performance liquid chro-
matography-tandem mass spectrometry (UPLC-
TMS) had been used to develop suitable meth-
ods for detection of PAAs [6]. However, this
method is limited by the production of matrix
effects, affecting test results [7]. Some known
components of plasma or serum samples,
including phospholipids [8] and anticoagulants
[9], can produce certain matrix effects in
LP-MS. In addition, blood coagulation causes
the release of blood platelets and other compo-
nents, such as prostaglandins (PGs), thrombox-
ane A2, 12-hydroxyeicosatetraenoic acid [10],
and epo-eicosatrienoic acid [11, 12].

Because of the important biological functions
of PAAs inside the body, detection of PAA con-
tents in the peripheral blood may help to pre-
dict and diagnose related diseases. Although
no studies have demonstrated this effect, anti-
coagulants/coagulants and the blood coagula-
tion responses within blood samples may affect
the detection of PAAs. Therefore, it is neces-
sary to explore variations in PAA contents
among different types of serum/plasma sam-
ples. In this study, we selected 19 PAAs (EETs,
HETEs, DHETSs, LTs, and PGs) generated through
the three metabolic pathways of arachidonic
acids and used UPLC-TMS to determine the
concentrations of the above 19 PAAs in five
types of blood samples that were processed
with ethylenediaminetetraacetic acid (EDTA)-
K2, sodium citrate, heparin lithium, coagulant/
separation gel, or coagulant-free medium with
the objective to analyze the consistency of PAA
concentrations among the five types of blood
samples.

Materials and methods
Collection of blood samples

Fifteen healthy volunteers, including 5 men and
10 women (ages 21-30 years), were included in
this study. Five fasting blood samples were col-
lected from each volunteer into EDTA-K2 anti-
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coagulant tubes, sodium citrate anticoagulant
tubes, heparin lithium anticoagulant tubes,
coagulant/separation gel tubes, or coagulant-
free serum collection tubes (purchased from
Kangkang Co., China). All blood samples were
centrifuged at 3000 rpm for 10 min within 2 h
of collection, the plasma and serum were sepa-
rated and stored in EP tubes at -80°C. This
study was conducted in accordance with the
declaration of Helsinki. This study was conduct-
ed with approval from the Ethics Committee
of Shanghai First People’s Hospital. Written
informed consent was obtained from all parti-
cipants.

Standards and internal standards

Nineteen types of PAA standards and five types
of internal standards were purchased from
Cayman (USA). The standards included 5,
6-DHET; 8- or 9-DHET; 11, 12-DHET;, 14,
15-DHET; 5, 6-EET; 8- or 9-EET; 11, 12-EET; 14,
15-EET; 5-HETE; 8-HETE; 12-HETE; 15-HETE;
20-HETE; 6-KETO-PGFl1a; TXB2; LTB4; LTC4;
LTD4; and LTE4. The internal standards were
D4-PGE; D4-LTB4; D11-11, 12-EET, D11-14,
15-DHET; and D8-15-HETE.

Sample preparation

For sample preparation, 400-uL blood sample
was collected from each of the experimental
groups, and 400 pL of 4% phosphoric acid solu-
tion and 10 pL of internal standard solution
(D4-PGE; D4-LTB4; D11-11, 12-EET; or D11-14,
15-DHET at 100 ng/mL or D8-15-HETE at 2 ug/
mL) were then added. Samples were mixed by
vortexing, and an Oasis HLB pElution 96-well
plate (Waters, USA) was used for SPE of blood
samples. The elution processes were as fol-
lows: 1) activation, 200 pL methanol was added
at each time to each well, a total of two times;
2) balancing, 200 uL ultrapure water was added
at each time to each well, a total of three times;
3) sample loading, 700 uL of acidified samples
was added to each well; 4) first rinsing, 200 pL
of 5% ammonia solution was added to each
well; 5) second rinsing, 200 yL methanol/water
solution (70/30, v/v) was added to each well;
and 6) elution, 25 uL acetonitrile/isopropanol
(65/35, v/v) containing 2% formic acid was
added at each time to each well, a total of two
times. After the elution, 50 pyL water was used
to dilute the sample, and a total of 100 pyL sam-
ple was then loaded into the machine for
detection.
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Figure 1. Comparison of PAAs that had the statistically significant difference between the plasma group and the
serum group. A. 5, 6-DHET, B. 14, 15-DHET, C. 11, 12-EET, D. 5-HETE, E. 12-HETE, F. 15-HETE, G. TXB2, H. LTB4.

Sample detection mobile phase was 0.1% formic acid (A) (Sigma,

St. Louis, MO, USA) and acetonitrile (B) (Sigma),
An ACQUITY UPLC Xevo TQ MS (Waters) with a and the elution gradient was as follows: 0-2
CORTERS UPLC chromatography column (C18 min, phase A from 70% to 30%; 2-5 min, phase
1.6 ym, 2.1 x 100 mm; Waters) was used for A from 70% to 0%; 5-6 min, phase A at 0%; and
detection of PAAs in the prepared samples. The 6-8 min phase A from 0% to 80%. The flow
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Figure 2. Comparison of PAAs that had the statistically significant difference among the plasma groups. A. 5, 6-DHET,

B. 11, 12-EET, C. 5-HETE, D. 12-HETE, E. TXB2, F. LTB4.

speed was 0.35 mL/min, and the sample vol-
ume was 5 uL. The mass spectrometer was a
Xevo TQ-S, and the working conditions were as
follows: ESI-, capillary: 2.5 kV, source tempera-
ture: 150°C, desolvation temperature: 550°C,
desolvation gas flow: 800 L/h, cone gas flow:
150 L/h. The sample data were analyzed with a
MassLynx4.1 workstation.
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Statistical analysis

SPSS20.0 software was used for statistical
analysis, and GraphPad Prism 5.0 was used for
preparation of graphics. The experiment was
divided into five groups; data among serum
groups exhibited homogeneity of variance and
were therefore analyzed using paired t-tests.

Int J Clin Exp Med 2015;8(6):9248-9256
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Figure 3. Comparison of PAAs that had the statistically significant difference among the serum groups. A. TXB2, B.

LTB4.

Because the data between the plasma and
serum groups and among plasma groups did
not exhibit homogeneity of variance, statistical
analysis was carried out using the randomized
block method for Friedman M tests. When mul-
tiple related samples exhibited significant dif-
ferences, the q test was performed for inter-
group comparisons. Data analyzed using analy-
sis of variance were expressed as the mean +
standard deviation, while data analyzed using
Friedman M tests were expressed as the medi-
an (minimum and maximum). Differences with
P values of less than 0.05 were considered sta-
tistically significant.

Results

Comparison of PAAs between the plasma and
serum groups

The concentrations of 19 PAA metabolites in
plasma samples from the EDTA-K2, sodium
citrate, and heparin lithium groups and in
serum samples from the coagulant/separation
gel and blank tube groups were detected.
Significant differences in the concentrations of
5, 6-DHET; 11, 12-EET; 14, 15-DHET; 5-HETE;
12-HETE; 15-HETE; TXB2; and LTB4 were
observed between the plasma and serum
groups. The g test was then performed to
analyze intergroup differences. The following
results were found. First, 5, 6-DHET levels were
significantly higher in serum samples from the
coagulant/separation gel and coagulant-free
groups than in serum samples from the
EDTA-K2 and sodium citrate  groups.
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Additionally, the concentrations of 14, 15-DHET;
5-HETE; and LTB4 were significantly higher in
serum samples from the coagulant/separation
gel and coagulant-free groups than in the other
three plasma groups. The concentration of 11,
12-EET was significantly increased in plasma
samples from the heparin lithium group com-
pared with that in serum samples from the
coagulant/separation gel and coagulant-free
groups, and the concentration of 11, 12-EET
was significantly higher in serum samples from
the coagulant-free group than in plasma sam-
ples from the EDTA-K2 group. Furthermore, the
concentration of 15-HETE was significantly
higher in serum samples from the coagulant-
free group than in plasma samples from the
EDTA-K2 and sodium citrate groups, and the
concentration of 12-HETE was significantly
higher in serum samples from the coagulant/
separation gel and coagulant-free serum
groups than in plasma samples from the
EDTA-K2 and sodium citrate plasma groups.
Finally, the concentration of TXB2 was signifi-
cantly higher in serum samples from the coagu-
lant-free group than in the other three plasma
groups, and that of TXB2 was significantly high-
er in serum samples from the coagulant/sepa-
ration gel group than in plasma samples from
the EDTA-K2 and sodium citrate groups. These
results are shown in Figure 1.

Comparison of PAAs among the plasma groups
Nineteen PAAs were detected in plasma sam-

ples from the EDTA-K2, sodium citrate, and
heparin lithium groups. The results revealed

Int J Clin Exp Med 2015;8(6):9248-9256
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that the concentrations of 5, 6-DHET; 11,
12-EET; 5-HETE; LTB4; TXB2; and 12-HETE
were significantly increased in plasma samples
from the heparin lithium group compared with
those in plasma samples from the EDTA-K2
and sodium citrate groups. The specific results
are shown in Figure 2.

Comparison of PAAs among the serum groups

Nineteen PAAs were detected in serum sam-
ples from the coagulant/separation gel and
coagulant-free groups. The results revealed
that the concentration of LTB4 was significantly
higher in serum samples from the coagulant/
separation gel serum group than in serum sam-
ples from the coagulant-free group. Additionally,
the concentration of TXB2 was significantly
higher in serum samples from the coagulant-
free group than in serum samples from the
coagulant/separation gel group. The specific
results are shown in Figure 3.

Discussion

In recent years, the important roles of PAAs in
the occurrence and development of cardiovas-
cular diseases and cancers have received
increasing attention. Detection of PAAs in blood
samples may facilitate the prediction and diag-
nosis of related diseases. However, clinical
blood types vary, and different anticoagulants,
coagulants, and blood components within col-
lection tubes can easily result in the production
of matrix effects in LC-TMS. Additionally, blood
coagulation is also associated with changes in
the composition of PAAs; thus, these factors
are likely to cause interference with the mea-
surement of PAAs. Therefore, analysis of the
consistency of PAA measurements among dif-
ferently treated plasma/serum samples may
provide an experimental basis for the selection
of blood sample types during clinical tests and
research. In this study, we used UPLC-TMS to
determine the concentrations of 19 PAA metab-
olites, generated from the three metabolic
pathways, within plasma samples collected in
EDTA-K2, sodium citrate, or heparin lithium and
serum samples collected in coagulant/separa-
tion gel and coagulant-free tubes.

We found that the concentrations of 5, 6-DHET;
11, 12-EET; 14, 15-DHET; 5-HETE; 12-HETE;
15-HETE; TXB2; and LTB4 were significantly dif-
ferent between plasma and serum samples.
Indeed, the concentrations of 5, 6-DHET; 14,
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15-DHET; 5-HETE; 12-HETE; TXB2; and LTB4
were significantly higher in the two serum sam-
ples than in plasma samples from the EDTA-K2
and sodium citrate groups. Among these com-
ponents, 5-HETE exhibited the largest increase
in concentration. Thus, our data showed that
detection of PAAs in differently processed plas-
ma/serum samples using UPLC-TMS yielded
inconsistent results. While the exact reason for
this inconsistency was unclear, the matrix
effects and blood coagulation responses may
be involved.

The generation of matrix effects by co-eluted
components within samples during LC-TMS
analysis is a common technical problem asso-
ciated with atmospheric pressure ionization
(API) [13]. In 1993, Tang and Kebarle [14] dis-
covered matrix effects, including ion inhibition
or enhancement, during LC-TMS detection [15].
While the specific mechanisms mediating these
matrix effects are not fully clear, Trufelli et al
[16] showed that the interfering materials caus-
ing the matrix effects could be divided into two
categories. The first category was exogenous
substances; these types of materials did not
exist in the sample matrix, but were derived
from the external environment, e.g., materials
from the sample container, ion pair reagents,
organic acids, and buffer, during the experi-
mental process. The second category was
endogenous substances, namely, substances
derived from the matrix of the analytic targets
and remaining inside the extracted species,
including salt, polymer materials, surface active
substances, organic molecules, and metabo-
lites with structures similar to those of the tar-
get analyte. In addition to matrix effects, blood
coagulation responses may also affect the
results of PAA determination among differently
processed samples. Several studies have
shown that blood coagulation could cause
changes in the synthesis of many types of ara-
chidonic acids [10-12, 17, 18]. Based on the
matrix effects and physiological mechanisms
of blood coagulation, the factors affecting the
results of PAA measurement among differently
processed samples could be divided into three
categories: 1) components of plasma and
serum, such as phospholipids, proteins, and
salts; 2) anticoagulants and coagulant/separa-
tion gels; and 3) blood coagulation responses.

DHETs are rapidly produced metabolites of
EETs, generated by the soluble epoxide hydro-
lase (sEH) [19]. DHETs are stable within blood,

Int J Clin Exp Med 2015;8(6):9248-9256
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and DHET contents are correlated with EET
contents. However, no studies have reported
comparisons of DHETs and EETs in plasma and
serum samples. Studies have shown that EETs
inhibit platelet aggregation; when blood coagu-
lates, the Ca?* contents inside platelets may
increase significantly, thus promoting the
hydrolysis of arachidonic acids from membrane
phospholipids and generating EETs through a
series of enzymatic reactions [11, 12]. These
data indicate that blood coagulation may facili-
tate the release of EETs and accelerate the
generation of DHETSs; therefore, the contents of
EETs and DHETs in serum would be higher than
those in plasma. This may explain the observa-
tions that the 14, 15-DHET content was signifi-
cantly higher in the serum group than in the
plasma group, the 5, 6-DHET content was sig-
nificantly higher in the serum group than in
plasma samples from the EDTA-K2 and sodium
citrate groups, and the 11, 12-EET content was
significantly higher in serum samples than in
plasma samples from the EDTA-K2 group.
During the blood coagulation process, TXB2,
12-HETE [10], and 15-HETE [18, 20] are associ-
ated with platelet aggregation [18]. These three
metabolites promote platelet aggregation, and
activation of platelets may increase the synthe-
sis of these three metabolites, explaining the
increases in these three metabolites in serum
samples compared with plasma samples.
Although no comparisons of TXB2, 12-HETE,
and 15-HETE between plasma and serum have
been reported, we found that TXB2 content
was significantly higher in serum samples from
the anticoagulant-free group than in plasma
samples, and that 12-HETE in serum samples,
TXB2 in serum samples from the coagulant/
separation gel group, and 15-HETE in serum
samples from the anticoagulant-free group
were significantly higher than those in plasma
samples from the EDTA-K2 and sodium citrate
groups. In addition, studies have shown that
thrombin can activate 5-lipoxygenase on the
surface of white blood cells [21], increasing the
synthesis of LTB4 and 5-HETE; this may cause
elevations in the levels of these two compo-
nents in serum compared with those in plasma.
No studies have examined differences in
5-HETE levels between plasma and serum, and
comparative studies of LTB4 levels in plasma
and serum have not provided -consistent
results. Some studies have shown that levels of
LTB4 are higher in serum than in plasma, while

9254

some studies have shown that there are no
obvious differences in LTB4 levels between
plasma and serum [22]. In this study, 5-HETE
and LTB4 levels were significantly higher in
serum samples than in plasma samples, sup-
porting that thrombin activates 5-lipoxygenase
on the surface of white blood cells during blood
coagulation.

In this study, we found differences in PAAs
among plasma samples collected in heparin
lithium, EDTA-K2, and sodium citrate; among
the PAAs examined, 12-HETE, 15-HETE, and
TXB2 levels did not differ significantly com-
pared with those in serum samples. In contrast,
11, 12-EET concentrations were significantly
higher in plasma samples than in serum sam-
ples. To date, no reports have described the
matrix effects of anticoagulants on PAAs.
However, Mei et al [9] studied the matrix effects
of heparin lithium, heparin sodium, and EDTA-
Na2 on eight drugs (CPMD1-8) in the plasma;
the results showed that the heparin lithium
enhances the matrix effects of CPMD1 in plas-
ma samples and that this effect is increased
with increased concentrations, further enhanc-
ing the matrix effects of CPMD2 at high con-
centrations. Chen and Li [23] reported that
lithium enhances the ionization efficiency of
polyethylene glycol (PEG) and further promotes
the pyrolysis of PEG through low energy-colli-
sion induction. Thus, when using UPLC-TMS for
detection of PAAs, heparin lithium may enhance
the matrix effects of 12-HETE; 15-HETE; TXB2;
and 11, 12-EET, thus resulting in an apparent
increase in concentrations of these compon-
ents.

In this study, we further analyzed the consis-
tency of PAAs between plasma and serum
groups. The results showed that among the
three plasma groups, the contents of 5, 6-DHET;
11, 12-EET; 5-HETE; 12-HETE; LTB4; and TXB2
were significantly higher in the heparin lithium
group than in the EDTA-K2 and sodium citrate
groups. Additionally, in serum samples, the
contents of LTB4 were significantly higher in
the coagulant/separation gel group than in the
coagulant-free group, while the contents of
TXB2 were significantly lower in the coagulant/
separation gel group than in the coagulant-free
group. Because heparin lithium has been
shown to enhance matrix effects, heparin lithi-
um may affect the levels of 5, 6-DHET, 11,
12-EET; 5-HETE; 12 HETE; LTB4; and TXB2 in

Int J Clin Exp Med 2015;8(6):9248-9256
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plasma samples, resulting in an apparent
increase in samples collected in heparin lithi-
um. In addition, the coagulant/separation gel
may also result in matrix effects during mea-
surement of LTB4 and TXB2 in serum. The
coagulant/separation gel blood collection
tubes used in this study are commonly used
serum sample collection tubes in the clinical
setting; the main components of the separating
gel are silicone rubber, macromolecular hydro-
carbons, and hydrophobic adhesive, while the
coagulant is mainly comprised of Sio,. No
reports have described the matrix effects of
coagulant/separation gel components during
LC-TMS detection. SiO, is stable and insoluble
in water; therefore, it is unlikely that SiO, causes
major matrix effects. However, in this experi-
ment, we used an ordinary centrifuge, and the
heat generated during the centrifugation at
room temperature could lead to slight mixing of
the separation gel and serum sample. Thus,
some macromolecular polymers may enter the
LC-TMS system and interfere with the ioniza-
tion process. From these data, we can infer
that the components of the separation gel may
have affected the measurement of LTB4 and
TXB2 in serum during LC-TMS detection.

Summary

In this study, we used UPLC-TMS technology
and compared the contents of 19 PAAs among
differently processed plasma/serum samples.
Among plasma and serum samples, the con-
tents of 5, 6-DHET; 14, 15-DHET; 5-HETE;
12-HETE; TXB2; and LTB4 were significantly
higher in serum samples than in plasma sam-
ples from the EDTA-K2 and sodium citrate
groups. Of these components, the increase in
5-HETE content was the most dramatic; this
difference may have been associated with the
matrix effects of the UPLC-TMS instrument and
blood coagulation responses. Additionally, the
contents of 5, 6-DHET; 11, 12-EET; 5-HETE;
LTB4; TXB2; and 12-HETE were significantly
higher in plasma samples from the heparin lith-
ium group than in plasma samples from the
EDTA-K2 and sodium citrate groups. Among
these components, the increase in 11, 12-EET
was the most dramatic, likely due to the matrix
effects of heparin lithium during UPLC-TMS
analysis. Finally, for analysis of serum samples,
LTB4 contents were higher and TXB2 contents
were lower in the coagulant/separation gel
group than in the coagulant-free group; again,
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this may have been associated with the matrix
effects of the UPLC-TMS instrument. Thus, our
results showed that some PAA contents were
not consistent between plasma and serum
samples. Specifically, the levels of 5, 6-DHET;
5-HETE; 12-HETE; TXB2; and LTB4 in serum
samples and in plasma samples from the hepa-
rin lithium group were significantly higher than
those in the plasma samples from the EDTA-K2
and sodium citrate groups, suggesting that
blood samples should be treated with the same
method when using UPLC-TMS to detect PAAs
and that the use of EDTA-K2 or sodium citrate
may help to reduce the interference of matrix
effects and blood coagulation on the test
results.
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