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a  b  s  t  r  a  c  t

Lysophosphatidic  acid  (LPA)  is  a phospholipid  mediator  that  plays  multiple  cellular  functions  by  act-
ing  through  G  protein-coupled  LPA  receptors.  LPAs  are  known  to  be key  mediators  in  inflammation,
and  several  lines  of  evidence  suggest  a role  for  LPAs  in  inflammatory  periodontal  diseases.  A  simple
and  sensitive  liquid  chromatography  coupled  with  tandem  mass  spectrometry  (LC–MS/MS)  method  has
been  developed  and  validated  to  quantify  LPA  species  (LPA  18:0,  LPA  16:0,  LPA  18:1  and  LPA  20:4)  in
human  saliva  and  gingival  crevicular  fluid  (GCF).  LPA  17:0  was  used  as  an  internal  standard  and  the  LPA
species  were  extracted  from  saliva  by  liquid–liquid  extraction  using  butanol.  Chromatography  was  per-
formed  using  a  Macherey-Nagel  NUCLEODUR® C8  Gravity  Column  (125  mm  ×  2.0  mm  ID)  with  a  mixture
of methanol/water:  75/25  (v/v)  containing  0.5%  formic  acid and  5 mM  ammonium  formate  (mobile  phase
A) and  methanol/water:  99/0.5  (v/v)  containing  0.5%  formic  acid  and  5  mM  ammonium  formate  (mobile
phase  B)  at  a flow  rate  of 0.5 mL/min.  LPAs  were  detected  by  a linear  ion  trap-triple  quadrupole  mass
spectrometer  with  a total  run  time  of  8.5  min.  The  limit  of  quantification  (LOQ)  in saliva  was  1 ng/mL  for

all LPA  species  and  the  method  was  validated  over  the  range  of  1–200  ng/mL.  The method  was  validated
in  GCF  over  the  ranges  of  10–500  ng/mL  for LPA  18:0  and  LPA  16:0,  and  5–500  ng/mL  for  LPA 18:1  and  LPA
20:4.  This  sensitive  LC–MS/MS  assay  was  successfully  applied  to  obtain  quantitative  data  of  individual
LPA  levels  from  control  subjects  and  patients  with  various  periodontal  diseases.  All  four  LPA  species  were
consistently  elevated  in samples  obtained  from  periodontal  diseases,  which  supports  a  role  of LPAs  in
the pathogenesis  of  periodontal  diseases.
. Introduction

Lysophosphatidic acids (LPAs) are one of the simplest phos-
holipids, which consist of a glycerol backbone, a single fatty acid
hain and a phosphate group. LPAs are recognized as pleiotropic
xtracellular lipid mediators with growth-factor-like activities for
any cell types [1].  LPAs can be synthesized intracellularly by
lycerol-3-phosphate acyl-transferase or monoacyl glycerol kinase
ia various highly regulated pathways [2,3]. In addition, LPAs can
e produced extracellularly through the hydrolysis of phosphatidic

Abbreviations: LPA, lysophosphatidic acid; GF, gingival fibroblasts; PDLF, peri-
dontal ligament fibroblasts; GCF, gingival crevicular fluid; LC–MS/MS, liquid
hromatography–tandem mass spectrometry; MeOH, methanol; IS, internal stan-
ard; QC, quality control.
∗ Corresponding author at: Department of Pharmaceutical Science, College of

harmacy 3039, University of Nebraska Medical Center, Omaha, NE 68198-6025,
nited States. Tel.: +1 402 559 4631/2407; fax: +1 402 559 9543.

E-mail address: yalnouti@unmc.edu (Y. Alnouti).

731-7085/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.05.041
© 2011 Elsevier B.V. All rights reserved.

acid and lysophospholipids by phospholipase A1/A2, and lysophos-
pholipase D (autotaxin), respectively [1,4,5].  LPAs act as growth
factors that stimulate cell proliferation, migration, and survival.
LPAs induce these multiple cellular responses by acting through
specific G protein-coupled LPA receptors (LPAR1-7) [1,6,7].

LPAs are known inflammatory mediators that regulate the
expression of several genes involved in airway inflammatory dis-
eases [8,9], rheumatoid arthritis [10], atherosclerosis [11], and
periodontitis [12]. Periodontal disease is a chronic inflammatory
disease of the periodontium that leads to erosion of the attachment
apparatus and supporting bone for the teeth and is one of the most
common chronic infectious diseases of humans [13]. Platelets are
activated in periodontitis due to the local inflammation and tissue
destruction, which leads to the overproduction of LPAs. There-
fore, pathological levels of LPAs can be potentially generated in the

gingival crevice microenvironment, which may  contribute to the
pathogenesis and progression of periodontal diseases [12,14,15].

Sugiura et al. [16] first reported the presence of significant
amounts of LPAs in normal human saliva, and these LPA levels were

dx.doi.org/10.1016/j.jpba.2011.05.041
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:yalnouti@unmc.edu
dx.doi.org/10.1016/j.jpba.2011.05.041
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omparable to LPA levels in plasma. At these physiological levels,
PAs were shown to accelerate the growth and enhance the sur-
ival of cells derived from human esophagus, pharynx, and tongue.
n addition, the LPA receptors (LPARs) LPA1, LPA2, and LPA3 are
xpressed by human gingival fibroblasts (GF) and periodontal liga-
ent fibroblasts (PDLF) [14,17]. Therefore, several lines of evidence

upport a role for LPAs in the pathogenesis of periodontal diseases.
Wound-healing responses are associated with changes in intra-

ellular calcium, which play an important role in cell proliferation;
PA regulates these intracellular Ca2+ signaling responses via its
ognate LPARs [18]. Intracellular calcium levels increase in PDLF
nd GF in response to saturated LPA species (LPA 18:0 and LPA
6:0), whereas the unsaturated LPA species (LPA 18:1) does not
ignificantly stimulate intracellular calcium production, especially
n PDLFs [17]. Because of the differences in the responses produced
y various LPAs, it is thus important to detect individual LPA species
ather than total LPAs.

Therefore, it is of a particular interest for us to quantify individ-
al LPAs in saliva and in gingival crevicular fluid (GCF). The gingival
issues form a protective, loosely adherent cuff around each tooth.
he gingival connective tissues exude a biological fluid into the
revice between this cuff and the tooth known as the GCF [19].

The various roles of individual LPA species that may  act as
egulatory mediators in many pathophysiological conditions trig-
ered efforts to apply various analytical techniques to quantify LPAs
n biological fluids and tissues. Several analytical methods have
een used previously for the determination of LPAs in biological
amples, including capillary electrophoresis [20], radioenzymatic
ssays [21], gas chromatography [16,22], and HPLC with evap-
rative light-scattering detection [23]. The limitations of these
ethods include the quantification of total LPA rather than individ-

al LPA species, the requirement of complex and time-consuming
ample preparation such as thin-layer chromatography (TLC) prior
o analysis, or/and complex sample derivatization procedures.

The persistent need for rapid and sensitive methods has
otivated efforts to use liquid chromatography–tandem mass

pectrometry (LC–MS/MS) for LPA analysis in biological fluids.
he selectivity and sensitivity provided by LC–MS/MS makes it
he method of choice to quantify complex group of compounds
uch as LPAs in biological matrices. Several methods have been
eveloped to quantify LPAs using LC–MS/MS. Most of the methods
ave been developed for determination of LPAs in human plasma
24–29]. A method using GC–MS to quantify LPAs in human saliva
as reported [16], but it requires laborious derivatization proce-
ures for sample analysis. To the best of our knowledge, there
re currently no LC–MS/MS methods developed and validated for
he quantification of LPAs in human saliva and GCF. Therefore, we
ave developed and validated a sensitive and selective LC–MS/MS
ethod for the quantification of the major LPA species (18:0, 16:0,

8:1, and 20:4) in human saliva and GCF. Furthermore, the method
as applied to compare the LPA profile in saliva and GCF from
ealthy subjects and patients with various degrees of periodontal
isease.

. Materials and methods

.1. Chemicals and reagents

LPA 18:0, LPA 16:0, LPA 18:1, LPA 20:4 and LPA 17:0 were pur-
hased from Avanti Polar Lipids (Alabaster, AL, USA). HPLC grade
ethanol, 1-butanol, ethyl alcohol, hydrochloric acid (37%, v/v),
mmonium formate, and formic acid were purchased from Fisher
cientific (Fair Lawn, NJ). Activated charcoal was  obtained from
igma–Aldrich (St. Louis, MO). 0.22 �m nylon filters were pur-
hased from Phenomenex (Torrance, CA). Absorbent Paper Points
d Biomedical Analysis 56 (2011) 402– 407 403

(#25, for endodontics) were purchased from Freud-Carson (Flan-
ders, NJ).

2.2. Instrumentation

A Waters ACQUITY ultra-performance liquid chromatography
(UPLC) system (Waters, Milford, MA)  coupled to a 4000 Q TRAP®

quadrupole linear ion trap hybrid mass spectrometer with an elec-
trospray ionization (ESI) source (Applied Biosystems, MDS  Sciex,
Foster City, CA) was  used throughout. The UPLC was  controlled
by Empower Pro 6.0 (Waters, Milford, MA)  and MS  system was
controlled by Analyst 1.4.2 software (Applied Biosystems, MDS
Sciex, Foster City, CA). All chromatographic separations were per-
formed with a Macherey-Nagel NUCLEODUR® C8 Gravity Column
(125 mm × 2.0 mm ID, 5 �m particles) equipped with an ACQUITY
UPLC C18 guard column (Waters, Milford, MA). The organic solvent
obtained from sample extraction was  evaporated using a Universal
Vacuum System 400 (Thermo Scientific, Milford, MA).

2.3. Liquid chromatographic and mass spectrometric conditions

Mobile phase A consisted of methanol/water: 75/25 (v/v) con-
taining 0.5% formic acid and 5 mM ammonium formate. Mobile
phase B comprised of methanol/water/formic acid: 99/0.5/0.5 (v/v)
and 5 mM ammonium formate. The chromatographic separation
was  achieved by gradient elution. The initial mobile phase compo-
sition was 100% A for the first 1 min  and was gradually changed to
100% B over 1 min  and then held constant at 100% B for 2.5 min. The
mobile phase was then reset to 100% A over 0.5 min and the column
was  equilibrated under these conditions for 3.5 min. The total run
time was  8.5 min  and the injection volume of all samples was 10 �l.
The column temperature was set at 23 ◦C and a total flow rate of
0.5 mL/min was used.

Mass spectrometer parameters, such as temperature, voltage,
and nitrogen gas pressure were optimized by infusing each ana-
lyte and the internal standard (LPA 17:0) using a 10 �g/mL solution
in MeOH via a Harvard ‘22’ standard infusion syringe pump (Har-
vard Apparatus, South Natick, MA,  USA). Analytes and internal
standard (IS) were detected in the negative ionization mode and
the following settings were optimized for achieving highest signal
intensity: ion spray voltage: −4000 V, source temperature: 700 ◦C,
curtain gas: 10, gas-1: 40, gas-2: 30, collision gas pressure (nitro-
gen): medium, Q1/Q3 resolution: high, and interface heater: on. The
MRM  transitions for parent ions of LPAs 18:0, 16:0, 18:1, 20:4, and
17:0 were 437.1 m/z, 409.0 m/z, 435.1 m/z, 457.1 m/z, and 423 m/z,
respectively. The most abundant product ion for all LPAs was 152.8
m/z. The optimized collision energies were −32, −30, −33, −30, and
−30 eV for LPAs 18:0, 16:0, 18:1, 20:4, and 17:0, respectively. The
declustering potential was  −80 V and the entrance potential was
set to 10 V for all LPAs. The cell exit potentials were −7, −7, −5, −7,
and −1 for LPAs 18:0, 16:0, 18:1, 20:4, and 17:0, respectively.

2.4. Preparation of standard solutions and calibration curves

Control human saliva was  incubated with a 100 mg/mL activated
charcoal for 1 h at room temperature to remove the high levels
of endogenous LPAs from the matrix. The saliva–charcoal mixture
was  centrifuged at 12,500 × g for 10 min and the supernatant was
aspirated and filtered using a 0.22-�m nylon filter. The filtrate
obtained from the stripped saliva matrix was  used for preparing
the LPA calibration curves. 20 �l of stripped saliva matrix was 25-
fold diluted with deionized water and then spiked with 10 �l of the

appropriate LPA standard solution containing LPA 17:0 (IS) for con-
structing calibration curves within the range of 1–200 ng/mL. The
final concentration of internal standard in the calibration curve was
240 ng/mL. Two  microliters of acidified 1-butanol (0.12025%, v/v,
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Cl in 1-butanol) was added to the spiked saliva matrix. The sam-
les were incubated for 15 min, centrifuged at 12,500 × g for 10 min
t 4 ◦C, and the resulting supernatants were collected. The remain-
ng residues were extracted again with 1 mL  of water–saturated
-butanol and the supernatants from both extraction steps were
ooled, evaporated under vacuum, and reconstituted in a 100 �l
ethanol. Water–saturated 1-butanol was prepared by collecting

he supernatant resulting from mixing water and 1-butanol in the
atio of 1:2.

For GCF calibration curve, the spiking solutions made were 25-
old higher than the final concentration. The spiking solutions were

ade accordingly so that the final concentrations in the calibra-
ion curve are within the dynamic range of 5–500 ng/mL. 2 �l of
piking solution was added to 4 �l of saliva and the solution was
iphoned by the paper points. The paper points were dried at room
emperature for 2 h. Paper points were then incubated for 1 h with
ontinuous shaking in 2 mL  of acidified 1-butanol containing IS
LPA 17:0) at a final concentration of 240 ng/mL. Samples were
entrifuged at 12,500 × g for 10 min  at 4 ◦C and the resulting super-
atants were collected. The supernatants were evaporated under
acuum and reconstituted in 50 �l MeOH for LC–MS/MS analysis.

.5. Sample collection

Saliva was collected at the same time of day from ten con-
enting donors of both genders: healthy controls (ages 35–65)
nd patients (ages 35–70) with mixed mild/moderate and mod-
rate/severe periodontitis areas according to the classification of
merican Academy of Periodontology [30], using a Creighton Uni-
ersity IRB-approved protocol. Any sample containing any trace of
lood was discarded. All samples were centrifuged at 14,000 × g for

 min  to remove cells/debris, and the supernatants were collected
nd frozen at −80 ◦C until analysis by LC–MS/MS.

Gingival crevicular fluid (GCF) was collected from subjects using
25 endodontic paper points. The GCF migrates from the crevice

nto the paper point through capillary action. The points were
ut off into a 1.5-mL microfuge tube at the level where the GCF
bsorbed to. As for the collection of saliva, points showing any
races of blood were discarded. Sample volume was calibrated
gainst the length of quadruplicate control paper points used to
bsorb 0.5–8 �l (in 0.5 �l increments) of charcoal stripped saliva.
he volume of the fluid collected on all points was calculated by
igital measurement of the distance that the GCF migrated along
he paper point with a Mitutoyo Solar Absolute Digimatic digi-
al meter. The points containing GCF samples were then dried at
oom temperature for 2 h and stored at −80 ◦C until analysis by
C–MS/MS.

.6. Sample preparation

Twenty microliters of saliva samples was 25-fold diluted with
eionized water and spiked with internal standard (LPA 17:0)
t a final concentration of 240 ng/mL. Two microliters of acidi-
ed 1-butanol was added to samples and extracted as previously
escribed in Section 2.4.

For analysis of GCF samples, paper points were incubated for
 h at room temperature with continuous shaking in 2 mL  of acid-

fied 1-butanol containing IS (LPA 17:0) at a final concentration of
40 ng/mL and extracted as previously described in Section 2.4.

.7. Method validation
The method was validated using 5 QC points for each calibra-
ion curve. Calibration curves were prepared in charcoal-treated
aliva using 10 points within the range of 1–200 ng/mL. For saliva
amples, the dynamic range was 1–200 ng/mL and the concen-
d Biomedical Analysis 56 (2011) 402– 407

trations of the QC points were 1, 3, 20, 150, and 200 ng/mL. For
GCF samples, the dynamic range was  10–500 ng/mL for LPA 18:0
and LPA 16:0, and 5–500 ng/mL for LPA 18:1 and LPA 20:4. The
concentrations of QC points for GCF were (10, 20, 50, 400, and
500 ng/mL) for LPA 18:0 and LPA 16:0 and (5, 10, 50, 400, and
500 ng/mL) for LPA 18:1 and LPA 20:4. Five replicates of each QC
point were analyzed each day to determine the intra- and inter-day
accuracy and precision of the method. This process was repeated
3 times over 3 days in order to determine the intra- and inter-day
accuracy and precision using freshly prepared calibration curves.
Intra-day accuracy and precision were calculated from the % bias
[% (measured − theoretical)/theoretical concentration] and relative
standard deviation [%RSD = % standard deviation/mean], respec-
tively, for the 5 replicates of each QC point. Inter-day accuracy and
precision were calculated similarly for the 15 replicates of each
QC point pooled from the 3 validation runs. The absolute recov-
ery and relative recovery were determined for each of the 5 QC
points. Absolute recovery was calculated by comparing the peak
area of samples spiked pre-extraction to the peak area of samples
in untreated neat solution (methanol). Relative recovery was  calcu-
lated by comparing the peak area of samples spiked pre-extraction
to the peak area of samples spiked post-extraction. Stability of ana-
lytes in neat solution (methanol) was determined on the bench and
in the −20 ◦C freezer at 2 ng/mL and 20 ng/mL concentrations. The
stability of the saliva extracts was determined in the autosampler
at 2 ng/mL and 20 ng/mL.

3. Results and discussion

3.1. LC condition optimization

Different columns and mobile phases were evaluated in order
to achieve a desirable peak shape and high sensitivity for all ana-
lytes and IS. The addition of 5 mM ammonium formate and 0.5%
formic acid to both aqueous (mobile phase A) and organic (mobile
phase B) mobile phases markedly increased the signal intensity and
improved the peak shape of all analytes. Fig. 1 shows a represen-
tative chromatogram of LPAs 18:0, 16:0, 18:1, 20:4 and 17:0 (IS)
in a human saliva sample obtained from one of the subjects par-
ticipating in the study. Wash conditions were optimized to reduce
the high carry over associated with LPA analysis under final chro-
matography conditions. Using 5 mL  ethanol followed by 5 mL 75%
methanol in water to wash the UPLC injection valve and the syringe
markedly reduced the carry over effect. Under the final wash con-
ditions, the carryover was 0.6%, 0.2%, 0.3%, and 0.1% for LPA 18:0,
LPA 16:0, LPA 18:1, and LPA 20:4, respectively.

3.2. Sample extraction optimization

Several extraction procedures were previously used for extrac-
tion of LPA species from biological samples. In the current study, we
found that liquid–liquid extraction with neutral 1-butanol yielded
a high recovery of LPA 18:0 (∼90%), whereas it yielded very low
recovery (∼44–54%) of all other LPA species (LPA 16:0, LPA 18:1, and
LPA 20:4). Adjusting the pH with an acid such as HCl significantly
improved the extraction recovery to >70% for all analytes. There-
fore, acidified 1-butanol was  used for extracting LPAs from saliva
samples. Table 1(a) and (b) summarizes the extraction recovery of
all 4 LPAs from saliva and GCF, respectively. The relative recovery
was  examined in order to evaluate the matrix effect from saliva. The
relative recoveries of all LPAs in both matrices were ≥100% indicat-

ing an ion enhancement rather than an ion suppression effect (data
not shown). Therefore, the low recovery of LPAs from the paper
points (∼20%) is not due to any matrix effect and is rather related
to extraction efficiency. Because of the low recovery of our extrac-
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Fig. 1. Representative chromatogram of LPAs in a human saliv

ion procedure, the LOQ of LPAs in paper points was 5–10 times
igher than that in saliva samples. Preparing the calibration curve

n the same biological matrices to be analyzed compensates for loss
f analytes during the extraction procedure and ion suppression in
he ESI, which results from the co-eluting endogenous components
f the matrix. Because LPAs are endogenous compounds, blank
atrices free from LPAs are not available. Therefore, the method of
tandard addition was investigated. Calibration curves were pre-
ared in the biological matrix (human saliva) and the endogenous

evels of LPAs in the blank samples (area ratio of analyte/IS) were

able 1
bsolute recoveries of LPAs from (a) saliva and (b) loaded paper points at various
C concentrations. Data are presented as average of 5 QC concentrations ± %RSD.

Analyte QC1 QC2 QC3 QC4 QC5
1 ng/mL 3 ng/mL 20 ng/mL 150 ng/mL 200 ng/mL

(a)
LPA 18:0 97.1 ± 13.7 99.3 ± 16.0 107.0 ± 9.8 86.2 ± 13.8 86.5 ± 15.3
LPA 16:0 90.8 ± 8.4 86.9 ± 15.6 98.6 ± 7.8 77.8 ± 8.7 77.0 ± 15.3
LPA 18:1 82.4 ± 8.8 71.9 ± 5.8 87.6 ± 4.0 69.9 ± 11.0 77.6 ± 6.1
LPA 20:4 69.9 ± 5.3 74.8 ± 5.4 82.8 ± 5.6 70.1 ± 10.3 70.1 ± 4.8

Analyte QC1 QC2 QC3 QC4 QC5
10 ng/mL 20 ng/mL 50 ng/mL 400 ng/mL 500 ng/mL

(b)
LPA 18:0 14.2 ± 12.8 16.7 ± 10.2 23.8 ± 14.0 21.9 ± 3.7 23.9 ± 8.9
LPA 16:0 14.6 ± 6.9 14.4 ± 7.3 21.7 ± 11.9 17.5 ± 7.0 20.9 ± 7.5

Analyte QC1 QC2 QC3 QC4 QC5
5 ng/mL 10 ng/mL 50 ng/mL 400 ng/mL 500 ng/mL

(b)
LPA 18:1 15.2 ± 9.7 14.5 ± 3.9 21.4 ± 9.6 16.7 ± 6.3 21.5 ± 9.1
LPA 20:4 20.2 ± 10.9 15.6 ± 9.1 19.9 ± 9.9 15.4 ± 8.0 19.4 ± 6.8
ple under the final chromatography and detection conditions.

subtracted [31]. However, this approach yielded very poor accuracy
and precision for the analysis of human saliva samples because of
the presence of high levels of endogenous LPAs. Therefore, acti-
vated charcoal was  used to remove LPAs from the matrix [32,33].
Although the saliva matrix was  not completely stripped from all
LPAs, only trace levels of endogenous LPAs remained after treat-
ment with activated charcoal. The peak area of the remaining trace
levels of LPAs was  subtracted from the peak area of the calibra-
tion curve standards, which allowed the construction of calibration
curves with high accuracy and precision.

3.3. Method validation

For the quantification of LPAs in saliva, the limit of quantification
(LOQ) was 1 ng/mL for all LPAs and the quantification range of the
assay was 1–200 ng/mL. Because of the lower extraction recovery,
the dynamic range for GCF-loaded paper points was  10–500 ng/mL
for LPA 18:0 and LPA 16:0, and 5–500 ng/mL for LPA 18:1 and LPA
20:4. Calibration curves were prepared using 10 points and lin-
ear regression analysis with 1/x2 weighting was applied. Table 2(a)
and (b) summarizes the calibration parameters from the three
validation runs for the saliva and paper points, respectively. The
slopes and intercepts were consistent throughout validation and
the regression coefficient (r2) was consistently >0.95 for all analytes
over the three validation runs. The reliability and reproducibility of
the method for LPAs quantification was  evaluated by determin-
ing the intra and inter-day accuracy and precision using five QC
concentrations distributed throughout the dynamic range for each

analyte. In saliva, the inter-day accuracy and precision was <20% at
the LOQ (1 ng/mL) and <13% at other QCs for all analytes (Table 3(a)).
In paper points, the interday accuracy and precision was  <14% for
all analytes at all concentration levels (Table 3(b)). Stability studies
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Table 2
Mean and standard deviation (SD) of the slopes, intercepts, and regression coeffi-
cients of the regression equations of LPAs in (a) human saliva and (b) loaded paper
points. Results are calculated from the three validation runs and a weighting factor
of  1/x2 was used.

Analyte Slope Intercept R2

Mean SD Mean SD Mean SD

(a)
LPA 18:0 4.64E−03 5.63E−04 1.55E−04 3.06E−03 0.989 0.002
LPA  16:0 3.89E−03 3.72E−04 −3.35E−04 1.80E−03 0.957 0.036
LPA  18:1 3.76E−03 1.49E−04 3.36E−04 1.32E−03 0.992 0.004
LPA  20:4 5.68E−03 2.58E−04 5.48E−04 1.82E−03 0.983 0.012
(b)
LPA  18:0 3.24E−03 1.82E−04 −9.35E−03 4.80E−03 0.986 0.004
LPA  16:0 2.46E−03 3.26E−04 −1.22E−03 4.79E−03 0.971 0.016
LPA  18:1 2.31E−03 2.02E−04 −5.75E−03 1.51E−03 0.969 0.012
LPA  20:4 4.17E−03 5.69E−04 −3.16E−03 7.46E−03 0.982 0.016

i
2
r
s
s

This is the first report of LPA levels in human GCF. Fig. 2 shows
the levels of LPAs in normal subjects and patients with moderate
and severe periodontal disease. LPA 18:0 and LPA 18:1 were found

T
S

T
L

ndicated that LPAs were stable for at least 1 week, 2 weeks, and
4 h on the bench, in the −20 ◦C freezer, and in the autosampler,
espectively. Bench and freezer stability were tested using neat
tandards whereas autosampler stability was tested in extracted

aliva samples.

able 3
ummary of inter-day accuracy and precision of LPA analysis in (a) human saliva and (b) 

Analyte QC1 QC2 QC3 

1 ng/mL %RSD 3 ng/mL %RSD 20 ng/m

(a)
LPA 18:0 1.02 19.56 3.12 11.50 19.33 

LPA  16:0 1.08 14.00 3.25 12.19 19.83 

LPA  18:1 0.94 10.89 3.44 5.45 20.95 

LPA  20:4 0.90 11.43 3.43 7.57 22.15 

Analyte QC1 QC2 QC3 

10 ng/mL %RSD 20 ng/mL %RSD 50 ng/m

(b)
LPA 18:0 11.17 13.97 18.04 12.31 48
LPA  16:0 10.15 13.71 18.93 9.74 47

Analyte QC1 QC2 QC3 

5 ng/mL %RSD 10 ng/mL %RSD 50 ng/m

(b)
LPA 18:1 5.55 11.75 10.83 6.86 49.
LPA  20:4 5.15 11.06 10.27 7.19 50.

able 4
PA levels in saliva of normal subjects and patients with mixed mild/moderate and mode

Mean ± SD (ng/mL) 

LPA 18:0
Normal 165.0 ± 139.0 

Periodontitis (mild to moderate) 1713.4 ± 1879.4 

Periodontitis (moderate to severe) 1713.5 ± 2412.0 

LPA  18:1
Normal 58.1 ± 36.0 

Periodontitis (mild to moderate) 697.3 ± 722.3 

Periodontitis (moderate to severe) 467.0 ± 769.3 

LPA  16:0
Normal 60.0 ± 40.0 

Periodontitis (mild to moderate) 509.0 ± 539.9 

Periodontitis (moderate to severe) 686.0 ± 951.0 

LPA  20:4
Normal 7.1 ± 5.0 

Periodontitis (mild to moderate) 46.0 ± 67.0 

Periodontitis (moderate to severe) 35.0 ± 56.3 
d Biomedical Analysis 56 (2011) 402– 407

3.4. Application of the method

3.4.1. LPAs in human saliva
Table 4 summarizes the concentrations of LPAs in saliva samples

obtained from healthy controls and subjects with various degrees
of periodontal disease. These indicate that LPA 18:0, LPA 16:0, and
LPA 18:1 are the major LPA species in human saliva, whereas LPA
20:4 is a minor component. In our study, we found that LPA 18:0
is the most abundant LPA species in human saliva, whereas LPA
18:1 was  found to be the predominant species in a previous report
using GC/MS analysis [16]. This difference could be related to the
different analytical methods used, as well as to the number and
genetics of human subjects enrolled in the study. LPA concentra-
tions were approximately 10 times higher in the saliva obtained
from subjects with periodontitis compared to those obtained from
control subjects. These data support the role of LPA in the inflamma-
tion associated with periodontitis, and suggest that LPA and/or LPA
receptors may  be potential targets for the treatment of periodontal
diseases.

3.4.2. LPAs in Human GCF
to be the most abundant components in GCF, whereas LPA 20:4 had

loaded paper points. Results are calculated from the three validation runs.

QC4 QC5

L %RSD 150 ng/mL %RSD 200 ng/mL %RSD

9.32 142.95 8.22 190.98 5.19
10.16 136.69 7.29 177.92 5.31

6.54 146.41 5.05 194.98 4.25
8.75 148.88 2.99 189.68 6.52

QC4 QC5

L %RSD 400 ng/mL %RSD 500 ng/mL %RSD

.42 11.12 436.05 4.57 495.23 7.87

.42 12.09 432.59 6.66 513.61 7.74

QC4 QC5

L %RSD 400 ng/mL %RSD 500 ng/mL %RSD

75 4.84 448.68 5.33 522.46 7.25
63 6.60 415.20 9.77 495.58 12.35

rate/severe periodontitis areas.

Median Range

162.1 43.3–388.3
1054 106.1–5949.0

923 133.2–5949.0

56.3 23.3–113.1
372.5 28.5–1484.4
123.0 48.4–1836.0

62.0 22.0–121.1
265.0 33.0–1339.2
393.2 106.0–2365.3

7.1 0.9–15.0
18 4.2–163.5
11.2 2.7–135.0
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[32] Y. Alnouti, I.L. Csanaky, C.D. Klaassen, Quantitative-profiling of bile acids and
ig. 2. LPA levels in GCF of normal subjects (N) and patients with moderate (M)  and
evere (S) periodontal disease.

he lowest concentration among all 4 LPAs in all samples. The data
how that the levels of all the four LPA species are higher in patients
ith periodontal disease compared to normal subjects. These data

upport our findings from the saliva data, which suggest that the
levated LPA levels could play a major role in the inflammatory
eriodontal diseases.

. Conclusions

This is the first validated LC–MS/MS method for the quantifica-
ion of four LPA species (LPA 18:0, LPA 16:0, LPA 18:1, and LPA 20:4)
n human saliva and GCF. A sensitive, selective, and simple method

as validated for the quantification of LPAs in human saliva in the
ange of 1–200 ng/mL. In GCF, LPAs were quantified in the range of
–10 ng/mL to 500 ng/mL. The sample volume was 20 �l for saliva
amples and 1–6 �l for GCF samples. LPAs were markedly elevated
5–10-fold) in the saliva and GCF from human subjects with peri-
dontitis, which supports a role of LPAs in the pathogenesis of
eriodontal diseases.
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