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Long-term and low-concentration exposure to ambient PM s alters pulmonary phosphatidylcholine

profile which conforms to histopathological changes in the lung.
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Abstract

This study elucidated the underlying pathophysiological changes that occur after chronic
ambient fine particulate matter (PM.5) exposure via a lipidomic approach. Five male Sprague-
Dawley rats were continually whole-body exposed to ambient air containing PM,s at 16.7 + 10.1
ng/m® from the outside of the building for 8 months, whereas a control group (n = 5) inhaled
filtered air. Phosphorylcholine-containing lipids were extracted from lung tissue and profiled using
ultraperformance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The
phosphatidylcholine (PC) signal features of the two groups were compared using partial least
squares discriminant analysis (PLS-DA) and Wilcoxon rank sum tests. The PC profile of the
exposure group differed from that of the control group; the R?Y and Q? were 0.953 and 0.677,
respectively, in the PLS-DA model. In the exposure group, a significant 0.66- to 0.80-fold reduction
in lyso-PC levels, which may have resulted from repeated inflammation, was observed. Decreased
surfactant PCs by 16% at most may indicate injuries to alveolar type Il cells. Cell function and cell
signalling are likely to be altered because the decrease in unsaturated PCs may reduce membrane
fluidity. Accompanied by the decline in plasmenylcholines, decreased unsaturated PCs may indicate
the attack of reactive oxygen species generated by PM,s exposure. The physiological findings
conformed to the histopathological changes in the exposed animals. PC profiling using UPLC-
MS/MS-based lipidomics is sensitive for reflecting pathophysiological perturbations in the lung

after long-term and low concentration PM, s exposure.

Keywords: Ambient fine particulate matter (PM,s), Long-term exposure, Lipidomics,
Phosphatidylcholine profile, Ultraperformance liquid chromatography tandem mass spectrometry

(UPLC-MS/MS)
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1. Introduction

Numerous epidemiological studies have linked exposure to ambient fine particulate matter
(PM2s, < 2.5 um in aerodynamic diameter) with pulmonary and cardiovascular effects, such as
exacerbation of symptoms, increased hospital admission, and increases in mortality caused by
asthma, lung cancer, and chronic obstructive pulmonary disease *. In addition, one study observed
a dose-response relationship between long-term exposure and the relative risks of death related to

pulmonary, cardiovascular, and cardiopulmonary causes °.

Inflammatory reactions might be essential to ambient- PM;s-induced pulmonary and
cardiovascular effects. Inconsistent trends have been observed in inflammatory biomarkers after
ambient PM, s exposure, including increased levels of cytokines such as macrophage inflammatory
protein-2 and tumour necrosis factor-o. (TNF-a), decreased Clara-cell secretory protein-16 levels,
and unchanged interleukin-6 (IL-6) levels in biofluids, and may indicate possible but slight
inflammatory responses ® . In the human alveolar cell line A549, urban ambient PM, s induced the
release of proinflammatory cytokines IL-6 and IL-8, reduced cell survival, and increased cell
apoptosis 8, whereas, in human alveolar macrophages, exposure to 100 pg/mL of ambient PM,s
caused the release of TNF-a to be suppressed by 38.7% °. In addition to inflammation, PM,s
exposure may cause elevated oxidative stress by generating reactive oxygen or nitrogen species in
the cardiopulmonary system % **. Despite numerous studies on the health effects of ambient PMs,
the mechanism of lung injury caused by long-term and low-concentration exposure is unclear.
Moreover, traditional biomarkers for acute responses, such as inflammation, may fail to indicate
chronic effects, particularly among organisms that have adapted and developed tolerance after such
exposure. Therefore, novel approaches that enable more sensitive detection of pathophysiological

perturbations are required.

Metabolomics involves studying the entire profile of small molecules, primarily endogenous

molecules associated with specific physiological status in cells, enabling toxicological mechanisms
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to be understood thoroughly *2*3. In one study, mice with asthma exhibited an altered metabolome,
including the metabolites associated with energy, sterols, and lipid metabolism, as well as
carbohydrates **. Lipidomics involves profiling lipids and has been applied in several respiratory
studies. For example, low- and very-low-density lipoprotein concentrations in the serum were
higher in asthma patients with low forced expiratory volume in one second compared with other
patients *°. Changes in phospholipids are of great concern because of the abundance and importance
of phospholipids in cells. Phospholipid profiling has been applied to identifying the biomarkers and
elucidating toxicological mechanisms of certain exposures, symptoms, and diseases ‘8. Regarding
exposure, phospholipid oxidation in the lungs was associated with exposure to nanomaterials *°.
Cigarette smoking may reduce some cholesteryl esters, phosphatidylcholine (PC)(18:0/20:4), and
lyso-PC(20:4) in plasma despite the overall increase in plasma lipids ?°. Regarding health effects,
changes in PCs and phosphatidylethanolamines in biofluids or tissues have been linked to

hypertension, diabetes, cardiovascular diseases, and cancer 2%,

PC is a glycerophospholipid containing a choline head group esterified at sn-3 position and
fatty acyl (FA) chains consisting of 12 to 26 carbons and up to six unsaturated double bonds on
either sn-1 or 2 position %2, PC accounts for 70%-80% of phospholipids and, consequently, plays a
critical role in cell integrity and cell signalling #*2*. It is a major component of surfactants and, thus,
a reduction in PC may cause abnormal surfactant functions, which are highly relevant to pulmonary
toxicity. In addition, saturation on the FA chains in PCs is associated with low fluidity and high
rigidity of cell membranes. For example, respiratory distress syndrome (RDS) results from
immaturity of the lungs, affecting primarily the surfactant synthesising system. In infants with RDS,
the number of PCs consisting of unsaturated FA chains is low, causing the surfactant monolayer to
be unstable and reduction of surface tension to fail . In addition, the decrease in PCs is associated
with acute and chronic respiratory diseases in adults such as pneumonia and chronic obstructive
lung disease, respectively . A decrease in total PC was observed in asthma mice, and after

dexamethasone treatment, lyso-PC synthesis was upregulated **. PC(32:3), PC(34:1), PC(36:3), and
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PC(36:2) concentrations were higher in human lung cancer tissues, including tumour and biopsy
samples, compared to normal tissues 2. A significant discrimination in PC profiles containing
decreased lyso-PCs, PC(16:0/0:0), PC(18:0/0:0), PC(18:1/0:0), and PC(18:2/0:0) in patients with

lung cancer was also reported %°.

Nuclear magnetic resonance can be used to detect phospholipids, but not to distinguish and
quantify lipids of different structures due to its low resolution unless taking hours to analyse one
sample in order to achieve satisfying resolution; thus, nuclear magnetic resonance provides limited
information on lipids. High-throughput liquid chromatography—tandem mass spectrometry (LC-
MS/MS) methods that involve pretreatments entailing liquid—liquid extraction conducted using
methanol and chloroform are increasingly applied in lipidomics. These methods enable PC
subclasses, which have discerned features and roles in various metabolism pathways, to be profiled
and used to describe pathophysiological statuses in detail %% 2%°_ In this study, we demonstrated
the underlying pathophysiological changes in Sprague-Dawley rats that were chronically exposed to
ambient PM,s by applying ultraperformance LC-MS/MS (UPLC-MS/MS)-based lipidomics

developed by Tang et al. %.
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2. Methods

2.1.  Animal study design

All the animal study conducted in this study was approved according to the Institutional
Animal Care and Use Committee of the National Taiwan University College of Medicine and the

College of Public Health (Approval No. 20120254).

Ten male Sprague-Dawley rats aged 6 weeks were purchased from Lasco, Charles River
Technology (Yilan, Taiwan) and acclimated for 14 days before the experiment was conducted.
They had free access to rodent chow and water. The average body weight before exposure and at
necropsy was 375 g and 749 g, respectively. The rat dwelled in Individually Ventilated Cages
(Tecniplast Inc., Exton, PA, USA) modified for continual, whole-body exposure to ambient air. The
cages were located at the Inhalation Toxicology Laboratory in National Taiwan University College
of Public Health Building in downtown Taipei City. Each cage was connected individually to an air
handling unit to ensure homogeneous distribution of the air. The non-filtered, non-concentrated air
delivered by the air handling unit was drawn directly from the outside of the laboratory through an
inlet installed on a window faced south at a flow rate of 79 + 1.0 m*hour (mean * standard
deviation). The particle loss during air introduction was 18-21%, which was estimated by
comparing the outside and in-cage PM, s concentrations measured using a P-Track particle counter
(TSI Inc., Minneapolis, MN, USA) during the experiment. The particle loss may have resulted from
diffusion, deposition, and sedimentation at the tubing, the blower, and manifold racks. Besides, the
mass concentration measured using a dust monitor (DUST-check, model 1.108; Grimm
Labortechnik Ltd., Ainring, Germany) revealed that the fine particles accounted for 99.2-99.9% of
total PM less than 10 um in diameter (PMyg) in the cage, which demonstrated removal of coarse
particles and preservation of the majority of PM, s by this whole system. The gas-phase pollutants

were directed without treatment into the cage.
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While the exposure group (n = 5) exposed to ambient air, the control group (n = 5) inhaled
filtered air flowing through a high-efficiency particulate air purifier added on the inlet valve. The
gas-phase pollutants were evenly distributed in the cage of each group. The concentrations of PM3 s
in the exposure and control cages throughout the experiment were 16.7 + 10.1 ug/m® and 0.70 +
0.46 pg/m® (mean + standard deviation), respectively. The soluble ions in the particles were
predominated by organic carbon (30.9%) and sulfate (30.4%), followed by ammonium (14.8%) and
nitrate (11.4%), which represented typical traffic-related air pollution in the area. The experiment

lasted from November 2012 to June 2013.

Rats were sacrificed using overdosed Zoletil (Virbac, Carros, France). Blood were collected
through the direct withdrawal from the abdominal aorta. After animals’ scarification, punctured
lungs were filled with 4% formaldehyde and knotted. The entire lung tissue was immersed in the
4% formaldehyde for overnight. Tissue samples were cleared in xylene and embedded in paraffin
wax. Serial sections (5um thickness) were sliced followed by hematoxylin and eosin staining.

Sections were examined under light microscope.

2.2.  Sampling and analysis of phosphatidylcholines

The right-lobe of the lungs was resected, wrapped in aluminium foil, and snap-frozen with
liquid nitrogen. Immediately before lipid extraction, the lung tissue was homogenised using a
mortar and a pestle at a low temperature in liquid nitrogen. The homogenised tissue was freeze-
dried using a ScanVac lyophiliser (LaboGene, Lynge, Denmark). We extracted the phospholipids
from the dried tissue by applying the method developed by Folch et al. *. Briefly, 1-mg lung tissue
was spiked with the internal standard of 1.0 ug/mL of sphingomyelin (d18:1/17:0) in 0.2 mL of
methanol. After thorough vortexing the spiked tissue, we added 0.15 mL of 0.15 M sodium
chlorideq) and 0.4 mL of chloroform, sequentially, to it. The mixture was vortexed for 10 min and

centrifuged for 10 min at 10,000 rpm and 4 °C. Subsequently, 0.4 mL of the lower layer was
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removed and dried, and then reconstituted with 0.2 mL of methanol. After filtered, the sample was

ready for instrumental analysis.

According to the procedure described by Tang et al. %%, three duplicate PC analyses were
examined by using a Waters ACQUITY UPLC coupled with a Quattro Premier XE (Waters,
Milford, MA, USA) UPLC-MS/MS. The PCs were separated using a BEH Cig column (1.7 pum, 2.1
mm x 100 mm, Waters, Milford, MA, USA) at a flow rate of 0.7 mL/min and a temperature of 70
°C. The mobile phases were (A) 10 mM ammonium acetateq) and (B) acetonitrile—methanol (65:35,
v/v) with 10 mM of ammonium acetate. The LC gradient began from 55% B, climbed to 70% in 0.1
min, increased to 100% in 1.4 min, and remained at 100% for 4.5 min. The column was then
reequilibrated with 45% A and 55% B. The total chromatographic time was 10 min. For MS
detection, we used electrospray ionisation and scanned the PC precursor ions of the positive ion of
mass-to-charge ratio (m/z) at 184, which is the protonated [M + H]" ion of the phosphocholine head
group. The capillary charge was set at 2.5 kV. The temperatures applied for ionisation and
desolvation were 120 °C and 450 °C, respectively. The flow rate of the cone gas was 50 L/h, and
that for desolvation was 700 L/h. The cone voltage and collision energy were set at 35 V and 30 V,

respectively.

2.3.  Chemometrics

The chromatograms were analysed using MZmine 2.10 3. We developed the chromatograms
by using a minimal signal intensity of 3000 and an m/z tolerance of 1000 ppm; a maximal number
of 110 lipid features for a sample were confirmed. The peak area of each lipid was normalised to
the total peak area of a chromatogram. Normalised data were analysed using multivariate analyses
encoded within SIMCA 13.0.3 (Umetrics, Umed, Sweden). After logarithm transformation and
univariance scaling, we performed principal component analysis (PCA), an unsupervised method, to
visualize the clustering of samples. Partial least squares discriminant analysis (PLS-DA) was

subsequently performed to learn the primary PCs attributing to the profile differences between the
9
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exposure and the control group. The PLS-DA model was evaluated using R?Y and Q. R?Y denotes
the degree to which the components describe the central tendency. Q? is calculated based on the
sum of error between the predicted and the experimental central tendency ** *. In addition, we
performed a permutation test which involved randomly assigning a considerable number of samples
(500 in this study) to the two groups. If all of the 500 Q? levels in the randomly grouped models
were lower than those in the experimental model, the experimental model is diagnosed statistically
significant. The variable importance in projection (VIP) score of each PC indicated the importance
of the PC and was calculated based on its loading weights **. One outlier in the PLS-DA model in
the exposure group was excluded. This sample failed to be completely dried after lyophilisation,
and its overall signal intensity was approximately 10 times lower than that of other samples because

of probable PC degradation.

The folds of changes of PCs were calculated by the average peak area ratio of a PC in the
exposure group to the control group. The differences between the normalised peak areas in the two
groups were tested for significance using Wilcoxon rank sum tests. We identified the PCs and
plasmenylcholines that had p values lower than 0.05 according to the Wilcoxon rank sum tests
administered to compare the two groups and VIP scores higher than 1.00 in the PLS-DA model. We
matched the m/z and retention time using the in-house library established by Tang et al. ®. For the
lipids that were not listed in the library, we compared the m/z with those in the LIPID Metabolites
and Pathways Strategy (LIPID MAPS) structure database to obtain information on their total
numbers of carbons and unsaturated double bonds in the FA chains and were expressed as

PC(carbon number:double bond number) *.

10
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3. Results and Discussion

3.1.  Histopathology

After 8 months of exposure, there were no observable disease symptoms except low activity
caused by ageing and obesity (data not shown). Histopathology revealed the lung has differences
between the exposure and control group (Figure 1). We observed an obviously enlarged alveolar
size and reduced alveolar number in the exposure group, confirming that emphysema caused by
pulmonary injuries developed in all of the exposed animals. By contrast, the alveoli in the control
group were generally within the normal range, although some minor emphysema and arteriole
thickening, which could be attributed to aging, was observed. In addition to emphysema, the
exposed animals exhibited sporadic petechiae and congestion on the alveoli and thickened tunica
media on pulmonary arterioles in the exposed animals. Increased inflammatory cells were also

observed in the exposure group (Figure 2).

3.2.  Phosphatidylcholine profile

A total of 110 phosphorylcholine-containing lipids were separated and detected in the lung
tissue. The PC profile of the exposed animals (n = 4) differed from that in the control group (n = 5)
in that the R®Y and Q? were 0.953 and 0.677, respectively, in the PLS-DA model (Figure 3). The
model satisfied the permutation test. Forty-one phosphorylcholine-containing lipids yielded VIP
scores higher than 1.0 in the PLS-DA model. Twenty-five differed significantly between the
exposure and the control group (p < 0.05) according to Wilcoxon rank sum tests conducted to
compare the two groups. Only PCs and plasmenylcholines that fulfilled the VIP and p value criteria
were listed in Table 1. We analysed the trends in these PCs, including three lyso-PCs, two
surfactant PCs, six PCs consisting of polyunsaturated fatty acyl (PUFA) chains, and four

plasmenylcholines to describe the pathophysiological changes in the lung.

11
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3.3.  Lysophosphatidylcholine

The levels of lyso-PCs, PC(16:0/0:0), PC(18:1/0:0), and PC(18:0/0:0) were 0.66- to 0.80-fold
lower in the rats exposed to ambient PM, s compared with the control group (Table 1). The decrease
in lyso-PCs could have resulted from abnormal phospholipase activity and may indicate
inflammation. Phospholipase A, (PLA;) catalyses the major generation form of lyso-PCs in the

lungs that originate from the polar surface PCs of lipoproteins or from PCs in cell membranes .

Inflammatory responses can be accompanied by decreases in lyso-PCs through several
pathways. Ried et al. [32] observed a negative association between lyso-PCs consisting of 16 to 18
carbons on the FA chain and current asthma and attributed this to a chronic, low-grade
inflammatory state with altered composition of lipids as well as abnormal lipid and lipoprotein
metabolism. Lyso-PCs can be depleted to participate in eosinophil infiltration, thus promoting

inflammation and increasing respiratory resistance *'.

Furthermore, lyso-PCs can reduce
proinflammatory cytokines in relation to TNF-a, and the decrease in lyso-PCs might indicate a low
potential for preventing inflammation *. The result obtained in this study regarding lyso-PCs was

consistent with previous findings on asthma. In addition, we confirmed the increase in

inflammatory cells in the exposed group according to pulmonary histopathology (Figure 2).

Changes in pulmonary lyso-PCs may also indicate perturbations in cell function and cell
signalling *, imposing additional stresses on the lung. In rats exhibiting decreased lyso-PCs caused
by pharmacological castration, the lung morphology revealed altered parenchyma, numerous
macrophages, fibrosis, and large empty spaces caused by rupture of the interalveolar septa *.
Among lung cancer patients, decreased PC(16:0/0:0), PC(0:0/16:0), PC(18:0/0:0), and PC(18:1/0:0)
levels were attributed to cell proliferation, a high metabolic state, and abnormal expression of acyl
CoA:lysophosphatidylcholine acyltransferase 1 (LPCAT;), which remodels lyso-PCs %. The septa
breaks that we observed may have resulted partially from the decrease in lyso-PCs rather than

severe pathological changes, such as carcinoma.

12
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3.4.  Surfactant phosphatidylcholine

A 86% and 84% lower abundance of surfactant PCs, PC(16:0/20:4) and PC(18:0/18:1),
respectively, was found in the lung tissue in the exposure group compared with the control group
(Table 1). In addition, a 7% lower and a 13% higher abundance of dipalmitoylphosphatidylcholine
(DPPC, PC(16:0/16:0) and its precursor, PC(34:1), respectively, were observed in that the VIP
score was higher than 1.00, although the Wilcoxon rank sum tests implied insignificant differences.
DPPC is a major surfactant PC in the pulmonary surfactant system and accounts for 60.6% of the
total PCs in the human surfactant **. DPPC is synthesised by two mechanisms. Remodelling from
PC(34:1) is a major mechanism to generate DPPC, whereas a de novo pathway is attributed to less
than 50% of DPPC generation. Remodelling consists of two steps. First, PC(16:0/18:1) produces
the lyso-PC, PC(16:0/0:0), through PLA,-catalysed deacylation. Second, LPCAT; catalyses the
reacylation and palmitation of PC(16:0/0:0) into DPPC. The secreted surfactants are then packed
into lamellar bodies, transformed into tubular myelin, and finally form the monolayer film at the
air-fluid interface to maintain low surface tension on the alveoli ?*?”. A mild normal stretch of the
alveolar type Il cell activates PLA; and LPCAT,, causing a rapid increase in the DPPC proportion
in PCs 2. In this study, the increase in PC(34:1) and decreases in surfactant PCs indicated precursor
molecule accumulation and difficulty in forming the surfactant, which may have resulted from

alveolar type Il cell damage.

Particle exposure may damage alveolar epithelial type Il cells and restrict their mechanical
stretching, signifying dysfunctions in surfactant PC synthesis. The shortage of pulmonary
surfactants can cause alveolar surface tension to increase and the gas—liquid interface to become
disorganised, resulting in damage to the monolayer, septa breaks, and fusion of alveolar cavities **
' The pathological mechanism was consistent with the findings of this study regarding both the
surfactant PC reduction and morphological observation in that several alveolar cavities fused into
one, lowering the alveolar number and enlarging the average size *. In addition, previous studies on

surfactant protein-D null mice have indicated that pulmonary phospholipid accumulation, impaired

13
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pulmonary PC catabolism, and low surfactant PC secretion are correlated with the emphysema
development ** %, However, the established emphysema can cause surfactant PCs to be reduced,
enabling an increase in surface tension, which is a compensation mechanism for maintaining recoil
pressure that enables sufficient alveolar compression after expansion “. Although whether the
decrease in surfactant PCs in this study was an effect of alveolar type Il cell damage or preexisting
emphysema is not concluded, surfactant PCs were evident indicators of emphysema-like
pathological changes (Figure 1) after chronic exposure to PM,s at an environmentally relevant

concentration.

3.5.  Phosphatidylcholine with polyunsaturated fatty acyl chains

Significant decreases in 6 PCs consisting of long PUFA chains, which contained at least 34
carbons and more than 3 unsaturated bonds, were observed in the exposure group (Table 1). This
result is partially consistent with the finding reported by Boué et al. °, who observed that cigarette

smoke lowers the levels of PCs consisting of PUFA chains in mice.

The unsaturated double bonds in the FA chains can improve cell integrity by maintaining
membrane completion. Each unsaturated bond forms a rigid kink on the long FA chain. The kinks
render the chain less twistable and the chemical structure stiffer compared with a saturated chain.
When additional PCs consisting of PUFA chains form a phospholipid bilayer, the cell membrane is
firm and less likely to break because of external forces *'. In addition, additional PUFA chains may
influence cell function. The kinks formed by unsaturated bonds shape space that biomolecules can
permeate easily. The enhanced membrane fluidity can thus affect the functions in which these
biomolecules are involved *’. Li and Yuan * reported that, after paclitaxel treatment in the cervical
cancer cell line HelLa, the number of PCs consisting of PUFA chains decreased and the chain
lengths shortened. These outcomes may collectively cause poor membrane fluidity and,

consequently, alter the mobility and functions of biomolecules, such as proteins on the membrane,

14
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ultimately affecting cell apoptosis. The decrease in PCs consisting of PUFA chains in this study

may indicate that ambient PM;;s is likely to alter cell integrity and cell functions in the lung tissue.

The unsaturated bonds in FA chains have also been proved to protect the membranes from
attack by hydroxyl radicals. These unsaturated bonds reinforce lipid peroxidation to depress the
hydroxyl radical levels, retarding the hydroxyl radical actions to alter other molecules on the
membrane, preventing changes in membrane constituents *. In addition, respiratory oxidative burst
can be inhibited through a mechanism in which PCs consisting of long PUFA chains diminish the
oxidative stress in neutrophils by inhibiting protein kinase C instead of reducing superoxides *°.
Previous studies have confirmed that fine particle exposure generates reactive oxygen species (ROS)
°0%% The rises in ROS may be attributed to the decrease in PCs consisting of long PUFA chains
observed in this study. This observation was consistent with the declines in plasmenylcholines

because the vinyl ether bond is susceptible to ROS attack .

15
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4. Conclusions

LC-MS/MS-based lipidomics demonstrated alterations in the PC profiles of the lung tissue of
Sprague-Dawley rats that were chronically exposed to ambient PM,s. The decreases in lyso-PCs,
surfactant PCs, PCs consisting of long PUFA chains, and plasmenylcholines may indicate
pathophysiological changes in the lungs, including ongoing inflammatory responses, damages of
alveolar sacks, altered cell integrity, and affected cell functions after PM exposure. Pulmonary
injury was validated based on the presence of emphysema in the lung histopathology. LC-MS/MS-
based PC profiling is a sensitive method for examining pathophysiological perturbations which
enables gaining insight the underlying mechanisms of pulmonary injury induced by long-term and

low-concentration PM; s exposure at the cellular level.
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Figures

Exposure

2-1 2-2 2-3 24 2-5
Emphysema, alveolar 2 2 2 2 2 1 1 1 1
Petechiae and congestion, alveolar, focal 1 1
Tunica media thickening, pulmonary arterioles 1 1 1
Tunica media mineralization, pulmonary arterioles 1

1-1 —1-5: Exposure group; 2-1 —2-5: Control group
Score 1: minimal
Score 2: slight

Figure 1 Lung morphology revealed emphysematous change in Sprague-Dawley rats exposed to

ambient PM, s while the alveoli in the control group was normal in general.
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Exposure Control

Figure 2 Increased inflammatory cells were seen in the rats exposed to ambient PM;s.
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Component 2

Molecular BioSystems

A Exposure
® Control

-15

-10

=5 0 5 10
Component 1

Figure 3 PLS-DA scores scatter plot for three duplicate measurements shows the differentiation

between the lipid profile in the exposure (n = 4) and the control (n = 5) group in that the R?Y and

Q% were 0.953 and 0.677, respectively.
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Significantly changed phosphatidylcholines (PCs) in the rats chronically exposed to ambient PM; 5

PC m/z Rt VIP Fold change ®
Lyso-PC
PC(16:0/0:0) 495.7 1.34 1.74 0.70%*
PC(18:1/0:0) 521.6 1.39 1.28 0.66**
PC(18:0/0:0) 523.8 1.60 1.05 0.80**
Surfactant PC
PC(16:0/20:4) 782.0 2.40 1.53 0.86**
PC(18:0/18:1) 788.1 2.96 1.47 0.84**
PC with PUFA
PC(34:4)" 754.0 2.23 1.33 0.62**
PC(16:0/20:4) 782.0 2.40 1.53 0.86**
PC(38:4) 811.6 2.99 1.16 0.82**
PC(18:0/22:4) 838.2 2.80 1.30 0.75**
PC(42:4) 866.3 2.39 1.52 0.83**
PC(44:5) 892.2 251 1.01 0.79**
Plasmenylcholine
PC(0-14:1/16:0) 689.5 2.35 1.07 0.74**
PC(P-16:0/16:0) 718.0 2.79 1.00 0.84**
PC(0-16:0/16:0) 720.0 2.85 1.27 0.78%*
PC(0-16:0/18:1) 746.0 2.84 1.17 0.84**

m/z: mass-to-charge ratio; Rt: retention time; VIP: variable importance in projection. PUFA:

polyunsaturated fatty acyl chains.
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? Peak area ratio for the exposure to the control group

®PCs identified using LIPID Metabolites and Pathways Strategy structure database were expressed
as PC(A:B), where A and B are the sum of number of carbons and unsaturated double bonds,
respectively, in the two fatty acyl chains.

**: p < 0.05 in Wilcoxon rank sum tests for PC profile comparison between two groups
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