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Abstract

Objective. Major depressive disorder (MDD) is a common neuropsychiatry disorder with high
prevalence and recurrence rate, but the misdiagnosis rate is inevitable due to the shortage of
objective laboratory-based diagnostic criteria. This study is focused on the disturbance of lipid
metabolism, providing potential biomarkers for diagnosing.

Methods. Lipid metabolism-related molecules in plasma of 42 drug-naive MDD patients and
49 healthy people were measured by liquid chromatography-mass spectrometry. Further to
evaluate the diagnostic values of changed metabolites, these molecules were evaluated by the
receiver operating characteristic curve. Based on the significant role of phosphatidylcholine
(PC) disturbance in depression, oxidization of PCs, oxidation of 1-palmitoyl-2-arachidonoyl-
sn-glycero-3-phosphocholine (OxPAPC), IL-8 and caspase-3 in hippocampus, and serum of
chronic lipopolysaccharide (cLPS) depression mice were detected by ELISA.

Results. Compared with healthy control, MDD patients expressed higher 1,2-dipalmitoyl-
sn-glycero-3-phosphocholine (16:0-16:0 PC, DPPC), 1-palmitoyl-2-arachidonoyl-sn-gly-
cero-3-phosphocholine (16:0-20:4 PC, PAPC), 1-palmitoyl-2-stearoyl-sn-glycero-3-phos-
phocholine (16:0-18:0 PC), glycocholic acid, taurocholic acid, glycoursodeoxycholic acid,
and chenodeoxycholic acid glycine conjugate, and lower 1-heptadecanoyl-2-hydroxy-sn-
glycero-3-phosphocholine (LPC 20:0). The 16:0-20:4 PC showed the great diagnostic value
for MDD with an area under the curve (AUC) of 0.9519, and combination of 16:0 PC, 16:0-
18:0 PC, and 16:0-20:4 PC exhibited the highest diagnostic value with AUC of 0.9602.
OxPAPC was certified increase in hippocampus and serum of cLPS depression mice, which
further supported PCs disorder participated in depression.

Conclusion. This research offers 16:0-20:4 PC as the latent diagnostic indicator for MDD and
hints the important role of PCs in depression.

Introduction

Major depressive disorder (MDD) is a serious mental illness with persistent depression and
anhedonia as the main symptoms, which is a major burden for public health worldwide. Possible
mechanisms related to MDD include neurotransmitter abnormalities, hypothalamic-pituitary-
adrenal axis dysfunction, inflammation, and neural network dysfunction." However, the pathogen-
esis has not been clarified. Significantly, due to the lack of objective laboratory-based diagnostic
methods, the misdiagnosis rate is inevitable in major depression.” Therefore, accurate and efficient
diagnosis methods will considerably improve the current status of diagnosis and treatment of MDD.

Our team has been devoted to finding peripheral biomarkers for depression diagnosed over
the past decade,” and several candidate plasma neurotransmitter metabolites have been
reported, such as dopamine and gamma-aminobutyric acid, which were thought to be involved
in the pathogenesis of depression.'’ In an integrated meta-analysis study, we systematically
revealed that there are significant changes in lipid metabolism in the peripheral system of MDD
patients, and that related metabolites can be regarded as diagnostic biomarkers for the disorder."'
The discovery of biomarkers constantly facilitates diagnostic methods, while it provides under-
lying molecular evidence for the relative hypothesis of MDD.

Brain is an organ containing abundant lipid composition followed by adipose tissue.'” Lipid
expression disturbance was verified associated with psychological disorder.>'* Depression is a
complex systemic disease accompanied by a variety of metabolic abnormalities, including
dyslipidemia.'” Our previous study also found that three proteins related to lipid metabolism
were shown to be significantly altered in poststroke depression in proteomics research.'® Besides,
variation of lipid metabolism appeared in the chronic restraint stress depression mice, and

https://doi.org/10.1017/51092852923000020 Published online by Cambridge University Press


https://orcid.org/0000-0002-0081-6048
https://doi.org/10.1017/S1092852923000020
mailto:jackchengke@163.com
mailto:xiepeng@cqmu.edu.cn
https://doi.org/10.1017/S1092852923000020

638

changed after treatment with acupuncture.'” Phospholipids (PLs)
are crucial parts of cellular membranes, disturbance of which could
induce cell injury, and even apoptosis. Alteration of phosphatidyl-
choline (PC) was involved in MDD patients’ plasma.'® Plasma PCs
and sphingomyelins were all found to change in depression patients."”

Although there is a significant change in lipid metabolism in
MDD, especially PLs, most of the study only focused on the
measurement of plasma metabolites, how the product disturbance
affects depression is unknown, and the influence of altered lipid
metabolites in the brain is not clear.

Given that lipid metabolites involved in the pathophysiology
and etiology of MDD, this research intends to capture the
potential lipid metabolites in plasma for MDD diagnostic
approach. We evaluated the altered plasma metabolite profile
in the metabolism of lipid, including PL, polyunsaturated fatty
acids (PUFAs), and bile acid metabolism, to provide a useful
diagnostic biomarker and possible therapeutic target for MDD.
Moreover, we explored the changed metabolic product in the
brain of depression model mice, which further validates the role
of lipid metabolites on brain injuries in depression.

Methods
Ethics statement

The process of this research was reviewed and approved by the
Ethical Committee of Chongqing Medical University. All clinical
subjects and recruiters signed a written informed consent form at
the beginning of the study.

Participants

A total of 42 drug-naive MDD patients were recruited from the
psychiatric center of the First Affiliated Hospital of Chongqing
Medical University. All diagnoses were conducted by two experi-
enced psychiatrists according to the Structured Psychiatric Inter-
view using DSM-IV-TR criteria, and the depression severity was
assessed by the 17-item version of the observer-rated Hamilton.
Only MDD patients without anti-depressive drug treatment were
recruited. MDD subjects with any pre-existing mental and physical
disease were excluded. Specimens with hemolysis or hyperlipemia
were excluded. Forty-nine healthy individuals from the medical
examination center of First Affiliated Hospital at Chongqing Med-
ical University were recruited. Healthy individuals without any
mental and physical diseases were recruited, but specimens with
hemolysis or hyperlipemia were excluded.

Blood sample of participants collection

Blood samples were collected into anticoagulant tubes and centri-
fuged at 3000 rpm for 15 min at 4 °C to obtain plasma. All plasma
specimens were transferred into liquid nitrogen and then stored at
—80 °C.

Animals

This study was approved by the Institutional Review Board of
Chongqing Medical University. Male adult C57BL/6 mice (weight:
21-25 g; 8-10 weeks) were obtained from the Laboratory Animal
Center of Chongqing Medical University (Chongqing, China). The
mice were housed in light- and temperature-controlled conditions
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(12 hourslight/dark cycle and lights on at 7:00 am, 21-25 °C, 55 = 5%
relative humidity) with access to water and food ad libitum.

cLPS depression model

A total of 14 adult male C57BL/6 mice were randomly divided into
two groups: cLPS (n = 7) and control (n = 7). The mice in cLPS
group were intraperitoneally injected with LPS (0.5 mg/kg) for
10 days, and the control mice were injected with saline for 10 days.

Behavior test

All depressive-like behavior tests were performed in quiet environ-
ments and analyzed with Ethovision software (Noldus, Wagenin-
gen, the Netherlands). The tailed test (TST) was tested on the 11th
day, and forced swim test (FST) was tested on the 12th day, which
was used to assess the desperation of mice. The details of the
behavior test were introduced in the previous research.”’

Serum and hippocampus sample collection

The mice were sacrificed by rapid cervical dislocation after anes-
thesia. The blood samples were collected and centrifuged at
3000 rpm for 15 min at 4°C to obtain serum. The hippocampus
of mice was quickly separated on ice and stored at —80 °C until use.

Liquid chromatography-mass spectrometry

Each 40 pL of plasma specimen was mixed with 10 pL of internal
standard (1 pg/mL LPC 17:0 and 50 pg/mL glycocholic acid
(GCA)-C13) and 150 pL methanol-acetonitrile mixed solution
(v/v = 1:1). The composition of the resulting specimen was cen-
trifuged (14 000g, 4 °C for 10 min) for the subsequent trials.

The PC metabolites were separated using a Waters AccQ-Tag
Ultra column (2.1 mm x 100 mm, 1.7 pm). The column temperature
was maintained at 45 °C, and the sample volume was 3 pL. The
composition of A mobile phase included water, 0.1% formic acid, and
2 mM ammonium formate, and B mobile phase included methyl
alcohol. Table 1 presents the test parameters of PC metabolites by
ultra-performance liquid chromatography (UPLC).

The LPC, bile acids, and PUFA metabolites were separated using
a Waters BEH C18 column (2.1 mm x 100 mm, 1.7 um). The
column temperature was kept at 45 °C, and the sample volume was
3 pL. The composition of A mobile phase included water and 0.1%
formic acid, and B mobile phase included acetonitrile and 0.1%
formic acid. Table 2 shows the detection parameters of LPC, bile
acids, and PUFA metabolites by UPLC.

The parameters of mass spectrum system included IonSpray
voltage, (£)4500 V; source temperature, 550 °C; curtain gas, 20;

Table 1. The Test Parameters of PC Metabolites by UPLC

Time(min) Flow velocity A mobile phase B mobile phase
0 0.35 90 10
1 0.35 90 10
2 0.35 0 100
8 0.35 0 100
8.1 0.35 90 10
10 0.35 90 10

Note. Amobile phase: water, 0.1% formic acid and 2 mM ammonium formate. B mobile phase:
methyl alcohol.
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Table 2. The Test Parameters of LPC, Bile Acid, and PUFA Metabolites by UPLC

Time(min) Flow velocity A mobile phase B mobile phase
0 0.40 90 10
3 0.40 45 55
6 0.40 20 80
8 0.40 0 100
10 0.40 0 100
10.5 0.40 90 10
12 0.40 90 10

Note. A mobile phase: water and 0.1% formic acid. B mobile phase: acetonitrile and 0.1%
formic acid.

CAD gas, 8; nebulizer gas (GS1), 50; auxiliary gas (GS2), 50; EP, 10;
and CXP, 10. The electrospray ion source is positive and negative
dual-ion source mode.

Data collected from liquid chromatography-mass spectrometry
(LC-MS/MS) were analyzed using MassLynx V4.2 software
(Waters, Milford, MA, USA) on the default parameters for auto-
matic identification, integration of the MRM transition, and man-
ual inspection. Linear regression standard curve was drawn by the
mass spectrum peak area of analyte taken as the vertical coordinate
and the concentration of analyte as the horizontal coordinate.
Sample concentration calculation: the mass spectrum peak area
of the sample analyte was substituted into the linear equation to
calculate the concentration result.

ELISA

The concentration of oxidation of 1-palmitoyl-2-arachidonoyl-sn-
glycero-3-phosphocholine (OxPAPC), IL-8, IL-6, and caspase-3 in
serum of control mice (n = 6) and cLPS mice (n = 5) were detected
by an OxPAPC enzyme-linked immunosorbent assay kit (Kalang,
Shanghai), an IL-6 enzyme-linked immunosorbent assay kit
(Kalang, Shanghai), and a caspase-3 enzyme-linked immunosor-
bent assay kit (Kalang, Shanghai).

The hippocampus samples were homogenized using a tissue lyser
in ice-cold phosphate buffered solution (PBS) supplemented with
protease and phosphatase inhibitor (Beyotime). Proteins were
obtained after centrifugation at 15000 rpm for 15 min. Protein con-
centration was tested using the Enhanced BCA Protein Assay Kit
(Beyotime, P0010). The concentration of OxPAPC, IL-8, IL-6, and
caspase-3 in hippocampus of control mice (n = 7) and cLPS mice
(n = 7) were detected by enzyme-linked immunosorbent assay kits
(Kalang, Shanghai). Samples were analyzed following the manufac-
turer’s instructions. The relative expression of OxPAPC in hippocam-
pus is presented as the ratio of OxPAPC concentration to total
protein concentration, so as the relative expressions of IL-8, IL-6
and caspase-3.

Statistical analysis

The statistical analyses were carried out with SPSS 24.0 (IBM,
Chicago, USA) and GraphPad Prim 7, and all results were expressed
as the mean + SEM. Data of the classified variables (sex) were
measured using Chi-square test. Age was compared using nonpara-
metric test, and concentrations of metabolites, OxPAPC, IL-6, and
caspase-3 were compared using independent-sample ¢-test or non-
parametric test. The heatmap of the metabolites was obtained using
Heml 1.0. The correlations between metabolites and age and dif-
ferent metabolites were validated by Pearson’s correlation analysis.
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The diagnostic value of single changed metabolites was examined
with the use of receiver operating characteristic (ROC) curve, and
the combination of related metabolites was validated by logistic
regression analysis coupled with ROC curve.

Results
Clinical characteristics of subjects

A total of 42 MDD patients and 49 healthy controls (HCs) were
recruited in the analyses. The sociodemographic and clinical
characteristics of participants are presented in Table 3. Pearson’s
correlation analysis showed there was no correlation between
these metabolites and age in MDD patients (Table 4), which
demonstrated that the difference in age did not affect these metab-
olite levels of plasma in MDD subjects.

Table 3. Demographic Characters of Participants

HC MDD P value
Sample size 49 42 =
Sex(M/F) 23/26 13/29 120
Age(year) 23.71 £ 0.17 41.62 £2.13 .000***
HDRS — 22.87 £0.14 —

Note. Values expressed as the mean + SEM.

Abbreviations: F, female; HC, healthy controls; HDRS, Hamilton depression rating scale; M,
male; MDD, major depressive disorder.

***P<.001.

Table 4. Correlation between Age and Metabolites

MDD
Metabolites R P value
PC16:0 0.130 412
PC16:0-18:0 0.182 249
PC18:0-22:6 0.090 570
PC16:0-20:4 0.100 531
LPC16:0 —0.097 .540
LPC18:0 0.079 617
LPC20:0 0.013 935
GCA 0.147 .354
TCA 0.235 134
GDCA 0.183 247
CDCA 0.217 167
DCA 0.207 .189
EPA —0.049 .760
AA —0.114 471
DHA —0.042 791
GCDA 0.223 .156
GCDCA 0.275 .078

Abbreviations: GCA, glycocholic acid; GCDA, glycoursodeoxycholic acid; GCDCA, chenodeoxy-
cholic acid glycine conjugate; MDD, major depressive disorder; TCA, taurocholic acid; EPA,
eicosapentaenoic acid; AA, arachidonic aid; DHA, docosahexaenoic acid; DCA, desoxycholic
acid; CDCA, chenodeoxycholic acid.
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Figure 1. Concentrations of metabolites in HC subjects and MDD patients’ plasma. (a) The levels of PCs, LPCs PUFAs, and some bile acid in the plasma of HC in comparison with
MDD subjects (*P < .05, **P < .01, ***P <.001.) (b) The heatmap of PUFAs, PCs, LPCs, and bile acid metabolites in 49 HC and 42 MDD subjects.

PCs (1,2-dipalmitoyl-sn-glycero-3-phosphocholine (16:0-16:0
PC, DPPC), 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phospho-
To find the changed metabolites in MDD, we tested the plasma  choline (16:0-20:4 PC, PAPC), 1-palmitoyl-2-stearoyl-sn-glycero—
concentrations of PUFAs, PCs, LPCs, and bile acid metabolitesin ~ phosphocholine (16:0-18:0 PC)) and bile acid metabolites (GCA,
HC subjects and MDD patients using LC-MS. The expression of  taurocholic acid [TCA], glycoursodeoxycholic acid [GCDA], and

Metabolites alterations of plasma in HC and MDD subjects
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chenodeoxycholic acid glycine conjugate [GCDCA]) were signifi-
cantly increased, and LPC (1-heptadecanoyl-2-hydroxy-sn-glycero-
3-phosphocholine [(LPC 20:0]) was decreased in 42 MDD patients
(Figure 1la). The expressions of these metabolites were presented
in heatmap (Figure 1b after being normalized by Z-scores). These
results provide the possible candidates for diagnosing MDD but need
further assessment.

Evaluation of changed metabolites’ diagnostic values for MDD

The aim of this study was to evaluate the potential plasma metab-
olite for diagnosing MDD. According to the alterations of 16:0-16:0
PC, 16:0-20:4 PC, 16:0-18:0 PC, LPC 20:0, GCA, TCA, GCDA, and
GCDCA in MDD patients, the diagnostic ability of these metabo-
lites was assessed by ROC curve. The ROC curve and area under the
curve (AUC) were a kind of index to assess the disease recognition
ability of diagnostic method. Basically, the AUC between 0.5 and
1.0 explains the diagnostic function, while the diagnostic value is
better as the AUC is close to 1.0. As shown in Figure 2a-c, the AUC
of 16:0-20:4 PC was 0.9519, 16:0-16:0 PC was 0.7653, 16:0-18:0 PC
was 0.7682, LPC 20:0 was 0.613, TCA was 0.7238, GCA was 0.6914,
GCDA was 0.6535, and GCDCA was 0.6565. As the effective
diagnostic function, namely the value of AUC was higher than
0.7, 16:0-20:4 PC (AUC = 0.9519) showed the greatest efficacy for
MDD recognized.

To investigate the association of changed metabolites, the
correlation coefficients between every two among these metabo-
lites in HC and MDD subjects were validated by Pearson’s coef-
ficient analysis (Figure 3a). The three PCs metabolites, 16:0-16:0
PC, 16:0-20:4 PC, and 16:0-18:0 PC, showed a good association,

641

and so the four bile acids did. To find better biomarkers for
diagnosing MDD, the assessments of combined related metabo-
lites were tested by logistic regression and ROC curve analysis.
The combination of TCA, GCA, GCDA, and GCDCA had the
AUC 0f0.7527, and 16:0-16:0 PC, 16:0-20:4 PC, and 16:0-18:0 PC
showed the greatest diagnostic value with the AUC of 0.9602
(Figure 3b), which demonstrated the optimal diagnostic method
for MDD.

OxPAPC, IL-8, and caspase-3 were increased in cLPS
depression mice

The results of plasma metabolites in MDD patients indicated the
great diagnostic value of PCs for depression, especially 16:0-20:4
PC. To further study the role of PCs in depression, OxPAPC, the
product of PAPC after free radical-induced oxidation, was
detected in cLPS depression mice. Mice injected with LPS for
10 d showed the longer immobility in FST (Figure 4a,b), which
illustrates the depressive-like behaviors of mice. The OxPAPC
level in serum and hippocampus of cLPS mice were both increased
compared to control mice (Figure 5a). The inflammation and
apoptosis-related molecules, IL-8 and caspase-3, were increased in
hippocampus of depression mice, but not in serum (Figure 5b,c). The
result still further demonstrates that PCs metabolites participate in
the process of depression by affecting apoptosis.

Discussion

In our study, PCs metabolism disturbance was validated participa-
tion in the process of depression. PCs and bile acid metabolites
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Figure 2. ROC curves of changed metabolites in MDD subjects. The diagnostic values
were validated by the ROC curve.
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Figure 3. System analysis of lipid metabolites in HC and MDD subjects. (a) The correlations between changed lipid metabolites. The correlation was expressed by color-cored scale,
the red color indicated a positive correlation, blue color indicated negative correlation, and the cross showed uncorrelation. (b) The ROC curves of the combination of related PCs

and bile acid metabolites.
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Figure 4. The depressive-like behaviors in cLPS depression mice. (a) The schedule of cLPS injection and behavior tests. (b) The immobility of FST and TST in cLPS and control mice.

cLPS, chronic LPS; NS, normal saline (*P <.05).

significantly changed in anti-depressive drug-naive MDD patients
compared to HC detected by LC-MS. The 16:0-20:4 PC found the
greatest diagnostic marker for MDD with a high AUC of 0.9519 by
ROC curve evaluation, and the combination of three PCs showed
the optimal diagnostic value with a higher AUC of 0.9602. These
clinical findings illustrate that 16:0-20:4 PC may be a great bio-
marker for depression. Besides, the cLPS depression mice showed
higher OxPAPC levels in serum and hippocampus in comparison
with control mice, which further supports the role of PCs in
depression.

Our team previous study found that fatty acid metabolism was
associated with MDD in young patients. In addition, the increases
of some PCs, such as PC (10:0/14:1), PC (12:0/22:5), and PC
(20:5/24:4), were obviously up-regulated in the children and
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adolescent drug-naive patients.” Liu et al.” found that LPC, LPE,
PC, PE, PI, and TG remarkably increased in MDD and showed
positive relationships with depression severity. These previous
results also suggested that PCs were intimately associated with
depression. Our results not only found the alterations of 16:0-
16:0 PC, 16:0-20:4 PC, 16:0-18:0 PC, LPC 20:0, GCA, TCA, GCDA,
and GCDCA in MDD patients, but also validated the high diag-
nostic value of 16:0-20:4 PC for depression.

The important role of 16:0-20:4 PC, also known as PAPC, in
diagnosing MDD was stand out in our research. PAPC is a kind of
PUFAs-containing PC on the surface of low density lipoprotein
(LDL). PLs with PUFAs are a special kind of lipids, which play a
part in normal growth and development.””"** PUFAs in the sn-2
position of PLs are the major target for oxidation, resulting in the
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Figure 5. OxPAPC, IL-8, and caspase-3 increased in hippocampus of cLPS group mice. (a) OXPAPC of LPS-injected mice in hippocampus and serum was increased. (b) IL-8 and
(c) caspase-3 expressed higher in hippocampus of cLPS group mice. (d) IL-6 expressions in hippocampus and serum between cLPS group and control group mice. cLPS, chronic LPS;

NS, normal saline (*P <.05).
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generation of various fragmented and non-fragmented products.
These products have the ability of regulating intracellular signal
transduction, inducing cell apoptosis, stimulating ROS producing,
and prompting or inhibiting inflammation. As PLs are enriched in
all kinds of tissues, the disorder of oxidized PLs participates in the
pathogenesis of various organ injuries.”” Brain is an organ with
density lipid expression and intense oxygen consumption, so oxi-
dative stress and lipid peroxidation account for much progression of
various neurological disorders. Multiple sclerosis (MS) is an auto-
immune neurodegenerative disease with demyelinated plaques and
axonal degeneration, and the oxidized 1-palmitoyl-2-(5'-oxo)
valerylsn-glycero-3-PC was gathering in MS patients’ brains.”®
Besides, the highest levels of OXPAPC in the cerebrospinal fluid
were detected in children with lymphoblastic leukemia receiving
intense methotrexate treatment, and some of these patients showed
neurocognitive deficiencies, anxiety, and depression symptoms.”’
These findings revealed the disturbance of oxidized PCs played a
major role in some neurological disorders.

Exploring human diseases based on animal models is a common
research method, which can widely relieve limitations of clinical
research and assist us in understanding the etiology and pathogen-
esis of diseases. The genetic, epigenetic, and environmentally
induced animal models of depression have been developed. These
depression animal models mostly reproduce depressive symptoms
in MDD patients, and help us study the pathogenesis and thera-
peutic target of depression.”>”” In our research, we found PAPC
changed significantly in MDD patients, which showed its great
diagnostic value for depression. To further figure out whether PAPC
participates in depression in brain, we detected related oxidative
product of PAPC—OxPAPC and some inflammation cytokines in
the brain of depression animal models. Based on cLPS depression
model, our study found that OxPAPC levels were increased in
hippocampus and serum of cLPS group depression mice, accompa-
nied by higher IL-8 and caspase-3 expressions in hippocampus. Free
radical-induced oxidation of PAPC generates a product mixture,
including 1-palmitoyl-2-glutaroyl-sn-glycero-3-phosphocholine
(PGPC) and 1-palmitoyl-2-(5-oxovaleroyl)-sn-glycero-3-phos-
phocholine (POVPC),” 1-palmitoyl-2-(5-hydroxy-8-oxooct-6-
enoyl)-sn-glycero-3-phosphocholine (HOOA-PC),”" which had
the ability to activate endothelial cells to bind monocytes, and the
oxidized PLs POVPC and PGPC could induce the growth inhi-
bition, viability, and the features of cell death of vascular smooth
muscle cell (VSMC).***? Oskolkova found that OxPAPC at the
low concentration inhibited the LPS-induced increase in
E-selectin mRNA in endothelial cells and speculated that low
levels of OxPLs in circulation served anti-LPS function, whereas
pro-inflammatory effects of OxPLs were more likely to develop
locally at sites of tissue deposition of OxPLs. OxPAPC also
induced endothelial cells glycolysis and proliferation mediated
by nuclear factor erythroid 2-related factor 2 (NRF2).”* Besides,
OxPAPC increased the expression of interleukin and tumor
necrosis factor a.’> According to the changes of IL-8 and
caspase-3 levels that appeared in hippocampus in LPS-injected
mice, we speculated the rises of IL-8 and caspase-3 were associ-
ated with the increase of OxPAPC. It was suggested that PCs may
participate in the process of depression by OxPAPC regulating
the brain inflammation and apoptosis.

Conclusion

In this research, 16:0-16:0 PC, 16:0-20:4 PC, 16:0-18:0 PC, LPC
20:0, GCA, TCA, GCDA, and GCDCA disturbances were showed
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in drug-naive MDD patients in comparison with healthy people,
which demonstrated the association of PCs and bile acid with
depression. In addition, 16:0-20:4 PC and the combination of PC
metabolites were validated to be the potential biomarkers for
diagnosing MDD with the great AUC values. Furthermore, this
study found that OxPAPC expression was increased in cLPS mice
hippocampus and serum, coupled with the change of IL-8 and
caspase-3, which validated the importance of PCs in MDD and
hinted the PC metabolites participation in the process of depres-
sion. However, the larger plasma sample size of MDD and HC
subjects should be detected to reinforce the association of PCs and
bile acid with depression, and the mechanism of PCs affecting the
progress of depression was unknown, which needs further study-
ing. In sum, the change of PC metabolites in MDD patients’ plasma
and cLPS depression mice hippocampus and the ROC analysis
identify the potential biomarker assisted for diagnosing MDD.
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