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Abstract
The Recurrent depression leads to disability and high health care costs. Identification of biomarkers for diagnosis
recurrent depression will be helpful to predict and prevent the recurrence of depression. Sprague-Dawley rats were
exposed and re-exposed to chronic unpredicted mild stress to mimic onset and recurrent depression. Rat’s serum
was collected and analyzed by gas chromatography/time-of-flight mass spectrometry. Palmitinic acid and oleinic acid
were found decreased in the onset depression and alanine, 6-Desoxy-Mannopyranose, oleinic acid, stearic acid,
cholesterol was found decreased in recurrent depression. These data shows rats suffer recurrent depression have
much more serious metabolic disturbance than onset depression, and they may provide valuable information for the
potential biomarkers of distinguish onset and recurrent depression.
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Introduction
Major depressive disorder (MDD) is ranked the second on a list
of 15 major diseases in terms of burden in 2030 [1]. The major burden
of MDD to disability and health care costs is largely due to its highly
recurrent nature [2,3]. At least 50% of those who are recovered from
the first episode of depression will have one or more additional episodes
in their lifetime, and approximately 80% of those with a history of
two episodes will have another recurrence [4]. Once the first episode
occurs, recurrent episodes will usually begin within five years of the
initial episode; on average, individuals with a history of depression will
have five to nine separate depressive episodes in their lifetime [4]. Due
to the highly recurrent nature of depression, it would be fascinated to
identify biomarkers for recurrent depression, so we can predict and
prevent the recurrence of depression.
Recently, a few literatures reported a recurrence model of depression
[5]. The model is created based on the CUMS (chronic unpredictable
mild stress) model, which is the exposure of animals to several random
mild stressors. The CUMS model can mimic several human depressive
symptoms, and has good face validity, construct validity, predictive
validity. This makes it is one of the most commonly used depression
models which is suitable to study pathophysiology of depression [6].
The recurrent depression model is developed by exposing rats to CUMS
again after they are recovered from the first CUMS-induced depression,
and then recurrence of depression is simulated [5].
Metabolomics can provide valuable information on biochemical
perturbations, and is regarded as a complementary approach to
genomics and proteomics approaches [7-9]. It can be used as a versatile
tool for the discovery of molecular biomarkers in many areas, such as
diagnosing or prognosticating clinical diseases, exploring the potential
mechanisms for diverse diseases, and assessing the therapeutic
effects of drugs as well [10,11]. Gas chromatography/time-of-flight
mass spectrometry (GC/TOF-MS) is one of the most important
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metabolomics tools because of its high resolution, selectivity and easily
accessible NIST database [12] and is used to sensitively determine and
quantify the complex samples such as plasma and urine [13]. Recently,
including GC/TOF-MS method, several metabolomics studies were
successfully carried out on depression. Several differentially expressed
metabolites were found in the plasma of elder adults with depression
[14], CUMS rat brain tissues [15], plasma [10], urine [16,17] etc. To our
knowledge, however, there is little evidence about metabolomics change
in recurrent depression. Therefore, through investigate the dynamic
changes of metabolites in the plasma of onset and recurrent depression
models, will increase our knowledge about metabolic changes and
identify potential biomarkers of onset and recurrent depression.

Materials and Methods
Animals
Male Sprague-Dawley (SD) rats, weighing 200 ± 20 g, were
purchased from the Experimental Animal Center of Military Medical
Sciences Academy, and were kept under standard conditions (24 ± 1°C,
45 ± 15% relative humidity, 12-12 h light-darkness shift, free access to
water and food). All the experimental procedures were approved by
the laboratory animal welfare and ethics committee of our institute,
which is consistent with the guidelines from Ministry of Science and
Technology of the People’s Republic of China.
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Experimental design
After one week adaptation, the body weight, sucrose preference
test, open-field test and forced swimming test were measured in all
rats. The unqualified rats were discarded, and the remaining rats
were randomly assigned to control and depression group for further
research. The control rats were housed without disturbing except
for necessary procedures such as weighting or cage cleaning. The
depression group rats were treated with CUMS regime. Behaviors tests
(sucrose preference, locomotor activity and forced swimming test) of
rats in both group were recorded and were used to monitor whether
the rats show depression-like behavior. 6 rats of control and depression
were randomly selected and sacrificed. Remaining control group were
housed without disturbing except for give vehicle (physiological saline)
for a week as control of recurrent depression group (REDEPR CONT).
And remaining depression rats were recovered by fluoxetine treatment.
After a week of drug washout period, behavioral tests were performed
to determine whether they were recovered. The recovered rats were
suffered with the second CUMS regime and their behaviors were
recorded again. 6 rats of recurrent depression (REDEPR) and recurrent
control groups were randomly selected and sacrificed. The details of
experimental procedure are listed in Figure 1.
Procedure for CUMS generation: CUMS generation was slightly
modified from the procedure described by Katz [18] and Willner [19].
Rats were subjected to various mild stressors for 4 weeks: swimming in
4°C water for 5 min, cage tilting (45°) for 24 h, electric stimulation to
foot for 5 min (36 v, last for 10 s and interval 20 s), paired housing for
24 h, damp sawdust (200 ml water per individual cage) for 24 h, food
deprivation for 24 h, water deprivation for 24 h, and alteration of the
light/dark cycle. One stressor was applied per day and the whole stress
procedure lasted for 28 days in a completely random order.
Fluoxetine treatment and drug washout period: Fluoxetine
(Pantheon, France) was dissolved in normal saline freshly before
use. Rats were give fluoxetine (10 mg/kg) or saline vehicle through
intragastric administration for 3 weeks. Since the half-life of fluoxetine
is approximately 9 to 15 h in rats [20], it is likely that tissue concentration
of selective serotonin reuptake inhibitor (SSRI) falls substantially after
1 day [21], thus we set one week as the washout period in the present
study.
Behavior test:
Sucrose preference test: After a 24 h period of water deprivation,
rats were housed in individual cages with two bottles containing water
and 1% sucrose solution. The ratio of the intake of sucrose solution
to total ingested solution within 1 h represented the parameter of
anhedonic behavior.
4w
Tests
SD
Rats

Control

Drug
washout(1w)
Vehicle
Tests
treatment(3w)

Remain

4w

Tests

CUMS(4w) Depression
Drug
Tests
Remain Fluoxetine washout(1w) Re- CUMS Tests
(4w)
treatment(3w) Tests

REDEPR
CONT

REDEPR

Figure 1: Details of the experimental procedure. Rats in control and depression
groups were sacrificed after the depression group suffer first CUMS regime and
behavior tests. Rats in REDEPR CONT and REDEPR group were sacrificed
after REDEPR group the second CUMS regime and behavior tests.
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Open-field test: Open-field test was used to observe exploratory
behavior and emotional responses, and was conducted in a soundproof
box between 8:00 am and 12:00 am (≤ 60 dB). The open-field box
was a 75 cm × 75 cm × 40 cm opaque box. Each animal was tested
in the apparatus once. The rat was placed in the center of apparatus
and recorded by camera system for 5 min. The locomotor activity was
evaluated by the traveled distance using a video-computerized tracking
system.
Forced swimming test: Forced swimming test was carried out in
Plexiglas cylinders [22] (60 cm high, 25 cm in diameter) containing
water (24-26°C, 40 ± 5 cm deep). After swimming session, the rat was
dried and placed in an individual cage 15 min for rest and recovery,
and then returned to their home cage. Immobility (i.e., the time that
rat floated in the water and kept the head above the water without
struggling) was used to measure the behavioral despair.
Statistics analysis: Body weight and behavioral data, including
sucrose preference test, open-field test, and forced swimming test
of each group were analyzed by t test. Statistical significant of group
difference was set as p<0.05.

Sample collection and derivatization
All rats were anesthetized and blood samples from heart were
collected quickly in micro tubes. Blood samples were allowed to clot
over 2 h at 20°C and centrifuged at 1,300×g for 15 min. The supernatant
was collected and re-centrifuged at 3,000×g for 15 min to remove any
debris. The supernatant was aliquot and stored at -80°C until use.
Before GC/TOF-MS analysis, serum was derivatized as previous
report. Each sample (100 µl serum) was mixed with 500 µl methanol, 15
µl ribitol solution (0.2 mg/ml in deionized water), and 15 µl deionized
water. The mixture was shaken at 70°C for 15 min and centrifuged at
15,700×g for 10 min. The supernatant was mixed with 450 µl deionized
water and 270 µl chloroform, shaken (80 rpm) at 35°C for 5 min, and
centrifuged at 3, 220×g for 10 min. The polar phase was separated
and evaporated under a stream of nitrogen gas to dryness. The dried
residue was dissolved in 40 µl methoxamine hydrochloride (20 mg/ml
pyridine) and incubated at 30°C for 90 min with continuous shaking
(130 rpm). Then 40 µl N-Methyl-N-(trimethylsilyl) trifluoroacetamide
(MSTFA) with 1% trimethylchlorosilane (TMCS) was added at 37°C for
30 min to exchange the acidic protons. The derivatized samples were
stored at room temperature for 120 min before injection.

GC/TOF-MS method
GC/TOF-MS analysis was performed on an Agilent 6890N gas
chromatograph configured with a Waters Micromass GCT mass
spectrometer. Chromatography was performed on a DB-5 MS capillary
column (30 m×0.25 mm i.e., 0.25µm thickness). Helium carrier gas
was set at a constant flow rate of 1 ml/min. The GC oven temperature
was first held at 70°C for 6 s and then ramped at 5°C/min to a final
temperature of 310°C with a 1-min hold time. The temperatures
for injection, interface and source were set at 230, 290, and 220°C,
respectively. The electron energy was set at 70 eV. After a solvent delay
of 5 min, mass spectra were acquired over a mass to charge ratio (m/z)
of 50-800.

Identification of the endogenous metabolites
Using Mass Lynx software (Waters, Milford, MA), total ion
chromatograms (TICs) were acquired. All of detected peaks in TICs
were identified by searching the NIST library with electron impact
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Multivariate pattern recognition analysis for GC/TOF-MS data
was carried out by using SIMCA-P+ software (version 10.0, Umetrics,
Umeå, Sweden). Partial least squares discriminant analysis (PLS-DA)
was performed for data from different groups to detect the distributions
and separations among those groups. Prior to PLS-DA, all data variables
were mean-centered and preprocessed using orthogonal signal
correction (OSC) to remove variations from noncorrelated factors such
as the instability of spectrometer, inconstancy in sample preparation,
and variability of some metabolites depending on the subject [23,24].
Score plots from the first two principal components (PCs) were used
to visualize the separation between groups. The intensities of identified
metabolites were further compared between groups by independent
samples t-test with the threshold of P-value at 0.05 [17]. To minimize
the influence of missing values, only identified metabolites that were
consistently detected in at least 80% of samples were included in this
t-test.

Results
Effect on behavior tests and body weight by first and second
CUMS
The results for sucrose preference test (Figure 2A), open-field
test (Figure 2B), body weight (Figure 2C), and forced swimming test
(Figure 2D) of depression and recurrence depression were shown in
Figure 2. The t-test indicated after first CUMS regime, depression
group showed significantly decreased sucrose preference (p<0.001),
less locomotor activity (p<0.001), loss of body weight (p<0.001) and
more immobility (p<0.001) when they were forced to swim compared
with control group. This implies, CUMS-DEPR group rats were in a
state of depression-like which show anhedonic, less active, less body
weight and more desperation compared to control animals. The data
indicate that the CUMS model is reliable and accurate. The t-test also
indicated REDEPR group showed significantly decreased sucrose
preference (p<0.001), less locomotor activity (p<0.01), loss of body
weight (p<0.001) and more immobility (p<0.01) when they were forced
to swim compared with REDEPR CONT group. This implies, these
animals suffered in depression state again that show an hedonic, less
active, loss body weight and more desperation compared to REDEPR
CONT group. The data indicate that the recurrence model is reliable
and accurate.

GC/TOF-MS metabolites profiling of serum
GC/TOF-MS was used to analyze all serum samples. More than 250
peaks were detected in the TICs during a 50-min measurement period
(Figure 3). The metabolites were identified by comparing with the
corresponding standards according to their retention times and mass
spectra characteristics or searching the mass spectral database library.
42 metabolites were identified in the serum profiling, including amino
J Psychiatry, an open access journal
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These data were exported as text files for further multivariate analysis.
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Figure 2: The data for behavior tests in all groups were expressed as
mean±SD (n=6). (A) sucrose preference test; (B) open-field test; (C) body
weight; (D) forced swimming test.
Note: * P<0.05, ** P<0.01, *** P<0.001

acids, fatty acids, sugars, and organic acids.

PLS-DA analysis for rats serum metabolites after the first and
second CUMS
The PLS-DA score plots (Figure 4) illustrated the metabolic
disturbance in rat serum after the first and second CUMS regime.
As shown in Figure 4A, after first CUMS regime, the control and
depression group could be separated each other completely, which
indicates that the biochemical changes in the serum of depression
group are obviously enough to differentiate each other. After the second
CUMS regime, REDEPR group clearly separated from REDEPR CONT
group (Figure 4B). This suggests that the biochemical changes between
recurrent depression and normal is enough to differentiate each other.

The changes of serum metabolites after the first onset and
recurrence of depression
As shown in Table 1, after the first CUMS regime, the concentrations
of palmitinic acid (p<0.05) and oleinic acid (p<0.05) were decreased in
the serum of CUMS-DEPR group.
While after the second CUMS regime, as shown in Table 1,
compared with REDEPR CONT group, the concentrations of alanine
(p<0.01), 6-Desoxy-Mannopyranose (p<0.05), oleinic acid (p<0.05),
stearic acid (p<0.05) and cholesterol (p<0.05) were decreased in the rat
serum of REDEPR group.

Discussion
In this study, we used GC/TOF-MS to analyze serum metabolomics
of onset and recurrent depression rat model. 2 differentially expressed
metabolites were identified in onset depression and 4 in recurrent
depression.
Previous study reported 12 differentially expressed metabolites in
the CUMS rats plasma [17] and the palmitinic acid was only decreased
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Figure 3: Comparison of GC/TOF-MS TICs of serum samples in all groups. (A) Control, (B) Depression, (C) REDEPR CONT, (D) REDEPR. Each peak represents
a metabolite. The metabolites that were identified by t-test were highlighted above their peaks.
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Figure 4: PLS-DA analysis for rat serum metabolites for depression and recurrent depression rat model. (A) Control vs. CUMS-DEPR; (B) REDEPR CONT vs.
REDEPR.

metabolite in both studies after CUMS treatment, so probably palmitinic
acid may be reliable potential metabolic biomarkers of onset depression.
These big differences might be caused by different CUMS regime, methods
for samples collection, sampling error or other reasons.
It can be see, there is much more metabolic changed in REDEPR
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group than onset depression group. This result implies the more
serious metabolic perturbation occurred when recurrent depression
occurs. Oleinic acid changed in both onset and recurrent depression
group, so oleinic acid is changed in CUMS induced rat depression no
matter onset or recurrent. And remain metabolomics changed just in
depression and REDEPR group. It could be see, palmitinic acid maybe
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No.

Retention time
(min)

Metabolites

Control

Depression

Redepr Cont

Redepr

1

7.016

alanine

0.81 ± 0.26

0.64 ± 0.12

0.82 ± 0.08

0.61 ± 0.04 b**

2

28.468

6-Desoxy-Mannopyranose

0.52 ± 0.07

0.56 ± 0.06

0.73 ± 0.09

0.62 ± 0.07 b*

3

28.768

palmitinic acid

0.72 ± 0.16

0.55 ± 0.02 a*

0.65 ± 0.09

0.58 ± 0.09

4

31.851

oleinic acid

0.31 ± 0.10

0.14 ± 0.02 a*

0.02 ± 0.004

0.01 ± 0.006 b*

5

32.351

stearic acid

0.76 ± 0.20

0.62 ± 0.04

0.67 ± 0.18

0.45 ± 0.15 b*

6

45.519

cholesterol

0.34 ± 0.23

0.24 ± 0.08

0.42 ± 0.14

0.16 ± 0.18 b*

Note: * P<0.05, a Control vs. Depression; b REDEPR CONT vs. REDEPR
Table 1: Relative levels of serum metabolites after the first and the second CUMS regime detected by GC/TOF-MS (mean±SD, n=6).

potential biomarkers for the onset depression, and alanine, 6-DesoxyMannopyranose, oleinic acid, stearic acid, cholesterol is potential
recurrent depression biomarkers.
We identified the concentrations of palmitinic acid and oleinic
acid were decreased in the serum of onset depression group. Indicate
in onset depression fatty acids metabolism was disturbed. Fatty acids
can be decomposed by β-oxidation to acetyl coenzyme A to participate
in tricarboxylic acid (TCA) cycle for energy supply. The decrease
of fatty acid levels may reduce energy supply, and may cause fatigue.
Energy deficiency or fatigue is one of the most frequently represented
depressive symptoms in major depressive disorder [25]
In recurrent depression rats serum concentrations of alanine,
6-Desoxy-Mannopyranose, oleinic acid, stearic acid and cholesterol
were decreased. We can see rats not only suffer much serious energy
disturbance, but also suffer other metabolic disturbance. Alanine
was found decreased in recurrent depression. Alanine decrease may
due to either synthesis decreasing or degradation increasing [26].
It is hypothesized that alanine aminotransferase can metabolize
glutamate to a-ketoglutaric acid [27]. And this process is accompanied
by transfer amino to pyruvic acid the production of alanine. So, the
decreased alanine may cause by glutamate decrease. Glutamate is an
important excitatory neurotransmitter, and was found decreased in
the depression rats [14-16]. Cholesterol was also found decreased in
recurrent depression rat model serum. Cholesterol has many important
functions: it is required to build and maintain membranes and can
modulates membrane fluidity. It is an important precursor molecule
for the synthesis of vitamin D and the steroid hormones, including the
adrenal gland hormones cortisol and aldosterone, as well as the sex
hormones progesterone, estrogens, testosterone, and their derivatives.
Many studies have demonstrated an association between suicidal
behavior and low levels of total serum cholesterol [28] considering
recurrent depression are associated with suicide [29]. It seems like that
recurrent depression can decrease serum cholesterol level and maybe
contribute to suicidal behavior.

Conclusions
In this study, we applied GC/TOF-MS to analyze the metabolomics
profiles in the serum from the rats of the first onset and recurrent
depression. And this study aimed to investigate the metabolic biomarkers
for the first and recurrent depression. After the first CUMS regime, the
concentrations of palmitinic acid and oleinic acid were decreased in
the onset depression rats, indicating they might be serum biomarkers
for the onset depression. After recovery from the onset depression, the
recurrent depression rat serum decrease the concentrations of alanine,
6-Desoxy-Mannopyranose, oleinic acid, stearic acid and cholesterol.
Indicating they might be potentially metabolic biomarkers for recurrent
depression. These data shows rats suffer recurrent depression have much
more serious metabolic disturbance than onset depression, and they may
provide valuable information for the potential biomarkers of diagnosis.
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