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Abstract

serotonin reuptake inhibitor to be widely available for the treatment of depression. The present study focuses on the effects and 
mechanisms of the lipid metabolism abnormalities caused by FLX in patients and in a mouse model of depression. Depression severity 
was assessed by the Hamilton Depression Scale (HAMD). Triglyceride (TG), cholesterol (TC) and low-density lipoprotein (LDL) serum 
levels were assessed in 28 patients with depression, aged 31.2±3.3 years, treated with FLX (20 to 60 mg/day) for 8 weeks. Meanwhile, 
the serum levels of other lipid metabolism-related parameters, such as high-density lipoprotein (HDL), apolipoprotein A1 (APOA1) 

both lipogenic and lipolytic enzymes was evaluated in a mouse model of depression treated with FLX (10 mg·kg-1·d-1, ip) for 4 weeks. 

serum HDL, APOA1 or APOB levels in the patients. We further demonstrated in mice with depression that FLX treatment increased 
the hepatic TG level by increasing the expression of lipogenic enzymes and decreasing the expression of lipolytic enzymes in the liver. 
Antidepressive therapy with FLX is associated with lipid metabolism abnormalities, which are in part mediated by disturbances in 

therapy of depression.
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Introduction
Depression is a highly prevalent, heterogeneous and recurring 
neuropsychiatric condition characterized by a wide range of 
symptoms, including altered mood and cognitive functions 
that lead to serious disabilities and dysfunctions[1].  The annual 
prevalence of depression is reported to be 7%, with a lifetime 
prevalence of over 15%[2].  Depression has already caused 6% 
of the burden of all diseases in Europe regarding disability-
adjusted life years according to WHO data[3].  As one of the 
most prescribed selective serotonin reuptake inhibitors (SSRIs) 
in the treatment of depression, fluoxetine (FLX) effectively 
alleviates depressive symptoms with tolerability and safety[4].  

However, drug adverse reactions including weight gain and 
dyslipidemia have been reported to be one of the most rel-
evant reasons for the early discontinuation of antidepressant 
drugs[5].  Thus, a better understanding of the effects of FLX on 

into the underlying mechanisms are of value to enhance the 
adherence and tolerance of FLX treatment.

Triglyceride (TG) accumulation in the liver is a frequent 
indicator of obesity and other related metabolic disorders[5, 6].  

-
bolic pathway that is essential for the production of low-den-
sity lipoprotein (LDL), which is used for TG and cholesterol 
(TC) exportation into the plasma and delivery to other tis-
sues[7].  Therefore, lipid homeostasis can be achieved by mod-
ulation of the expression of both lipogenesis- and lipolysis-
related enzymes[8].  Fatty acid synthase (FAS) and acetyl-
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CoA carboxylase (ACC) are important enzymes that regulate 
the process of fatty acid and TG synthesis[9].  Meanwhile, 
carboxylesterases are the most important liver lipases, which 
catalyze TG degradation in the hepatocytes and contribute to 
hepatic TG metabolism[10].  Mouse carboxylesterase (Ces) 1d, 
also known as TG hydrolyase, is an ortholog of human CES1.  
Ces1d is highly expressed in the liver and plays a critical role 
in hepatic TG mobilization and thus regulates TG storage[11].  
Mouse Ces1e (esterase-x), also highly expressed in the liver, 
is a close homolog of human CES2.  The conserved esterase/
lipase active site motif in Ces1e plays a similar role as Ces1d 
in lowering hepatic TG levels.  In addition, Ces1e also pre-
vents hepatic TG accumulation by increasing the redirection to 

[12].
In our previous study using primary cultured mouse hepa-

tocytes, FLX was demonstrated to induce lipid accumula-
tion by suppressing AMP-activated protein kinase (AMPK), 
subsequently increasing the expression of ACC and FAS and 
decreasing the expression of Ces1d and Ces1e.  However, 

in vitro are comparable with lipid metab-
olism alterations in FLX-administered patients with depres-
sion is not clear.  To further investigate the role of the liver in 

was observed in depressive patients given FLX treatment, 
while a mouse model with depression was established, and 
lipid accumulation as well as the expression of lipogenic and 
lipolytic genes in the mouse liver tissues were evaluated.  The 

-
ing of FLX-induced lipid metabolism abnormalities during the 
medical treatment of patients with depression.

Methods and materials
Subjects and clinical study design
Twenty-eight newly admitted inpatients (male/female=8/20) 
were recruited for the study in the Beijing HuiLongGuan 
Hospital, China during January 2013 to October 2016.  All 
patients met the following inclusion criteria: (1) Han Chinese, 
20–65 years of age; (2) depressed subjects diagnosed with 
MDD (major depressive disorder) without psychotic features, 
according to the Structured Clinical Interview for DSM-IV 
(SCID)[13], with a current 17-item Hamilton Depression Scale 

-
cal interview with a board-certified psychiatrist.  Depressed 
patients were excluded for the presence of the following: a his-
tory of schizophrenia (determined by SCID), bipolar disorder 
(determined by SCID), or any eating disorder or post-trau-
matic stress disorder (PTSD) within one month or substance 
abuse within six months (determined by SCID).  Further, 
study participants had no acute illnesses or infections, chronic 

major medical conditions considered to be potentially con-
founding (eg, diabetes, HIV, cancer, history of cardiovascular 
disease, etc) (determined by physical examination and labora-
tory testing).  All subjects provided written informed consent.  
The study did not interfere with the treatment of the patients 
and was approved by the Institutional Review Board of Bei-

jing HuiLongGuan Hospital.

Data on demographic characteristics
The clinical data retrieved included age, nationality, sex, mari-
tal status, body mass index (BMI) and family history.  Hamil-
ton Depression Scale (HAMD) scores were routinely collected 
in Beijing HuiLongGuan Hospital.  HAMD scores were deter-
mined by the patients’ attending psychiatrist following an 
interview conducted within 48 h after admission and again 8 
weeks later as a routine practice of the inpatient unit.  HAMD 
scores were used as a measure of depression.  The demo-
graphic and clinical characteristics of the sample are presented 
in Table 1.

Animals and reagents
Male C57BL/6 mice, aged 8 weeks at the beginning of the 
CMS, were maintained in a specific pathogen-free environ-
ment in Nanjing Medical University.  All protocols were 
approved by the Institutional Animal Care and Use Commit-
tee of Nanjing Medical University and in strict accordance 
with the National Institutes of Health Guide for the Care and 
Use of Laboratory Animals.  The TG and TC serum levels 
were measured using a kit from Beckman Coulter Company 
(Fullerton, CA, USA), while TG and TC level in liver tissues 
were determined using a kit from Applygen Technologies Inc 
(Beijing, China).  FLX was purchased from Sigma (St Louis, 

Bio-Rad Laboratories (Hercules, CA, USA).  Mouse Ces1d and 
Ces1e were detected by antibodies against human CES1 and 
human CES2, respectively, as reported previously[14- 16].  Other 
primary antibodies used in this study were as follows: anti-
ACC1 (Abcam, Cambridge, UK), anti-FAS, and anti-GAPDH, 

anti-rabbit IgGs conjugated with horseradish peroxidase were 
from Pierce Chemical (Pierce, Rockford, IL, USA).  All other 
reagents were of analytical grade and commercially available.

CMS procedure
Mice were singly housed, allowed to acclimate for 1 week and 
were then subjected to 8 weeks of stressors, including inver-
sion of the day/night light cycle, wet cage bedding, tilted 
cages, restraint, forced swim stress (for 6 min), overnight food 
and water deprivation, and paired housing.  These stressors 
were mild and unpredictable in nature, duration and fre-
quency.  Control mice were held in another room and were 
group-housed (n=4/cage).  The animals’ body weights were 
evaluated every week.  Mice treated with CMS for 4 weeks 

-1 -1, ip) for 4 
weeks when depressive behaviors occurred.  The dose of FLX 
was chosen based on our preliminary study and published 
studies[17-19].  The emotional state of the animals was evaluated 
by the sucrose preference test, tail suspension test (TST) and 
forced swim test (FST).

Sucrose preference test
Mice were first habituated to drink from two bottles with 



1465
www.chinaphar.com
Pan SJ et al

Acta Pharmacologica Sinica

one containing a sucrose solution (1%) and the other contain-
ing only tap water.  The side of the bottles in the cage were 
switched each day to prevent possible effects of side prefer-
ence in drinking behavior.  Before the test, all mice were 
deprived of water and food for 12 h.  The intake of tap water 
and sucrose solution was recorded simultaneously by weigh-
ing the bottles.  The sucrose preference was measured as a per-
centage of the consumed sucrose solution relative to the total 
amount of liquid intake.

Tail suspension test
Mice were individually suspended by wrapping their tail with 

seconds) was automatically recorded over a 6-min test period.  
Immobility was considered only when the mice hung pas-
sively and completely motionless.  The immobility time of the 
mice in the last 4 min was analyzed with an automated Tail-
SuspScan apparatus (Clever Sys).

Forced swim test
Mice were forced to swim in a glass barrel (diameter, 15 
cm; height, 25 cm) with 14 cm of water at room temperature 
(approximately 22±1 °C).  A mouse was placed in the barrel, 
and immobility behavior was observed for 6 min when the 
mouse floated in the water without struggling, making only 
small movements necessary to keep its head above the water.  
The duration of immobility was recorded in the last 4 min of 
the 6-min period by an automated TailSuspScan apparatus 
(Clever Sys).  The immobility behavior observed in the test 

Measurement of TG and TC levels in the serum
Venous blood was collected into tubes containing coagulation 
accelerator thrombin and centrifuged at 4000 revolutions per 
minute for 5 min.  Serum samples from patients were collected 
between 7 and 9 AM before and after 8 weeks of FLX treat-
ment.  Serum TG, TC, LDL, HDL, APOA1, APOB, glucose and 
insulin levels were determined using a kit in an autoanalyzer 
(AU5800; Beckman Coulter Inc, Fullerton, CA, USA).  Lab 
personnel who performed the assay were blind to the demo-
graphic and clinical data of the patients.  The reference ranges 
were as follows: 0.00–1.70 mmol/L for serum TG levels, 
1.00–5.17 mmol/L for serum TC levels, 1.90–3.60 mmol/L for 
serum LDL levels, 0.71–1.68 mmol/L for serum HDL levels, 
1.00–2.60 mmol/L for serum APOA1 levels, 0.50–1.10 mmol/L 
for serum APOB levels, 3.9–6.1 mmol/L for fasting glucose 

H&E staining

sections, and stained with hematoxylin and eosin (H&E) for 
histological examination.  Morphometric analysis was carried 
out using a Leica DM6000B light microscope (Leica Microsys-
tems, Wetzlar, Germany).

Preparation of S9 fractions
The frozen liver tissues were thawed in homogenization buf-
fer (50 mmol/L Tris–HCl, pH 7.4, 150 mmol/L KCl and 2 
mmol/L EDTA) and then homogenized on ice with 6 passes of 

were centrifuged at 10 000× g for 20 min at 4 °C.  The S9 frac-

Table 1.  Demographic, clinical characteristics and metabolic indicators of patients with depression in the pre-treatment and post-treatment of 

Demographic specialties  Pre-treatment Post-treatment Statistical evaluation

Age (mean±SD)  31±13 NA NA
Nationality Han Chinese 28 (100%) NA NA
Sex Female 20 (71.4%) NA NA
 Male 8 (28.6%)  
Marital status Single 16 (57.1%) NA NA
 Married 12 (42.9%)  
Family history Positive 7 (25.0%) NA NA
 Negative 21 (75.0%)  
HAMD  37.5±20.8 10.8±7.4 Z=-4.625; P<0.001
BMI (kg/m2)  23.3±2.3 23.2±2.1 Z=-0.834; P=0.404
TG (mmol/L)  1.09±0.70 1.82±0.85 Z=4.623; P<0.001
TC (mmol/L)  4.37±0.82 5.2±1.06 Z=4.190; P<0.001
LDL (mmol/L)  1.44±0.37 1.45±0.34 Z=2.141; P=0.032
HDL (mmol/L)  2.44±0.70 2.71±0.87 Z=-0.524; P=0.600
APOA1 (g/L)  2.00±0.39 2.06±0.39 Z=0.809; P=0.419
APOB (g/L)  0.94±0.40 0.94±0.39 Z=-0.228; P=0.819
Glucose (mmol/L)  4.95±0.7 4.93±0.5 Z=-0.182; P=0.856

L)  7.0±3.7 7.1±3.5 Z=0.512; P=0.608

All demographic data were reported as mean±SD or rate (%). Clinical characteristics and metabolic indicators were analyzed using the Wilcoxon t tests. 
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tions of the liver tissues (supernatant) were assayed using a 
Western blot assay.

Western blot analysis
Protein concentrations were determined with a BCA pro-
tein assay based on the albumin standard (Pears, Rockford, 
IL, USA).  Equal amounts of protein were separated on a 
10% SDS-PAGE and transferred electrophoretically onto 
PVDF membranes.  The membranes were blocked with 5% 
non-fat milk in Tris-buffered saline/0.1% Tween 20 for 2 h, 
subsequently blotted with the respective primary antibod-
ies overnight, and then blotted with horseradish peroxidase-
conjugated secondary antibody for 1 h.  The protein bands 
were visualized with an enhanced chemiluminescence detec-

using ImageJ software (NIH) and expressed as the protein of 
interest/internal control.

Statistical analysis
Data are expressed as the mean±SD.  Statistical analysis was 
performed using SPSS 17.0 (Chicago, IL, USA).  The Wilcoxon 
T test was used for assessing changes in the values of meta-
bolic parameters and the HAMD scores before and after FLX 
treatment.  Differences between FLX-treated mice and vehicle-
treated mice were tested with two-way ANOVA, followed by 
Bonferroni post hoc test.  P<0.05 was considered statistically 

Results
Participants and clinical characteristics of depression patients 
pretreatment and posttreatment with FLX
Twenty-eight patients with depression including 8 males and 
20 females (mean age±SD=31.2±13.3 years) received medical 
treatment with FLX (20 to 60 mg/day) for 8 weeks.  The base-
line clinical characteristics of patients are shown in Table 1.  
As shown in Table 1, the patients with depression had obvious 
psychopathological symptoms, with an average HAMD score 
of 37.5±20.8.  After 8 weeks of medical treatment, their average 
HAMD score was reduced to 10.8±7.4 (P<0.001, Z=-4.625).

Serum TG and TC levels were higher in patients with 
depression after FLX treatment for 8 weeks in comparison 

to the levels pretreatment (1.09±0.70 mmol/L vs 1.82±0.85 
mmol/L and 4.38±0.82 mmol/L vs 5.20±1.06 mmol/L, respec-
tively) (P<0.001).  All patients showed increased serum TG lev-
els, and 96.4% of patients showed increased serum TC levels.  
The average increase was 39.9% for serum TG and 14.4% for 
serum TC after FLX treatment.  Serum LDL levels were also 

-
ment for 8 weeks than levels pretreatment (1.44±0.37 mmol/L 
vs 1.45±0.34 mmol/L) (P<0.05).  The elevation in serum TG 
and TC levels after FLX treatment was consistent with the 
decrease in HAMD scores of the patients (Table 1).  As other 
lipid metabolism-related indicators, levels of serum HDL, 
APOA1, APOB, fasting glucose and insulin in the peripheral 
blood were also measured.  FLX treatment for 8 weeks did 

glucose or insulin (2.44±0.70 mmol/L vs 2.71±0.87 mmol/L, 
2.00±0.39 mmol/L vs 2.06±0.39 mmol/L, 0.94±0.40 mmol/L vs 
0.94±0.39 mmol/L, 4.95±0.7 mmol/L vs 4.93±0.5 mmol/L, and 

vs P>0.05).  
Meanwhile, the BMI of the patients was also not affected by 
FLX treatment (23.3±2.3 vs 23.2±2.1) (P>0.05) (Table 1).

The influence of gender and family history on serum TG 
and TC levels was further investigated.  Both female and male 
patients with depression had higher serum TG levels after FLX 
treatment for 8 weeks than before treatment (Female: P<0.001, 
Z=3.920; Male: P<0.001, Z=2.521) (Figure 1A).  Serum TG 

patients (pretreatment: P=0.005, Z=-2.747; posttreatment: 
P=0.016, Z=-2.390).  Similarly, female patients with depression 
had higher serum TC levels after FLX treatment for 8 weeks 
than prior to treatment (P<0.001, Z=2.521), while the differ-
ence in serum TC levels in male patients between pretreatment 
and posttreatment was not statistically significant (P=0.123, 
Z=1.540) (Figure 1B).  In contrast to TG levels, the difference 
in serum TC levels between female and male patients was not 

P=0.304, Z=-1.043; post-
treatment: P=0.409, Z=-0.865).  

Furthermore, both family history-positive and -negative 
patients with depression had higher serum TG and TC levels 
after 8 weeks of FLX treatment than pretreatment (Positive: 
P=0.018, Z=2.366; Negative: P=0.001, Z=3.435) (Figure 2).  No 

Figure 1.  Gender differences in serum TG and TC levels.  Serum TG levels were elevated in both male and female MDD patients after FLX treatment 
compared to the levels prior to treatment (P<0.001), while serum TC levels were elevated in female MDD patients after FLX treatment (P<0.001) but 

P>0.05).  Data are expressed as the mean±SD.  ***P<0.001 vs prior to FLX treatment (TG: Male: P<0.001, 
Z=2.521, Female: P<0.001, Z=3.920; TC: Female: P<0.001, Z=2.521).
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statistically significant difference in serum TG or TC levels 
existed between family history-positive and -negative patients 
(pretreatment: P=0.090, Z=1.725 for TG; P=0.113, Z=1.618 for 
TC; posttreatment: P=0.296, Z=1.088 for TG; P=0.208, Z=1.300 
for TC).

Triglyceride levels in the liver tissues are elevated by FLX in mice 
with depression
To further demonstrate the effects and mechanisms of FLX 
on the lipid metabolism abnormalities, mice with depression 
were prepared by exposure to chronic mild stress for 4 weeks, 
and then FLX was administered simultaneously for another 4 
weeks once depressive behaviors were exhibited.  FLX treat-
ment significantly increased sucrose preference (Figure 3A) 
and decreased the immobility duration in the TST and FST 

compared to non-treatment (Figure 3B and 3C), which indi-
cated an improvement in depressive behaviors.  Meanwhile, 
the liver tissues were dissected, and the TG and TC levels in 

increased hepatic TG levels in both control and depressive 
mice by 1.47-fold and 1.39-fold, respectively, compared to 
non-treatment (Figure 4A), while the hepatic TC levels were 
not significantly altered by FLX treatment (Figure 4B).  Fur-
thermore, a routine histological examination was performed.  
Lipid droplets in the liver were shown to be larger and more 
numerous in both control and depressive mice given FLX than 
in those not treated with FLX as revealed by H&E staining 
(Figure 5).  The data implied that lipids, especially TGs, were 
accumulated in the liver in depressive mice treated with FLX, 
which was consistent with the above clinical data and data 

Figure 2.  Family history differences in serum TG and TC levels.  Serum TG and TC levels were elevated after FLX treatment in MDD patients with positive 
and negative family history (P
patients (P>0.05).  *P<0.05, ***P<0.001 vs prior to FLX treatment (TG: Positive: P=0.018, Z=2.366, Negative: P<0.001, Z=4.015; TC: Positive: P=0.018, 
Z=2.366, Negative: P<0.001, Z=3.528).

Figure 3.  FLX improves the depressive behaviors in mice with depression.  Mice were treated with mild stressors that were unpredictable in nature, 
duration and frequency.  FLX (10 mg·kg-1·d-1) was administered intraperitoneally for 4 weeks once depressive behaviors occurred.  (A) Sucrose 
preference.  (B) Tail suspension test.  (C) Forced swim test.  *P<0.05 vs control mice, #P<0.05 vs mice without FLX treatment (n=6/group).
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obtained previously in vitro[14].

FLX regulates the expression of lipogenic and lipolytic genes in 
the liver tissues of both control mice and mice with depression
Next, the expression of lipogenic genes, FAS and ACC, and 
lipolytic genes, Ces1d and Ces1e, in the liver of mice was 
investigated using Western blot analysis.  With FLX treatment, 
the expression levels of FAS and ACC were increased by 1.23- 
and 1.39-fold, respectively, in the liver tissues of control mice 
and by 1.39- and 1.55-fold in the liver of mice with depres-
sion compared to the levels in the respective non-treated 
mice (Figure 6A-6C).  In contrast, the expression levels of 
Ces1d and Ces1e in the livers of FLX-treated control and 
depressed mice were significantly decreased to 71% and 
52% of those in the liver of non-treated control mice and to 
84% and 62% of those in the liver of non-treated depressed 
mice, respectively (Figure 6A, 6D and 6E).  The results con-

lipid accumulation were at least in part imposed by directly 
acting on the liver.  

Discussion
SSRIs are a cornerstone in the pharmacological treatment of 
depression, with fewer anti-cholinergic side effects, less toxic-
ity and better tolerance for the patients than previously used 
treatments[20].  However, SSRI treatment has been associated 
with adverse reactions such as weight gain, sexual dysfunc-
tion, drug interactions and extrapyramidal symptoms[21, 22].  
The adverse reactions have become one of the leading causes 
of unexpected early discontinuation of SSRI medical treat-

the most widely prescribed antidepressant[23].  Therefore, the 
present study aimed to understand the effects and mecha-
nisms of the metabolic adverse effects caused by FLX in order 

Figure 4.  Effects of FLX on the hepatic TG (A) and TC (B) levels in the liver tissues of mice with depression.  Mice livers were dissected, and 
subsequently, the TG and TC in the liver tissues were extracted and measured using commercial kits.  **P<0.01 vs control mice, #P<0.05 vs mice with 
depression (n=6/group).

Figure 5.  Effects of FLX on the hepatic lipid accumulation in the liver tissues of mice with depression.  Serial sections of the mouse liver were stained 
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to provide potential drug targets to alleviate those adverse 
effects.

HAMD-17 scores, as an indicator of depression in patients, 
include six items: anxiety (psychic), anxiety (somatic), somatic 
symptoms (gastrointestinal), somatic symptoms (general), 
hypochondriasis and insight[24].  The primary FLX efficacy 
measure for this study was the HAM-D-17 total scores, for 
which a decrease is indicative of an improvement in the symp-
toms of depression[25].  Before medical treatment with FLX, 
the HAMD-17 scores were markedly higher in patients with 
depression than the scores after treatment, and the HAMD-17 

in our study (Table 1).
The present study demonstrated that 8 weeks of FLX treat-

ment resulted in an increase in serum TG, TC and LDL lev-
els in patients with depression, along with a decrease in the 
HAMD-17 score (Table 1).  Our findings are consistent with 

the results of a previous study that reported that FLX treat-
ment was associated with abdominal obesity and hypercho-
lesterolemia[26].  A number of studies have demonstrated that 
SSRIs induce an increase in serum TG, TC and LDL levels in 

between SSRI serum concentrations and the TG, TC and LDL 
cholesterol levels, as well as the risk of metabolic syndrome, 
has been demonstrated[27].  Treatment with the SSRI paroxetine 
resulted in an average individual increase in LDL cholesterol 
levels of 9% in both male healthy control subjects and patients 
with panic disorder, and the increases in LDL cholesterol 
were normalized after discontinuation of therapy[28].  Younger 
subjects showed a higher increase in LDL cholesterol at the 
treatment phase than older subjects[28].  A double-blind, ran-

the efficacy of short-term administration of paroxetine, ven-
lafaxine and placebo in patients with social anxiety disorder 

Figure 6.  Effects of FLX on the expression of hepatic lipogenic and lipolytic genes in the liver tissues of mice with depression.  Liver S9 fractions were 
analyzed for the expression of ACC1, FAS, CES1 and CES2 using Western blot analysis.  *P<0.05, **P<0.01 vs control mice, ##P<0.01 vs mice with 
depression (n
internal control.  Two-way ANOVA was used to analyze the differences between FLX-treated mice and vehicle-treated mice, followed by Bonferroni post 
hoc test.
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determined that paroxetine and venlafaxine, a serotonin and 
norepinephrine reuptake inhibitor, caused a statistically sig-

-
[29].  In the present 

study, the data showed that the elevation in serum TG levels 
was not affected by gender or family history, while the eleva-
tion in serum TC levels was not affected by family history but 

-
cant difference in serum TC levels pre- and posttreatment with 
FLX in male patients.  The possible reason for the differences 
between male and female patients could be due to differences 
in age, in which the average age was approximately 40 years 
old for the male patients and approximately 25 years old for 
the female patients.  Younger subjects have previously been 
reported to have lower baseline TC levels, while lipid levels 
increase with age[30], which provides a possible explanation for 
the gender differences in the serum TC levels in this research 

TC levels was observed in the mice treated with FLX for 4 
weeks (Figure 4B), since male mice are usually used in estab-
lishing mouse models of depression to avoid gender differ-
ences in in vivo studies[18].  The animal results in Figure 4B are 
consistent with the gender differences in the serum TC levels 
found in the clinical subjects (Figure 1B).  The gender differ-
ences in the effects of antidepressants on cholesterol metabo-
lism in vivo deserve further elucidation in future studies.  
Meanwhile, other lipid metabolism-related indicators were 
detected, and no alteration was found in the serum levels of 
HDL, APOA1, APOB, glucose or insulin after FLX treatment.

However, our results are in conflict with several previous 

levels, as well as a significant increase in HDL cholesterol, 
with FLX therapy in mixed populations of obese individu-
als[31-33].  A significant decrease in serum TG and TC levels 

-
cant decrease after 8 weeks of treatment have been reported 
in patients with depression[34].  Another recent study also 
reported that treatment with antidepressants (sertraline, esci-
talopram, fluoxetine, and venlafaxine) for 8 weeks increased 
the serum TC and HDL levels of the outpatients[35].  Mean-

LDL or HDL levels were observed between patients with and 
without antidepressants and healthy controls[36], and 12 weeks 

weight, glucose, HDL-C or LDL-C[37]

are most likely due to differences in methodologies or patient 
populations or problems in the sample sizes.  This controver-
sial question deserves further elucidation by exploration of the 
in-depth mechanisms.

The underlying mechanism by which FLX treatment 
increases serum TG, TC, and LDL levels in patients with 
depression needs to be clarified.  In a previous study, a cell 
biology experiment demonstrated that FLX promoted lipid 
accumulation in primary cultured hepatocytes.  The causes 
of hepatic lipid metabolism disorders induced by FLX are 
related to increases in TG synthesis and decreases in TG deg-

radation[14, 15].  Therefore, we focused on liver-centered lipid 
metabolism disorders in the model mice with depression in 
the present study in order to provide a compatible explana-
tion for the increase in serum TG, TC and LDL levels after FLX 
treatment in the clinical trial.  While the body weight of the 

not shown), the increased TG accumulation is observed in 
the liver of both control and model mice with FLX treatment 
(Figure 4 and 5).  The following results further implied that 
the increase in liver lipogenesis and decrease in liver lipolysis 

demonstrate that antidepressant drugs alter the hepatic lipid 
-

mals with depression, although the administration of olanzap-
ine has been reported to increase body weight and food intake 
in healthy control animals[38].

The major limitation of our study was the limited number of 
-

cation based on the treatment response.  Such a study design 
would be of particular interest to further interpret the under-
lying mechanism of side effects associated with pharmacologi-
cal therapy in the treatment of depression.  Furthermore, a 
larger study cohort including larger subgroups such as males-
females, smokers-nonsmokers would have better demon-
strated the effect of confounding factors.

 The present study highlights three important findings.  
First, there was a trend toward a side effect of an increase in 
serum TG, TC and LDL levels induced by FLX, which will 
likely guide the safer use of clinical medications.  Second, 

increased expression of lipogenic enzymes and decreased 
expression of lipolytic enzymes were shown to be involved in 
the disorders of lipid metabolism induced by FLX treatment.  

-
standing of the metabolic adverse reactions related to antide-
pressant pharmacological therapy and suggesting potential 
drug targets to interfere with those adverse reactions.
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