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Abstract

Purpose: To investigate the effect and mechanism of curcumin on depression in mice

Methods: Mice were subjected to chronic unpredictable mild stress (CUMS), and behavioural changes
were evaluated by sucrose preference test (SPT) and forced swimming test (FST). CUMS-treated mice
received curcumin at a concentration of 50, 100, or 200 mg/kg. The level of MiR-124 was measured by
real-time polymerase chain reaction (RT-PCR). Brain-derived neurotrophic factor (BDNF) levels were
evaluated by western blotting.

Results: CUMS induced depressive behaviour in mice, with increase in miR-124 and decrease in
BDNF. Curcumin inhibited miR-124 expression and promoted BDNF in a dose-dependent manner in
CUMS-treated mice. Brain-derived neurotrophic factor was the direct target of miR-124, decreasing the
transcription of BDNF, but this was reversed by curcumin in vitro. MicroRNA-124 overexpression
aggravated CUMS-induced depressive symptoms including loss of appetite, less sucrose consumption,
shorter swimming time, and longer immobility time (p < 0.001). The effects were attenuated by
curcumin.

Conclusion: Curcumin alleviates CUMS-induced depressive behaviour by regulating miR-124/BDNF,
suggesting that curcumin may a viable treatment option for depression.
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INTRODUCTION

Depression is a common psychiatric disorder
characterised by emotional or physical problems
such as low mood, loss of memory,
hopelessness, and insomnia [1]. Stressful life
incidents may increase morbidity or the
possibility of depression. Evidence from rodent
stress  models indicates that  chronic

unpredictable mild stress (CUMS) is a useful
method for induction of depression and anxiety
behaviours [2]. There are many hypotheses
about the pathogenesis of depression. The
neurotrophic hypothesis holds that neurotrophic
factors, especially brain-derived neurotrophic
factor (BDNF), are critical for neuronal survival
and synaptic plasticity and are involved in the
development of depression [3].
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MiRNAs are 20 to 25-nucleotide long non-coding
regulatory RNAs that affect diverse biological
processes by regulating mRNA translation or
gene expression [4]. miRNAs are abundant in the
brain and play vital roles in many physiological
processes[5]. Many studies have reported that
miRNA dysregulation affects depression course
in patients with major depressive disorder (MDD)
patients, as well as in animal models [6,7].
Furthermore, miR-124 is abundant in the mouse
brain [8]. In a clinical study, miR-124 levels in
peripheral blood mononuclear cells (PBMCs) in
MDD patients were significantly higher than in
healthy people. After treatment, the level of miR-
124 in patients decreased markedly [9], which
suggesting that miR-124 plays a vital function in
the process of MDD.

Conventional antidepressants such as those that
affect 5-hydroxytryptamine [5-HT] signalling may
not fully resolve the psychiatric condition. Clinical
and experimental research indicate that natural
products have good therapeutic effects on
stress-induced depression [10]. Curcumin (CUR),
the main component isolated from Curcuma
longa L, influences several biomarkers in
patients with depression [11] and exerts
antidepressant-like effects in an animal model of
depression associated with BDNF [12]. One
study reported that BDNF was a target gene of
miR-124, and hippocampal miR-124 disorder
may induce psychiatric illnesses through its
target gene, BDNF [13]. The aim of this study
was to investigate whether curcumin exerts an
antidepressant effect by regulating miR-
124/BDNF.

EXPERIMENTAL
Animals and treatment

Male C57BL/6 mice, purchased from the Beijing
Vital River Laboratory Animal Company, were
acclimated for 1 week (light/dark cycle, 22 °C,
humidity controlled). All experiments were in
accordance with the Guide for the Care and Use
of Laboratory Animals [14] and were approved by
the Animal Ethics Committee of First Affiliated
Hospital of WenzZhou Medical University
(approval no. 2017-211). Curcumin was
purchased from Sigma-Aldrich (St. Louis, MO,
USA). The mice were randomly divided into five
groups: control, stress (CUMS), CUMS +
curcumin (50 mg/kg), CUMS + curcumin (100
mg/kg), and CUMS + curcumin (200 mg/kg).
Curcumin was administered daily for 5Sweeks
before exposure to CUMS. The CUMS protocol
was performed as previously described [15] with
a few modifications. Each day for 5 weeks, mice
were exposed to different stressors such as food

or water deprivation, tail pinching, continuous
lighting overnight, cage tilting (30°), hot (45 °C)
or cold (5 °C) water exposure, or soiled cage
bedding.

Forced swimming test (FST)

The protocol was performed as previously
reported [16]. Each mouse was placed in a
water-filled cylinder (diameter, 20 cm and height,
50 cm). The mice were not able to touch the
bottom of the container during the test. The test
sessions were video-taped and analysed by two
independent observers. The mouse was
considered depressive when it stopped the active
behaviour (swimming) and floated instead. The
amounts of time spent swimming and immobile
were recorded.

Sucrose preference test (SPT)

The protocol was performed as previously
described [17]. Two bottles (1% sucrose [w/v]or
water) were placed on each cage. Water and
sucrose solution intakes were measured by
weighing the bottles. The positions of the bottles
were exchanged every 24 h to avoid side bias.

Cell culture

The 293T cell line was purchased from American
Type Culture Collection (Manassas, VA, USA)
and cultured in Dulbecco's Modified Eagle
Medium (DMEM) containing 10% (v/v) foetal
bovine serum (FBS).

Cell transfection

Antisense miR-124 and non-specific MiRNA
were transfected into 293T cells with
Lipofectamine 2000 transfection reagent
(Invitrogen, Carlsbad, CA, USA). Cells were
collected 36 h after transfection.

Luciferase reporter assay

The 3'-UTR of BDNF containing miR-124 binding
sites was cloned downstream of the luciferase
gene in the pGL-3 vector (Promega, Madison,
WI, USA). Cells were transfected with different
mMiRNAs and analysed using Dual-Luciferase
reporter assay system (Promega) after 48 h.

Western blotting

The tissues or cells were lysed in RIPA buffer
and proteins were quantified using the
bicinchoninic acid method. Equal amounts of
protein were separated on 10% SDS-PAGE and
transferred onto PVDF membrane (Millipore,
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Burlington, MA, USA). After blocking, the
membranes were incubated with BDNF
antibodies (#3897, Cell Signaling Technology,
Danvers, MA, USA) at a dilution of 1:1000. The
protein bands were detected using an imaging
machine and enhanced chemiluminescence
(ECL) system according to the manufacturer's
instructions and quantified with ImageJ software
(National Institutes of Health, Bethesda, MD,
USA).

Real-time polymerase chain
PCR)

reaction (RT-

Total RNA was extracted with TRIzol Reagent
and reverse-transcribed to cDNA using the
GoScript™  Reverse Transcription  System
according to the manufacturer's instructions.
Quantitative RT-PCR was performed using
SYBR Green PCR Master Mix reagent Kits
(Promega).

Statistical analysis

Data were analysed by one-way analysis of
variance (ANOVA) with Tukey's tests using
SPSS statistical software (SPSS, Inc., Chicago,
IL, USA) and are presented as mean xstandard
deviation (SD).

RESULTS

Confirmation of CUMS-induced depression

The FST, SPT, and food latency tests were
performed to measure depressive behaviours
and the results are shown in Figure 1 A. CUMS-
treated mice exhibited latency to food, lower
preference for sucrose consumption, marked
decrease in swimming time, and increased
immobility time (p < 0.001) when compared with
control animals. Collectively, the behavioural
results suggest that the CUMS protocol
successfully induced depression in the mice.

Hippocampal BDNF and miR-124 levels in
CUMS-treated mice

To investigate the mechanisms of CUMS-
induced depression, level of miR-124 (Figure 1
B) were measured by gRT-PCR and BDNF
(Figure 1 C) was measured by western blotting.
Over time, the miR-124 level in the CUMS group
increased, while that of BDNF decreased, which
suggest that CUMS-induced depression was
partly regulated by miR-124/BDNF.
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Figure 1: miR-124/BDNF levels in CUMS-induced
depression. (A) Behaviour tests in animals with
CUMS-induced depression. (B) Hippocampal miR-124
levels measured by gRT-PCR. (C) Hippocampal
BDNF expression measured by western blotting;*p<
0.05, ** p< 0.01, *** p< 0.001

Effect of curcumin on miR-124 and BDNF
levels

CUMS-treated mice were treated with different
concentrations of curcumin (0, 50, 100, 200
mg/kg). As shown in Figure 2, curcumin
significantly decreased hippocampal miR-124
and increased BDNF expression.
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Figure 2: Effect of curcumin on miR-124 level by RT-
PCR (A) and BDNF level by western blotting (B);*p<
0.05, ** p< 0.01, *** p< 0.001
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The target genes of miR-124 were predicted
using the bioinformatic databases (TargetScan).
As shown in Figure 3 A, the complementary
sequence of miR-124 was found in the 3"-UTR of
the BDNF mRNA sequence. To determine if miR-
124 regulates BDNF expression, 293T cells were
transfected with an miR-124 plasmid, and 3'-UTR
luciferase activity of BDNF was measured. The
transfection efficiency of miR-124 mimics were
analysed by RT-PCR, and the results indicated
that the miR-124 level was increased in
transfected 293T cells when compared with
control. Importantly, miR-124 overexpression
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reduced BDNF transcription when compared with
control (Figure 3 C).

Curcumin alone increased BDNF expression
when compared with mimic negative control (NC-
mimic) (Figure 3 D). The miR-124 decreased the
transcription of BDNF, but was inhibited by
curcumin, which demonstrated that curcumin
could increase BDNF transcription by regulating
miR-124. Western blotting confirmed that protein
levels of BDNF (Figure 3 E) were in accordance
with mRNA levels measured by RT-PCR.
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Figure 3: Curcumin regulated expression of BDNF
through miR-124.A. Complementary sequence of miR-
124 in the BDNF 3-UTR regions. B. luciferase
activities of miR-124-transfected 293T cells. All
experiments were performed in triplicate. C. BDNF
expression of miR-124 mimic-transfected 293T cells
analysed by RT-PCR. D. BDNF transcription of normal
or miR-124-overexpressing 293T cells and the effects
of curcumin measured by RT-PCR. E. BDNF protein
levels in normal or miR-124-overexpressing 293T cells
and the effects of curcumin measured by western
blotting; *** p< 0.001

Up-regulation of miR-124 aggravates CUMS-
induced depressive behaviours

To confirm the effects of miR-124 on CUMS-
induced depression in vivo, adenoviruses (with
miR-124 overexpression or negative control)
were transfected into normal or CUMS-treated
mice. The transfection efficiencies were analysed
by RT-PCR, and the results revealed significantly
increased miR-124 levels in adenovirus-treated
mice (Ad-miR-124) in both the control and CUMS
groups (Ad-miR) as shown in Figure 4 A.
Detailed behavioural changes are shown in
Figure 4 B. For wild-type mice (control) with miR-
124 overexpression, the latency to food
increased and swimming time decreased. There

were no significant differences in sucrose
preference or immobility time. In CUMS-treated
mice with miR-124 overexpression, there were
changes in all four measures latency to food,
sucrose preference, swimming time and
immobility time changes. Animals treated with
plus miR-124 overexpression displayed latency
to food, reduced sucrose consumption,
decreased swimming time, and increased
immobility time (p < 0.001) when compared with
CUMS treatment alone. The results demonstrate
that up-regulation of miR-124 aggravates CUMS-
induced depression.
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Figure 4: miR-124 overexpression aggravates CUMS-
induced depression. A. miR-124 expression in normal
or CUMS-treated mice transfected with adenovirus
(overexpressed miR-124). B. Behaviour changes
(latency to food, sucrose preference, Swimming time
and immobility time) of different groups;**p< 0.01,
***n< 0.001

Curcumin exerts anti-depressive effects by
regulating miR-124/BDNF

To confirm the effects of curcumin on CUMS-
induced depression and miR-124/BDNF, the
CUMS-treated mice was transfected with miR-
124 adenovirus. As shown in Figure 5 A, miR-
124 adenovirus transfection induced miR-124
overexpression in CUMS-treated mice (miR-124
mimics vs. CUMS) and was inhibited by
curcumin (MiR-124 mimics + CUR vs. miR-124
mimics). Furthermore, curcumin alone inhibited
mMiR-124 expression in CUMS mice (CUR vs.
CUMS). The pattern of BDNF expression was
opposite that of miR-124 (Figure 5 B). The
behaviour changes in the four groups are shown
in Figure 5 C. MiR-124 overexpression enhanced
CUMS-induced depressive behaviours (miR-124
mimics vs. CUMS), including latency to food, less
sucrose consumption, shorter swimming time,
and longer immobility time. Curcumin treatment
significantly alleviated depressive behaviours
(miR-124 mimics + CUR vs. miR-124 mimics).
Furthermore, curcumin  alone  alleviates
depressive symptoms in CUMS mice (CUR vs.
CUMS). The results indicate that curcumin exerts
anti-depressive effects by regulating miR-124
/BDNF.
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Figure 5: Curcumin exerts anti-depressive effects by
regulating miR-124 /BDNF. (A)RT-PCR results of miR-
124 expression in normal, CUMS-treated, and
curcumin-treated mice transfected with adenovirus to
overexpress miR-124. (B)Western blots of BDNF
expression in normal, CUMS-treated, or curcumin-
treated mice transfected with adenovirus to
overexpress miR-124. (C) Behaviour changes (latency
to food, sucrose preference, swimming time, and
immobility time) in each group; **p< 0.01, ***p< 0.001

DISCUSSION

Depression is a common mental disorder
characterised by symptoms including sadness,
loss of interest and pleasure, low self-esteem,
and sleep disturbances. Many factors such as
genetics, environmental factors, monoamine
deficiency, immunologic factors, and
neurogenesis may contribute to the occurrence
of depression. No single hypothesis could
describe  the  complex pathophysiologic
mechanisms of depression [18]. The outcomes of
standard clinical treatment with pharmacotherapy
or psychotherapy are highly variable, can be
expensive, and may have adverse effects [19].
Herbal medicine or natural product extracts given
as complementary or alternative medicine, such
as resveratrol[20] and curcumin [11], have been
effective treatments for depression.

The results demonstrate that curcumin alleviated
depressive behaviours induced by CUMS via
regulating miR-124/BDNF. Accumulating
evidence suggests that curcumin affects many
physiopathologic  processes by regulating
numerous molecular targets including
transcription factors, cytokines, and enzymes
[21]. Previous studies reported that curcumin
exerts antidepressant effects in both patients
with major depression [11] and experimental
animal models [22]. Thus, these results agree
with those of others.

MiRNAs are small non-coding regulatory RNAs
that are abundant in the brain; they affect diverse
brain biological processes and could be

therapeutic targets for depression [23]. MiR-124-
3p expression is highly dysregulated in stressed
rats and MDD pathophysiology [24]. Selective
inhibition ofmiR-124 in the hippocampus has
anti-depressive effects in rats [25]. In the present
study, CUMS induced depressive behaviours
and reduced miR-124 levels. Curcumin
attenuated CUMS-induced depressive
behaviours and increased miR-124 levels,
indicating that curcumin  could improve
depression partly via targeting miR-124.
Researchers also reported that miR-124 directly
targets BDNF in hippocampal areas, which
contributes to depressive behaviours in the
development of autism spectrum disorders [13].

Brain derived neurotrophic factor (BDNF), a
neurotrophin  highly  expressed in the
hippocampus, regulates neuronal proliferation,
differentiation, and survival [26]. According to
‘neurotrophic hypothesis’, it is involved in the
pathophysiology of depression [27]. Clinical
research indicates that antidepressants increase
hippocampal BDNF expression [28]. The
concentrations of BDNF and pro-BDNF (a
precursor protein) in human blood serves as
diagnostic biomarkers for MDD [29]. Hurley et al
found that chronic curcumin administration
reduced immobility time and increased
hippocampal BDNF expression in Wistar Kyoto
rats (a model of depression) [12]. These findings
confirm previous research that CUMS led to
depressive behaviours and reduced BDNF, while
curcumin attenuated depressive symptoms by
regulating miR-124/BDNF in vitro and in vivo.

CONCLUSION

Curcumin alleviates CUMS-induced depressive
behaviour by regulating miR-124/BDNF. These
results indicate that miR-124 is a potential target
for treating neurological disorders, while
curcumin is a Vviable treatment option for
depression.
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