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Abstract

Our previous investigation found that Ginkgo extract EGb761 could attenuate the depressive-like
behaviours induced by a single injection of lipopolysaccharide in mice. However, it has not been in-
vestigated whether EGb761 is effective on depressive-like behaviours induced by long-term light depri-
vation and whether its effects are associated with the inhibition of NF-kB-IL-6 signalling pathway.
In this study, three groups (vehicle group, EGb761 low-dose group, and EGb761 high-dose group)
of C57BL/6J male mice were exposed to constant darkness for four weeks. The control mice remained
ona 12 : 12 light-dark cycle. Depressive-like behaviours were evaluated by tail suspension test (TST),
forced swim test (FST), and sucrose preference test (SPT). Spontaneous locomotor activity was evalu-
ated by open field test (OFT). Levels of IL-6, IL-6 mRNA, NF-«xB p65, phospho-NF-«kB p65, IkBa, and
phospho-IkBa. were measured using Elisa, western blotting, or PCR assays. NF-kB p65 DNA binding
activity was evaluated using Chemi Transcription Factor Assay Kit. Results showed long-term light
deprivation prolonged the immobile time in TST and FST, shortened the latency to immobility in FST,
reduced spontaneous locomotor activity in OFT, decreased sucrose preference in SPT, and increased
levels of IL-6, IL-6 mRNA, NF-kB p65, phospho-NF-xB p65, and phospho-IkBa. in hippocampal tissue.
EGb761 dose-dependently reversed the changes of the above parameters induced by long-term light
deprivation, without affecting spontaneous locomotor activity. We conclude that EGb761 could atten-
uate the depressive-like behaviours and inhibit the NF-kB-IL-6 signalling pathway in a light-depriva-

tion-induced mouse model of depression.
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Introduction

Depression was the third leading cause of global bur-
den of disease in 2004 and will move into first place by
2030, affecting about 20% of the population worldwide
[1, 2]. Efforts have been made to find novel pharmacologi-
cal agents with effective antidepressant-like efficacy, which
target various pathogeneses of depression. The pathogen-
esis of depression is complex. Besides the genetic abnor-
mality, environmental factors are believed to contribute to
depression [3, 4]. Seasonal affective disorder is a specific
form of recurrent depressive disorder that can be induced
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by shortened light period [5]. Recently it has been reported
that long-term exposure to constant darkness could induce
depressive-like behaviour and change the expression of in-
flammatory cytokines in rodent animals [6, 7].
Inflammatory cytokines have been well demonstrat-
ed to play a role in depression [8-10]. Increased levels of
IL-1B, TNF-a, and IL-6 have been found in patients with
depression [11, 12]. Preclinical studies also showed that
some depression animal models (repeated stress-induced
depression, lipopolysaccharide-induced depression, and so
on) had increased levels of IL-183, TNF-a, and IL-6 [1, 13].
Treatments targeted at controlling these cytokines have ex-
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hibited therapeutic effects on depressive behaviours [14-16].
Anti-inflammation has been regarded as a new strategy in
management of depression. Interestingly, different from the
other types of depression animal models, a recent study re-
vealed that long-term light-deprivation-induced depression
model had increased serum levels of IL-6, but comparable
levels IL-1B and TNF-a compared to the control animals
[6]. As is known, the production of IL-6 can be regulated by
various pathways. In that study the authors also found that
circulating and hippocampal IL-6 levels were dependent on
the nuclear factor kappaB (NF-kB) signalling pathway [6].

NF-«B is a transcription factor that induces expression
of cytokines that regulate the inflammatory cascade. NF-xB
signalling pathways are involved in neurological and psy-
chotic disorders that are associated with inflammation
[17, 18]. Koo et al. reported that NF-kB was a critical me-
diator of stress-impaired depressive behaviour [19]. Regu-
lating the expression of NF-kB and inhibitory kappaB alpha
(IkBav) by some agents could attenuate the depression-like
behaviours induced by chronic unpredictable stress [20].
Monje et al. also found blockage of NF-xB ameliorated con-
stant darkness-induced depression-like behaviour in mice
[6]. Inactive NF-xB in the cytoplasm is combined with IxB.
The activation of NF-«kB is initiated by the signal-induced
degradation of IxB proteins. The activated NF-kB is rapidly
translocated to the nucleus. In the nucleus, NF-xB activates
the transcription of target genes, leading to more produc-
tion of some cytokines, such as IL-6, which is involved in
the pathogenesis of depression. Considering of the role of
NF-«xB-IL-6 signalling pathway in depression, inhibition
of the NF-xB-IL-6 signalling pathway might be a potential
strategy in depression treatment.

Ginkgo extract EGb761 has exhibited anti-inflammato-
ry, anti-oxidative, and neuroprotective activities in a num-
ber of preclinical studies [21, 22]. Some of its effects result
from the inhibition of NF-«kB activity. Moreover, our previ-
ous study revealed that EGb761 attenuated depressive-like
behaviours induced by LPS injection in C57BL/6J male
mice, and in parallel, inhibited the expression of TNF-a,
IL-1pB, IL-6, and IL-17A in the C57BL/6J mice with lipo-
polysaccharide injection [1]. However, as mentioned above,
the long-term light deprivation-induced depression animal
model has different immunological characteristics from the
other depression models. For example, it has normal lev-
els of TNF-a and IL-1B. To our knowledge, it is not clear
whether EGb761 also has antidepressant-like activities in
the long-term light deprivation-induced depression model.
Furthermore, it has not been investigated whether its effects
are associated with inhibition of the NF-xB-IL-6 signalling
pathway. Thus, this study aimed to investigate the effects of
EGb761 on the depressive-like behaviours and NF-kB-IL-6
signalling pathway in the long-term light deprivation-induced
mouse model of depression.
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Material and methods

Animals

All experiments were performed using C57BL/6J male
mice, which were housed in a temperature-controlled room
(22 £1°C). Mice were either maintained on a 12 : 12 light-
dark cycle or in 24 hours of constant darkness with ad
libitum access to food and water unless stated otherwise.
The research protocols were performed with the approval
of the Committee on the Ethics of Animal Experiments of
Shandong University. Animals were cared in compliance
with the Guide for the Care and Use of Laboratory Ani-
mals of the National Institute of Health.

Constant darkness procedure

Mice were divided into: control group, vehicle group,
EGb761 low-dose group, and EGb761 high-dose group
(n = 16 per group). Following a week of acclimatisation
to the new environment under light-dark cycle conditions,
mice in the vehicle group, the low-dose group, and the
high-dose group were exposed to four weeks of constant
darkness, while mice in the control group remained under
light-dark cycle conditions.

EGb761 administration

EGb761 (Dr. Willmar Schwabe Gmbh and Co. KG)
was orally administrated to the EGb761 low-dose group
(100 mg/kg/day) and the EGb761 high-dose group
(150 mg/kg/day) for four weeks, starting from day 1 of
the constant darkness procedure. Mice in the control group
and the vehicle group received equal volumes of vehicle
saline only.

Behavioural testing
Forced swim test (FST)

Testing was performed as we described previously [1].
During the test, mice were put in a cylinder (20 cm in
diameter x 25 cm tall) filled with 24 +1°C water (10 cm
deep) for six minutes. Each mouse’s FST behaviour in the
container was digitally recorded for later analysis. The
container was cleaned and the water was changed after
every swim session. The FST behaviour of the last four
minutes was analysed by two trained investigators blinded
to treatment. Immobility was defined as no movement
other than that necessary to keep the animal’s head above
water.

Tail suspension test

In the tail suspension test, the tail of the mouse was
taped to a horizontal bar 50 cm above the floor. The six-
minute suspension was videotaped using a camera. Immo-
bility time in the final five minutes was measured by two
trained investigators blinded to treatment.
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Sucrose preference test

To quantify constant darkness-induced anhedonia,
a common symptom of major depression, we subjected
mice to a two-bottle sucrose preference test, which mea-
sures the preference for a sweetened solution over tap wa-
ter. Prior to the test, mice were trained to consume sweet-
ened solution by simultaneous presentation with a bottle of
1% sucrose solution and a bottle of tap water. Following
the training, sucrose preference testing was conducted for
24 hours. The mice were allowed free access to the two
bottles. Preference was calculated as sucrose solution con-
sumed compared to the total fluid intake (sucrose intake/
total fluid intake x 100).

Open field test

Open field test was performed to evaluate the sponta-
neous locomotor activity of the experimental mice. The open
field was a square arena (100 x 100 x 50 cm) divided into
25 equal squares. The mice were put in the central square
of the clean arena and were permitted to freely explore the
novel open arena for five minutes. Locomotor activity was
digitally recorded for the rearing and crossing analysis.

Elisa assays

The left hippocampus was used to make tissue homog-
enate using a homogeniser (n = 8). Levels of IL-6 (Cusabio
Company, Wuhan, China), NF-kB p65 (Cusabio Compa-
ny, Wuhan, China), and IkBa (Jining Company, Shang-
hai, China) were measured using commercially available
ELISA kits following the manufacturer’s instructions. Sam-
ples were analysed in duplicate.

Western blot

The right hippocampus was lysed in RIPA lysis buffer
containing 1 mM PMSF (n = 8). Protein samples (40 pg)
extracted from the hippocampus were separated by 12%
SDS-PAGE and transferred onto PVDF membranes. Mem-
branes were blocked with 3% bovine serum albumin at
room temperature for one hour and incubated in primary
antibody solutions (1 : 1000) (rabbit anti-mouse phospho-
NF-kB p65 and phospho-IkBa: Santa Cruz Biotechnol-
ogy, Inc., Santa Cruz, CA, USA) overnight at 4°C. Then
the membranes were washed three times and incubated in
HRP-conjugated secondary antibody solution (1 : 1000)
(donkey anti-rabbit IgG: Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) for two hours at room temperature.
Enhanced chemiluminescence was used to visualise the
protein bands.

NF-xB p65 DNA Binding Activity Assay

TranAM™ NF-xB p65 Chemi transcription factor as-
say kit was used (Active Motif, Carlsbad, CA, USA) to
detect NF-xB p65 DNA-binding activity, following the in-
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structions of the manufacturer (n = 8). Briefly, nuclear pro-
tein was extracted from the hippocampus using a nuclear
extraction kit (Active Motif, Carlsbad, CA, USA). Nuclear
protein (10 pg) was incubated in plates that were coated
with oligonucleotides containing a consensus binding site
for p65. Following incubations with primary antibody
against NF-xB p65 and horseradish peroxidase-conjugat-
ed secondary antibody, the substrate solution was added to
the wells in the dark. After the chromogenic reaction with
substrate solution, stop solution was added to the wells to
stop the reaction. The absorbance at 450 nm was measured
to determine the NF-kB p65 DNA-binding activity.

IL-6 mRNA detection

Total RNA was isolated from the hippocampal tis-
sue samples using a RNeasy Mini kit (Qiagen, Hilden,
Germany, according to the manufacturer’s instruction)
(n = 8). cDNA was synthesised using a RevertAid™
first-strand cDNA synthesis kit (Thermo Scientific Inc,
Wilmington, DE, USA). cDNA was amplified using PCR
assay with the mouse primers: IL-6: forward: 5'-GCTAC-
CAAACTG-GATATAATCAGGA-3’, reverse: 5’-CCAG-
GTAGCTATGGTACTCCAGAA-3’; B-actin: forward:
5" ATCATGTTTGAGACCTTCAACA 3, reverse:
5" CATCTCCTGCTCGAAGTCTA 3’. The amplification
was performed using the following protocol: 50°C (2 min),
95°C (5 min), followed by 50 cycles at 95°C (15 sec) and
60°C (30 sec).

Statistical analysis

All results of the investigations were presented as
mean = SEM. Differences in mean values between groups
were assessed by one-way analysis of variance (ANOVA)
followed by Students-Newman-Keuls (SNK) test. P < 0.05
was considered to be statistically significant.

Results

Behavioural investigation

Forced swim test

Forced swim test (FST) was performed to evaluate the
depressive-like behaviour of the mice. Mice from the ve-
hicle group performed poorly in the cylinder, with more
immobility time and shorter latency to immobility than the
mice from the control group (both p < 0.05). Compared to
the vehicle group, both the low-dose group and the high-
dose group spent less immobility time and had longer la-
tency to immobility in the cylinder (all p < 0.05), and the
high-dose group showed even less immobility time and
longer latency to immobility than the low-dose group (both
p <0.05) (Figs. 1 and 2).
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Fig. 1. Effects of EGb761 on immobility time in forced
swim test (FST)
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Fig. 2. Effects of EGb761 on latency to immobility in
forced swim test (FST)
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Fig. 3. Effects of EGb761 on immobility time in tail sus-
pension test (TST)

Tail suspension test

The depressive-like behaviour of the mice was also
evaluated by tail suspension test (TST). Mice from the ve-
hicle group had longer immobility time than the mice from
the control group (p < 0.05). Both the low-dose group and
the high-dose group showed shorter immobility time than
the vehicle group (both p < 0.05); the immobility time of
the high-dose group was even shorter than that of the low-
dose group (p < 0.05) (Fig. 3).

Locomotor activity in the open field test

Locomotor activity of the mice was evaluated by open
field test (OPT). Light deprivation reduced the number of
rearings and crossings of the vehicle group compared to
the control group (both p < 0.05). The low-dose group and
the high-dose group had comparable rearings and crossings
with the vehicle group (both p > 0.05) (Fig. 4).

Sucrose preference test

The anhedonia of the mice was evaluated by sucrose
preference test (SPT). During the test, mice from the ve-
hicle group consumed much lower volume of sweetened
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Fig. 4. Effects of EGb761 on spontaneous locomotor ac-
tivity

solution than the control mice (p < 0.05). Mice from the
low-dose group and the high-dose group consumed a high-
er volume of sweetened solution than mice from the vehi-
cle group (both p < 0.05). The high-dose group consumed
even more sweetened solution than the low-dose group
(p <0.05) (Fig. 5).

Levels of NF-«B p65, phospho-NF-«B p65, IxBa,
and phospho-IxBa

Elisa or western assays showed that the vehicle group
had higher levels of NF-kB p65, phospho-NF-kB p65,
and phospho-IkBa than the control group, the low-dose
group, and the high-dose group (all p < 0.05). The high-
dose group had lower levels of those parameters than the
low-dose group (all p < 0.05). All the groups had compa-
rable levels of IkBa (p > 0.05) (Figs. 6-9).

NF-kxB p65 DNA binding activity

Light deprivation increased the NF-xB p65 DNA bind-
ing activity of the vehicle group compared to the control
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Fig. 7. Effects of EGb761 on phospho-NF-«kB p65 levels
in hippocampus

group (p < 0.05). The low-dose group and the high-dose
group had lower NF-xB p65 DNA binding activity than the
vehicle group (both p < 0.05). The activity of the high-dose
group was even lower than the low-dose group (p < 0.05)
(Fig. 10).

Levels of IL-6 and IL-6 mRNA

Levels of IL-6 and IL-6 mRNA of the vehicle group
were higher than the control group, the low-dose group,
and the high-dose group (all p < 0.05). Their levels in the
high-dose group were lower than in the low-dose group
(both p < 0.05) (Figs. 11 and 12).
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Discussion

Our main findings of this work are that EGb761 can
attenuate the depressive-like behaviours and inhibit the
NF-kB-IL-6 signalling pathway in C57BL/6J mice with
light deprivation.

Various factors including environmental stimuli con-
tribute to the development and progression of depres-
sion. Some species present physiological and behavioural
changes in response to seasonal changes in day length [23].
Although human beings are less affected by the changes
in day length than the other species, some people still have
seasonal affective disorder characterised by major depres-
sion episodes in the autumn and winter [24-26]. Preclini-
cal studies have demonstrated that long-term exposure to
constant darkness could induce depression-like behaviour
in rodent animals and such a depression animal model had
different immunological characteristics from other stimu-
li-induced depression [6], which might result in different
response to some specific medications.

In order to obtain optimal therapeutic effect, people are
trying to find novel antidepressant agents specific to the
different pathogenesis of depression. Some traditional Chi-
nese medicine and compounds extracted from them have
been used to manage depression in preclinical and clinical
studies [27-29]. Ginkgo extract EGb761 has anti-inflam-
matory, anti-oxidative, and neuroprotective activities [21,
22]. A recent study showed that EGb761 could decrease
the immobility time of BALB/c mice in the forced swim-
ming test [30]. Our previous study and Yeh et al. study
found that EGb761 attenuated the depressive-like be-
haviours induced by lipopolysaccharide injection [1, 31].
However, it has not been studied whether EGb761 has an-
tidepressant-like activities in the light deprivation-induced
animal model of depression, which has unique immuno-
logical features. In order to observe EGb761’s effects on
light deprivation-induced depression, we exposed mice to
constant darkness conditions for four weeks and evaluated
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the animal’s behaviours. FST is widely used to screen the
depressive-like behaviour and evaluate the antidepressant
efficacy in animals. In our FST, mice from the vehicle
group performed poorly in the cylinder, with more immo-
bility time and shorter latency to immobility than the mice
from the control group, indicating that light deprivation
induced depressive-like behaviour in mice. In the EGb761
treated groups, EGb761 dose-dependently reduced the
immobility time and prolonged the latency to immobili-
ty compared to the vehicle group, indicating that EGb761
could dose-dependently attenuate the depressive-like be-
haviour induced by light deprivation. The TST evaluation
also showed that light deprivation induced depressive-like
behaviour in mice, and EGb761 could dose-dependently
attenuate the depressive-like behaviour. However, locomo-
tor activity can influence the performance of the animals in
behavioural tests, which may lead to false positive results
in the FST and TST. We introduced OPT to evaluate the
locomotor activity of the mice. The result showed that light
deprivation reduced the locomotor activity of the mice,
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but each of the three groups exposed to constant darkness
had comparable locomotor activity. The results meant
that there were no false positive results resulting from the
locomotor activity in the FST and TST. Besides, we also
evaluated the anhedonia of the mice by SPT. Light depri-
vation induced significant anhedonia in mice, and EGb761
dose-dependently attenuated the light-deprivation-induced
anhedonia. All the behavioural evaluations demonstrated
that light deprivation could induce depressive-like be-
haviours in mice and EGb761 could attenuate the depres-
sive-like behaviours induced by light deprivation.

There is a great deal of evidence from preclinical and
clinical studies demonstrating that NF-«kB signalling path-
ways are involved in the pathogenesis of depression [17,
19, 32, 33]. Depression animal models induced by unpre-
dictable chronic mild stress, lipopolysaccharide injection,
or other stimuli have been found to exhibit increased
NF-«B activity, and some agents that inhibit NF-xB activ-
ity have exhibited antidepressant activity in such animal
models [34-37]. A recent study found that mice exposed
to constant darkness also have higher NF-xB DNA bind-
ing activity, and pharmacological blockers of the NF-«xB
pathway attenuated the depressive-like behaviours induced
by light deprivation [6]. Similarly, we also found that the
mice in the vehicle group had increased NF-kB p65 DNA
binding activity in hippocampal tissue in the present study.
Inactive NF-kB dimers are retained into the cytoplasm by
interaction with IxB [38]. The phosphorylation of IxBa
leads to the activation of NF-xB. Following activation,
NF-«xB p65/p50 heterodimer is translocated to the nucle-
us, where it promotes the transcription of target genes.
Besides determining the NF-xB p65 DNA binding activ-
ity of the mice, we also measured levels of NF-xB p65,
phospho-NF-«xB p65, IxkBa, and phospho-IkBa in this
study. Our results showed the mice in the vehicle group
had increased levels of NF-kB p65, phospho-NF-kB p65,
and phospho-IkBa, as well as comparable level of IkBa,
if compared to the control groups. The data suggest that
light deprivation promoted the production of NF-«xB p65
and induced the activation of NF-kB p65 by accelerating
the degradation of IxBa through phosphorylation. How-
ever, EGb761 dose-dependently reversed the light depri-
vation-induced changes of NF-xB p65, phospho-NF-xB
p65, phospho-IkBa, and NF-«B p65 DNA binding activ-
ity, suggesting that EGb761 could inhibit the NF-kB sig-
nalling in hippocampal tissue of the mice. The inhibition
of NF-kB signalling should contribute to the attenuation of
the depressive-like behaviours.

As is known, the activated NF-xB in the nucleus can
promote the transcription of genes of some cytokines in-
cluding IL-6. IL-6 has been well demonstrated to have
a role in depression [39], and a targeted approach to selec-
tively inhibit IL-6 trans-signalling may offer putative anti-
depressant effects [40]. In the present study, we found that
light deprivation induced increased production of IL-6 and
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IL-6 mRNA. The result was in line with the recent study
reporting that mice exposed to constant darkness had higher
levels of IL-6, but comparable levels of TNF-a and IL-13
than the control animals. However, in contrast to the light
deprivation mouse model of depression, some studies, in-
cluding our previous work, found some other depression
animal models had increased levels of TNF-a, IL-18, and
IL-6 [1, 13, 14]. Our present study also found that EGb761
could dose-dependently decrease IL-6 and IL-6 mRNA
levels in the light-deprived mice. The reduction in produc-
tion of IL-6 might contribute to the attenuation of the de-
pressive-like behaviours.

Taken together, EGb761 could attenuate the depres-
sive-like behaviours in mice exposed to light deprivation.
The antidepressant-like activities might be associated with
the inhibition of the NF-kB-IL-6 signalling pathway.

The authors declare no conflict of interest.
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