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Abstract

Purpose: To investigate the influence of trichostatin A on nerve cell apoptosis in depressive rats and to
explore the probable molecular mechanism of action.

Methods: A total of 36 Sprague-Dawley rats weighing 200 - 220 g were divided into sham group (n =
12), model group (n = 12) and trichostatin group (n = 12) by randomization. The protein expressions of
phosphorylated cAMP responsive element-binding protein (p-CREB) and BDNF, as well as the mRNA
expression levels of B-cell lymphoma-2 (Bcl-2) and caspase-3 in each group of rat hippocampus were
determined by Western blotting and quantitative reverse transcription-polymerase chain reaction (qQRT-
PCR), respectively. The apoptosis of nerve cells in the brain tissues of the rats was labeled using
terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining.

Results: Compared with those in the sham group, the degree of sucrose preference decreased
markedly, while the immobility time after forced swimming test was extended, and the relative
expression levels of p-CREB and BDNF proteins in the hippocampus declined (p < 0.05). The mRNA
levels of Bcl-2 and caspase-3 and cell apoptosis rate were increased in the model group (p < 0.05). In
comparison with the model group, the trichostatin group exhibited increased sucrose preference degree,
shortened immobility time following a forced swimming test, and elevated relative expression levels p-
CREB and BDNF proteins in the hippocampus (p < 0.05), but lowered mRNA levels of Bcl-2 and
caspase-3 and cell apoptosis rate, displaying statistically significant differences (p < 0.05).

Conclusion: Trichostatin A reduces cell apoptosis and ameliorates the depression-like behaviors of
rats via the regulation of CREB/BDNF signaling pathway. These findings provide new insights into
Trichostatin A for the management of depression.
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INTRODUCTION burden around the globe and posing a greater
threat to the quality of life of patients with
Depression, one of the leading causes of cardiovascular disease [2]. The pathological

disability in the world, is characterized by self-
defiance, divergent thinking, low spirits [1].
According to statistics, about one-sixth of people
die of depression, aggravating the social medical

mechanism of depression involves the
abnormality of monoaminergic and glutamatergic
systems, increase in inflammatory responses,
aberration of the HPA axis and decrease in
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neurogenesis and neural plasticity [3]. Histone
deacetylases (HDACs) are capable of regulating
chromatin function by means of histone
acetylation and play crucial roles in learning,
memory and synaptic plasticity [4]. In the culture
of cortical neurons of mice, inhibiting HDAC6 via
genetic and pharmacologic approaches can
maintain the survival and regeneration of
neurons under the condition of oxidative stress.
However, in the rat model of chronic depression
induced by social pressure, the expression of
HDACS is raised in the prefrontal cortex [5], while
trichostatin A, as a HDAC inhibitor, can improve
the depressive behavior [6,7].

Brain-derived neurotrophic factor (BDNF) has
been more and more frequently studied and
applied in animal models of depression, which is
often distributed in the hippocampus and
involved in the hippocampal neurogenesis and
development. It has been revealed that the
cAMP responsive element-binding protein
(CREB)/BDNF signaling pathway is down-
regulated in the brain hippocampus of
depression model [8]. In addition, a large number
of studies have illustrated that CREB has certain
associations with the pathogenesis of depression
and the action mechanism of antidepressant
drugs.

After treatment with trichostatin A, the
expressions of BDNF and phosphorylated CREB
(p-CREB) in hippocampal tissues are increased
notably compared with those in depressive rats
[9], suggesting that the antidepressant-like effect
of trichostatin A may be closely related to the
CREB/BDNF signaling pathway. Moreover, the
CREB/BDNF pathway represents an important
signal transduction pathway in the regulation of
inflammation and cell apoptosis. Therefore, this
research aims to investigate whether trichostatin
A affects the nerve cell apoptosis, and improves
the depressive symptoms through the
CREB/BDNF pathway in depressive rats, thereby
providing clarity on the mechanism action of
trichostatin A in depressive rats.

EXPERIMENTAL
Animal experiments and grouping

A total of 36 Specific Pathogen-Free (SPF) male
Sprague-Dawley rats weighing 200 - 220 g were
raised in an animal room at 20 — 25 °C, with
relative humidity of 55 — 65 % and 12/12 h
light/dark cycles. The laboratory rats were fed
adaptively for 1 week before operation, and they
had free access to water and feed. Moreover,
they were deprived of feed instead of water for
12 h before operation, and then the operation

was performed. The 36 rats were divided into
sham group (n = 12), model group (n = 12) and
trichostatin group (n = 12) using a random
number table. This study was approved by the
Animal Ethics Committee of The Second Hospital
of Yinzhou District Animal Center, and followed
international guidelines for animal studies.

Establishment of model

Chronic unpredictable mild stress (CUMS) was
used for modeling for 21 d'°, and the rats were
fed in separate cages (1 rat/cage). As for
modeling, the rats were stimulated by randomly
selected unpredictable stress factors, including
foot shock for 5 min, tail clamping for 5 min,
swimming in hot water at 45°C for 5 min, fasting
+ day-night reversal, high-speed horizontal
vibrating for 5 min, water deprivation and
swimming in cold water at 4°C for 5 min (once a
day). Each stimulation was employed
discontinuously and once every 7 days on
average. In trichostatin group, trichostatin A (25
mg/kg) was intraperitoneally injected for 21
consecutive days. The rats in sham group were
fed with normal diet, with 5 rats in each cage.

Main reagents and devices

Trichostatin A (Sigma-Aldrich, St. Louis, MO,
USA), p-CREB, BDNF, B-cell lymphoma-2 (Bcl-
2) and Caspase-3 primary antibodies (Abcam,
Cambridge, MA, USA), terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling
(TUNEL) assay kit (Beyotime Biotechnology,
Shanghai, China), quantitative polymerase chain
reaction (QPCR) kit (Vazyme Biotech Co., Ltd.,
Nanjing, China), immunohistochemistry kit
(Fuzhou Maxin Biotechnologies, Fuzhou, China),
bicinchoninic acid (BCA) protein assay kit
(Beyotime Biotechnology, Shanghai, China),
fluorescence gPCR instrument (ABI 7500,
Applied Biosystems, Foster City, CA, USA),
ImageLab image analysis system, Leica
DM4000B LED microscope (Leica, Wetzlar,
Germany), and YP601N type electronic balance
(Sincere Dedication of Science And Technology
Innovation, Shanghai, China).

Sucrose preference test

At 21 days after stress stimulation, the rats were
placed in a sound-proof and quiet room for
adaptation for 2 days. On the 1%t day, 2 bottles of
equal amount of pure water were put in each
cage, and 2 bottles of equal amount of 1%
sucrose water were provided on the 2" days.
The rats could eat food freely during the adaptive
feeding. The sucrose preference test was
conducted from the 3™ day, where one bottle of
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pure water and one bottle of 1 % sucrose water
in equal weights were provided. 2 h later, the test
was stopped, and the weight of the 2 bottles was
measured, to calculate sucrose preference
degree (P) as in Eq 1.

P (%) = (SIL)100 ........... (Eq 1)

where S is sucrose consumption and L is total
liquid consumption.

Forced swimming test

The rats adapted to the environment at 24 h
before experiment. Each rat was placed in a
separate clear glass container (diameter: 20 cm,
water level: 40 cm, water temperature: 23 -
25°C) for 15 min of adaptation. After 24 min, the
forced swimming test was implemented. Each rat
swam adaptively for 2 min, and then the
immobility time of the rat within the following 4
min was recorded, during which the rat floated in
the water, with the head out of water for
breathing. After the test, the rat was wiped dry
using a towel and placed back in the cage.

Determination of messenger ribonucleic acid
(mRNA) levels of Bcl-2 and Caspase-3 via
gPCR

The RNA was extracted from the hippocampus of
the rats in each group, which concentration was
determined by a spectrophotometer. Later, the
RNA  was reversely transcribed into
complementary deoxyribonucleic acid (cDNA)
using the transcription kit. The primer sequences
were shown in Table 1. Amplification was
conducted using a 20 pL reaction system in an
amplification instrument. Reverse transcription
conditions: denaturation at 94°C for 45 s and
annealing at 55 °C for 45 sec for 30 cycles,
followed by extension at 72 °C for 45 sec. After
that, cDNA was stored in a refrigerator at -20 °C.
The relative expression of target genes was
calculated by 24¢t method with GAPDH as the
reference gene.

Measurement of protein expressions of p-
CREB and BDNF in hippocampal tissues

The rats were put on ice after sacrifice via
decapitation to quickly separate the
hippocampus, which was subjected to ultrasonic

Table 1: Primers used for gPCR

homogenization and centrifugation twice to
obtain the supernatant. Then the protein
concentration was quantified using BCA method,

and the protein was separated via gel
electrophoresis and transferred onto a
membrane, followed by sealing at room

temperature and incubation with p-CREB and
BDNF antibodies at 4 °C overnight. The next
day, the membrane was washed, incubated with
horseradish peroxidase-labeled secondary
antibodies and washed again. Finally, the image
was developed and exposed using
electrochemiluminescence (ECL), and the ratio
of grayscale value of target protein bands to that
of GADPH protein bands was analyzed using
ImagedJ software.

Evaluation of cell apoptosis

TUNNEL staining was employed. The brain
slices were deparaffinized in xylene and then
dehydrated in graded alcohol. After antigen
retrieval with citric acid, the membrane was
ruptured, stained using the TUNNEL staining kit,
mounted in anti-fade mounting medium and
observed under a fluorescence microscope.
Finally, the positive cells were counted, and the
apoptosis rate (R) was calculated.

R l:I%J L Wx ILUEI nean IIII:IEJ'

Total mecef exlla

Statistical analysis

SPSS 19.0 software (IBM, Armonk, NY, USA)
was used for data recording and processing.
Differences between two groups were analyzed
by using the Student's t-test. Comparison
between multiple groups was done using One-
way ANOVA test followed by Post Hoc Test
(Least Significant Difference). Those not meeting
normal distribution were compared to non-
parametric test, and p < 0.05 suggested that the
difference was statistically significant.

RESULTS
Degree of sucrose preference
The sucrose preference degree was lowered

remarkably in the model group compared with
that in the sham group,

Gene name Forward (5'>3') Reverse (5'>3')

Bcl-2 5-CCCAGCATGCGGCCTCTGTTT-3' 5-GGGGGGCA-GGAGGGGCUCA-3'
Caspase-3 5-GACCCGGTGCCTCAGGATGC-3' 5-GTGGCATGAGCTCTTGATAATG-3'
GAPDH 5'-CCCATCACCATCTTCCAGGA-3' 5-CATCGCCCCACTTGATTTTG-3'
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Table 2: Comparison of degree of sucrose preference, immobility time after the forced swimming test and

apoptosis rate of nerve cells among groups

Group Sucrose preference Immobility time (s) Apoptosis rate (%)
degree (%)

Sham group 71.7417.85 88.23+7.35 16.59+1.81

Model group 36.83+3.57" 158.82+13.97 49.78+5.21"

Trichostatin group 61.59+5.12% 85.29+6.62% 27.02+3.09%

*P < 0.05 vs. sham group, #p < 0.05 vs. model group

while it was raised evidently in the trichostatin
group in comparison with that in the model group
(p < 0.05), and the differences were statistically
significant (Table 2).

Forced swimming

The immobility time after the forced swimming
test was extended in the model group in
comparison with that in the sham group, while it
was shortened in the ftrichostatin group
compared with that in the model group (p <
0.05), displaying statistically  significant
differences (Table 2).

mRNA levels of Bcl-2 and caspase-3

The model group rats exhibited higher mRNA
levels of Bcl-2 and Caspase-3 than the sham
group, and the trichostatin group manifested
lower mRNA levels of Bcl-2 and Caspase-3 than
the model group (p < 0.05) (Figure 1).
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Figure 1: Comparison of mRNA levels in

hippocampus among groups. ~ P < 0.05 vs. sham
group, #p < 0.05 vs. model group

Relative expression levels of p-CREB and
BDNF proteins in hippocampal tissues

Compared with the sham group, the model group
had decreased relative protein expression levels
of p-CREB and BDNF in hippocampus (p <
0.05), but in comparison with the model group,
the trichostatin group had increased relative
expression levels of p-CREB and BDNF proteins
in hippocampus (p < 0.05), (Figure 2 and Figure
3).
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Figure 3: Comparison of relative protein expressions
in rat hippocampus among groups. ‘P < 0.05 vs. sham
group, *p < 0.05 vs. model group

Nerve cell apoptosis in hippocampus of rats

According to TUNEL staining, the apoptosis rate
of nerve cells in the hippocampus was elevated
in model group compared with that in both sham
group (p < 0.05) and trichostatin group (p <
0.05), showing statistically significant differences
(Table 2).

DISCUSSION

As a common type of psychiatric disorder,
depression is manifested as being in low spirits,
loss of interest or pleasure in things, diminution
of energy, sense of guilt or decrease in self-
worth, insomnia or inappetence, poor
concentration and anxiety. According to the
Global Burden of Disease Study, depression will
become the second leading cause of global
disability, and a vital reason for suicide and
ischemic heart disease by 2020. It is essential to
develop efficient and rapid antidepressant
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therapies, since the etiology of depression has
not been completely understood [11]. Studies
have demonstrated that environmental factors
will result in mental diseases, and the exposure
to chronic stress may alter gene expression and
induce functional changes of the neural circuit,
thus leading to behavioral abnormalities [12,13].

Epigenetic modifications maintained the gene
expression in specific brain regions. Epigenetics
refers to the functional changes in DNAs,
proteins or RNAs triggered by their covalent
modification,  which possesses  dynamic
characteristics and changes along with the
environmental stimuli. Epigenetic regulation is
the basis of many cellular physiological and
pathological processes [14,15]. During the
control of multiple post-translational modifications
of histones that regulate the transcription of
specific genes by focusing on their chromatin
structures, histone acetylation and deacetylation
are the most common forms of neurological and
psychiatric disorders [16]. HDACs, a crucial
regulatory enzyme, can resist the effect of HAT
by reversing lysine acetylation, which restores
the positive charge on lysine to stabilize the local
chromatin structure. The dysregulation of HDACs
will impair the acetylation and deacetylation and
lead to the development of depression [17]. As
an inhibitor of HDACSs, trichostatin A may
become a promising tool for the treatment of
depression. Inducing acetylation in the
hippocampus by trichostatin A can distinctly
enhance the preference for sucrose and reduce
the immobility time in forced swimming test of the
depressive rats [7].

Studies have elaborated that depression causes
changes in BDNF-related signaling pathways,
and BDNF expression is regulated by various
signaling pathways, including CREB, which is
one of the most frequently researched
transcription factors that participate in the
etiology of depressive and anti-depressive
reactions. CREB is not only a regulatory factor in
the nucleus but also an important regulatory
factor of a variety of intra-cellular signaling
pathways in the nervous system [18]. The CREB
signal transduction in the hippocampus is
correlated with psychosis and impairment of
cognitive behavior. Besides, BDNF is one of the
major downstream target genes of CREB, while
CREB is the most prevalent neurotrophin in brain
dysfunction. Moreover, BDNF is also considered
as one of the target molecules that have been
the most widely studied in controlling brain
plasticity, survival and differentiation in the
peripheral and central nervous system [19].

The expressions of the BDNF and CREB/BDNF
signaling pathways, including BDNF, p-CREB,
phosphorylated ERK1/2, phosphorylated AKT
and TrkB (a receptor of BDNF), decline
dramatically in the hippocampus of depression
model [20,21]. It has been elucidated in
epigenetic investigations that HDAC6 can affect
neuronal and synaptic plasticity by regulating
CREB. The expression levels of BDNF and p-
CREB in rat hippocampus in trichostatin A group
increased remarkably, indicating that trichostatin
A probably exerts an antidepressant-like effect
by modulating the CREB/BDNF signaling
pathway [9,22].

In this research, it was discovered in the rat
model of CUMS-induced depression that the
expression levels of BDNF and p-CREB in the
hippocampus declined and mediated the cell
apoptosis. However, the CREB/BDNF signaling
pathway was regulated, the cell apoptosis was
weakened, and the depression-like behaviors
were improved after the treatment with
trichostatin A.

CONCLUSION

Trichostatin A ameliorates cell apoptosis and
depression-like behaviors of rats by controlling
the CREB/BDNF signaling pathway, which may
serve as a new target for the treatment of
depression. These findings provide new insights
into Trichostatin A for the treatment of
depression.
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