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Purpose: Episodes of acute emotional or physical stress can have significant adverse effects
on the hippocampus. Ginsenoside Rb1, the most predominant ginsenoside present in Panax
species, has been reported to show a neuroprotective effect. The purpose of this study was to
investigate the influence of ginsenoside Rb1 on plasma corticosterone (CORT) and adreno-
corticotropic hormone (ACTH) levels and hippocampal brain-derived neurotrophic factor
(BDNF) and tyrosine kinase B (TrkB) levels in rats subjected to acute immobilization stress.
Methods: Wistar rats were divided into controls treated with saline only (N), rats exposed to
stress only (M), and rats pretreated with Rb1 (40 mg.kg (—1)) thirty minutes prior to stress
exposure (R). In the model, animals were restrained in a plastic immobilizer for 2 h of acute
immobilization stress at room temperature. ELISA was used to determine plasma levels of
CORT and ACTH. The effect of Rb1 pretreatment on the expression of BDNF and TrkB was
determined by immunofluorescence, real-time PCR, and Western blotting analysis.
Results: The R group showed significantly increased plasma CORT and ACTH levels
compared to the N and M groups. Acute stress stimulation suppressed BDNF and TrkB
protein and mRNA expression in the hippocampus; otherwise, Rb1 pretreatment reversed the
decreases.

Conclusion: The results from this study demonstrate that Rbl pretreatment reverses the
decreases in hippocampal BDNF/TrkB and increases the plasma levels of CORT and ACTH,
indicating a potential neuroprotective effect of Rb1 against acute stress.
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Introduction

The response of an animal or human to acute stress is characterized by neuronal and
hormonal changes. Brain-derived neurotrophic factor (BDNF) belongs to the neu-
rotrophin family and plays an important role in neurons and neurogliocytes. Most of
the neural effects of BDNF are mediated by binding to its specific high-affinity
receptor, tyrosine kinase B (TrkB), through ligand-induced dimerization, phosphor-
ylation, and activation.! The up/downregulation of BDNF and TrkB were affected
by the stimulus paradigm, which might reflect important mechanisms by which the
hippocampus copes with stressful stimuli.” The expression of BDNF in the hippo-
campus is dramatically downregulated in response to acute immobilization stress.
Our previous studies have shown that the expression of TrkB mRNA in the
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hippocampus decreased significantly under acute stress
conditions. The changes in BDNF and TrkB affected the
outgrowth, survival, differentiation, maintenance, and pro-
tection of function in different neuronal populations.'*

The hormonal changes are triggered by the adverse
stimulus and enable the organism to cope more effectively
with the stressful situation before returning to normal
homeostasis.” Activating the hypothalamic-pituitary-
adrenal (HPA) axis promotes a major neuroendocrine
response during stress.® Corticotropin-releasing hormone
(CRH) is secreted by the paraventricular nucleus (PVN) of
the hypothalamus, and a population of anterior pituitary
cells subsequently release ACTH.” Furthermore, ACTH
stimulates the adrenal glands to release CORT, which
targets the hippocampus, a region of the brain that is
intrinsically linked to learning and memory, and interacts
BDNF, a neurotrophic factor expressed at high levels in
the hippocampus.®’

Ginseng refers to the roots of species of the genus
Panax, which has been used as a typical tonic for
2000 years in Far East countries and has also gained popu-
larity in the West during the past decade.® Researchers have
found that ginseng has a wide range of therapeutic and
pharmacological uses and now focus on using purified
individual ginsenosides to reveal the mechanism underlying
its function.” Numerous studies have demonstrated that
ginsenoside Rbl, one of the main ingredients of ginseng
root, exerts diverse neuromodulatory effects.'®

In this study, we therefore examined whether pretreat-
ment with Rbl affects the expression of BDNF and its
receptor TrkB within the rat hippocampus under condi-
tions of acute immobilization stress. Moreover, to analyze
the levels of the hormones CORT and ACTH in plasma,
we investigated their concentrations before, immediately
after and 30 min after modeling.

Materials and methods

Animals
Male
240-260 g were used in this study and were obtained

Sprague-Dawley rats weighing approximately
from Shanghai Slac Laboratory Animal Co. (Shanghai,
China). Four rats were housed in each polycarbonate
cage equipped with an SPF (specific pathogen free) barrier
system to acclimate to the laboratory conditions for at least
1 week. The system automatically maintained proper tem-
perature (2242 °C) and humidity (50+15%). Cages were lit
by artificial light for 12 h each day. The bedding in the

cages was regularly changed once every two days, and

sterilized drinking water and standard food were
supplied ad libitum. The study was conducted in accor-
dance with the Basic & Clinical Pharmacology &
Toxicology policy for experimental and clinical studies
and approved by Wenzhou Medical University Animal

Ethics Committee.

Chemicals and reagents

Ginsenoside Rbl was purchased from Shanghai Tauto
Biotech Co (purity >98%, Shanghai, China). Anti-BDNF
antibody (rabbit monoclonal to BDNF, clone ID: EPR1292)
was purchased from Epitomics Co. (Epitomics, USA), and
anti-TrkB antibody (rabbit polyclonal to TrkB, Cat No: BS-
1431) was purchased from Bioworld Technology
(Bioworld, China). An ACTH and CORT enzyme-linked
immunosorbent assay (ELISA) kit was purchased from
Shanghai Westang Biotech INC (Westang Biotech,
Shanghai, China). TRIzol reagent (Invitrogen, Cat. 15596,
USA), a reverse transcription system (Bio-Serve Cat No:
BS-PCR005) and a PCR amplification kit (Bio-Serve Cat
No: BS-PCR003) were used in the experiment. A BCA
Protein Assay Kit was purchased from Biyuntian (p0012,
Biyuntian, China). DyLight 488 goat anti-rabbit IgG (H+L)
(E03222, USA), DAPI Staining Solution (C1005,
Biyuntian, China) and Antifade Mounting Medium
(P0126, Biyuntian, China) were used in the immunofiuor-
escence assays.

Immobilization stress and drug

administration

For immobilization stress, each rat was held prone in
a plastic immobilizer that was large enough to support its
entire body."' After the rat went into the immobilizer, it
was placed on a bench top in a quiet procedure room
inside the animal facility for 2 h at room temperature.
The Rb1 pretreatment was given 30 min before modeling
using an intraperitoneal (i.p.) injection (40 mg/kg ginseno-
side Rb1 dissolved in physiological saline at 2 grain/ml)."?

Experimental protocol

The animals were divided into three groups (n=9). The
first group served as the normal control (N). The second
group was the acute immobilization stress group, in which
the acute stress lasted for 2 h (M). The third group was
pretreated with ginsenoside Rb1 (40 mg/kg) 30 min before
modeling(R). Blood samples were taken from the angular

submit your manuscript

2128

Dove

Drug Design, Development and Therapy 2019:13


http://www.dovepress.com
http://www.dovepress.com

Dove Kang et al
vein before, immediately after and 30 min after modeling  Table I Primers used in reverse transcription PCR
for hormone measurements. After anesthetization with Gene Primer sequence Primer
10% chloral hydrate (3 ml/kg, i.p.), the rats were sacrificed name length
immediately, and their brains were removed for dissection (bp)
of the hippocampus. These tissues were prepared for 185 F: | 5-~AGTCGCCGTGCCTACCAT-3' 129
Western  blotting  analysis, reverse transcription- R: | 5-CGGGTCGGGAGTGGGTAAT-3
polymerase chain reaction and immunofluorescence. TrkB F: | 5~CGCGGCTCTGGGGCTTATGCT3 130
R: | 5-GGAAATGCCACGATGCCAGGAGAA-3'

. . BDNF | F: | 5-TCACAGCGGCAGATAAAAAGAC-3’ 213
Enzyme-linked immunosorbent assay (ELISA) for R | 5 TAACGOCCCOAACATACGAT. 3
ACTH and CORT :

Blood samples were collected, kept on ice and then imme-
diately centrifuged at 3000x g at 4 °C for 15 min. The
resulting plasma was kept at —20 °C until analysis. The
ACTH and CORT
a commercially available radioimmunoassay (RIA) kit.

levels were measured using

Western blotting analysis

The hippocampus was homogenized in lysis buffer for
30 min. The homogenate was centrifuged, and superna-
tants were collected. Total protein was estimated by
a BCA Protein Assay Kit. Then, the samples were mixed
with sodium dodecyl sulfate (SDS) sample buffer and
boiled for 5 min. Samples (40 pg protein) were separated
by SDS-PAGE and transferred onto nitrocellulose mem-
branes. The membranes were blocked with 5% nonfat-
dried milk and hybridized with primary and secondary
antibodies against target proteins. Protein bands were
visualized by incubating membranes with chemilumines-
cent solution and exposure to X-ray film.

Real time polymerase chain reaction (QPCR)

Total RNA was isolated from the hippocampus using
TRIzol reagent. Then, total RNA (1 pg) was reverse tran-
scribed, and the resulting cDNA was used to detect the
transcripts. Then, cDNA was amplified by polymerase
chain reaction (PCR) using specific primers (Table 1).
The following PCR conditions were used: an amplification
reaction was performed for a single 5-min initial denatura-
tion at 94 °C followed by 40 cycles of denaturation at 95 °
C for 30 seconds, annealing at 60 °C (BDNF and 18S) or
68 °C (TrkB) for 30 seconds, extension at 72 °C for
30 seconds, and a final extension at 72 °C for 15 min.
The PCR products were separated on a 1% agarose gel and
stained with ethidium bromide.

Immunofluorescence

Brains were fixed in 4% paraformaldehyde for 24 h at 4 °C.
The brains, including the hippocampus, were cut into
blocks that were subsequently dehydrated and embedded

Abbreviations: F, forward primer; R, reverse primer.

in paraffin wax. Then, the hippocampal paraffin sections
(4 pm thick) were incubated in phosphate-buffered saline
(PBS) containing 3% hydrogen peroxide for 10 min to
suppress endogenous peroxidase activity, thoroughly rinsed
in PBS, blocked with 10% bovine serum albumin (BSA) for
30 min at room temperature, and incubated overnight in
BNDF (1:100) or TrkB (1:150). The sections were washed
and then incubated for 1.5 h at room temperature with
Dylight 488 goat anti-rabbit IgG(H + L)(1:100) for immu-
nofluorescence. After 3 washes, the sections were incubated
with DAPI for 3 min. The immunofluorescence was
observed by fluorescence microscopy.

Statistical analysis

All data were expressed as the mean + SEM. Data were
analyzed using either Student’s ¢-test or one-way ANOVA
followed by Dunnett’s test. An a level of P<0.05 was
considered to indicate a statistically significant difference.

Results

Adrenocorticotropic hormone (ACTH)
and corticosterone (CORT) in the blood
(Figure 1)

The ELISA analysis demonstrated that rats subjected to
restraint-stress exposure for 2 h and ginsenoside Rbl
pretreatment showed significantly increased plasma
ACTH concentrations of 3.792+0.504 ng/ml (P<0.05)
and 5.825+0.614 ng/ml (P<0.01), respectively, compared
with rats in the control group [F(2, 15)=12.414;
P=0.001] (Figure 1(A)). The ACTH concentration in
blood was higher in the medication group than in the
model group after modeling (P<0.05) and in the normal
group 30 min after modeling (P<0.05). Exposure to both
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Figure | Corticosterone (CORT) and adrenocorticotropic hormone (ACTH) concentrations in rat plasma were measured before, after and 30 min after modeling. N: the

normal group; M: the model group; R: the medication group. Values are represented

concentrations of 1.688+0.122 ng/ml (P<0.01) and 4.078
+0.700 ng/ml (P<0.05), respectively, compared with the
control treatment [F(2, 15)=16.134; P<0.001] (Figure

1(B)).

Effects of ginsenoside Rbl on the
expression of BDNF and TrkB in the

hippocampus

Changes in the protein abundance of BDNF and TrkB were
measured by Western blotting analysis (Figure 2(A)).
Overall BDNF and TrkB expression in the hippocampus
was decreased by 2 h of restraint stress (P<0.05 and
P<0.01), respectively. Stress-induced BDNF and TrkB
expression were significantly upregulated by ginsenoside
Rb1 pretreatment (P<0.01) (Figure 2(B)).

as the mean + SEM; *P<0.05 versus N; **P<0.01 versus N; #P<0.05 versus M.

Upregulation of hippocampal BDNF and
TrkB mRNA expression in ginsenoside

Rb-pretreated rats

The effect of ginsenoside Rbl pretreatment on BDNF and
TrkB mRNA expression levels in rats with restraint-stress-
induced hippocampal lesions was investigated by RT-PCR
analysis (Figure 3(A)). BDNF and TrkB mRNA expression
in the rat hippocampus in the model group was significantly
decreased compared to that in the normal group (P<0.001)
(Figure 3(B)). The reduced expression of BDNF mRNA in
the model group was significantly restored by ginsenoside
Rb1 pretreatment in the medication group (P<0.01), and the
restored level was similar to that of normal rats in the normal
group [F (2, 15)=30.956; P<0.001] (Figure 3(B)). The
reduced expression of TrkB mRNA in the model group

A B S Normal gown(N) |
" ! i [@ Megeaton o)
- - BDNF _ 1.0 1 ' g
. .
—— —— apee® + GAPDH e‘:‘;
0.5 4 ‘gg

(N: the normal group; M: the model group; R: the medication group.)

BDNF

Figure 2 Effects of ginsenoside RbI on the changes in the expression of BDNF and TrkB induced by acute stress (n=6). AlphaEaseFC analyses are presented as the relative

ratio of protein/GAPDH protein. The expression levels of BDNF and TrkB were sign
normal group; M: the model group; R: the medication group. Values are represented

ificantly higher in the control and medication groups than in the model group. N: the
as the mean * SEM; *P<0.05 versus M; **P<0.01 versus M.
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was also significantly restored by ginsenoside Rbl pretreat-
ment in the medication group (P<0.05), and the restored
level was similar to that of normal rats in the normal group
[F (2, 15)=12.928; P=0.001] (Figure 3(B)).

Immunofluorescence staining of BDNF
and TrkB

The effect of ginsenoside Rb1 pretreatment on BDNF and
TrkB neuronal cell levels in rats with restraint-stress-induced
hippocampal lesions was investigated by immunofluores-
cence (Figure 4(A and B)). The percentages of cells display-
ing BDNF and TrkB in the rat hippocampus in the model
group were significantly decreased compared to those in the
normal group (P<0.05) (Figure 4(C)). The reduced percen-
tages of cells displaying BDNF and TrkB in the model group
were significantly restored by ginsenoside Rb1 pretreatment
in the medication group (P<0.05) (Figure 4(C)).

Discussion
Stress is defined as anything that throws the body out of
homeostatic  balance. Acute immobilization  stress,

a relatively mild physiological stress that causes no bodily
damage, was used to build the current animal model. Any
stressor that activates the HPA axis leads to an increase in
the concentrations of the adrenal stress hormone, and the
“stress response” is the attempt of the body to counteract the
stressor.” The present study accounts for a close temporal
correlation between variations in rat plasma CORT and
ACTH concentrations under normal, stressful and ginseno-
side Rbl pretreatment conditions (Figure 1). Exposure to

. BDNF mRNA

TrkB mRNA

18S mRNA

.z
':u
=<

(N: the normal group; M: the model group; R: the medication group.)

acute immobilization stress produced increases in the plasma
CORT and ACTH levels, while ginsenoside Rbl pretreat-
ment significantly affected the plasma levels of the hor-
mones. Although plasma CORT and ACTH concentrations
were increased in both groups, higher increases were seen in
the ginsenoside Rb1 pretreatment group.

Ginseng has been used as a representative tonic for
2000 years in Far East countries such as China, Japan, and
Korea. Ginsenoside Rbl1 is believed to be the main active
component in ginseng. Many published research studies
have found that Panax ginseng results in euphoria.'? In the
present study, we found that ginsenoside Rbl can increase
the levels of plasma hormones. ACTH and CORT are impor-
tant hormones in the HPA axis, and CORT is a key hor-
mones involved in stress adaptation because of its influence
on multiple organs.'* CORT is known to exert feedback
regulation on the functioning of the HPA axis and can
increase the release of excitatory amino acids, which may
explain why Panax ginseng can cause euphoria. Euphoria
can have an antistress effect, and ginsenoside Rbl may take
this approach to influence acute, chronic and repeated stress
models.'® However, further work is required to clarify this
hypothesis and establish the mechanisms.

BDNF is a central neurotrophic factor (NAF) that is
involved in critical central nervous system (CNS) func-
tions of neurons and neurogliocytes, as well as synaptic
transmission and plasticity, and it plays an important role
in the survival, maintenance, and growth of neurons.** 13
The results of the present study demonstrate that acute
stress induced a rapid decrease in the expression of
BDNF, BDNF mRNA, TrkB and TrkB mRNA in the
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Figure 3 Effects of ginsenoside RbI on the changes in the expression of BDNF and TrkB mRNA induced by acute stress (n=6). (A) Representative photographs of BDNF
and TrkB mRNA expression in hippocampal tissue. (B) Expression levels of BDNF and TrkB mRNA were significantly higher in the control and medication groups than in the
model group. N: the normal group; M: the model group; R: the medication group. Values are represented as the mean + SEM; *P<0.05 versus M; **P<0.01 versus M.
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Figure 4 DAPI staining for nuclei is in blue, and anti-BDNF (A) and anti-TrkB (B) labeled with FITC staining show neuronal cells in green; in the merged image, nuclei are in
blue, and neuronal cells are in green. Histograms reporting the percentages of cells displaying BDNF and TrkB in three groups (C). N: the normal group; M: the model group;
R: the medication group. Values are represented as the mean * SEM; *P<0.05 versus M.

hippocampus. A previous study showed that hippocampal
BDNF mRNA levels increased after 60 min of immobili-
zation stress and decreased after 2 h of stress.'® However,
the expression of TrkB mRNA was not influenced by acute
immobilization, which is in contrast to the observations in
the present study.'” BDNF and its receptor TrkB play
important roles during stress injury. After acute injury,
the upregulation of BDNF mRNA, as well as the augmen-
tation of TrkB mRNA, was observed in the cerebral cortex
and hippocampus.'®'® However, BDNF protein levels
were not significantly decreased under acute immobiliza-
tion stress for 2 h in mouse hippocampus as determined by
ELISA.? Decreased BDNF content in the hippocampus
can play an important role in the pathogenesis of neural
disease. Indeed, decreased BDNF expression has been
confirmed in the hippocampus in neuropathies such as
depression, schizophrenia and Alzheimer’s disease.?'~*
In the present study, 2 h of immobilization stress did
not influence the protein or mRNA expression of BDNF

and TrkB in the ginsenoside Rb1 pretreatment group. The
observed upregulation of TrkB might be a further com-
pensatory adaptation to prolonged stress-induced down-
regulation of BDNF. The present study showed that the
expression of BDNF and TrkB enhances mammalian stress
coping capacity and was associated with ginsenoside Rbl
pretreatment. This finding suggests that ginsenoside Rbl
pretreatment might, either directly or indirectly, contribute
to stress protection. Ginsenosides exert their effects on the
central nervous system and peripheral nervous system
through the regulation of various types of ion channels,
such as voltage-dependent and ligand-gated ion channels,
cells.”

Ginsenoside Rbl promotes neurotransmitter release by

in neuronal and heterologously expressed
increasing the phosphorylation of synapsin via the protein
kinase A (PCA) pathway.>* Moreover, Rbl was demon-
strated to be a functional ligand of glucocorticoid receptor
(GR).” How ginsenosides Rbl exert this effect needs

further study.
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In addition to the strong need for exploring the mechan-
isms underlying our findings, future studies should also
address the combined effects of the ginsenoside Rbl or
hormones in stress reactivity. Clearly, further study will
also be necessary to confirm the expression of BDNF and
its high-affinity receptors and to explore the mechanisms in
the up/downregulation of BDNF expression by ginsenoside
Rbl and hormones in acute stress conditions to further
understand the complexities of neuronal responses to stress.

Conclusion

In this study, we evaluated the effects of ginsenoside Rbl
pretreatment on acute immobilization stress for the first
time. The present study demonstrated that attenuation of
the impairments of acute stress by ginsenoside Rbl pre-
treatment might be due to restoration of hippocampal
BDNF and TrkB levels.

Abbreviations list

CORT, corticosterone; ACTH, adrenocorticotropic hor-
mone; BDNF, brain-derived neurotrophic factor; TrkB,
tyrosine kinase B; C, control group; M, model group; R,
ginsenoside Rb1 group.
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