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ARTICLE INFO ABSTRACT

Keywords: Context: Shenyu Ningshen (SYNS) tablet is the first pure Chinese medicinal small compound
SYNS tablet preparation approved for clinical trials for the treatment of depression in China. Clinical exper-
Depression | iments confirmed that the formulation had a significant Improvement effect against depression
;lzirl:nt mode due to the deficiency of both qi and yin. It has been shown to exhibit noticeable anti-

inflammatory effect in an animal model of depression. Our previous study showed that SYNS
could effectively inhibit the inflammatory response in a depression model.

Aim of the study: The purpose of this study was to investigate the protective effects of SYNS on
neurons and explore whether the underlying mechanism was associated with Als.

Materials and methods: The depression model of solitary raising-chronic restraint stress (CRS) rats
was established; body weight examination, sugar water preference test, open field test, and his-
tological analysis were performed to preliminarily verify the efficacy of the formulation. Subse-
quently, neuronal nucleus (NeuN) and synaptic-associated proteins (MAP2 and PSD95) were
labeled, and the protective effect of SYNS on hippocampal neurons was observed based on the
fluorescence intensity of the above indicators. Western blotting, histological examination, and
immunofluorescence were used to evaluate the inhibitory effects of SYNS on neuroinflammation
and activation of Als in CRS depression model.

Results: SYNS improved behavioral indicators such as weight loss, pleasure loss, and reduced
exercise volume in CRS rat model. SYNS restored the CRS-induced histopathological changes in
the hippocampus. SYNS showed a certain degree of protective effect on synapses. Further, SYNS
inhibited the activation of Als by inhibiting neuroinflammatory factors in the hippocampus.
Conclusion: Our results showed that SYNS had a certain degree of neuroprotective effect, which
might be related to its inhibition of the inflammatory response and Als.
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* Corresponding author.
** Corresponding author.

E-mail addresses: xiaolancui2812@126.com (S. Guo), ruochushan@163.com (X. Cui).
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.heliyon.2024.e28916

Received 30 October 2023; Received in revised form 26 March 2024; Accepted 27 March 2024

Available online 2 April 2024

2405-8440/© 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:xiaolancui2812@126.com
mailto:ruochushan@163.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e28916
https://doi.org/10.1016/j.heliyon.2024.e28916
https://doi.org/10.1016/j.heliyon.2024.e28916
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y. Wang et al. Heliyon 10 (2024) e28916

1. Introduction

Major depressive disorder (MDD) is a complex and common mental disorder, and its symptoms are mainly characterized by sig-
nificant and persistent depressed mood, lack of pleasant sensation, and feeling of despair. It is often accompanied by cognitive and
physical dysfunction [1]. Depression is currently the leading cause of disease and disability worldwide [2,3]. According to the World
Health Organization [4], nearly 800,000 people die of suicide every day and more than 300 million people worldwide suffer from
depression, causing substantial economic loss and social burden. It is estimated that depression will become the most significant global
burden by 2030 [5]. According to epidemiological studies, more than 30% of patients with depression receive ineffective antide-
pressant treatment for a long time, with a lifetime prevalence of approximately 16.2% [6]. Therefore, there is an urgent need to
develop safer and more effective antidepressants.

Scientists have proposed many hypotheses regarding the pathogenesis of depression. There are primarily monoamine neuro-
transmitter, neural plasticity, and inflammatory response mechanisms. The neural plasticity hypothesis states that chronic stress or
increased glucocorticoid levels can induce atrophy or loss of mature neurons in the hippocampus [7]. The results of the research by
Watanabe et al. have shown that after repeated restraint stress or administration of glucocorticoids, hippocampal neurons can be
induced to shrink. For example, the length and density of dendritic spines can be reduced [8]. The inflammatory response mechanism
suggests a close relationship between the immune and central nervous systems. A damaged immune system and increased peripheral
inflammation increase the number of pro-inflammatory cells in the central nervous system and induce inflammatory reactions, which
in turn can regulate a series of reactions in the central nervous system [9], such as neurotransmitter metabolism [10]. Corresponding
research data support many of the above hypotheses, but they do not fully explain the disease pathophysiology, clinical presentation,
and mechanisms of therapy [11].

The hippocampus plays important roles in cognitive activity, stress, and mood regulation in patients with depression. Depression in
adult patients may be related to the destruction of synaptic connections between hippocampal neurons. Hippocampal structural at-
rophy and decreased neurogenesis, ultimately lead to depression [12]. An autopsy study found that patients with depression showed
impaired plasticity of hippocampal neurons, manifested as a decrease in hippocampal gray matter density and reduction in the nerve
fiber network and hippocampal neurogenesis [13]. The synapse is the main site of transmission of neuronal information, and its protein
markers include postsynaptic density protein 95 (PSD95) and microtubule-associated protein 2 (MAP2) [14]. They play an important
role in synaptic plasticity and participate in the regulation of the number of developing synapses, along with their formation and
stability. The hippocampus in the brain can continuously produce neurons throughout life, and glial cells are essential for controlling
nerve growth and conduction. With the deepening research on glial cells, we have realized that glial cells not only have the function of
“adhesive,” but also have vital effects on neuron survival, synapse generation, and nerve conduction in the process of brain devel-
opment [15]. Microglia maintain nerve conduction by engulfing unnecessary synaptic structures, and astrocytes release growth factors
to stimulate nerve growth.

Reactive astrocyte hyperplasia refers to changes such as dilation, hypertrophy, and increased expression of glial fibrillary acidic
protein (GFAP) in early astrocytes after harmful stimulation or nerve injury, leading to the development of phenotypic characteristics
of reactive astrocytes [16]. It has been proposed that neuroinflammation and ischemia induce two different types of reactive astro-
cytes, Al and A2. Among them, Al, which is induced by neuroinflammation, secretes neurotoxins, which further accelerate the
apoptosis of neurons and oligodendrocytes. Different types of recognition can be performed based on the genetic expression of in-
dividual reactive astrocytes [17]. For example, complement 3 (C3) is a characteristic and significantly upregulated gene in Als that is
not expressed in A2s, and can be used as a specific marker of Als [18]. Als are present in most human neurodegenerative diseases.
Studies have found that more than half of the GFAP-positive astrocytes in the prefrontal cortex of patients with Alzheimer’s disease are
C3-positive. This suggests that Als is likely one of the reasons for the progressive deterioration in neurodegenerative diseases [19].

At present, commonly used drugs for depression treatment in clinics include tricyclic antidepressants, selective 5-hydroxytrypta-
mine reuptake inhibitors, norepinephrine, and dopamine reuptake inhibitors, which can improve depressive mood to a certain extent.
However, most of them have the disadvantages of slow onset, low remission rate, and adverse reactions. Recently, progress has been
made in the development of natural antidepressants and Chinese medicinal compounds [20]. Shenyu Ningshen (SYNS) tablets are
composed of four Chinese medicinal products: American Ginseng, Radix Curcumae, Semen Ziziphi Spinosae, and Schisandra Chinensis.
Each traditional Chinese medicine comprises the following components in parts by weight: Radix Curcumae 600-1200, Semen Ziziphi
Spinosae 600-1200, American Ginseng 100-600, and Schisandra Chinensis 400-1000. It was granted an approval document for CFDA
clinical research (approval document no. 2005L02629) in 2005 and a national invention patent (patent no. ZL031531040) in February
2007. This is the first pure Chinese medicinal small-compound preparation (Class 6.1) approved for clinical trials in China for the
treatment of depression. It regulated the immune inflammatory response in a rat model of chronic restraint depression. Clinical ex-
periments confirmed that it had a significant Improvement effect against depression due to the deficiency of both qi and yin (this refers
to the pathological changes of qi and yin deficiency simultaneously; its symptoms include general fatigue, palpitations, shortness of
breath, and hot flashes). Our previous experimental results confirmed good anti-inflammatory effect of SYNS in a CRS (Chronic Re-
straint Stress) rat model [21,22]. However, the mechanism of anti-inflammatory effect of the drug on related cells in the rat brain has
not been clarified. Therefore, we studied the protective effects of SYNS on neurons and explored whether the underlying mechanism
was associated with Als.
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Fig. 1. The entire experimental plan. First, one week of adaptive feeding was conducted of the rats. Rats in each treatment group were dosed
continuously throughout 21 days of chronic restraint stress (CRS). Body weight test, sucrose preference test (SPT) and open field test (OFT) were
measured every 7 days to detect depressive-like behavior in rats after CRS modeling. After completing all behavioral tests, animals were sacrificed,
and tissue was collected.

2. Materials and methods
2.1. Drugs

Shenyu Ningshen Tablets (SYNS) (for clinical trials only), provided by Guangdong Si Ji Pharmaceutical Co., LTD. The recom-
mended clinical dose for adults is 7.2 g/60 kg/d. Clinical Research Approval No.: 2005L02629. Product Lot Number 190101. The
fingerprint was established by HPLC to control the quality of SYNS (Supplementary material 1). Fluoxetine hydrochloride dispersion
tablets (FLX), manufacturer: Lilly Suzhou Pharmaceutical Co., Ltd. Product Lot Number 9542A. Clinical recommended dose is 20mg/
granule in adults. Indications: depression, obsessive-compulsive disorder, bulimia nervosa.

2.2. Animals and treatment

All operations during the experiment followed the regulations of the National Institutes of Health (NIH), Beijing Municipal Ethics
Committee for Experimental Animals, and Beijing Municipal Experimental Animal Ethics Committee; all experimental animals
received humane care based on the 3R principle. This study was approved by the Animal Ethics Committee of the Institute of
Traditional Chinese Medicine of the Chinese Medical Sciences (Ethics number: 2021D001). A total of 66 male Sprague-Dawley (SD)
rats (SPF level, 180-200 g) were provided by the Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China). All rats
were acclimated for a week and randomly selected as Normal Control group (NC), Depression model group (CRS), fluoxetine hy-
drochloride group (FLX 1.86 mg/kg/d), SYNS high-dose group (SY 1.34 g/kg/d), SYNS medium-dose group (SY 0.67 g/kg/d), SYNS
low-dose group (SY 0.34 g/kg/d), 11 rats in each group. All dosing groups, as described above, were based on the body surface area
equivalence of animals according to the recommended daily human dosage, whereas the other groups were administered equal
amounts of normal saline. All groups were administered drugs through gavage for 21 days. The chronic restraint stress (CRS) procedure
was performed between 9:00 and 15:00 [23], and each rat was restrained daily in a self-made soft wire mesh sleeve (25 cm long and 10
cm in diameter) for 21 consecutive days. Body weight, sucrose preference, and open field tests were performed every seven days
(Fig. 1).

2.3. Body weight test

All rats were weighed on days 0, 7, 14, and 21 of the experiment, and the changes in the body weight of rat groups at different time
points were compared.

2.4. Sucrose preference test (SPT)
The SPT was primarily used to evaluate the degree of loss of pleasure in rats, and performed using a two-bottle free-choice

paradigm. Two days prior to the experiment, the rats were trained to adjust to drinking sugar water. First, two bottles of 1% sucrose
solution were placed in each cage, and the rats were allowed to drink freely for 24 h. Then, a bottle of purified water and a bottle of 1%
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sucrose solution were placed in each cage, and the rats were allowed to drink freely for 24 h. Notably, this was the training period (data
not included). To assess sucrose intake, rats were deprived of water and food for 24 h before the experiment began. The following day,
each mouse had free access to two bottles of sugar and water. The positions of the bottles containing water and sucrose were changed
every half an hour. Finally, we recorded the weight of the sucrose solution and purified water before and after the experiment and
calculated using the following formula: SPT = (sucrose consumption/water and sucrose consumption) x 100.

2.5. Open field test (OFT)

The rats were subjected to the OFT to evaluate the behavioral characteristics of spontaneous activity, exploration, and anxiety. To
adapt to the environment, the rats were placed in the laboratory for 1 h before the start of the experiment and then placed in an open
box 0f 100 x 100 x 40 cm (XR-XZ301). The bottom of each box was evenly divided into 25 squares. A camera was placed above the box
to track and record the performance of rats. One rat was placed at the center of the floor, and its behavior was monitored for 3 min.
Indicators such as total distance, central zone residence time, total number of grids spanned, and standing time covered by the rats
were measured, and the device was thoroughly cleaned with 70% ethanol after each trial. This test was analyzed and recorded using
Super Maze Software via the video analysis system software Visutrack (XR-VT; Shanghai Xinruan Information Technology Co., Ltd.
Shanghai, China).

2.6. Sample collection and preparation

After the behavioral tests were completed, three rats were randomly selected from each group and their hearts were instilled in vivo
with 4% paraformaldehyde after anesthesia. Whole brain paraffin sections were prepared for hematoxylin-eosin (HE) staining and
immunofluorescence staining. The hippocampi of the remaining rats were removed and placed on ice for western blotting.

2.7. Histological examination (HE)

The prepared tissue sections were stained with HE, and then observed and photographed using a microscope at 20 x magnification
to observe the arrangement of neuronal cells in the dentate gyrus of the rat hippocampus.

2.8. Western blotting analysis

Protein levels of NF-xB p65, TNF-a, and IL-1f in the hippocampus were identified by western blotting. After completion of
behavioral tests, hippocampi of the rats were collected and treated with RIPA lysis buffer containing a protease inhibitor (R0010;
Solarbio, CHN) at a certain proportion. Equal amounts of protein (50 pg/sample) were separated by SDS-PAGE (P0012A; Beyotime
Biotechnology, Shanghai, CHN) on 12% gel electrophoresis and transferred onto 0.45 pm polyvinylidene difluoride membranes
(Millipore, USA). After blocking with 10% milk solution at room temperature for 2 h, The following monoclonal primary antibodies
were used for Western blot analysis overnight at 4 °C: anti-IL-1f (cat. no. ab254360; Abcam; 1:2000), anti-NF—«B p65 (cat. no. 66535-
1-1g; Proteintech; 1:2000), anti-TNF-a (cat. no. ab66579; Abcam; 1:1500), and anti-Tubulin (cat. no. 10068-1-AP; Proteintech;
1:5000). The membranes were then washed three times (10 min/wash) in Tris-buffered saline with 0.1% Tween (1 x TBST, T1070-
500; Solarbio, CHN) followed by incubation with secondary antibodies for 2 h at room temperature. The membranes were washed
thrice with 1 x TBST for 10 min at room temperature. The membranes were incubated with horseradish peroxidase-conjugated anti-
rabbit immunoglobulin IgG (1:3000) or anti-mouse IgG (1:5000) secondary antibodies at room temperature for 1 h. The signals were
visualized using a chemiluminescence (ECL) kit (Beyo ECL Plus; Beyotime Biotechnology). The protein bands were processed using a
chemiluminescent gel imaging system (FluorChem FC3, ProteinSimple, USA). The relative intensities of the target bands were
normalized to that of Tubulin. The density of the bands was determined using ImageJ software.

2.9. Immunofluorescence staining

Briefly, brain tissue sections (20-um thick) were washed with phosphate-buffered saline (PBS) for 15 min (5 min x 3). After
washing, the sections were treated with a blocking buffer (BSA; BIOFROXX, DAKO, Denmark) for 30 min at room temperature. After
blocking, the tissue was treated with primary antibodies (C3, GFAP, NeuN (Neuron nucleus), MAP2, and PSD95) overnight at 4 °C. The
next day, secondary antibodies (corresponding to the primary antibodies) were incubated at room temperature for 50 min. The
sections were washed three times with PBS for 5 min each time. After washing, the tissues were dehydrated with absolute ethanol, and
the sections were sealed with xylene-clear neutral gum. Images were captured using a panoramic tissue cell quantitative analysis
system at 20 x magnification (Tissue FAXS Plus, AP194065, Austria).

2.10. Data analysis

All data were expressed as mean + SD. Western blot bands were analyzed using ImageJ, and statistical analysis was performed
using SPSS Statistics 25 (IBM, US) and GraphPad Prism 8 software. Statistical analyses were performed using one-way analysis of
variance (ANOVA). The least significant difference (LSD) method was adopted for comparison between groups. P-value <0.05 was
considered statistically significant difference.
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Fig. 2. (A) Changes in body weight during the CRS modeling period (n = 11); (B) Changes in sucrose preference rate during the CRS modeling
period (n = 11); (C) the representative moving trails in OFT of rat in each group assessed by video tracking software; (D) Result of total move
distance in OFT for 21 Days of Modeling (n = 11); Result of total grids spanned in OFT for 21 Days of Modeling (n = 11); Result of central zone
residence time in OFT for 21 Days of Modeling (n = 11); Result of standing times in OFT for 21 Days of Modeling (n = 11); (E) Results of
representative h and e staining of paraffin sections. Scale bar = 100 pm, (n = 3). #p < 0.05, *#p < 0.01 vs the normal control group; *p < 0.05, **p
< 0.01 vs the model group.

3. Results
3.1. SYNS improved body weight and depression-like behavior in CRS model rats

CRS causes decreased appetite and weight loss in rats. The results revealed that the CRS model group had significantly reduced
animal body weights compared to the NC group. However, after 21 days of treatment, the SYNS groups showed improvement in CRS-
induced weight loss (P < 0.05, P < 0.01; respectively), suggesting the antidepressant potential of SYNS (Fig. 2A).

To continue observing the behavior of CRS model rats, standard behavioral tests were carried out, including the SPT and OFT. CRS
can cause a loss of pleasure in animals, which can be alleviated by antidepressants [24]. Our results showed that the sugar water
preference rate of experimental animals in each group was the same before the start of the experiment, but on the 21st day, the sugar
water preference rate of the CRS group was lower than that of the NC group. The sugar water preference rates of the other admin-
istration groups were increased compared with the CRS model group, and significant differences were observed between the CRS
model group and the FLX and SYNS low-dose groups (SY 0.34 g/kg) (P < 0.01, P < 0.05; respectively). This finding further supported
the positive effect of SYNS on depression (Fig. 2B).

The OFT test of rats was performed every seven days. At the beginning of the experiment (day 0), there were no significant dif-
ferences in OFT results. However, after 21 days of drug treatment, we found that compared with the NC group, the total distance,
central region residence time, number of grids spanned, and standing times were significantly reduced in the CRS group, and the FLX
and SYNS high-dose groups (SY 1.34 g/kg) showed better Improvement effects based on the above indicators, with significant dif-
ferences compared with the CRS model group (P < 0.05, P < 0.01; respectively) (Fig. 2C and D).

3.2. SYNS improved the hippocampal histopathological changes in CRS model rats

In the dentate gyrus regions of the hippocampus, neurons were arranged in an orderly manner in the NC group, with clear profiles
and distinct nucleoli. However, hippocampal neurons in the CRS group displayed an irregular arrangement, characterized by enlarged
pericellular spaces, unclear nuclear structure, and absence of clearly visible nucleoli (black arrows). After the treatment period, the
above pathological phenomena improved in all groups compared with the CRS model group (Fig. 2E), suggesting that SYNS could
improve the histopathological changes in the hippocampus caused by CRS to a certain extent.
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Fig. 3. Changes in the hippocampal of expressions of NF-kBp65, IL-1p and TNF-a in CRS model rats. (A) The protein results of IL-1p; Relative IL-18/
Tubulin protein (n = 4); (B)The protein results of TNF-q; Relative TNF-a/Tubulin protein (n = 4); (C)The protein results of NF-kBp65; Relative NF-
kBp65,/Tubulin protein (n = 4). *p < 0.05, *#p < 0.01 vs the normal control group; *p < 0.05, **p < 0.01 vs the model group.
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Fig. 4. SYNS Inhibited the Reactivity of Als. IF staining of C3/GFAP in different groups. the percentage of C3+/GFAP + positive co-labeled cells
(The percentage refer to the proportion of positive co-labeled cells to the total cells, Scale bar = 20 um, n = 3). #p < 0.05, *#p < 0.01 vs the normal
control group; *p < 0.05, **p < 0.01 vs the model group.

3.3. SYNS reduced the expressions of NF-xB p65 and neuroinflammatory factors activated by CRS

After the completion of all behavioral experiments, hippocampi of the rats were removed and placed on ice. We measured the
protein expression levels of NF-kB p65 and inflammatory factors (IL-1p and TNF-a). Compared with NC group, CRS model group
demonstrated increased protein expression of IL-1p, TNF-a, and NF-kB p65 (Fig. 3A, B, C). Compared with the CRS model group,
protein expression levels in the FLX and SYNS high-dose groups (SY 1.34 g/kg) were significantly decreased (P < 0.05, P < 0.01;
respectively). These results suggested that SYNS inhibited the inflammatory response activated by CRS.

3.4. SYNS inhibits A1 astrocyte reactive activation in CRS model rats

Research has confirmed that C3 is one of the main characteristics of Al astrocytes. We found that, compared with the CRS model
group, the SYNS high- and medium-dose groups showed a reduced percentage of C3+ and GFAP -+ positive co-labeled cells (C3+/
GFAP-) in the hippocampus of CRS rats (the percentage refers to the proportion of positive co-labeled cells to the total cells) (P < 0.01)
(Fig. 4). This indicated that SYNS treatment decreased the reactive activation of Als in the hippocampus of CRS model rats, which
might have contributed to the antidepressant effect of this drug.

3.5. Effects of SYNS on the expression of neurons (NeuN) and synaptic-related proteins (MAP2 and PSD95) in the hippocampus of CRS
model rats

For examining the role of SYNS in neuronal protection, we first counted the number of neurons in the hippocampus of rats in each
group. The results showed that there was no significant difference in the number of neurons among the groups, indicating that the CRS
model did not cause neuronal loss, and that each administration group did not provide a more effective treatment in this regard
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cells in the hippocampus of CRS model rats (n = 3). (C) IF staining of PSD95 in different groups. Scale bar = 20 pm. Fluorescence intensity of PSD95
positive cells in the hippocampus of CRS model rats (n = 3). *p < 0.05, **p < 0.01 vs the normal control group; *p < 0.05, **p < 0.01 vs the
model group.

1ava
Fluorescence intensity of MAP2*

Tdyw

T T T T
CRS 1.86 1.34 067 0.34
FLX(mglkg) SY(gkg)

1ava bian

Fluorescence intensity of PSD95"

$605d

T T T T
CRS 186 1.34 0.67 0.34

FLX(mglkg) SY(ghkg)

(Fig. 5A).

The morphological and structural stability of neuronal synapses is related to MAP2, and the stability of synapses can be reflected by
observing the expression of MAP2 protein in neuronal synapses. The results showed that compared with the NC group, the CRS model
group showed reduced fluorescence intensity of MAP2. The expression of MAP2 in each group was restored after treatment, and the
FLX and SYNS medium-dose groups (SY 0.67 g/kg) showed significant increase in the fluorescence intensity of the above indicator (P
< 0.05) (Fig. 5B). This indicates that SYNS has a positive effect on the structural stability of neuronal synapses.

PSD95 promotes synapse formation and is an important protein in the postsynaptic membrane. The density of neuronal synapses
can be reflected by observing the fluorescence intensity of PSD95 protein. The results showed that after treatment, all groups recovered
from CRS-induced decreased PSD95 fluorescence intensity, and the FLX and SYNS high-dose groups (SY 1.34 g/kg) showed a sig-
nificant increase in the above indicator (P < 0.01, P < 0.05; respectively) (Fig. 5C). This indicates that SYNS has a positive effect on the
density of neuronal synapses.

4. Discussion

Numerous studies have shown that rats exposed to CRS (consisting of a daily 6 h restraint period for 21 consecutive days) exhibit
long-lasting depression-like behavior [25]. In this study, we constructed a rat model of solitary raising-CRS depression to explore the
effects and mechanisms of action of SYNS against depression.

Animal models are of great significance in preclinical studies. It is crucial to construct an animal model that is suitable, effective,
and capable of simulating clinical symptoms for research on drug mechanisms. Currently, there are many animal models of depression,
including stress, drug, and surgical models. The depression model with solitary raising-CRS established in this study [26] has the
advantage of not damaging the animal body during production of depressive behaviors due to psychological stress. In addition, the
model better simulated the chronic, long-term, and low-intensity characteristics of clinical depression and has been used by many
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researchers in the field of traditional Chinese medicine. Experiments on rodents under various types of chronic stress (such as chronic
unpredictable stress, repeated constraint stress, or chronic social failure stress) have revealed that such stress models can lead to
behavioral abnormalities, such as weight loss, inability to experience pleasant sensations, reduced exercise, and other typical clinical
manifestations of depression [27,28]. Therefore, in this study, a CRS rat model was established to explore the effects of SYNS on
depression. The results demonstrated that the above behavioral indicators of the CRS depression model were improved to different
degrees after SYNS treatment; for example, SYNS had a positive effect on animal weight and sugar water intake, and it also showed
higher activity than that of the model group in the open field experiment. However, due to the high concentration in the high-dose
group, it may have some negative effects on animal diet, and therefore, the results of the high-dose group were not as good as
those of the middle-dose group with regard to animal weight restoration and sugar water intake.

In addition, the CRS model can also affect the immune system of animals, and studies have shown that chronic stress enhances NF-
kB signaling in the hippocampus, thereby increasing the expression of pro-inflammatory factors [29]. Here, we found that the SYNS
treatment groups improved the inflammatory response caused by the CRS model, and the differences between the model group and the
medication groups were observed in the subsequent hippocampal pathomorphological observation, suggesting anti-inflammatory
effect of SYNS to a certain degree. Therefore, we continued to explore the pathological phenomena that may be caused by
inflammation.

Glial cells perform extremely complex regulatory processes in both brain function and psychopathology [30]. Under pathological
conditions, glial cells may be the primary cause of abnormal nerve conduction [31]. While studying neuronal changes, several studies
have confirmed that non-neuronal (such as glial) cellular abnormalities also play an important role in stress-related diseases. Astro-
cytes are glial cells that are closely related to other types of cells in the brain. For a long time, astrocytes have been called “brain glue,”
owing to their major role as neuronal supporting matrix [32], and also considered as “secretory cells” in the brain because they can
release, increase, and store various factors necessary for maintaining the steady state of the brain environment [33]. In recent years,
studies have found that astrocytes not only support cells but also support the nutritional and metabolic processes of neurons and
provide a special microenvironment for the growth of adult neurons. Moreover, along with maintaining the stability of neurons, they
promote neurons to play normal functions such as the regulation of extracellular fluid, ion homeostasis, ion transport, cerebral blood
flow, synaptic remodeling, and energy supply [34,35]. However, various central nervous system diseases can affect astrocyte reactivity
[33,36]. Al reactive astrocytes induced by neuroinflammation can produce neurotoxicity, do not show many positive effects on
neurons [17], and are involved in the process of brain aging and neurodegenerative diseases [37,38]. Our results show that SYNS
reduced the expression of Als to a certain extent, which may be due to the anti-inflammatory effect of the drug. Therefore, the decrease
in Als may be a key factor related to the disease alleviating effects of SYNS. To confirm this conclusion, we studied neuronal damage in
the hippocampi of the experimental animals.

Als do not perform many normal functions such as promoting the survival and growth of neurons, and the synaptic length and
density of Als are lower than those of normal early astrocytes. Synapses are important sites for the transmission of neuronal infor-
mation. Protein markers include MAP2, PSD95, and synaptophysin (SYP), of which MAP2 is an important component of cytoskeletal
microtubules that promotes the polymerization of tubulin into microtubules and provides stability to cells [39]. It plays an important
role in the stability and plasticity of dendrites [40]. Changes in the neuronal synaptic structure can also be observed by labeling the
MAP2 protein. PSD95 is the most important and abundant protein in the postsynaptic membrane. It not only guarantees the activity
and stability of receptors on the postsynaptic membrane but also participates in the regulation of synaptic plasticity, thus promoting
the formation of synapses [41], which is often used as an evaluation index of synaptic density. Pathological synaptic loss is a sign of
several neurodegenerative diseases and various types of nerve damage [42]. Brain imaging studies have found that, in stressed animal
models, phenomena such as neuronal atrophy, changes in synaptic density, and cell loss in the brain may occur. The chronic stress
model induces damage to the length and branches of neuronal dendrites as well as a decrease in the number and function of spinous
synapses of medial prefrontal cortex pyramidal neurons [43]. Autopsy has confirmed that pathological synaptic loss, an early path-
ological phenomenon of depression, continuously increases with the severity of clinical symptoms [44]. This phenomenon is extremely
common in cases of nerve damage and often associated with cognitive dysfunction in Alzheimer’s disease and depression. Therefore,
neuronal synaptic damage may be an important cause of depression and could be used as a therapeutic target for depression in drug
research. Current treatment with typical antidepressants can improve synaptic plasticity, increase spinal column density, and reduce
atrophy of the spine and dendrites [16]. For example, 5-hydroxytryptamine selective serotonin and norepinephrine reuptake inhibitors
exhibit antidepressant effects by promoting the regulation of neural plasticity [45]. Our study confirmed that this model did not cause
neuronal loss. In this case, SYNS could restore the fluorescence intensity of MAP2 and PSD95, and the evaluation indices of these
synapses could prove the damage caused to the neurons. This suggests that SYNS plays an active role in protecting neurons, which may
be related to the inhibition of Als overactivation by SYNS, one of the important factors related to the antidepressant effect of the drug.

Through this research, we found that SYNS can protect neurons, which may further reduce the expression of Als by inhibiting
inflammatory reactions. This is of significance for the study of the mechanism of traditional Chinese medicine in the treatment of
depression. However, this study had some limitations. For example, SYNS tablet used in this study was composed of four Chinese
medicinal products rather than a single compound with the exact composition. It is not known whether these components interact with
the body. This may be an important reason for the “non-dose dependent effect” of some indicators in this study. Further studies are
needed to identify the targets related to SYNS for the inhibition of Als overactivation and protection from neuronal synaptic damage.
Our future studies will focus on solving these problems.
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Fig. 6. Potential mechanism of SYNS on CRS Model.
5. Conclusion
In summary, this study provides sufficient evidence that SYNS can improve behavioral performance in solitary raising-chronic
restraint stress depression. Our results demonstrate that SYNS may inhibit the reactive activation of Als by inhibiting neuro-
inflammatory factors to protect synapses from damage and relieve depression (Fig. 6).
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