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Abstract

a pivotal role in the etiology of depression. Astragaloside IV (AS-IV) is an active component purifed from Astragalus membranaceus 

including decreased sucrose consumption, reduced locomotor activity and increased immobility time were induced in mice using 
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Introduction
Depression is a devastating mental illness, afflicting nearly 
20% of the population in the United States[1].  Furthermore, 
depression is even life-threatening because of the increased 
risk of suicide, which results in disability or mortality, contrib-
uting to the health burden and family economic loss around 
the globe[2, 3].  The currently available antidepressants cannot 

-
cacy, severe side effects and partial responsiveness or non-
responsiveness[1].  Accordingly, the development of better 

Accumulating evidence shows that environmental stimuli 
-

matory system, leading to a high risk of vulnerability to 
depression[1, 4-6].  Of note, extensive data have elucidated the 
existence of a strong connection between inflammation and 
major depressive disorder (MDD), supported by elevated lev-
els of pro-inflammatory cytokines in people diagnosed with 
MDD[7-9].  Post-mortem studies have also shown increased 

of MDD patients[4, 10].  After the administration of inflam-

endotoxin, healthy individuals develop symptoms of depres-
sion[4, 11, 12], which could be blocked by anti-inflammatory 

receptors[4, 13, 14].  Clinical trials, along with animal studies, 
have elaborated that peripheral damage caused by damage-

followed by caspase-1 activation, contributing to the produc-
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[4, 11] -
-

tion into the brain through several pathways such as saturable 
transport systems, thereby contributing to the context of 
depression[4, 6, 11, 13]

play a pivotal role in the etiology of depression.

a ligand-activated transcription factor, belongs to the nuclear 
receptor superfamily[15]

used to cure type 2 diabetes[16]

are reported to play a critical role in regulating metabolic dis-
order, inflammatory responses and oxidative stress[16, 17]

effects in previous studies[15]

could be potential drug candidates for depression therapy.
-

phorylation[18], is reported to be closely related to the regula-

further modulating the inflammatory response[19, 20].  The 

[21], 
-

-

-
fied from Astragalus membranaceus 41 68O14; 
Mw=784.98)[22] that is widely employed in traditional Chinese 
medicine to treat neurodegenerative diseases such as Alzheim-
er’s disease[23]

has anti-oxidative, anti-inflammatory and anti-hypertensive 
properties[24]

ameliorate ischemia reperfusion-induced brain injury, reduce 
obesity and prevent diabetes, suggesting a potential neuropro-

[17] and may produce anti-depres-

been reported to have an antidepressant effect[15]

never been researched, and its underlying mechanism remains 
unclear.  From this perspective, we aimed to investigate the 

alleviated depressive-like behaviors in repeated restraint stress 

-

drug candidate for the treatment of depression.

Drugs and reagents

(Flu) was bought from Changzhou Siyao Pharmaceuticals Co, 

(Shanghai, China).

Animals

China) and housed in cages under standard laboratory condi-

week of environmental adaptation.  All animal experiments 
were performed in strict accordance to the Provision and 

Repeated restraint stress model

-1 -1

-1 -1 -1 -1, ig) group, 
-1 -1, ig) group.  A repeated 

[25].  The dose of Flu in mice 
was set according to a previous report[26].  Mice, except those 

subjected to restraint stress (4 h per day) for 9 consecutive 

the mice were released from the plastic tube, they were treated 

the same volume of double distilled water.  The experimental 

LPS model

-1 -1 -1 -1, ig) group, and 
-1 -1

according to a previous study[27].  The mice, except for those in 
-1 -1

-1 -1, ip) or double distilled water for 14 consecu-

-1 -1, ip) injection for two days, as shown in Figure 1C.

Behavioral evaluation
Sucrose preference test (SPT)
Anhedonia is one of the common depressive-like behav-
iors observed in animal models of depression.  SPT is used 
to assess the degree of anhedonia through observation of 
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sucrose consumption as previously described[28].  First, after 
24 h of water and food deprivation, mice were acclimatized 
to two bottles of 1% sucrose solution (w v), one of which was 
switched to tap water (w v) six hours later.  Another six hours 
later, the mice were supplied with one bottle of tap water as 
usual.  Then, in the test, after 24 h of water and food deprivation, 
each mouse was placed in a single cage with one bottle of 1% 
sucrose solution and one bottle of tap water.  Six hours later, the 
location of the two bottles was switched in case of side prefer-
ence.  The weight of the two bottles was recorded before and 
after the 12-h test.  Sucrose preference was calculated using 
the following formula: Sucrose Preference (SP)=sucrose intake 

an OFT was conducted as described previously[29].  The experi-
mental apparatus was a metallic circular enclosure (30 cm in 

individually placed in the center of the enclosure and allowed 
to explore the bottom of the apparatus painted with 36-square 

four minutes was recorded.  The instrument was sprayed with 
ethanol to eliminate the smell after each trial.

A TST was performed in accordance with the previously 
reported method[30]. A mouse’s tail, approximately 1 cm from 
the tip, was fixed onto the test instrument with black tape.  
Mice were suspended for 6 min, and the total immobility time 
during the final 4 min was recorded.  Mice were considered 
immobile when they hung passively without struggling.

The FST was performed in accordance with the previously 
reported method[31]

water for 10 min 24 h before the formal test.  On the day of the 

test, mice were individually placed in a glass cylinder (height, 

10 cm.  Mice were forced to swim for 6 min, and the duration 
of immobility was recorded during the last 4 min.  Mice were 
considered immobile when they were floating in the water 
without struggling and only making small movements neces-
sary to keep their head above the water.

Immunohistochemistry
Mice were euthanized with 10% chloral hydrate intraperitone-

-

were cut at the level of the dorsal hippocampus and processed 

Western blot analysis

isolated and then frozen at -80 ºC.  Then, we used the mouse 
hippocampi for protein analysis.  An equal amount of hippo-
campal tissue in each group was homogenized by centrifuga-
tion at 12 000 rpm for 30 min, and then the supernatants were 

as previously described.  An equivalent amount of protein was 

milk at room temperature for 2 h before incubation with 

(ab214185), and anti-caspase-1 (ab108362), Abcam (Cam-

Figure 1.
induced mouse model.
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The membranes were washed three times for 10 min with 

(at appropriate dilution) with gentle agitation for 2 h at room 
temperature.  The membranes were detected by an imaging 

-
-

Statistical analysis

followed by Tukey’s test.  The value, P<0.05, was considered 

Results
AS-IV protected RRS-induced mice from depression

As shown in Figure 2A, a significant difference was seen 

reduced the sucrose consumption of mice (P<0.05), whereas 

consumption (P<0.05), ameliorating the anhedonia behavior of 

dose-related.

-
neous locomotor activity of mice.  The comparison of the num-

[F(6,56)=3.634, P<0.05].  Compared with the Control group, the 

group, had significantly more crossings (P
there was no difference in the number of crossings between the 

-

Figure 2.
RRS-induced mice (n n
immobility time of RRS-induced mice in the tail suspension test (n
swimming test (n #P *P
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in mice.  First, as shown in Figure 2C [F(6,70)=3.451, P<0.05], 

TST compared to that in the Control group (P<0.05).  Admin-

reversed this increase in immobility time (P -

As shown in Figure 2D [F(6, 63)=5.114], compared to the Con-

in the FST (P
P<0.05).  The 

The immunohistochemistry results are shown in Figure 3.  

group to that in the Control group (P

P<0.05).  These 
-

to that observed with Flu treatment.

repressing depression, we tested the levels of related pro-
teins in the mouse hippocampus.  The expression levels of 

-

of the Control group (P

P<0.05).  Fur-

exhibited a remarkable downregulation in the expression of 
P

as shown in Figure 4A and 4C (P

phosphorylation compared to the Control group (P<0.05), 

Figure 3.  
#P

group; *P
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altered this effect, as shown in Figure 4A and 4D (P<0.05).  
These data revealed that the mechanism of the anti-depressive 

in the mouse hippocampus compared to those in the Control 
-

istration alleviated these effects, as shown in Figure 5A-5C, 

AS-IV prevented the expression of depression-like behaviors in 
LPS-induced mice

-
lenging the innate immune system.  According to the results 

-

Control group (P

the OFT (P<0.05).  The effect was similar to Flu treatment.

the TST (P
reduced the immobility time in the TST (P

injection demonstrated an elevated immobility time in the 
FST compared to the Control group (P<0.05), whereas mice 

Figure 4.  
group.  ##P *P
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reduced immobility time in the FST compared to those in the 
P -

istration attenuated the depressive-like behaviors observed in 

-

P

P<0.05).  

Figure 5.  
per group.  ##P *P

Figure 6.
n n

n #P<
group; *P
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-
sion (P

P<0.05).  Additionally, in Figure 

P<0.05), but 

P

P<0.05), 
P<0.05), as 

shown in Figure 8A and 8D.

-
nificantly higher than those in the Control group (P<0.05).  

demonstrated in Figure 9A-9C (P<0.05).  These data indicated 
-

tion in the mouse hippocampus.

Discussion
The present study used two types of animal models to explore 

Several studies have shown that mice subjected to chronic 
stress undergo physiological changes and altered behaviors in 
the hypothalamus, hippocampus, and prefrontal cortex[32, 33].  
The repeated restraint stress model used in our study is a well 
established method of inducing depressive-like symptoms in 
mice[34], mimicking the symptoms of human depression.  The 

of depression, was designed to further explore the mechanism 
-

bination of these two animal models can comprehensively 

Figure 7.  
n=3).  #P *P
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-

depressive-like behaviors, which were consistent with previ-
ous studies[35] -
ity, causing symptoms of depression such as anhedonia and 
increased immobility in the FST[25, 35]

the number of crossings in the OFT and reduced the immobil-
ity time in the TST and FST in mice, indicating the antidepres-

-

has been recognized as one of the pathogenic mechanisms 
of depression in recent studies[12, 13, 20]

is initially a protective response in the brain; however, an 
excessive inflammatory response is triggered by stress and 
subsequently produces deleterious effects, leading to the 
pathophysiology of stress-related disorders, including depres-
sion[36]

the hippocampus is associated with the severity of depressive 

encephalomyelitis[37]

regions, including the hippocampus, is observed both in an 
animal model of depression and in the clinic[38, 39], suggest-
ing a relationship between hippocampal damage and mood 
disorders. Accordingly, our results were in line with these 

-

effect[40].
-

agonists are reported to effectively treat type 2 diabetes due to 
their insulin-sensitizing and anti-inflammatory properties[15].  

-
cial effects in neurodegenerative diseases[41, 42].  The reported 

[43] shed light on 

[44].

can be inhibited by pretreatment with the selective GSK3 
inhibitor TDZD-8, resulting in a reduction in the stress-
induced increase in hippocampal cytokines and the preven-

[20].  This observation indicated that 
-

ally, evidence has shown that acute or chronic restraint stress 
[45]

-

tion, further altering the levels of downstream proteins.  The 

the highlights of this study.

associated speck-like protein and pro-caspase-1, once acti-
vated, contributes to the active form of caspase-1, which, in 

which further regulates immune responses and inflamma-

[21]

-

phosphorylation.
-

induced mouse model that resulted in symptoms resembling 
those of MDD to confirm the antidepressant function of 

depressive-like behaviors by activating the immune system to 
further trigger inflammatory signals[46]

system, resulting in inflammation in the periphery or in the 
brain[11, 41].  Together, these studies support the hypothesis that 
inflammation predisposes the occurrence of depression[47].  

prolonged the immobility in the TST and FST, effects that were 
-

-
[21, 46]

-
some.  These data strongly highlighted the antidepressant 

-
ment relieved the depressive-like behaviors observed in both 

-

-

drug candidate for the treatment of depression.  More research 

explored.

This project was funded by the Priority Academic Program 
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Figure 8.  n=3).  #P
*P

Figure 9.  
per group. #P *P
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-

qiang MA and Shi-ping MA revised the manuscript.

lipopolysaccharide; GSK3, glycogen synthase kinase 3; MDD, 

-

forced swimming test.
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