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a-Cyperone (Cy) is a major active compound of Cyperus rotundus that has various
pharmacological activities. But whether Cy possesses antidepressant effect is unknown.
In this study, we exposed mice to chronic unpredictable mild stress (CUMS) with or
without intervention with Cy. Our results showed that Cy significantly improved the
depressive phenotypes in sucrose preference test, tail suspension test and forced
swimming test. Meanwhile, increased SIRT3 expression, reduced ROS production and
activated NF-kB signal were detected in the hippocampus of mice. NLRP3 inflammasome
related proteins including NLRP3, ASC, Caspase-1, IL-1b, IL-18 and GSDMD-N were
downregulated after Cy administration. Synaptic proteins including Synapsin-1 and PSD-
95 and dendritic spine density were improved after Cy treatment. Moreover, the protective
effects of Cy in CUMS mice were compromised when co-administrated with SIRT3
inhibitor 3-TYP. Taken together, these findings suggested that Cy has therapeutic
potential for treating depression and that this antidepressant effect may be attributed to
SIRT3 stimulated neuroplasticity enhancement by suppressing NLRP3 inflammasome.

Keywords: depression, SIRT3, ROS, NLRP3 inflammasome, neuroplasticity, a-cyperone
INTRODUCTION

Depression is a psychiatric disorder which affects more than one-fifth of the global population
(Wang et al., 2019). It causes considerable burden on individuals and society with its high
morbidity, recurrence, and mortality (Feng et al., 2019). Currently, a number of antidepressants
including mainstream antidepressants SSRIs are used in the clinical treatment of depression.
However, disadvantages such as delayed onset time, inadequate response rate, and side effects such
in.org October 2020 | Volume 11 | Article 5770621
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as sexual dysfunction, sleep disorders, and suicidal tendencies
limited the clinical usages of those drugs (Clayton et al., 2018).
Therefore, the development of novel antidepressants with high
efficacy and safety is urgently needed.

Neuroplasticity is the ability of the brain to adapt to new
conditions, including synapse turnover, dendritic remodeling,
neurogenesis, and long-term potentiation (LTP) (Laura et al.,
2018). Compelling evidence indicates that synaptic plasticity is
implicated in the development of depression. Microarray gene
profiling revealed the reduction of synapse-related genes and loss
of synapses in hippocampus and prefrontal cortex from subjects
diagnosed with MDD (Menard et al., 2016). Therapies exerted
rapid and significant antidepressant effects via dendritic spine
remodeling and neuroplasticity related protein enhancement
(McAvoy et al., 2015; Menard et al., 2016).

Neuroplasticity can be affected by various signals, among
which is the NLRP3 inflammasome (Qi et al., 2018). Synaptic
failure was observed in mice with NLRP3 inflammasome
activation, and blockage of NLRP3 inflammasome with
repeated Mcc950 treatment exerted beneficial effects on
neuroplasticity, such as long-term potentiation (Qi et al.,
2018). The NLRP3 inflammasome is comprised of the NLRP3
protein, adapter protein ASC, and Caspase-1. It plays a pivotal
role in innate immunity by stimulating Caspase-1. Activated
Caspase-1 promotes the secretion of IL-1b, IL-18 and GSDMD,
consequently leading to the impairments of neuroplasticity (Qi
et al., 2018; Shao et al., 2018). ROS is a crucial activator
in triggering NLRP3 inflammasome activation directly or
indirectly by acting on NF-kB (Teng et al., 2020). SIRT3, a
NAD+-dependent deacetylase that mainly located inmitochondria,
modulates signal pathways to control ROS generation (Teng et al.,
2020). SIRT3 maintains the ROS homeostasis by targeting
mitochondrial enzymes such as superoxide dismutase 2 (SOD2),
which transforms harmful superoxide radicals into nontoxic
oxygen or hydrogen peroxide (Zheng et al., 2018).

a-Cyperone is a major active compound of Cyperus rotundus.
It has been reported to possess a variety of pharmacological
activities. Azam Azimi et al. found that a-Cyperone has a
pronounced effect on the destabilization of microtubule fibers in
brain via interacting with tublin (Azimi et al., 2016). A study using
LPS-treated RAW 264.7 macrophages observed significant anti-
inflammatory actions after a-Cyperone intervention, which was
related to NF-kB induced reduction of COX-2 and IL-6 expression
(Jung et al., 2013). LIU and his colleagues explored the effect of Cy
on lung injury, and discovered that Cy could profoundly protected
mice from lung injury, which was tightly linked to the suppression
of NLRP3 and NF-kB signaling (Liu et al., 2019). Nevertheless,
little is known about the antidepressant property of Cy. Hence, the
aim of this study was to investigate the antidepressant activity of
Cy and its potential mechanism.

We performed behavioral tests in CUMS-challenged mice to
evaluate the antidepressant action of Cy. The SIRT3/ROS/NF-kB
signaling, NLRP3 inflammasome activation and neuroplasticity
in terms of synaptic proteins and dendritic spine density were
also observed. Finally, the antidepressant effects of Cy in a
condition of SIRT3 inhibition was determined.
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MATERIALS AND METHODS

Animals
Male adult C57BL/6 mice were used in this study. Mice were
housed under a constant temperature of 23°C with a 12-h light-
dark cycle. Animals were provided with food and water ad
libitum and allowed to habituate to the novel environment for
1 week. All animal care procedures were approved by the
Institutional Animal Care and Use Committee at Nanjing
University of Chinese medicine, and performed in accordance
with the Provision and General Recommendation of Chinese
Experimental Animals Administration Legislation.
Drugs
Cy (98% purity) was provided by Aoke Biology Research Co., Ltd
(Beijing, China). Fluoxetine (Flu) was obtained from Sigma-
Aldrich (St. Louis, USA). 3-TYP was purchased from MedKoo
Biosciences, Inc (Chapel Hill, USA). Both a-cyperone (0.5 mg/ml;
1 mg/ml) and Fluoxetine (2 mg/ml) were dissolved in 0.05%
DMSO and intragastrically administrated at a volume of 10 ml/kg.
Experimental Design
Experiment I: Effects of Cy in CUMS Mice
Mice were randomly divided to five different groups (n=12 per
group): control, CUMS, CUMS + Cy (5mg/kg), CUMS + Cy
(10mg/kg), CUMS + Flu (20mg/kg). After 1 week of adaption,
mice in the control group were housed in normal conditions and
mice in other groups were subjected to chronic unpredictable
mild stress for 5 weeks. Drugs were daily (8:00 am)
intragastrically administered the last 2 weeks (Week 4–5) of
the CUMS protocol, and then behavioral assessments including
SPT (Day 36), OFT (Day 37), TST (Day 37), and FST (Day 38)
were performed in sequence. At the end of the experiment (Day
38), mice were anesthetized with 1% sodium pentobarbital.
Brains were rapidly removed and hippocampi were dissected
on a cold ice and stored at −80°C for further analysis.
Experiment II: Influence of SIRT3 Inhibition in Cy-
Related Effects in CUMS Mice
Animals were randomly divided to five different groups (n=12
per group): control, CUMS, CUMS + Cy (10 mg/kg), CUMS +3-
TYP (10 mg/kg), CUMS + Cy (10 mg/kg) +3-TYP. After 1 week
of adaption, mice in the control group were housed in normal
conditions and mice in other groups were subjected to chronic
unpredictable mild stress for 5 weeks. Cy were daily (8:00 am)
given the last 2 weeks (Week 4–5) of the CUMS protocol, and 3-
TYP were injected 1 h prior to Cy administration. After drug
administration phase, behavioral assessments including SPT
(Day 36) and FST (Day 37) were performed in sequence. At
the end of the experiment (Day 37), mice were anesthetized with
1% sodium pentobarbital. Brains were rapidly removed and the
hippocampi were dissected on a cold ice and stored at −80°C for
further analysis.
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CUMS Procedure
Mice were subjected to various chronic unpredictable mild stress
for 5 weeks, including wet bedding for 12 h, no bedding for 12h,
cage shaking on a 120 rpm rocking bed for 40 min, 45°cage tilt
for 12 h, restraint in a 50 ml centrifuge tube (in a 50 ml conical
tube (several ventilation holes for breathing) for 6h, food
deprivation for 12 h and water deprivation for 12 h. Animals
were exposed to 1 or 2 of the stressors each day on a randomized
schedule. Control animals were handled only for necessary
procedures such as routine cage cleaning.

Behavioral Tests
Sucrose Preference Test
SPT was used to determine the anhedonia state of animals. Each
animal was trained to adapt to 2% sucrose solution (w/v) by
exposure to two bottles of sucrose solution for 3 days. Then mice
were deprived of water for 18 h, after which each mouse was
allowed to consume from both bottles for 2 h, one containing tap
water and the other containing 2% sucrose solution. To avoid
side preferences, the positions of the two bottles were switched in
the middle of the test. The sucrose preference index was
calculated using the following formula: (sucrose intake/total
fluid intake) × 100%. n=12 per group.

Tail Suspension Test
Each mouse was suspended with tape 1 cm from the tip of its tail.
Animals were suspended for 6 min, and the duration of
immobility during the final 4 min was recorded. Mice were
considered immobile when they hung passively and were
completely motionless. n=12 per group.

Force Swimming Test
Briefly, mice were individually placed and forced to swim in a
glass cylinders (height, 30 cm; diameter, 16 cm) containing 25 cm
of water, maintained at 24 ± 1°C. The test lasted for 6 min, and
the immobility time during the last 4 min of the test was
recorded. A mouse was judged to be immobile when it
remained floating passively or immobile in the water. n=12
per group.

Open Field Test
The locomotor activity of the mice was evaluated applying a
mouse spontaneous activity video analysis system (Shanghai
Mobile Datum Information Technology Company, Shanghai,
China). Mice were placed in the corner of the open field
apparatus (50 cm × 50 cm × 40 cm). After 5 min, total
distance traveled and time spent in the central area (25 cm ×
25 cm) were automatically analyzed by the mouse spontaneous
activity video analysis system. The experimental apparatus was
cleaned with 70% ethanol after each test. n=12 per group.

Reactive Oxygen Species Measurement
ROS level assay was carried out using Dihydroethidium (DHE,
SIGMA D7008) fluorescence as previously reported (Gentile et al.,
2018). The brain sections (300 mM) were incubated with 50 mM
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DHE in a light-protected area at room temperature for 60 min, then
washed in PBS and fixed with 4% paraformaldehyde. ROS was
observed under a fluorescent microscope. In the presence of
superoxide, DHE undergoes oxidation and intercalates in cell
DNA, thus staining the nucleus with red fluorescence (excitation
at 525 nm, emission 610 nm). Images were analyzed using ImageJ.
n=3 in Experiment I, n=4 in Experiment II.

Western Blot
The hippocampus was weighed and homogenized in RIPA buffer
containing protease inhibitors and phosphatase inhibitors. After
the lysates were centrifuged at 12,000 g for 10 min at 4°C,
supernatants were collected and protein concentrations were
analyzed using bicinchoninic acid assay. Next, loading buffering
5X was added, and proteins were boiled for 5 min in a metal bath.
Protein samples were run on SDS-PAGE, transferred onto
polyvinylidene difluoride (PVDF) membranes, and then
blocked with 3% BSA. The membranes were incubated with
the following primary antibodies over night at 4°C: rabbit anti-
SIRT3 (1:1000, CST), rabbit anti-p-NF-kB p65 (1:800, CST),
rabbit anti-NF-kB p65 (1:1000, CST), rabbit anti-NLRP3 (1:800,
Abcam), rabbit anti-ASC (1:1000, Abcam), rabbit anti-cleaved-
Capspase-1 (1:1000, Abcam), rabbit anti-cleaved-IL-1b (1:1000,
Abcam), rabbit anti-cleaved-IL-18 (1:1000, Abcam), rabbit anti-
GSDMD-N (1:800, Abcam), rabbit anti-GSDMD (1:1000,
Abcam), rabbit anti-PSD-95 (1:1000, CST), rabbit anti-
Synapsin-1 (1:1000, CST), rabbit anti-GAPDH (1:1000,
Abcam). HRP-conjugated Affinipure Goat Anti-Rabbit IgG
(1:5000, proteintech) were incubated for 90 min at room
temperature. The membranes were digitally scanned by an
imaging system (Bio-Rad, USA) and then quantified using
ImageJ software. The relative expression levels of all proteins
were normalized to GAPDH. n=6 per group.

Golgi Staining
Golgi staining was performed according to the instructions of the
FD Rapid GolgiStain Kit (FD NeuroTechnologies, Ellicott City,
MD). Briefly, Coronal brain sections (100 mm thickness) were cut
on a freezing microtome. Slices were dehydrated in ethanol,
cleared in xylene, and mounted in neutral balsam. Dendrites
were imaged using a Leica SP2 confocal microscope.

The quantification for Golgi staining was conducted as
previously described (Arroyo-Garcia et al., 2020). For dendritic
spine density measurement, a length of a distal dendrite (termed
distal after the 4th branching order) was traced (at least ≥10 mm
long at 1000×), the exact length of the dendritic segment was
analyzed, and the number of spines along the dendrite was
calculated (to yield spines/10 µm). n=4 per group.
Statistical Analysis
All values were expressed as mean ± standard error of the mean
(SEM). Data were analyzed statistically using one-way analysis of
variance (ANOVA), followed by post hoc analysis with
Bonferroni multiple comparisons test. Statistical significance
was defined as p < 0.05.
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RESULTS

Antidepressant Property of Cy in CUMS
Mice
Effects of Cy on Depressive-Like Behaviors
After 2 weeks of drug administration, behaviors assessments
were carried out (Figure 1A). In SPT assessment, the repeated
CUMS exposure notably decreased the percentage of sucrose
consumption as compared with control group (Figure 1D).
Nonetheless, Cy (10 mg/kg) and Flu significantly increased the
percentage of sucrose consumption.

In TST and FST studies, a significantly prolonged duration of
immobility was observed in CUMS-challenged mice compared
with controls (Figures 1E, F). Treatment with Cy (5 mg/kg, 10
mg/kg in TST; 10 mg/kg in FST) and Flu reduced the immobile
time in CUMS mice in both tests, suggesting that Cy and Flu
ameliorated the depression-like behaviors in mice induced
by CUMS.

In OFT (Figures 1B, C), no significant among-group
difference was discovered in total distance traveled or time
spent in center, demonstrating that Cy and Flu improved
depression-like behaviors induced by CUMS without affecting
locomotor activity.

Effects of Cy on SIRT3/ROS Signaling in
the Hippocampus
DHE fluorescence staining showed that the ROS intensity was
profoundly increased in CUMS group compared with control
group (Figures 2A, B). However, after Cy intervention (5 mg/kg,
Frontiers in Pharmacology | www.frontiersin.org 4
10 mg/kg), the ROS activity in CUMS mice was significantly
inhibited, suggesting that Cy can prevent ROS formation in
CUMS mice.

To investigate Cy’s effects on SIRT3 and NF-kB expression,
Western blot was carried out. While CUMS modeling
significantly decreased the SIRT3 protein level and increased
p-NF-kB ratio, Cy treatment successfully (5 mg/kg, 10 mg/kg for
SIRT3; 10 mg/kg for p-NF-kB) reversed p-NF-kB percentage
and SIRT3 expression (Figures 2C, D).

Effects of Cy on Protein Levels of NLRP3
Inflammasome
To examine whether Cy could inhibit NLRP3 activation, we
investigated the effect of Cy on NLRP3 inflammasome complex,
the cleavage of IL-1b, IL-18, and GSDMD, which were strongly
associated with the NLRP3 inflammasome activation. As shown
in Figure 3, the protein expressions of NLRP3, ASC, cleaved
Caspase-1, cleaved IL-1b, cleaved IL-18, and the percentage of
GSDMD-N in the hippocampus of CUMS-treated mice were
significantly upregulated as compared to those in Control group.
Cy 5 mg/kg and Flu partially whereas Cy 10 mg/kg completely
restored these proteins, indicating that Cy and Flu could inhibit
NLPR3 inflammasome activation.

Effects of Cy on Neuroplasticity
To determine whether synaptic plasticity altered in the
hippocampus of mice underwent chronic stress, we measured
the synaptic protein expression of Synapsin-1 and PSD-95, and
performed Golgi staining to observe dendritic spines (Figure 4).
A

B D

E F

C

FIGURE 1 | Experimental procedures and behavioral assessment after 5 weeks. Drug administration sustained 2 weeks during the CUMS procedure (A). CUMS mice
exhibited decreased sucrose preference rate in SPT (D), and extended immobility time in TST (E) and FST (F), which were all reversed by Cy treatment. No significant
difference was found in OFT (B, C). Data are represented as mean ± SEM. #p < 0.05 and ##p < 0.01 vs. Con group. *p < 0.05 and **p < 0.01 vs. CUMS group.
October 2020 | Volume 11 | Article 577062

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Xia et al. Cy Confers Antidepressant-Like Effects
The protein levels of Synapsin-1 and PSD-95, as well as spine
density in CUMS mice showed significant reduction compared
with those in control group. While repeated administration of Cy
and Flu evidently inhibited these reductions, suggesting that Cy
and Flu were capable of maintaining the homeostasis of synaptic
plasticity in CUMS mice.
Frontiers in Pharmacology | www.frontiersin.org 5
Pharmacological Inhibition of SIRT3
Impaired Cy-Induced Effects in CUMS Mice
SIRT3 Inhibitor Blocked Cy-Induced Rescue of
Depressive Behaviors
To further investigate the functional role of SIRT3 in Cy-induced
antidepressant efficacy, the SIRT3 inhibitor 3-TYP was used in
A

B

DC

FIGURE 2 | ROS production and protein levels of SIRT3 and NF-kB in the hippocampus. Hippocampal ROS production was increased in mice receiving CUMS
challenge (A, B). Meanwhile, upregulated SIRT3 expression (C) and downregulated p-NF-kB level (D) was detected in the hippocampus of CUMS mice.
Nonetheless, the SIRT3/ROS/NF-kB signaling was successfully restored by Cy intervention. Data are represented as mean ± SEM. ##p < 0.01 vs. Con group. *p <
0.05 and **p < 0.01 vs. CUMS group.
A B

D E F

C

FIGURE 3 | Protein levels of the NLRP3 inflammasome in the hippocampus. Western blot was performed to measure the protein levels of NLRP3 inflammasome.
The expression of NLRP3 inflammasome complex NLRP3 (A), ASC (B), Caspase-1 (C) were elevated, and cleavage of IL-1b (D), IL-18 (E), and GSDMD (F) were
activated after CUMS modeling. Cy treatment notably suppressed these expression. Data are represented as mean ± SEM. #p < 0.05 and ##p < 0.01 vs. Con group.
*p < 0.05 and **p < 0.01 vs. CUMS group.
October 2020 | Volume 11 | Article 577062

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Xia et al. Cy Confers Antidepressant-Like Effects
A B

D E

C

FIGURE 4 | Synaptic proteins and dendritic spine density in the hippocampus. PSD-95 and Synapsin-1 are postsynaptic and presynaptic protein respectively (A).
Cy intervention significantly restored CUMS-induced decrease in PSD-95 (B) and Synapsin-1 (C), as well as the deficiency in dendritic spine density (D, E). Data are
represented as mean ± SEM. ##p < 0.01 vs. Con group. *p < 0.05 and **p < 0.01 vs. CUMS group.
A

B D

E

C

FIGURE 5 | Effect of SIRT3 blockage on Cy-related attenuation on depressive behaviors, ROS production and NF-kB expression. 3-TYP was applied to inhibit
SIRT3 signal (A). The protective efficacy of Cy on SPT (B), FST (C), ROS production (D), and NF-kB expression (E) were all reversed when co-administrated with
SIRT3 inhibitor 3-TYP. Data are represented as mean ± SEM. ##p < 0.01 vs. Con group. *p < 0.05 and **p < 0.01 vs. CUMS + Cy (10 mg/kg) group.
Frontiers in Pharmacology | www.frontiersin.org October 2020 | Volume 11 | Article 5770626

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Xia et al. Cy Confers Antidepressant-Like Effects
the study (Figure 5A). Results from SPT and FST revealed that
3-TYP significantly blocked the antidepressive effects of Cy in
SPT and FST (Figures 5B, C). These findings indicated that
SIRT3 signaling was essential for the antidepressant effects of Cy
in CUMS model.

SIRT3 Inhibitor Blocked Cy-Induced Restoration of
ROS Production and NF-kB Expression
Next, we studied the impact of SIRT3 inhibitor on Cy-related
attenuation of ROS production and NF-kB expression in CUMS
mice. As illustrated in Figures 5D, E, the relative fluorescence
intensity of ROS and phosphorylation rate of NF-kB were higher
in the hippocampus of CUMS-treated group compared with
control group, while Cy treatment significantly reduced ROS
generation and NF-kB phosphorylation rate induced by CUMS.
It is noteworthy that 3-TYP significantly reversed Cy
administration induced decrease in NF-kB and ROS
generation, indicating that Cy suppressed hippocampal ROS
and NF-kB activities by activating SIRT3.

SIRT3 Blocked Cy-Induced Attenuation of NLRP3
Inflammasome and Neuroplasticity Deficits
To evaluate the impact of 3-TYP on Cy-generated effect on
against NLRP3 inflammasome and synaptic plasticity, we
examined protein levels related to NLRP3 inflammasome and
synaptic plasticity, and performed Golgi staining to measure
Frontiers in Pharmacology | www.frontiersin.org 7
dendritic spine density. As the results shown in Figure 6, Cy
significantly inhibited CUMS-induced activation of NLRP3
inflammasome in terms of Caspase-1, GSDMD and IL-1b.
Moreover, the protein expressions of PSD-95 and Synapsin-1
and dendritic spine density was enhanced following Cy
treatment. However, co-treatment with 3-TYP evidently
reversed Cy-generated effects on NLRP3 inflammasome and
neuroplasticity. These findings reflected that Cy-induced
protective effects on NLRP3 inflammasome and synaptic
plasticity were dependent on SIRT3 activation.
DISCUSSION

In the present study, we demonstrated that a-Cyperone from
Cyperus rotundus exhibited potent antidepressant-like activities
in CUMS mice, which was due to the neuroplasticity
enhancement via SIRT3/ROS pathway mediated NLRP3
inflammasome deactivation. Furthermore, SIRT3 ablation
abolished the therapeutic effects of Cy in CUMS mice.

CUMS is a classic model of depression since chronic stressful life
events are vital cause of depression. In this model, rodents
underwent CUMS challenge developed significant depressive
disorders, including a marked decrease in response to rewards the
clinical core symptom of depression (Willner, 2017). Fluoxetine,
which served as the positive control in this study, is a widely used
A B

D E F

C

FIGURE 6 | Effect of SIRT3 blockage on Cy-related improvements of NLRP3 inflammasome and neuroplasticity. Cy generated restoration of NLRP3 inflammasome
proteins Caspase-1 (A), GSDMD (B), IL-1b (C), and enhancement of PSD-95 (D), Synapsin-1 expression (E) as well as dendritic spine density (F) were all abolished
when co-administrated with SIRT3 inhibitor 3-TYP. Data are represented as mean ± SEM. ##p < 0.01 vs. Con group. *p < 0.05 and **p < 0.01 vs. CUMS + Cy (10
mg/kg) group.
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antidepressant that has been shown to exert distinguished
antidepressive activity through the NLRP3 inflammation
deactivation (Du et al., 2016; Alcocer-Gomez et al., 2017). In our
study, anhedonia state and behavioral despair were detected in mice
experienced CUMS, evidenced by decreased sucrose preference rate
in SPT and increased immobility duration in TST and FST,
suggesting the successful establishment of depression model.
While, similar to Fluoxetine, Cy intervention notably mitigated
these depressive symptoms, indicating that Cy possesses potent
antidepressant efficacy.

In recent years, neuroplasticity, a feature of the brain’s
response to internal and external stimuli, has been implicated
in various neuropsychiatric disorders such as schizophrenia and
bipolar disorder. Significant spine loss and alternations in
dendritic spine density have been found in patients with
schizophrenia disease (MacDonald et al., 2017). Lithium, the
maintenance therapy used for the treatment of bipolar disorder,
induced various positive effects for neuroplasticity, for instance,
the enhancement of cellular proliferation, differentiation, and
maturation (Machado-Vieira, 2018).

Neuroplasticity has also been involved in the progress of
depression. Postmortem studies revealed smaller size of
pyramidal neurons in the dorsolateral prefrontal cortex of
depressed subjects relative to those of controls (Uchida et al.,
2018). AC-5216, a selective TSPO ligand, manifested fast-onset
antidepressant-like actions in chronically stressed mice, which was
closely related to neuroplasticity improvement, including the
upregulation of synaptic related proteins and restoration of
dendritic structure (Shang et al., 2020). The ablation of
neurogenesis in mice resulted in behavioral and biological
changes relevant to depression. In line with these studies, our
work showed that CUMS challenge decreased the protein levels of
postsynaptic protein PSD-95 and presynaptic protein Synapsin-1,
and reduced the dendritic spine density in the hippocampus of
mice. However, Cy treatment enhanced PSD-95 and Synapsin-1
protein levels as well as dendritic spine density, reflecting
the involvement of neuroplasticity in the etiology of depression
and Cy-related amelioration on depressive symptoms. The
NLRP3 inflammasome is a multi-protein signaling complex that
can trigger the cleavage of Caspase-1, which facilitates the
maturation of IL-1b and IL-18 into active cytokines and
activates pyroptosis via GSDMD cleavage (Jo et al., 2016). The
NLRP3 inflammasome has been proposed as a regulator of
neuroplasticity. The declines in protein expression of NLRP3,
ASC, Caspase-1, and IL-1bincreased BDNF and doublecortin
(DCX) expressions, as well as BrdU+ cells in the hippocampuses
of mice (Zuo et al., 2018). Spatial training reduced the production
of NLRP3, Caspase-1, and IL-1b in PR5 mice, which upregulated
the expression of synaptophysin, PSD-93, and PSD-95, and
enhanced dendritic spine number (Ren et al., 2019).

The correlation between NLRP3 inflammasome and depression
has also been documented. Clinical data suggested MDD patients
demonstrated elevated NLRP3 and Caspase-1 mRNA expression
in the peripheral blood mononuclear cells and increased IL-1b and
IL-18 levels in the serum; serum IL-1b and IL-18 concentrations
were positively related to the Beck Depression Inventory (BDI)
Frontiers in Pharmacology | www.frontiersin.org 8
scores of MDD patients (Alcocer-Gomez et al., 2014). Classical
antidepressants such as paroxetine, amitriptyline and agomelatine
were reported to reduce NLRP3, IL-1b, and IL-18 levels in patients
with MDD (Alcocer-Gomez et al., 2017). Chronic stress promoted
the production of NLRP3 inflammasome contents and
inflammatory cytokine IL-1b and IL-18 (Wang et al., 2020).
Compared with wild-type mice, NLRP3 gene knockout mice
didn’t exhibit depression-like behaviors in SPT or TST after 4
weeks of CUMS exposure; meanwhile, NLRP3 gene knockout
prevented the promotion of IL-1b in serum and hippocampi of
CUMS mice (Su et al., 2017). Melatonin, a hormone produced
from L-tryptophan mainly in the pineal gland, significantly
reversed the depression-like behaviors induced by LPS, which
was tightly linked with NLRP3 inflammasome inhibition
generated decrease in GSDMD cleavage and pyroptotic cell death
(Arioz et al., 2019). In this study, Cy effectively decreased the
expression of NLRP3 inflammasome complex and cleaved IL-1b,
IL-18, and GSDMD in mice received CUMS modeling, suggesting
that Cy-related improvements in depressive behaviors and
neuroplasticity defects were partially resulted from the
suppression of NLRP3 inflammasome.

SIRT3, the most abundant sirtuin in the brain, is the only
deacetylase in mitochondria that has robust deacetylase activity
(Pillai et al., 2017). SIRT3 could deacetylate metabolic and
respiratory enzymes that are correlated with electron transport
chain function, consequently reduce the level of ROS, a key player
in the mediation of NLRP3 inflammasome activity (Zheng et al.,
2018). The SIRT3/ROS pathway is associated with the mediation
of NLRP3 inflammasome. ROS stimulation dramatically
promoted NLRP3 inflammasome generation, whereas the
deletion of ROS significantly reduced the transcriptional levels
of NLRP3, ASC, Caspase-1 and IL-1b (Dai et al., 2017). Qian Lei
et al. studied the relationship between ROS and NLRP3-mediated
pyroptosis on oxygen-glucose deprivation induced pyroptosis
model. Their results showed that NLRP3 inflammasome-
mediated pyroptosis could be prevented by the suppression of
ROS, which hindered the phosphorylation of NF-kB and
sequentially decreased the mRNA level of GSDMD and lactate
dehydrogenase release (Lei et al., 2018).

The SIRT3/ROS pathway is also implicated in depression.
The overproduction of ROS was detected in patients with
depression (Bilici et al., 2001). The study conducted by Yu X
et al. demonstrated that mice experienced chronic mild stress
displayed deficiency in SIRT3 expression, as well as the
overexpression of ROS, p-NF-kB p65 and IL-1b (Yu et al.,
2020). Additionally, AICA Riboside intervention which
restored hippocampal SIRT3 expression significantly
ameliorated the depression-like and anxiety-like behaviors of
CUMS mice. Nevertheless, the above protective effects of AICA
Riboside were abolished when co-treated with SIRT3 antagonist
3-TYP. Consistent with these studies, our results showed
declined protein level of SIRT3, and elevated ROS production
and NF-kB phosphorylation rate in the hippocampus of CUMS
mice, confirming the involvement of abnormal SIRT3/ROS/NF-
kB signaling in the pathology of depression. However, Cy
treatment significantly restored the SIRT3/ROS/NF-kB
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pathway, and inhibition of SIRT3 led to the ablation of Cy
generated protective efficacy in CUMS mice, suggesting the
crucial role of SIRT3 signaling in the treatment of depression.

To conclude, for the first time to our knowledge, we
demonstrated that a-Cyperone from Cyperus rotundus exerted
antidepressant-like actions in a mouse depression model. The
antidepressant activity of a-Cyperone was attributed to SIRT3/
ROS pathway mediated NLRP3 inflammasome deactivation, which
led to the enhancement of neuroplasticity (Figure 7). The findings
revealed the antidepressant property of a-Cyperone, and provided
support for targeting SIRT3/ROS signaling in depression treatment.
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