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ABSTRACT

Background: Depression is a commonly occurring mental disease and many active ingredients
of herbs have been proven to effectively alleviate depression. Objectives: To investigate
the effects of Tanshinone IIA (Tan IIA) on depression and determine potential mechanisms.
Materials and Methods: The antidepressant mechanism of Tan IlA was predicted by network
pharmacology. Then, we established Chronic Unpredictable Mild Stress (CUMS)-induced
depression in a mouse model for validation and the mice were administered with Tan IIA
during the 15" day-the 28™ day (20 and 40 mg/kg). And related proteins were determined by
western blotting or immunofluorescence. The levels of cytokines and neurotransmitters were
detected by ELISA. Synaptic changes were visualized by Golgi staining and western blotting.
Results: Network pharmacology predicted PI3K/Akt pathway and TNF-a/TNFR1 pathway played
significant roles in the treatment of depression by Tan IIA. And CUMS mice was used to verify.
Tan IIA reduced the immobility time of CUMS mice in Forced Swim Test (FST) and Tail Suspension
Test (TST). Meanwhile, CUMS mice consumed more sucrose after Tan IIA treatment and it
improved the body weight. Importantly, Tan lIA alleviated CUMS-stimulated release of IL-1 and
TNF-q, activation of astrocytes and microglia, reduction of synaptic proteins (PSD95, Arc, BDNF).
Moreover, Tan lIA promotes the phosphorylation of PI3K/Akt and inhibits the expression of TNFR1
in the hippocampal. Conclusion: Tan IIA improves depression-like behaviors possibly through
inhibiting neuroinflammation, increasing synaptic plasticity and improving neurotransmitter
levels in the hippocampus.
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Depression is a common neuropsychiatric disease and affects
15%-20% of the global population.! According to the WHO
survey, the number of people with depression in the world
exceeds 300 million.? Alarmingly, depression has developed
into the leading cause of disability and is also an important
factor in economic burden.’ Although depression is associated
with neurotransmitter,*® hyperactivity of HPA axis,” neuronal
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apoptosis,® neuroinflammation,® oxidative stress,’ and gut
microbiota,'® the specific pathogenesis of depression is still
unclear and effective drugs for depression with few side effects
is lacking.

Salvia miltiorrhiza is mainly used to treat various cardiovascular
and cerebrovascular diseases."'** According to the structural
characteristics of Salvia miltiorrhiza, it is divided into
water-soluble polyphenol compounds and lipophilic chemical
substances, including Tan I and Tan IIA."¢ Tan IIA has definite
anti-inflammatory, antioxidant and neuroprotective effects.'”'*
Moreover, previous studies have also confirmed Tan IIA can
improve Ap-induced cognitive impairment and behavioral
changes by inhibiting neuroinflammation.'** Currently, Tan ITA
may alleviate depression and this effect is achieved through the
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ERK/CREB/BDNF pathway.?' However, the specific mechanism
of Tan ITA's antidepressant effects remains unclear.

The hippocampus is one of the key brain regions in the brain
involved in regulating learning, memory and emotion,” and
neuroinflammation and synaptic plasticity in this brain region
are considered to be closely related to depression.” Meanwhile,
neuroinflammation can cause synaptic degeneration and
neuronal cell death.*»* And PI3K-Akt pathway can induce
inflammation and also lead to synaptic damage, so this pathway
is significant for depression.*?” Although Tan IIA can alleviate
many neurological diseases, the exact molecular mechanism of
its antidepressant effects is still not clear. Therefore, we aimed to
investigate the antidepressant effects of Tan IIA and explore the
role of PI3K-Akt pathway in the treatment of depression with Tan
IIA.

MATERIALS AND METHODS

Potential targets of depression and predicted
targets of Tan ITA

We collected potential targets from databases, including
OMIM database (http://www.omim.org); GeneCards(https://
www.genecards.org/); DisGeNET (https://www.disgenet.org/);
Therapeutic Target Database (http://bidd.nus.edu.sg/group/
cjttd/); and DrugBank (https://www.drugbank.ca/). The search
terms were depression, depressive disorder and antidepressant.

SwissTarget Prediction database (http://www.
swisstargetprediction.ch/), SEA (https://sea.bkslab.org/),
STITCH (http://stitch.embl.de/) and PharmMapper database
(http://lilab.ecust.edu.cn/pharmmapper/) were used to predict
the targets of Tan IIA. The UniProt database (http://www.uniprot.

org/) was applied to standardize these targets.

PPI network construction and hub targets analysis

The common targets of Tan ITA and depression were constructed
in the String Database to construct a Protein-Protein Interaction
(PPI) network and Homo sapiens were selected as the target
organism. Topological analysis was performed on the four
dimensions of MNC, MCC, Degree and Betweenness centrality
using Cytoscape plug-in CytoHubba. The common goal is
identified as the pivot goal by intersecting the first fifteen goals of
the four dimensions.

Enrichment analysis and functional prediction

Gene Ontology (GO) annotation and Genomes (KEGG) pathway
enrichment analysis were performed to predict the potential
functions and pathways using the Comparative Toxicogenomics
Database (CTD; http://ctdbase.org/). In order to explore the
functional interactions of biological processes, the Cytoscape
plug-in ClueGO and Cluepedia was applied.
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Animals and drugs

Male C57BL/6 mice (22-26 g, 8 weeks old) were purchased from
the Animal Center of Zhejiang Chinese Medical University.
And then housed in a room with a temperature of 20-24°C
and a relative humidity of 40-55%, a 12/12 hr light/dark cycle.
Animal health was managed by caretakers. All experiments
were conducted in accordance with the Guidelines for the Care
and Use of Experimental Animals published. The experimental
procedures were approved by the Ethics Committee of Zhejiang
Chinese Medical University (Hangzhou, China; No approval:
20210322-03). The efforts were made to reduce the suffering of
mice, as well as the number of mice.

The dose of Tan ITA was chosen according to previous research.?*
Tan ITA was purchased from Solarbio (HPLC>98%, Beijing,
China, Cat No: IT0530). Tan ITA was administered to mice at
two doses (20 mg/kg, 40 mg/kg). Fluoxetine was purchased from
Macklin (HPLC=99%, Shanghai, China, Cat No: 56296-78-7) and
the dose of fluoxetine is 10 mg/kg.”

Chronic unpredictable mild stress (CUMS)-induced
depression model

The mice were randomly divided into 6 groups: Control, CUMS,
CUMS+Tan IIA (20 mg/kg, 40 mg/kg), CUMS+Fluoxetine (10
mg/kg), Control+Tan IIA (40 mg/kg). And they were adapted
during the 1* week. CUMS was employed to model depression
in mice and ten conditions were selected, including: (1) Fasting
(24 hr); (2) Water deprivation (24 hr); (3) Exposure to a peculiar
smell (2 hr); (4) Humid bedding (2 hr); (5) Thermal-stimulation
(45°C, 5 min); (6) Ice-stimulation (4°C, 5 min); (7) Tail-clipping
(3 min); (8) Tilted cage (2 hr); (9) Light (24 hr); (10) Restraint (2
hr). And two of them were randomly selected each day for three
weeks.»

Tail Suspension Test (TST)

Mice were taped to the edge of a shelf about 30 cm from the
bottom of the soundproof box. Mice were allowed to move
freely for 6 min and recorded by Supermaze software (Shanghai
Xinruan Information Technology Co., Ltd). The immobility time
of mice during the last 4 min was recorded and quantified.

Forced Swimming Test (FST)

24 hr after TST, the mice were subjected to FST. They were
successively placed in a glass container with 1200 mL water and
the water temperature was maintained at 20-22°C. The mice
swam freely for 6 min and recorded by Supermaze software. The
immobility time of mice during the last 4 min was recorded and
quantified.

Sucrose Preference Test (SPT)

The SPT was performed on the 7%, 14", 21* day. During the 1*
day-6™ day, they were trained to acquaint sucrose. During the
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CUMS, the SPT was performed after water deprivation. And
the bottles containing 1% sucrose and the bottles containing
water were placed randomly to avoid positional preference.
The sucrose preference index=sucrose consumption/(sucrose
consumption+water consumption).

Western blotting

The Hippocampus (HIP) was homogenized with protein lysate
for 30 min. After homogenization, the EP tubes were placed in
a centrifuge (4°C, 12000 rpm, 5 min). The concentration was
detected by kits (Beyotime Institute of Biotechnology). Then,
they were isolated by SDS-PAGE (12% gel, 115V, 70 min) and
transferred onto the NC membranes (150 mA, 60-120 min). The
membranes were blocked with 5% skimmed milk (dissolved in
PBS containing 0.1% Tween-20) for 2-3 hr at room temperature
and then incubated overnight with primary antibody at 4°C.
Finally, the proteins and a peroxidase-conjugated goat anti-rabbit
IgG (1:10000, Bioworld, BS13278) were incubated at room
temperature for 1.5-2 hr. The band intensity was quantified by
ImageJ v10 (National Institutes of Health). The quantification of
target proteins was correlated with GAPDH.

The primary antibodies used were p-PI3K (1:1000, Abcam,
ab278545), PI3K (1:1000, CST, 4255S), p-Akt (1:1000, CST,
4060T), Akt (1:1000, CST, 2920S), Tbal (1:500, CST, 17198S),
GFAP (1:1000, Proteintech Group, Inc, 16825-1), PSD95(1:1000,
CST,2507S), Arc(1:1000, Synaptic Systems, 156003), BDNF(1:500,
Novus, NB100-98682), IL-1f (1:1000, CST, 31202S), TNF-a
(1:1000, Proteintech Group, Inc, 17590-1), TNFR1 (1:1000,
Proteintech Group, Inc, 21574-1-AP) and GAPDH (1:1000,
Xianzhi Biological, AB-P-R001).

Immunofluorescence

The whole brain was fixed in 4% PFA for one week and then
dehydrated with 30% sucrose (4°C, 24 hr). The frozen sections
were blocked in 0.1 M PBS (10% goat serum+0.4% Triton X-100)
for 1 hour and incubated in the primary antibody (4°C, overnight).
Then, sections were washed in 0.1m PBS 5 times. Finally, they
were incubated with either goat anti-mouse IgG H&L (Alexa
Fluor®488) (1:100, ZSGB-BIO, ZF-0312) or goat anti-rabbit IgG
H&L (Alexa Fluor®594) (1:100, ZSGB-BIO, ZF-0311). The images
were obtained by Olympus FV 1000 confocal laser scanning
microscope (Olympus, Tokyo, Japan). The primary antibodies
used were GFAP (1:100, Proteintech Group, Inc, 16825-1-AP),
Ibal (1:100, CST, 17198S).

ELISA

The venous blood of the mice was collected to detect the levels
of neurotransmitters and cytokines. The blood was clotted for 20
min, then centrifuged (15 min, 3500 rpm) and serum was finally
collected. Levels of neurotransmitters and cytokines were detected
in the HIP and Prefrontal Cortex (PFC). 10 mg HIP (PFC) was
mixed with 100 uL of PBS (pH?7.4), then centrifugation had been

1598

performed (15 min, 2500 rpm, 4°C) and collected supernatant.
Thereafter, the levels of 5-HT, NE, IL-1p and TNF-a were
determined according to the instructions provided by the 5-HT
(JL12087), NE (JL13969), IL-1B (JL18442) and TNF-a (JL10484)
ELISA kits. Finally, the absorbance (OD value) was quickly read
on a microplate reader at a detection wavelength of 450 nm.

Statistical analysis

Data were presented as means+SEM. Statistical analyses were
performed using GraphPad Prism 8.0.2. Kruskal Wallis test was
used for statistical analysis. Kruskal Wallis test and Dunn test
were used for multiple comparison tests.p<0.05 was considered
significant.

RESULTS

The target of Tan lIA against depression

In this study, 2492 depression-related targets and 331 Tan IIA
targets were found through the database and the Venn diagram
showed that depression and Tan IIA shared 94 targets (Figure
1A). At the same time, the results of MNC, MCC, Degree and
Betweenness indicate a total of 12 intersecting targets (AKT,
Caspase3, ESR1, PTGS2, EGFR, NOS3, IL-2, CCND1, MMP9,
EZH2, MAPK14, EDN1) (Figures 1B-F) and they were identified
as the hub targets.

GO and KEGG enrichment analysis

GO enrichment showed metabolic process, response to stress
and biological regulations were the main part in the biological
processes. And intracellular space was obvious. Molecular
functional results highlighted protein binding and signaling
receptor binding (Figure 1G). KEGG indicated that Ras pathway,
PI3K/Akt pathway, calcium pathway, Rapl pathway and TNF
pathway are very valuable (Figure 1H). ClueGO analysis showed
enriched terms were mainly regulation of synaptic transmission,
positive regulation of smooth muscle cell proliferation,
regulation of monooxygenase activity (Figure 1I). Meanwhile,
pathway-target network showed PI3K/Akt pathway was enriched
for most key targets including Akt, EGFR, IL-6, MAPK1, TP53
and VEGFA (Figure 1J).

Tan lIA reduces CUMS-induced depression-like
behaviors

We investigated antidepressant effect of Tan IIA by CUMS mice.
During the CUMS, body weight was recorded weekly. Then, SPT,
TST and FST were performed (Figure 2A). During the adaptive
period, there was no significant difference in the body weight
between the groups (p=0.9879) (Figure 2B). However, after the
stress, the body weight of CUMS mice decreased significantly, but
either 20 mg/kg or 40 mg/kg Tan ITA could inhibit the weight loss
of mice (p=0.0006) (Figure 2C). In the FST, the immobility time
of CUMS mice increased (p=0.0025) (Figure 2D). The results of
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Figure 1: Potential targets of Tan IIA in depression and enrichment analysis the shared targets of Tan IIA in depression. (A)
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and Betweenness, respectively. (G) Go enrichment analysis. (H) KEGG pathway analysis. (I) ClueGO enrichment analysis. (J) A
corresponding network of hub targets and valuable pathways.
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TST are the same as well (p=0.0008) (Figure 2E). But Tan IIA
could improve CUMS mice. Similar to body weight, there was no
difference in sucrose between groups during the adaptive period
(p=0.9522) (Figure 2F). However, mice were stimulated for three
weeks, the intake of sugar water in the CUMS mice decreased.
After Tan ITA treatment, the intake of sucrose in CUMS mice
tended to be a normal level (p=0.0022) (Figure 2G).

Tan lIA improves the levels of neurotransmitters and
cytokines in CUMS mice

Imbalance of 5-HT and NE is realized as a key mechanism
of depression.*’ In our results, the CUMS mice showed lower
levels of 5-HT in HIP (p=0.0029), PFC (p=0.0029) and serum
(p=0.0024) (Figure 3A) than control group. Similarly, NE in HIP
(p=0.0018), PFC (p=0.0018) and serum (p=0.0021) (Figure 3A)
of CUMS mice decreased. In contrast, administration of Tan IIA
to CUMS mice improved the levels of 5-HT and NE.

The connection between inflammation and depression is
well-known to researchers.” And we found that TNF-a in
HIP (p=0.0017), PEC (p=0.0018) and serum (p=0.0026) of
CUMS mice all increased (Figure 3B). And IL-1p in the HIP
(p=0.0024), PFC (p=0.0018) and serum (p=0.0024) of CUMS
mice also increased (Figure 3B). But after administration of Tan

ITA, the levels of IL-1B and TNF-a were decreased to a certain
extent. And western blotting showed Tan IIA inhibited TNF-a
(p=0.0035) and IL-1p (p=0.0031) in the HIP of CUMS mice
(Figures 3C, 3D), which were consistent with ELISA. Moreover,
network pharmacology suggested that TNF pathway may play a
major role on the treatment of depression by Tan IIA. And we
found the expression of TNFR1 in the HIP of CUMS mice were
significantly higher than control group and Tan IIA prohibited
the upregulation of TNFR1 (p=0.0024) (Figure 3D).

Tan lIA inhibits the activation of astrocytes and
microglia in the hippocampus

Inflammation always induces over-activation of glial cells.**** The
over-activation of microglia and astrocytes in the DG regions
was limited by Tan IIA (Figures 3G-3H). In addition, we found
the expression of GFAP (p=0.0043) and Ibal (p=0.0038) (Figures
3C, 3F) in the HIP of CUMS mice increased compared with the
control group.

Tan IIA ameliorates CUMS mice through PI3K/Akt
pathway in the hippocampus

Through network pharmacology, it is understood PI3K/Akt
pathway may be a critical pathway for Tan IIA to improve
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Figure 3: Tanshinone IIA ameliorated neurotransmitter and cytokines levels in CUMS mice, suppressed the overactivation of hippocampal
astrocytes and microglia, and promoted the phosphorylation of PI3K and Akt. (A-B) The levels of 5-HT, NE, TNF-a and IL-1(3 in the HIP, PFC
and serum (n=5); (C) Representative blots of TNF-a, TNFR1, IL-13, p-PI3K, p-Akt, GFAP, Iba1l and GAPDH; (D) The levels of TNF-a, TNFR1
and IL-13 were analyzed (n=6); (E) The level of p-PI3K and p-Akt were analyzed (n=6); (F) The levels of GFAP and lba1 were analyzed
(n=6); (G) Representative image of immunofluorescence for GFAP in DG (GFAP: Green; Nuclear: Blue); (H) Representative image of
immunofluorescence for Iba1 in DG (Iba1: Green; Nuclear: Blue). p<0.05 vs Control, #p<0.05 vs CUMS.
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depression, hence we have re-verified this point. The results
indicated the phosphorylation of PI3K (p=0.0040) and Akt
(p=0.0030) decreased in the hippocampus of CUMS mice (Figures
3C, 3E), whereas Tan IIA promoted the p-PI3K and p-Akt in the
HIP of CUMS mice.

Tan lIA improved synaptic plasticity in the
hippocampus of CUMS mice

Synaptic modulation is a potential and important pathway for
treating depression.”® In our results, the expressions of BDNF
(p=0.0037), PSD95 (p=0.0043) and Arc (p=0.0031) decreased
in the HIP of CUMS mice, while Tan ITA could improve
the expression of BDNEF, PSD95 and Arc (Figures 4A-4C).
Golgi staining showed Tan IIA increased the number of dendritic
spines in the DG region of CUMS mice (p=0.0029) (Figures
4D-4E). And the length of synapses has also been improved by
Tan IIA (Figures 4F-4G).

DISCUSSION

This study aims to explore the mechanism by which Tan IIA
ameliorates depression. We find TanITA caninhibit depression-like
behaviors, which may be related to neuroinflammation and
synaptic plasticity mediated by TNF-a/TNFR1 pathway and
PI3k/Akt pathway in the hippocampus. And the imbalance of
neurotransmitters has also been alleviated.

Imbalance of neurotransmitters can induce depression.*
Fluoxetine is the most common antidepressant in clinic and the
effect is achieved by preventing the reuptake of 5-HT,*® while
the antidepressant effect of duloxetine is achieved by preventing
the reuptake of NE.*” And we found Tan IIA promoted the
normalization of neurotransmitter levels in CUMS mice, thereby
exerting antidepressant effects.

Neuroinflammation has been considered as a significant
mechanism of many neurological diseases, including
depression, PTSD, AD, PD.*** The burst is often accompanied
by over-activation of glial cells and both the over-activation of
microglia and astrocytes are believed to mediate the release of
cytokines that contribute to depression.”**> Tan IIA is an active
ingredient of Salvia miltiorrhiza and has an exact role in treating
some neurological diseases and the realization of this effect
may be related to inflammation.*** And previous evidence has
also confirmed Tan ITA improves neuroinflammation by TLR4/
NF-kB pathway in the hypoxic-ischemic encephalopathy mice.*
Meanwhile, Tan IIA attenuates neuroinflammation by RAGE/
NF-«kB pathway, thereby improving memory.” Moreover, the
over-activation of microglia can be prevented by Tan IIA.*® Based
on these, we believe that the molecular mechanism of Tan ITA's
antidepressant effect may be achieved by inhibiting inflammation.
And as expected, we also find Tan IIA prevented the massive
release of TNF-a and IL-1P. Meanwhile, administration of Tan
ITA reduced the number of GFAP- and Ibal-positive cells. Since
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network pharmacology suggested that TNF-a/TNFR1 pathway
plays a major role in the treatment of depression with Tan IIA and
Tan IIA suppresses the expression of TNFR1 in the hippocampus.

Depression can be considered a microglia-related disease. As
the most common and important type of glial cell, the functions
of microglia have garnered significant attention. In the past, a
substantial amount of research has clearly demonstrated that
microglia can regulate neuroinflammation.* And now, its
function in regulating the formation of neural networks and
synaptic plasticity has also been confirmed.” Therefore, synaptic
plasticity damage is induced by neuroinflammation®' and which
is closely associated with depression.® And in a previous study,
we found that the levels of synaptic plasticity-related proteins
were decreased in CUMS and LPS mice.® Excitingly, Tan IIA has
the ability to improve synaptic plasticity, which contributes to
attenuate fear memory and anxiety.”* Moreover, Tan IIA promotes
the level of BDNE?' And our findings also corroborate the view
that Tan ITA can enhance synaptic plasticity in the hippocampus,
along with the length of dendrites and the number of dendritic
spines. This evidence supports the notion that Tan IIA's
improvement of depression is associated with synaptic changes.

The PI3K/Akt pathway is an essential pathway in regulating
emotional disorders and has also been confirmed to regulate
depression.”””* Previous evidence indicates PI3K/Akt pathway
can induce NF-«B nuclear translocation, then pro-inflammatory
cytokines are released.”* And neuroinflammation is often
accompanied by impairment of synaptic plasticity,” this finding
is consistent with our previous results.”® Moreover, PI3K/Akt
pathway may alleviate depression-like behaviors by improving
neuroplasticity.>***®* And in this study, our results indicate PI3K/
Akt pathway may be an essential pathway for the treatment
of depression with Tan IIA. We find Tan IIA promotes the
phosphorylation of PI3K and Akt in the hippocampus of CUMS
mice. Meanwhile, Tan IIA inhibits inflammation and improves
synaptic plasticity. Under the circumstances we have every
reason to suspect that the anti- inflammation and synaptic
plasticity-enhancing effects of Tan IIA may be achieved through
the PI3K/Akt pathway.

Previous studies have identified that both the PI3K/Akt pathway
and the TNF-o/TNFRI1 pathway are crucial for the regulation
of depression by traditional Chinese medicine monomers.”*!
Tanshinone IIA has been shown to ameliorate neurological
diseasesthrough these pathways. Maetal.'s findings confirmed that
Tanshinone ITA can regulate synaptic plasticity of hippocampal
neurons via the PI3K/Akt pathway,* and its improvement in
cognitive dysfunction is also linked to this pathway.®* Additionally,
Tanshinone IIA appears to have the potential to inhibit the
TNF-o/TNFR1 pathway, thereby mitigating neuronal damage.®
There is an interaction between the PI3K/Akt and TNF-a/TNFR1
pathways, likely affecting inflammatory responses, apoptosis, cell
survival and proliferation. Phosphorylation of PI3K generally
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Figure 4: Tan IIA improved synaptic plasticity in the hippocampus of CUMS mice. (A) The level of BDNF was analyzed (n=6); (B) The level
of PSD95 was analyzed (n=6); (C) The level of Arc was analyzed (n=6); (D-E) The number of spines in DG; (F-G) Length of synapses in DG.
Data were presented as the mean+SEM. 'p<0.05 vs Control, #p<0.05 vs CUMS.

coincides with inflammation suppression. However, in disease
states, inhibition of PI3K phosphorylation leads to nuclear
translocation of NF-xB, promoting excessive activation of
M1 microglia and the release of pro-inflammatory cytokines,
including TNF-a. These TNF-a molecules bind to TNFR1 on cell
membranes, further enhancing neuroinflammation.®* The surge
of neuroinflammation can further inhibit the phosphorylation
of PI3K and Akt. Additionally, TNF-a can modulate synaptic
function at multiple levels, from fine-tuning neurotransmission
to regulating synapse numbers and influencing overall neuronal
networks and complex behaviors.®® In this study, although we
have identified that the antidepressant mechanism of Tan IIA
may involve the regulation of PI3K/Akt and TNF-a/TNFRI
pathways, we lack direct evidence of a high-speed bidirectional
relationship between these pathways, which will be the focus of
our future research.

CONCLUSION

Tan IIA can improve depression-like behaviors, possibly by
inhibiting glial cell activation, improving synaptic plasticity and
reducing inflammation. And this study provides new perspectives
for treating depression.

ABBREVIATIONS
5-HT: 5-hydroxytryptamine; NE: Norepinephrine; Arc:
Activity-regulated cytoskeleton-associated ~protein; PSD95:

Postsynaptic density 95; BDNF: Brain-derived neurotrophic
factor; CUMS: Chronic unpredictable mild Stress; FST:
Forced swimming test; TST: Tail suspension test; SPT: Sucrose
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preference test; GFAP: Glial fibrillary acidic protein; Ibal:
Ionized calcium binding adapter molecule 1; IL-1f: Interleukin
1B; TNF-a: Tumor necrosis factor-a; TNFR1: Tumor necrosis
factor receptor 1; PI3K: Phosphatidylinositol 3-kinase; KEGG:
Kyoto Encyclopedia of Genes and Genomes; PPI: Protein-protein
interaction.
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SUMMARY

Depression is a neuropsychiatric disorder that affects 15-20% of
people, with a lifetime prevalence of 10%-15% and has developed
into one of the most significant disability factors. Although
previous studies have confirmed the pathogenesis of depression
is related to neurotransmitters, HPA axis, neuroinflammation,
synaptic plasticity, oxidative stress, programmed cell death and gut
microbiota, the specific pathogenesis of depression is still unclear
and antidepressants are generally associated with poor efficacy,
high side effects and short duration of action. However, many
active ingredients of herbs have been proven to effectively alleviate
depression with fewer adverse reactions. Tan IIA is a lipophilic
diterpenoid compound extracted from Salvia miltiorrhiza and
some researchers argue that it can alleviate neuroinflammation,
apoptosis and oxidative stress in the CNS. But the mechanism
by which Tan IIA intervenes in depression remains unknown.
And this study was intended to investigate the effects of Tan IIA
on depression and determine potential mechanisms. The current
findings of this study reveal Tan IIA administration improves
depression-like behaviors in CUMS mice and this effect may
be mediated through inhibiting neuroinflammation, increasing
synaptic plasticity and improving neurotransmitter levels in
the hippocampus. Therefore, it is clear that Tan IIA can be a
promising salutary candidate to treat depression.
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