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proteomics-based screening of the 
target proteins associated with 
antidepressant-like effect and 
mechanism of nimesulide
Wen Luo, Ying Luo & Junqing Yang ✉

Nimesulide is an inhibitor of COX-2 with antioxidant and anti-inflammatory effects. However, few 
studies have explored the antidepressant mechanism of nimesulide. Here, we evaluated the therapeutic 
effects of nimesulide on CUMS rats. iTRAQ technology was used to identify the differentially expressed 
protein in the hippocampus between CUMS and nimesulide-treated rats to identify the possible 
molecular mechanism of its effects. We found that nimesulide had positive effects on depressive-like 
behaviors and inflammatory factors in depressed rats. Using proteomics technologies, we screened 16 
differentially expressed proteins in CUMS-exposed rats after nimesulide treatment, 5 of which were 
related to inflammation. Overall, these results show that nimesulide might mediate its antidepressant 
effect on depressed rats through the inhibition of oxidative stress inflammatory response.

Depression is reported to be associated with many health problems like low mood, cognitive impairment, and 
even suicidal behaviours1. With the increase in competitive pressure in modern society, the number of people 
suffering from depression is growing day by day2. Furthermore, depression may induce substance abuse3,4 and 
suicide5. Brain imaging studies showed a reduced hippocampus volume of depressed patients6. However, a dis-
advantage of conventional antidepressants is a slow onset of antidepressant action. Therefore, the pathogenesis of 
depression needs further studies to search for new therapeutic targets.

Substantive evidence shows inflammation being a driver of neuropsychiatric symptoms by negatively impact-
ing on neuronal proliferation, survival, and differentian7–9. A population-based, prospective cohort study in 
Denmark followed a total of 3.56 million people for 24 years and found that those who were hospitalized for an 
infection or visited a hospital for treatment of an autoimmune disease had a significantly higher risk for devel-
oping a depressive disorder10. The cyclooxygenase (COX) −2 catalyzes the synthesis of prostaglandins (PGs) 
and induces inflammation responses11. The COX pathway potentiates the inflammatory process and may exac-
erbate brain inflammation and injury. Clinical studies found that enhanced COX-2 expression in patients with 
neuropsychiatric diseases such as depression and Alzheimer’s disease12–14. Consistent with these results, an 
animal model of depression in rats demonstrated that the upregulation of COX-2 may induce hyperactivity in 
inflammatory responses and lead to depression-like behavior15. Interestingly, the COX-2 inhibitor can relieve 
depressive-like behaviors by inhibiting inflammatory factors16. In people with major depression, a randomized, 
double-blind study found compared reboxetine plus celecoxib with reboxetine plus placebo a significant thera-
peutic effect of celecoxib17. These results point out that a strong correlation between COX-2 and depression.

Fluoxetine is the first selective serotonin reuptake inhibitor antidepressant with the longest half-life and high 
bioavailability. Moreover, fluoxetine is one of the most widely prescribed antidepressants in clinical settings and 
has been experimentally widely used for studying depression18. As one of only two antidepressants, fluoxetine was 
approved for depression in youth by the United States Food and Drug Administration (FDA)19. Besides, fluoxe-
tine was used as the control in a large number of animal experiments20,21.

Isobaric tags for relative and absolute quantification (iTRAQ) is an advanced technique used for identifying 
biomarkers and examining pathophysiological processes of various diseases22. In our study, we used iTRAQ to 
screen target proteins regulated by nimesulide in the hippocampus of CUMS rats, to provide insight into the 
pathogenesis of depression and the role of nimesulide in depression.
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Materials and methods
Animals. Male Sprague-Dawley rats (180–220 g) were purchased from the Laboratory Animal Center 
of Chongqing Medical University. They were housed in groups of 5 each cage at constant room temperature 
(25 ± 2 °C) with a 12 h light and dark cycle. Food and water were continually available for 1 week as rats adapted 
to the environment. All procedures were performed following Chongqing Science and Technology Commission 
guidelines for animal research and approved by the Chongqing Medical University Animal Care Committee.

Drugs and treatment groups. A total of 80 rats were randomly divided into a control group (CON, 
n = 20) and a CUMS-exposed group (n = 60). CUMS-exposed rats (n = 60) were further subdivided into the 
following 3 groups, with 20 rats each group: CUMS model group (CUMS), fluoxetine+ CUMS group (FLX), and 
nimesulide+ CUMS group (NIM). The dose of nimesulide for rats was derived from a human dose by following 
a conversion equation23. The rats in the NIM and FLX groups were treated with nimesulide (Hubei Jianyuan 
Chemical Co., Ltd. China) and fluoxetine (Wuhan Sheng Tianyu Biotechnology Co., Ltd. China) through oral 
gavage at a dose of 12 mg/kg/d and 3 mg/kg/d, respectively for 21 days. The rats in the CON and CUMS groups 
received an equal volume of 0.5% sodium carboxymethylcellulose (CMC-Na) (National Chemical Reagent, 
China) through oral gavage for 21 days. Behavioral tests were performed following drug intervention.

CUMS procedure. The CUMS procedure was conducted according to the previous study24. All of these 
stressors were randomly arranged, including tail pinching for 1 min, 4 °C cold water swimming for 5 min, 45 °C 
hot water swimming for 5 min, fasted (food and water) for 24 h, cage tilting at 45 ° for 24 h, wet bedding for 24 h, 
inverted day/night cycle and odor stimulation. Rats were individually exposed to the stressors in random order 
once a day for 21 days. No single stressor was performed consecutively.

Open-field test (OFT). The OFT was performed with minor modifications as described previously25. Rats 
were individually placed in the center of a black box (100 cm × 100 cm × 50 cm) in a dark and quiet room with a 
5-m visibility distance. Horizontal (crossing times) and vertical (rearing times) exploratory activity were measured 
for a 5-min session. The apparatus was cleaned with detergent before each test session to remove any olfactory cue.

Forced swimming test (FST). The FST was conducted as previously described with minor modifications26. 
Rats were individually placed in a transparent cylindrical bucket (45 cm in height and 25 cm in diameter) filled 
with water (23 ± 2 °C) to a depth of 30 cm. Total immobility time in 6 min was calculated. The water was com-
pletely replaced after each test.

Enzyme-linked immunosorbent assay (ELISA). The rats’ hippocampus of each group was removed. 
The levels of interleukin-1β (IL-1β), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) in the hippocam-
pus were quantified by ELISA following the instruction manuals (Haiyun Biological Biotechnology Co., Ltd).

iTRAQ of CUMS hippocampus samples
Protein extraction and iTRAQ sample labeling. The iTRAQ procedure was provided by the Institute 
of Life Sciences of Chongqing Medical University. Removed hippocampus tissues of 3 rats/group were immedi-
ately snapped-frozen within liquid nitrogen and stored in a refrigerator (−80 °C) until isobaric labeling. The 5 μL 
phosphatase inhibitor, 1 μL protease inhibitor, and 10 μL phenylmethylsulfonyl fluoride (PMSF) were added to 
lysis buffer, and the mixture was homogenized. The lysis buffer and glass homogenizer were then on ice. The cryo-
preserved rat hippocampus tissue was washed with phosphate Buffered Saline (PBS), and lysis buffer was added to 
rat hippocampal tissue, which was manually ground to a homogenate using a glass homogenizer. Next, we added 
trichloroacetic acid (TCA)-ice acetone to the homogenate and centrifuged it at 3000 rpm in 30 min at 4 °C after 
precipitation at 20 °C for 2 h, ultimately taking the precipitate without the supernatant. The precipitate was then 
added to acetone, as described previously, precipitating for 30 min at −20 °C and centrifuging at 3000 rpm for 
30 min at 4 °C. Then, the supernatant was removed and the precipitate was kept. The above operation was repeated 
until the precipitate became white and stored at −80 °C.

Figure 1. Effects of nimesulide on depressive-like behaviors in CUMS rats. (a) Nimesulide improved 
crossing times in CUMS rats. (b) Nimesulide improved rearing times in CUMS rats. (c) Nimesulide decreased 
immobility time in CUMS rats. All data are presented as mean ± SEM, n = 10 rats/group. **p < 0.01 vs. CON; 
##p < 0.01, #p < 0.05 vs. CUMS. One-way ANOVA followed by Dennett’s t-test.
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Strong cation exchange chromatography (SCX) fractionation and liquid chromatography-tandem  
mass spectrometry (LC-MS/MS) analysis. The extracted protein was subjected to reductive alkylation, 
which opening the disulfide bond to fully hydrolyze the protein. The protein concentration was then determi-
nate by the Bradford method and detected by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Peptides 
were labeled with iTRAQ Reagent Kit according to the manufacturer’s protocol (Applied Biosystems, USA) after 
digesting samples into peptides using trypsin, and the labeled peptides were mixed in equal amounts. The mixed 
peptide was then pre-separated on SCX and subjected to LC-MS/MS analysis.

Bioinformatics analysis. Proteins with a greater than 1.2- fold change or a fewer than 0.83- fold change and 
a P-value < 0.05 were considered differentially expressed. All significant proteins were uploaded to DAVID for 
Gene Ontology (GO) annotations of biological process, molecular function, and cellular component. Pathway 
enrichment analysis was performed based on the KEGG database.

Statistical analysis. All the data were presented as mean ± standard error (SEM) and analyzed with 
GraphPad Prism 5.0. The data were analyzed in a One-way ANOVA followed by Dennett’s t-test and P < 0.05 was 
considered significant.

Results
Effects of nimesulide on depressive-like behavior in CUMS rats. For the CUMS model, we used 
OFT and FST tests for evaluating depressive-like behaviors. As expected, we observed that CUMS induced signif-
icant behavioral changes (F3,52 = 21, p < 0.01; F3,52 = 13, p < 0.01; F3,44 = 8.3, p < 0.01; Fig. 1a–c). Compared with 
CUMS group, we found that nimesulide increased the horizontal (crossing times) and vertical (rearing times) 
movements (F3,52 = 21, p < 0.05; F3,52 = 13, p < 0.01; Fig. 1a–b). Moreover, we also found that nimesulide signifi-
cantly shortened immobility time compared with CUMS group (F3,44 = 8.3, p < 0.05; Fig. 1c).

Effects of nimesulide on the levels of the inflammatory factors in CUMS rats. Next, we evaluated 
the effect of chronic stress on inflammatory response. IL-1β, IL-6 and TNF-α levels were significantly increased 
after CUMS exposure (F3,28 = 21, p < 0.01; F2,21 = 10, p < 0.01; F3,28 = 16, p < 0.01; Fig. 2a–c). Nimesulide reversed 
the elevation of these inflammatory factors (F3,28 = 21, p < 0.01; F3,28 = 5.6, p < 0.05; F3,28 = 16, p < 0.01; Fig. 2a–c).

Effects of nimesulide on hippocampal protein profiles in CUMS rats. Rats hippocampal samples 
labeled with iTRAQ reagents were analyzed by LC-MS/MS. A total of 153 proteins were found to be significantly 
changed, with 88 changed in groups FLX vs. CUMS, 61 changed in groups NIM vs. CUMS, 75 changed in groups 
CON vs. CUMS. The 16 differentially expressed proteins shared among groups FLX vs. CUMS, groups NIM vs. 
CUMS, and groups CON vs. CUMS, with 11 downregulated (Fig. 3a, Table 1) and 5 upregulated (Fig. 3b, Table 2). 
Of the 16 differentially expressed proteins, 5 were related to inflammation.

GO functional annotations and KEGG pathway analyses. GO functional annotations and KEGG 
pathway analyses were used to examine the differential proteins. The results show that, in terms of biological 
process, differential proteins were mainly involved in the cellular response to oxidative stress (8.33%) (Fig. 4a). 
Regarding molecular function, differential proteins were annotated as being associated with protein binding 
(38.46%), actin filament binding (23.08%), protein domain specific binding (23.08%), and structural constituent 
of the cytoskeleton (15.38%) (Fig. 4b). For cellular component, differential proteins are predicted to be in the 
cytoplasm (20.37%), extracellular exosome (14.81%), cytosol (12.96%), neuron projection (11.11%) and mito-
chondrion (11.11%) (Fig. 4c). Based on the KEGG database, the differentially expressed proteins were enriched 
in the following pathways: metabolic pathways, amyotrophic lateral sclerosis (ALS), Fc gamma R-mediated 
phagocytosis, carbon metabolism, biosynthesis of antibiotics, endocytosis and arginine and proline metabolism 
(Fig. 4d).

Figure 2. Effects of nimesulide on levels of cytokines in CUMS rats. (a) Nimesulide decreased the levels of 
IL-1β in CUMS rats. (b) Nimesulide decreased the levels of IL-6 in CUMS rats. (c) Nimesulide decreased the 
levels of TNF-α in CUMS rats. All data are presented as mean ± SEM, n = 3 rats/group. **p < 0.01 vs. CON; 
##p < 0.01, #p < 0.05 vs. CUMS. One-way ANOVA followed by Dennett’s t-test.

https://doi.org/10.1038/s41598-020-66420-z


4Scientific RepoRtS |        (2020) 10:11052  | https://doi.org/10.1038/s41598-020-66420-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

Figure 3. Venn diagram presents overlapping relationships and the numbers indicate differentially expressed 
protein counts. Overlapping regions of the Venn diagrams indicate differentially expressed proteins shared 
between or among corresponding groups. (a) The red short arrow indicates 11 overlappings differentially 
expressed proteins. Compared with the CUMS group, these proteins were downregulated by fluoxetine or 
nimesulide but upregulated in the CON group. (b) The red short arrow indicates 5 overlappings differentially 
expressed proteins. Compared with the CUMS group, these proteins were upregulated by fluoxetine or 
nimesulide but downregulated in the CON group.

Accession Protein description Abbreviation
Fluoxetine/
CUMS

Nimesulide/
CUMS

CON/
CUMS

ALDOC Fructose-bisphosphatealdolase C Aldoc ↓ ↓ ↑

KPCD Protein kinase C delta type Prkcd ↓ ↓ ↑

DHPR Dihydropteridinereductase Qdpr ↓ ↓ ↑

NFM Neurofilament medium polypeptide Nefm ↓ ↓ ↑

AATC Aspartate aminotransferase, cytoplasmic Got1 ↓ ↓ ↑

NFL Neurofilament light polypeptide Nefl ↓ ↓ ↑

CALB2 Calretinin Calb2 ↓ ↓ ↑

SIR2 NAD-dependent protein deacetylase sirtuin-2 Sirt2 ↓ ↓ ↑

MYO1D Myosin-Id Myo1d ↓ ↓ ↑

AMPL Leucine aminopeptidase 3 Lap3 ↓ ↓ ↑

S6A11 Sodium- and chloride-dependent GABA transporter 3 Slc6a11 ↓ ↓ ↑

Table 1. Differentially expressed proteins were downregulated in the hippocampus of CUMS rats by 
nimesulide.

Accession Protein description Abbreviation
Fluoxetine/
CUMS

Nimesulide/
CUMS

CON/
CUMS

AP2B1 AP-2 complex subunit beta 1 Ap2b1 ↑ ↑ ↓

CANB1 Calcineurin subunit B type 1 Cnb1 ↑ ↑ ↓

ARPC2 Actin-related protein 2/3 complex subunit 2 Arpc2 ↑ ↑ ↓

ODO1 2-Oxoglutarate Dehydrogenase Ogdh ↑ ↑ ↓

ARC1A Actin-related protein 2/3 complex subunit 1A Arpc1a ↑ ↑ ↓

Table 2. Differentially expressed proteins were upregulated in the hippocampus of CUMS rats by nimesulide.
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Discussion
Rodent animal models for CUMS has been widely used for investigating the pathophysiological mechanism of 
depression and evaluating the efficacy of antidepressants27. This stress-induced model of depression has good 
validity and reliability28. Recent research has identified that depression has been linked with inflammatory mark-
ers and be associated with regulating genes of the immune response29–31. COX-2 is a key mediator of the inflam-
mation, being responsible for the production of PGE2 from arachidonic acid and mediates different physiological 
and pathophysiological reactions via its receptors32. In the present study, we observed the depressive-like behavior 
emerges and an increased level of the proinflammatory mediator in a rat model of CUMS-induced depression. In 
the hippocampus, we screened differentially expressed proteins between rats with and without CUMS exposure.

Nimesulide, already introduced as an anti-inflammatory agent, was recognized to be a COX-2 selective 
inhibitor33. Recently, the effects of COX-2 inhibitor have been examined in various clinical trials, suggesting 
that it reduces cerebral damage and neuronal death34,35. Reported data from clinical trials supported the protec-
tive effects of the COX-2 inhibitor in depression36. Similar findings have been documented in animal models of 
chronic stress37. Our results agreed with previous reports that nimesulide could relieve depressive-like behaviors 
and reverse the increase of inflammatory factors. The more interesting result was that the overlappings differen-
tially expressed proteins regulated by nimesulide were screened in CUMS rats.

To clarify the functions and links among these proteins, GO annotation enrichment analysis and KEGG sig-
naling pathway enrichment analyses were used. GO annotation shows that differential proteins were involved in 
the formation of cellular components, such as cytoplasm and extracellular exosome. For molecular function, they 
exert binding function and comprise the cytoskeleton. In biological processes, it is mainly involved in regulating 
the cellular response to oxidative stress and hippocampus and cortex development. KEGG pathway analyses 
suggest that differentially expressed proteins are mainly involved in metabolic and endocytosis pathways. As 
mentioned above, the pathogenesis of depression involves several systems and multiple proteins. Our findings 
showed that these differentially expressed proteins could regulate by nimesulide and may be potential drug targets 
for depression treatment. Remarkably, we found these proteins might be related to inflammation, such as Adaptor 
protein two complex subunit beta 1 (Ap2b1), Calcineurin B type 1 (Cnb1), 2-Oxoglutarate Dehydrogenase 
(Ogdh), Calretinin (Calb2) and NAD-dependent protein deacetylase sirtuin-2 (Sirt2).

Among the changes evoked by nimesulide in the hippocampus, we observed an increase in the level of 
Ap2b1. Ap2b1, a subunit of the AP-2 complex, is involved in clathrin-mediated endocytosis and migration38,39. 
The knockdown of AP2b1 lessened the number of dendrites in developing rat hippocampal neurons40. Recently 
research found that Ap2b1 might exert neuroprotection through inhibiting inflammatory reaction41.

Of the upregulated proteins after nimesulide treatment, the expression of Cnb1 was notable. Cnb1, a reg-
ulatory subunit of calcineurin, equally distributed between the cytoplasm and nucleus42. Studies reported that 

Figure 4. Effects of nimesulide on hippocampus proteomics in CUMS rats. (a–c) Functional annotations 
generated by GO analysis: biological process (a), molecular function (b) and cellular component (c).  
(d) Significant pathways generated based on the KEGG database.
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Cnb1 showed increased expression after venlafaxine treatment43. Notably, calcineurin interacts with the serotonin 
transporter modulating its plasma membrane expression and serotonin uptake44. Moreover, calcineurin has also 
direct antidepressant-like effects, while inhibition of calcineurin in the medial prefrontal cortex of rats induces 
depressive-like behaviour45. Variants in Cnb1 are associated with a more rapid functional decline in Alzheimer’s 
disease46. Calcineurin-inhibitor agents also affect the activation of T cells, inhibit the expression of interleukins, 
and prevent the release of cytokines and inflammatory mediators from mast cells47.

In the present study, we found that nimesulide increased Ogdh level, known as a key enzyme in the tricar-
boxylic acid (TCA) cycles. Ogdh can catalyze the oxidative decarboxylation of α- ketoglutarate to form succinyl 
coenzyme A and release energy and it is known that energy deficiency would lead to dysfunction of organs 
and tissues, and then Alzheimer’s disease, Parkinson’s disease, and other diseases48. Besides, Ogdh is also closely 
related to chronic inflammation49. In short, Ogdh is speculated to be closely related to neuropsychiatric diseases 
and inflammation.

We noted the decrease in the expression of Calb2 after nimesulide administration. Calb2 is an important 
calcium-binding protein, which is mainly distributed in central neurons in the cerebral cortex and hippocam-
pus50. Calb2 prevented calcium overload by binding excessive Ca2+, and thus reduce cell apoptosis51. Proteomics 
analysis in a global ischemic stroke also found that Calb2 associated with endoplasmic reticulum stress-induced 
neuronal cell apoptosis52.

Treatment for nimesulide decreased the level of Sirt2 in our study. Sirt2 is an NAD+-dependent deacetylase 
in the brain. The pharmacologic inhibition of Sirt2 exerts neuroprotective effects in diverse models of neuro-
degenerative disease53,54. Studies have shown that microtubule acetylation is essential for normal neuronal 
development and function55,56 and Sirt2 may function as the predominant microtubule deacetylase in mature 
neurons57. Sirt2 was found to be upregulated in response to oxidative stress, deacetylated FOXO3, and increased 
in the expression of genes targeted by FOXO3a, such as Bim58. Although Sirt2 is reported to a major inhibitor of 
microglia-mediated inflammation and neurotoxicity59, we cannot rule out the possibility that sirt2 also expression 
regulated by nimesulide through oxidative stress in the present research.

Summing up, our results suggest that nimesulide could improve depressive-like behaviors, suppress high 
levels of inflammatory factors, and regulate differentially expressed proteins in a rat model of CUMS-induced 
depression. Even though our findings highlight the role of nimesulide in depression and provide a promising 
therapeutic direction, the exact therapeutic mechanism behind the antidepressant effects of nimesulide has not 
been elucidated and future study is needed to explore the mechanism of action.

Received: 28 March 2020; Accepted: 19 May 2020;
Published: xx xx xxxx

References
 1. Battle, D. E. Diagnostic and Statistical Manual of Mental Disorders (DSM). Codas 25, 191–192 (2013).
 2. Bortolato, B., Carvalho, A. F., Soczynska, J. K., Perini, G. I. & McIntyre, R. S. The Involvement of TNF-α in Cognitive Dysfunction 

Associated with Major Depressive Disorder: An Opportunity for Domain Specific Treatments. Curr. Neuropharmacol 13, 558–576 
(2015).

 3. Buckner, J. D., Keough, M. E. & Schmidt, N. B. Problematic alcohol and cannabis use among young adults: the roles of depression 
and discomfort and distress tolerance. Addict Behav. 32, 1957–1963 (2007).

 4. Mushquash, A. R. et al. Depressive symptoms are a vulnerability factor for heavy episodic drinking: a short-term, four-wave 
longitudinal study of undergraduate women. Addict Behav. 38, 2180–2186 (2013).

 5. Rubin, R. Recent suicides highlight need to address depression in medical students and residents. JAMA 312, 1725–1727 (2014).
 6. Drevets, W. C. Neuroimaging and neuropathological studies of depression: implications for the cognitive-emotional features of 

mood disorders. Curr Opin Neurobiol 11, 240–249 (2001).
 7. Calabrese, F. et al. Brain-derived neurotrophic factor: a bridge between inflammation and neuroplasticity. Front Cell Neurosci. 8, 430 

(2014).
 8. Crupi, R. & Cuzzocrea, S. Neuroinflammation and Immunity: A New Pharmacological Target in Depression. CNS Neurol Disord. 

Drug Targets 15, 464–476 (2016).
 9. Hayley, S. The neuroimmune-neuroplasticity interface and brain pathology. Front Cell Neurosci. 8, 419 (2014).
 10. Benros, M. E. et al. Autoimmune diseases and severe infections as risk factors for mood disorders: a nationwide study. JAMA 

Psychiatry 70, 812–820 (2013).
 11. Hinson, J. A., Roberts, D. W. & James, L. P. Mechanisms of acetaminophen-induced liver necrosis. Handb Exp. Pharmacol 369-405 

(2010).
 12. Gałecki, P. et al. The expression of genes encoding for COX-2, MPO, iNOS, and sPLA2-IIA in patients with recurrent depressive 

disorder. J Affect Disord 138, 360–366 (2012).
 13. Imbimbo, B. P., Solfrizzi, V. & Panza, F. Are NSAIDs useful to treat Alzheimer’s disease or mild cognitive impairment. Front Aging 

Neurosci 2, (2010).
 14. Soininen, H., West, C., Robbins, J. & Niculescu, L. Long-term efficacy and safety of celecoxib in Alzheimer’s disease. Dement Geriatr 

Cogn Disord 23, 8–21 (2007).
 15. Song, Q. et al. Hippocampal CA1 βCaMKII mediates neuroinflammatory responses via COX-2/PGE2 signaling pathways in 

depression. J Neuroinflammation 15, 338 (2018).
 16. Guo, J. Y. et al. Chronic treatment with celecoxib reverses chronic unpredictable stress-induced depressive-like behavior via reducing 

cyclooxygenase-2 expression in rat brain. Eur J Pharmacol 612, 54–60 (2009).
 17. Müller, N. et al. The cyclooxygenase-2 inhibitor celecoxib has therapeutic effects in major depression: results of a double-blind, 

randomized, placebo controlled, add-on pilot study to reboxetine. Mol. Psychiatry 11, 680–684 (2006).
 18. Sah, A. et al. Anxiety- rather than depression-like behavior is associated with adult neurogenesis in a female mouse model of higher 

trait anxiety- and comorbid depression-like behavior. Transl Psychiatry 2, e171 (2012).
 19. Kweon, K. & Kim, H. W. Effectiveness and Safety of Bupropion in Children and Adolescents with Depressive Disorders: A 

Retrospective Chart Review. Clin. Psychopharmacol Neurosci. 17, 537–541 (2019).
 20. Griebel, G. et al. Anxiolytic- and antidepressant-like effects of the non-peptide vasopressin V1b receptor antagonist, SSR149415, 

suggest an innovative approach for the treatment of stress-related disorders. Proc. Natl. Acad. Sci. USA 99, 6370–6375 (2002).

https://doi.org/10.1038/s41598-020-66420-z


7Scientific RepoRtS |        (2020) 10:11052  | https://doi.org/10.1038/s41598-020-66420-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

 21. Ma, H., Wang, W., Xu, S., Wang, L. & Wang, X. Potassium 2-(1-hydroxypentyl)-benzoate improves depressive-like behaviors in rat 
model. Acta Pharm Sin. B 8, 881–888 (2018).

 22. Zhang, Y. et al. Integrated Metabolomics and Proteomics Analysis of Hippocampus in a Rat Model of Depression. Neuroscience 371, 
207–220 (2018).

 23. Wei, W., Wu, X., Li, J. Experimental Methodology of Pharmacology (ed. 4th.) 70-72 (People’s medical publishing house, 2010).
 24. Willner, P., Towell, A., Sampson, D., Sophokleous, S. & Muscat, R. Reduction of sucrose preference by chronic unpredictable mild 

stress, and its restoration by a tricyclic antidepressant. Psychopharmacology (Berl) 93, 358–364 (1987).
 25. Zhang, L. et al. Effects of curcumin on chronic, unpredictable, mild, stress-induced depressive-like behaviour and structural 

plasticity in the lateral amygdala of rats. Int. J. Neuropsychopharmacol 17, 793–806 (2014).
 26. Zheng, P. et al. Gut microbiome remodeling induces depressive-like behaviors through a pathway mediated by the host’s metabolism. 

Mol. Psychiatry 21, 786–796 (2016).
 27. Willner, P. The chronic mild stress (CMS) model of depression: History, evaluation and usage. Neurobiol Stress 6, 78–93 (2017).
 28. Willner, P. Reliability of the chronic mild stress model of depression: A user survey. Neurobiol Stress 6, 68–77 (2017).
 29. Andersson, N. W. et al. Depression and the risk of autoimmune disease: a nationally representative, prospective longitudinal study. 

Psychol. Med. 45, 3559–3569 (2015).
 30. Laske, C. et al. Autoantibody reactivity in serum of patients with major depression, schizophrenia and healthy controls. Psychiatry 

Res. 158, 83–86 (2008).
 31. Steiner, J. et al. Bridging the gap between the immune and glutamate hypotheses of schizophrenia and major depression: Potential 

role of glial NMDA receptor modulators and impaired blood-brain barrier integrity. World J. Biol. Psychiatry 13, 482–492 (2012).
 32. Rivest, S. How circulating cytokines trigger the neural circuits that control the hypothalamic-pituitary-adrenal axis. 

Psychoneuroendocrinology 26, 761–788 (2001).
 33. Famaey, J. P. In vitro and in vivo pharmacological evidence of selective cyclooxygenase-2 inhibition by nimesulide: an overview. 

Inflamm Res. 46, 437–446 (1997).
 34. Govoni, S. et al. The Cycloxygenase-2 inhibitor SC58236 is neuroprotective in an in vivo model of focal ischemia in the rat. Neurosci. 

Lett. 303, 91–94 (2001).
 35. Scali, C. et al. The selective cyclooxygenase-2 inhibitor rofecoxib suppresses brain inflammation and protects cholinergic neurons 

from excitotoxic degeneration in vivo. Neuroscience 117, 909–919 (2003).
 36. Akhondzadeh, S. et al. Clinical trial of adjunctive celecoxib treatment in patients with major depression: a double blind and placebo 

controlled trial. Depress Anxiety 26, 607–611 (2009).
 37. Song, Q. et al. COX-2 inhibition rescues depression-like behaviors via suppressing glial activation, oxidative stress and neuronal 

apoptosis in rats. Neuropharmacology 160, 107779 (2019).
 38. Pignatelli, J., Jones, M. C., LaLonde, D. P. & Turner, C. E. Beta2-adaptin binds actopaxin and regulates cell spreading, migration and 

matrix degradation. PLoS One 7, e46228 (2012).
 39. Rudinskiy, N. et al. Calpain hydrolysis of alpha- and beta2-adaptins decreases clathrin-dependent endocytosis and may promote 

neurodegeneration. J. Biol. Chem. 284, 12447–12458 (2009).
 40. Koscielny, A. et al. Adaptor Complex 2 Controls Dendrite Morphology via mTOR-Dependent Expression of GluA2. Mol. Neurobiol. 

55, 1590–1606 (2018).
 41. Feng, Y. et al. Autophagy activated by SIRT6 regulates Aβ induced inflammatory response in RPEs. Biochem. Biophys. Res. Commun. 

496, 1148–1154 (2018).
 42. Matsuyama, A. et al. ORFeome cloning and global analysis of protein localization in the fission yeast Schizosaccharomyces pombe. 

Nat. Biotechnol. 24, 841–847 (2006).
 43. PLOS ONE Staff. Correction: transcriptional evidence for the role of chronic venlafaxine treatment in neurotrophic signaling and 

neuroplasticity including also Glutatmatergic- and insulin-mediated neuronal processes. PLoS One 10, e0123269 (2015).
 44. Seimandi, M. et al. Calcineurin interacts with the serotonin transporter C-terminus to modulate its plasma membrane expression 

and serotonin uptake. J. Neurosci. 33, 16189–16199 (2013).
 45. Yu, J. J. et al. Inhibition of calcineurin in the prefrontal cortex induced depressive-like behavior through mTOR signaling pathway. 

Psychopharmacology (Berl) 225, 361–372 (2013).
 46. Peterson, D. et al. Variants in PPP3R1 and MAPT are associated with more rapid functional decline in Alzheimer’s disease: the 

Cache County Dementia Progression Study. Alzheimers Dement 10, 366–371 (2014).
 47. Bendickova, K., Tidu, F. & Fric, J. Calcineurin-NFAT signalling in myeloid leucocytes: new prospects and pitfalls in 

immunosuppressive therapy. EMBO Mol. Med. 9, 990–999 (2017).
 48. Bender, A. et al. High levels of mitochondrial DNA deletions in substantia nigra neurons in aging and Parkinson disease. Nat. Genet. 

38, 515–517 (2006).
 49. Xu, Y., Shen, J. & Ran, Z. Emerging views of mitophagy in immunity and autoimmune diseases. Autophagy 16, 3–17 (2020).
 50. Todkar, K., Scotti, A. L. & Schwaller, B. Absence of the calcium-binding protein calretinin, not of calbindin D-28k, causes a 

permanent impairment of murine adult hippocampal neurogenesis. Front Mol. Neurosci. 5, 56 (2012).
 51. Schwaller, B. Calretinin: from a “simple” Ca(2+) buffer to a multifunctional protein implicated in many biological processes. Front 

Neuroanat 8, 3 (2014).
 52. Chen, J. H., Kuo, H. C., Lee, K. F. & Tsai, T. H. Global proteomic analysis of brain tissues in transient ischemia brain damage in rats. 

Int. J. Mol. Sci. 16, 11873–11891 (2015).
 53. Luthi-Carter, R. et al. SIRT2 inhibition achieves neuroprotection by decreasing sterol biosynthesis. Proc. Natl. Acad. Sci. USA 107, 

7927–7932 (2010).
 54. Outeiro, T. F. et al. Sirtuin 2 inhibitors rescue alpha-synuclein-mediated toxicity in models of Parkinson’s disease. Science 317, 

516–519 (2007).
 55. Solinger, J. A. et al. The Caenorhabditis elegans Elongator complex regulates neuronal alpha-tubulin acetylation. PLoS Genet 6, 

e1000820 (2010).
 56. Creppe, C. et al. Elongator controls the migration and differentiation of cortical neurons through acetylation of alpha-tubulin. Cell 

136, 551–564 (2009).
 57. Maxwell, M. M. et al. The Sirtuin 2 microtubule deacetylase is an abundant neuronal protein that accumulates in the aging CNS. 

Hum Mol Genet 20, 3986–3996 (2011).
 58. Wang, F., Nguyen, M., Qin, F. X. & Tong, Q. SIRT2 deacetylates FOXO3a in response to oxidative stress and caloric restriction. Aging 

Cell 6, 505–514 (2007).
 59. Pais, T. F. et al. The NAD-dependent deacetylase sirtuin 2 is a suppressor of microglial activation and brain inflammation. EMBO J 

32, 2603–2616 (2013).

Acknowledgements
The study was supported by the Chongqing Medical University. We appreciated schoolfellows for their 
contributions and comments on this paper.

https://doi.org/10.1038/s41598-020-66420-z


8Scientific RepoRtS |        (2020) 10:11052  | https://doi.org/10.1038/s41598-020-66420-z

www.nature.com/scientificreportswww.nature.com/scientificreports/

Author contributions
J.Y. designed the study; W.L. performed the experiments, analyzed the data and wrote the manuscript; Y.L. 
supervised the study and reviewed the manuscript.

competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.Y.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-66420-z
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Proteomics-based screening of the target proteins associated with antidepressant-like effect and mechanism of nimesulide
	Materials and methods
	Animals. 
	Drugs and treatment groups. 
	CUMS procedure. 
	Open-field test (OFT). 
	Forced swimming test (FST). 
	Enzyme-linked immunosorbent assay (ELISA). 

	iTRAQ of CUMS hippocampus samples
	Protein extraction and iTRAQ sample labeling. 
	Strong cation exchange chromatography (SCX) fractionation and liquid chromatography-tandem mass spectrometry (LC-MS/MS) ana ...
	Bioinformatics analysis. 
	Statistical analysis. 

	Results
	Effects of nimesulide on depressive-like behavior in CUMS rats. 
	Effects of nimesulide on the levels of the inflammatory factors in CUMS rats. 
	Effects of nimesulide on hippocampal protein profiles in CUMS rats. 
	GO functional annotations and KEGG pathway analyses. 

	Discussion
	Acknowledgements
	Figure 1 Effects of nimesulide on depressive-like behaviors in CUMS rats.
	Figure 2 Effects of nimesulide on levels of cytokines in CUMS rats.
	Figure 3 Venn diagram presents overlapping relationships and the numbers indicate differentially expressed protein counts.
	Figure 4 Effects of nimesulide on hippocampus proteomics in CUMS rats.
	Table 1 Differentially expressed proteins were downregulated in the hippocampus of CUMS rats by nimesulide.
	Table 2 Differentially expressed proteins were upregulated in the hippocampus of CUMS rats by nimesulide.




