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Abstract: Depression is a psychiatric disorder that has a significant health burden on patients and 

their families. Unfortunately, the current antidepressant medications that mainly target monoamine 

neurotransmitters have limited efficacy. Recent evidence has indicated that neuroinflammation par-

ticipates in the genesis and development of depression, and interacts with other factors involved in 

depression. Therefore, exploring effective anti-inflammatory medications could be beneficial for the 

development of new treatment options for depression. Sirtuins are a unique class of nicotinamide 

adenine dinucleotide (NAD+)-dependent deacetylases, which have seven members that can affect 

multiple downstream targets by deacetylation activity. Among these seven members, SIRT1 and 

SIRT2 have been shown to participate in the pathophysiology of inflammation in numerous studies. 

Thus, in this short article, we review the association of SIRT1 and SIRT2 activity and depression, 

and evidence of the effects of SIRT1 and SIRT2 modulators on inflammation in vitro and depressive-

like behaviours in vivo. 
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1. Background 

Depression is one of the leading causes of disability [1]. According to the data pub-

lished by the World Health Organisation, over 264 million people of all ages suffer from 

depression, and approximately 800,000 people die from suicide every year [2]. The main 

theories of the underlying pathophysiology of depression include deficiency of monoam-

ine neurotransmitters such as serotonin, noradrenaline and dopamine in the central nerv-

ous system, dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis, and reduc-

tion in brain-derived neurotrophic factor (BDNF). However, there is strong evidence sug-

gesting an intimate linkage between chronic neuroinflammation and the development of 

depression and associated somatic manifestations, such as disturbed sleep and a loss of 

appetite [3–5]. There are no apparent infectious insults in the initiation of depression, but 

depressed patients without physical diseases do show an increased level of inflammatory 

markers [6]. TNF-α, IL-6 and C-reactive protein are all higher than normal in major de-

pressive disorders [7]. Excessive inflammatory cytokines can influence other mechanisms 

of depression by decreasing the production of serotonin and BDNF, fueling glutamate 

excitotoxicity and disrupting the HPA axis and hormone balance [8]. However, there are 

no medication options that target the inflammatory process applied in the clinical treat-

ment of depression. 
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1.1. Current Medication Treatments for Depression and Their Limitations 

Current commercially available antidepressants are designed to increase levels of 

monoamine neurotransmitters via different mechanisms [9]. First-generation antidepres-

sants, including tricyclic antidepressants (TCAs) and monoamine oxidase inhibitors 

(MAOIs), are frequently accompanied by undesirable side-effects and toxic effects in over-

dose, limiting their application [9]. Newer-generation antidepressants, including the se-

lective serotonin reuptake inhibitors (SSRIs), are more selective and offer improved safety 

and tolerability. However, their therapeutic efficacy is still limited and can be delayed in 

depression patients without lower levels of neurotransmitters [9]. 

The National Institute of Mental Health (NIMH)-funded sequenced treatment alter-

natives to relieve depression (STAR*D) study was conducted to assess the effectiveness of 

various antidepressants for people with major depression who had not responded to ini-

tial treatment with a current antidepressant [10]. The overall remission rates for the pre-

sent medication options, including citalopram, bupropion, venlafaxine, sertraline and 

mirtazapine, were less than 30% [11–18]. In addition, even after four sequential pharma-

cotherapies, 19% of patients still had disease that was resistant to treatment [19]. 

1.2. SIRT1 and SIRT2’s Role in Inflammation 

The sirtuin family is a unique class of nicotinamide adenine dinucleotide (NAD+)-

dependent deacetylases. There are seven enzyme members that differ in their subcellular 

localization, enzymatic activities, physiological functions and pathological roles. Sirtuins 

accomplish their primary enzymatic activities through NAD+-nicotinamide exchange re-

action, in which lysines on histones are catalyzed through deacetylation [20,21]. Two im-

portant members, SIRT1 and SIRT2, have been found to participate in the pathophysiol-

ogy of depression. SIRT1 has several potential roles in depression through effects on in-

flammation, neurogenesis, circadian rhythm and other stress-related extracellular signal-

regulated kinase pathways [22]. Importantly, inflammation appears to be either a vital 

mediator or an important downstream effect of these various contributory factors [23]. 

Furthermore, SIRT1 has been considered to suppress inflammatory gene expression via 

the deacetylation in post-translational modification and associated transcription factors 

such as nuclear histone, NF-κB, activator protein-1, tumor suppressor p53 and peroxisome 

proliferator-activated receptor-γ (PPARγ) [24]. SIRT1 activation can also exert protection 

in neurons by improving mitochondrial biogenesis and antagonizing apoptosis via mul-

tiple mechanisms, which might augment SIRT1’s potential anti-inflammatory effects [25]. 

Current evidence suggests that SIRT2 exerts the opposite effect to SIRT1 in neurological 

studies [26]. SIRT2 also has been reported to be involved in inflammation-related condi-

tions, such as sepsis, brain injury and insulin resistance [27–29]. However, whether the 

role of SIRT2 in inflammation is related to suppression or protection remains controver-

sial.  

SIRT1 and SIRT2 modulators have been studied in numerous conditions including 

cancer, diabetes, cardiovascular and neurodegenerative diseases, and have been found to 

have a positive effect on cell survival and longevity [30–33]. Although very limited data 

can be obtained from existing clinical trials of SIRT modulators in depression, some evi-

dence supporting the anti-inflammatory effects of the SIRT1 activators can be found in 

clinical trials of other inflammation-associated conditions. SRT2104 is a selective SIRT1 

activator assessed in multiple trials. A randomized, double-blind, placebo-controlled 

study in healthy subjects (n = 24) was conducted to assess the anti-inflammatory effect of 

SRT2104 pretreatment against acute stimulation by LPS intravenous injection [34]. The 

results showed that there was a reduction in IL-6 and IL-8 and the plasma level of C reac-

tive protein by SRT2104 oral administration with single (2 g) or multiple doses (2 g/d for 

7 days) [34]. However, the levels of TNF-α and IL-10 were not significantly altered by 

SRT2104, and IL-1β was not detectable in LPS-induced subjects [34]. Meanwhile, leucocyte 

counts and gene expression remained unaltered with pre-treatment of SRT2104, which 
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indicates that SRT2104 did not affect the activities of intravascular leukocytes 4 h after LPS 

stimulation and extravascular mechanisms may be involved [34]. In a randomized, dou-

ble-blind, placebo-controlled, phase IIa clinical trial of psoriasis (n = 40), subjects were 

administered SRT2104 capsules with doses of 250, 500 or 1000 mg/day for eighty-four days 

[35]. The outcome of skin biopsies showed that SRT2104 significantly reduced the epider-

mal thickness to a normal level, normalized keratinocyte differentiation and suppressed 

the expression of keratinocyte hyperproliferation gene marker [35]. Furthermore, the ex-

pression of inflammatory cytokine (TNF-α and IL-17)-responsive genes, including serine 

protease inhibitors and L-kynureninase (KYNU), was also shown to be reduced by 

SRT2104 treatment [35]. 

There is a growing body of evidence that SIRT1 and SIRT2 may have a role in depres-

sion, linked to inflammation. As such, these studies provide an early indication that there 

may be a role for SIRT1 and SIRT2 modulators as an adjunct to current antidepressant 

therapy regimes. This review will discuss the evidence to date in relation to the purported 

role of SIRT1 and SIRT2 modulators in the treatment of depression.  

2. Association of SIRT1, SIRT2 Polymorphisms and Depression  

The etiology of depression has been extensively studied in relation to pathophysio-

logic activities, such as a deficiency of monoamine neurotransmitters, HPA axis dysregu-

lation and inflammation, but genetic influences also need to be considered [36,37]. For 

instance, polymorphisms in key genes encoding serotonin transporters, hormone recep-

tors, neurotrophin protein and cytokines lead to alterations in transcription and, subse-

quently, a lower or higher expression of these functional proteins [37].  

Furthermore, polymorphisms or genetic variation in SIRT1 and SIRT2 in the normal 

and depression populations have also been studied to investigate the genetic association 

of SIRT1 and SIRT2 and the susceptibility, onset and course of depression. A genome-

wide association study (GWAS) with more than 9000 cases conducted on Chinese women 

with major depressive disorder (MDD) identified that single-nucleotide polymorphism 

(SNP) rs12415800, a gene locus near SIRT1 on chromosome 10, might contribute to the risk 

of MDD [38]. Another GWAS study carried on the Chinese Han population has investi-

gated the subsequent effect of the risk allele rs12415800 [39]. It has been found that 

rs12415800 is associated with the reduction in cerebellar grey matter volume and lower 

SIRT1 mRNA expression in amygdala tissue, contributing to the abnormal emotion pro-

cessing in MDD [39]. This SNP, along with rs4746720, which is located in the 3′-untrans-

lated region of SIRT1, were both found to have a significant association with suicide in 

Japanese women (778 suicide completers and 760 controls) [40]. This study also examined 

the SIRT1 mRNA expression only in the dorsolateral prefrontal cortex and found no asso-

ciation between the expression and suicide [40]. Besides, a case-control study of SIRT1 

SNPs and major depressive disorder patients (455 MDD patients and 766 controls) in the 

Japanese population also suggested a significant association between SIRT1 rs10997875 

polymorphism and depression [41]. SIRT2 gene rs10410544 polymorphism has also been 

reported to associate with depressive symptomatology in Alzheimer’s disease in two in-

dependent European populations [42]. It was also indicated that the SIRT2 T/T genotype 

might exert protection against depression [42]. Another case study of SIRT polymor-

phisms and postpartum depressive symptoms (PDSs) identified significant correlations 

between SIRT2 SNPs at rs2873703 (T/T) and rs4801933 (T/T) and the occurrence of PDSs 

[43]. Nonetheless, more studies are needed to verify the effects of these SNPs on the ex-

pression and biological function of SIRT1 and SIRT2. A summary of these polymorphism 

studies is shown in Table 1. 
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Table 1. A summary of single-nucleotide polymorphism (SNP) studies of SIRT1 and SIRT2 in the depression population. 

Single-nucleo-

tide polymor-

phism (SNP) 

Population Study Type 
Subject 

Number 
Impact 

rs1245800 

(SIRT1) 

Chinese women 

with major depres-

sive disorder 

(MDD) 

Genome-wide association 

study (GWAS) 
9000 SNP rs1245800 contributes to the risk of MDD. [38] 

rs1245800 
Chinese Han popu-

lation 
GWAS 4855 

SNP rs1245800 contributes to reduced SIRT1 expres-

sion and cerebellar grey matter volume. [39] 

rs1245800 and 

rs4746720 

(SIRT1) 

Japanese women GWAS 1538 

SNP rs1245800 and rs4746720 associate with suicide. 

No association with SIRT1 expression in the dorsolat-

eral prefrontal cortex. [40] 

rs10997875 

(SIRT1) 

Japanese popula-

tion 
Case-control study 1221 SNP rs10997875 associates with MDD. [41] 

rs10410544 

(SIRT2) 

Alzheimer’s dis-

ease (AD) patients 

in European popu-

lations 

Case-control study 1172 
T/T SNP genotype might exert protection against de-

pressive symptoms in AD. [42] 

rs2873703, 

rs4801933 

(SIRT2) 

Chinese women 

undergoing caesar-

ean section 

Case-control study 368 
T/T genotype SNPs are correlated with the onset of 

postpartum depressive symptoms. [43] 

3. SIRT1 and SIRT2 Modulators in In Vitro Studies of Inflammation 

While the direct relationship between inflammatory mediators and the pathology of 

depression has not been fully elucidated, the evidence of the elevation of cytokines in de-

pression provided by clinical studies is considerable [44]. However, high variations were 

found in the serum level of the inflammatory mediators in depression patients [44]. Thus, 

it is not feasible to clearly define the characteristics that an in vitro model should have to 

accurately represent the inflammatory components of depression. Hence, the evidence of 

the anti-inflammatory effects of SIRT1 and SIRT2 modulators can be found in studies ap-

plying different neurological in vitro models.  

For SIRT1 activators, resveratrol has been proven to have anti-inflammatory effects 

in multiple neurological disease models including LPS-induced microglia and neuro-

toxin-induced models of Parkinson’s or Alzheimer’s disease [45]. SRT2104 is a well-toler-

ated SIRT1 activator, which has already been assessed in clinical trials [46]. Its anti-inflam-

matory effects have been tested in psoriasis clinical trials and studies of LPS-injected 

healthy human subjects, as discussed above. However, there have been no reported in 

vitro studies investigating SRT2104’s effects on neuroinflammation to date. Regarding 

SIRT2 inhibitors, SIRT2 is often reported to exert the opposing effect to SIRT1 in neuro-

degeneration studies [47]. However, based on available in vitro studies of inflammation, 

different reports using various in vitro models and stimuli have reported contradictory 

findings, suggesting that the effect of SIRT2 modulators needs to be interpreted based on 

the biochemical conditions of different models. For example, an in vitro study of brain 

injury showed that the SIRT2 inhibitor AK-7 can increase the expression of pro-inflamma-

tory cytokines in primary microglia after stretch-induced injury [48], and a similar pro-

inflammatory effect of AK7 was reported in a cell culture system that investigated spinal 

cord injury [49]. However, in a study of allergic asthmatic inflammation, SIRT2 inhibitor 

AGK2 diminished inflammatory manifestations, including the activation of lung macro-

phages and expression of chemokine CCL17 [50]. Sirtinol, as a dual inhibitor of SIRT1 and 

SIRT2, was also shown to reduce inflammation in primary dermal microvascular endo-

thelial cells [51]. 
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4. SIRT1 and SIRT2 Modulators in In Vivo Studies of Depression 

Resveratrol has been applied as a potent natural SIRT1 activator in numerous studies 

[52]. However, the effect of resveratrol on mood disorders is still controversial. A study 

conducted on stressed mice indicated that resveratrol intraperitoneal (i.p.) treatment can 

prevent anxiety and depression via SIRT1 activation and downstream extracellular signal-

regulated kinases (ERK1/2), which have been reported as participating in a pro-depressive 

mechanism [53,54]. Resveratrol (i.p.) can also alleviate depressive-like behaviours and re-

duce microglia activation and maintain neurogenesis via SIRT1 activation and down-reg-

ulating NF-κB in lipopolysaccharide (LPS)-induced mouse models [55]. Conversely, it has 

also been reported that resveratrol treatment via bilateral infusion into the nucleus accum-

bens can induce depressive-like behaviours in chronic social defeat stress-induced mouse 

models [56]. Another SIRT1 activator, SRT2104, administered via bilateral infusion into 

the hippocampus, has also demonstrated similar protective effects against depressive-like 

behaviours by moderating neuroinflammation in chronic unpredictable mild-stress-in-

duced mice [57]. Kim’s study showed that the SIRT1 inhibitor, EX527, protects stressed 

mice from depression and anxiety [56], but, in contrast, EX527 treatment via bilateral in-

jection into the hippocampus led to depressive-like behaviours in chronic ultra-mild-

stress-induced mice [53]. The SIRT1/2 dual inhibitor sirtinol has been shown to protect 

stress-mediated rat models from disorders of mood and memory function through SIRT1, 

ERK1/2 and the downstream Bcl-2 pathway, which is associated with apoptosis regulation 

[58]. Another SIRT2 inhibitor 33i has been indicated to have an antidepressant-like effect 

on chronic mild-stress-induced mouse models. Erburu’s studies showed that 33i (i.p.) pre-

vents mood disorder via the modulating neurotransmitters glutamate and serotonin in 

the prefrontal cortex [59], and co-treatment with another deacetylase inhibitor MC1568 

increased synaptic plasticity and helped to build neuronal adaption in the prefrontal cor-

tex [60]. Overall, positive results have been shown in the limited available in vivo studies 

(Table 2). These studies of depressive-like behaviours in animals applied different triggers 

of depression (chronic stress or LPS) and different methods of drug administration (in-

tracerebral injection or intraperitoneal injection). Pathways through which SIRT1, SIRT2 

modulators could potentially influence depressive- and anxiety-like behaviours are 

shown in Figure 1. However, what has yet to be further elucidated is whether the anti-

inflammatory effects contribute to the SIRT1 and SIRT2 modulators’ protection in the de-

pression models and other mechanisms involved in symptoms or disorders. A further 

limitation of in vivo models is that they predominantly use male animals, whereas it is 

well-recognised that sex differences are an important factor in the manifestation and treat-

ment of depression [61–63]. Therefore, in order to fully understand the role of SIRT1 and 

SIRT2 modulators, and potential treatment guidelines in the clinical setting, there needs 

to be consideration of the impact of sex in animal models of depression.  

Table 2. A summary of findings of SIRT1 and SIRT2 modulators in depression in vivo models. 

SIRT1/SIRT2 

Modulators 

Depressive-Like In Vivo Mod-

els 

Administration 

Route 
Results 

Resveratrol 

(SIRT1 activa-

tor) 

Adult male BALB mice + 

chronic ultra-mild stress 

Intraperitoneal 

(i.p.) injection 

Depression-like and anxiety-like behaviours ↓, SIRT1 activa-

tion ↑, phosphorylation of ERK1/2 ↑. [53] * 

Adult male C57/BL6 mice + LPS 

challenge 
i.p. 

Depressive-like behaviours ↓, microglia activation ↓, neurogen-

esis ↑, SIRT1 ↑, NF-κB ↓. [55] 

Adult male C57/BL6 mice + 

chronic social defeat stress 

Bilateral infusion 

into nucleus accum-

bens 

Depressive- and anxiety-like behaviours ↑. [56] 

SRT2104 (SIRT1 

activator) 

Adult male C57BL/6 mice + 

chronic unpredictable mild 

stress 

Bilateral infusion 

into hippocampus 

Depressive-like behaviour ↓, IL-6, IL-1β and iNOS ↓, IL-10, 

TNF-β and Abrignase1 ↑, microglia polarization ↓ via 

GSK3β/PTEN signalling pathway. [57] 

Adult male BALB mice + re-

peated restraint stress 

Bilateral injection 

into dentate gyrus 

Social interaction ↑, sucrose preference ↑, phosphorylation of 

ERK1/2 ↑. [53] 
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EX527 (SIRT1 

inhibitor) 

Adult male C57/BL6 mice + 

chronic social defeat stress 

Bilateral infusion 

into nucleus accum-

bens 

Depressive- and anxiety-like behaviours ↓. [56] 

Adult male BALB mice + 

chronic ultra-mild stress 

Bilateral injection 

into hippocampus 
Social interaction ↓, latency to feed ↑. [53] 

Sirtinol 

(SIRT1/2 dual 

inhibitor) 

Adult male BALB mice + 

chronic ultra-mild stress 

Bilateral injection 

into dentate gyrus 
Social interaction ↓, latency to feed ↑, immobility time ↑. [53] 

Adult male Wistar rats + 

chronic variable stress 

Infusion to dentate 

gyrus 

Development of anhedonia ↓, stress-induced deficits in spatial 

memory ↓, ERK1/2 activity, Bcl-2 expression and histone acety-

lation ↑. [58] 

33i (SIRT2 in-

hibitor) 

Adult male C57BL/6J mice + 

chronic mild stress 
i.p. 

Stress-induced anhedonia and social avoidance ↓ via regulat-

ing glutamate and serotonin system in the prefrontal cortex. 

[59] 

* ↑ = an increase, ↓ = a decrease. 

 

Figure 1. Pathways through which SIRT1, SIRT2 modulators could potentially influence depressive- and anxiety-like be-

haviours. 

5. Outlook of the Treatment Strategy for Depression 

In this article, we have highlighted SIRT1 and SIRT2 enzymes’ roles in the patho-

physiology of depression and the potential for their modulators to be used for their anti-

inflammatory effects as an adjunct to current treatments for depression. Polymorphisms 

of SIRT1 and SIRT2 are associated with the risk of development of depression in multiple 

case-control studies. This could be due to how the expression of SIRT1 or SIRT2 is affected, 

and the subsequent up-regulating and/or down-regulating of activities of SIRT1 and 

SIRT2 can further influence the inflammatory status in depression patients. Multiple in 

vitro and in vivo studies have provided further supporting evidence, but consistent and 

accurate experiment models and broader drug screening are needed in future pre-clinical 

studies. Moreover, in the future, more efficient, stable and safer modulators need to be 

developed and their therapeutic effects assessed in depression-related clinical trials. Fur-

thermore, because the aetiology of depression is multifactorial, including neuroinflamma-

tion, the impact of SIRT1 or SIRT2 modulators should be assessed when combined with 

established antidepressants.  

With the growing understanding of inflammation in depression, a phase-specific 

neuroimmune model has been proposed, such that anti-inflammatory medication could 

be tailored according to patients’ dynamic immune profiles in different clinical phases of 

depression, such as subsyndromal, acute and post-acute status [64]. Moreover, bi-

omarkers such as T cell dysfunction, glial cell dysfunction, oxidative stress and anti-in-

flammatory cytokines, as well as pro-inflammatory cytokines, should be included when 
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considering a patient’s inflammatory status [64]. The use of such biomarkers would help 

to more accurately ascertain the therapeutic effects of SIRT1 and SIRT2 modulators in dif-

ferent phases of depression, leading to more personalized treatment. Further investigation 

of the roles of SIRT1 and SIRT2 SNPs also might help target populations that are genet-

ically susceptible to inflammation and subsequent depression symptoms or disorders. 
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