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Abstract: Depression is the most prevalent and among the most debilitating of 
psychiatric disorders. The precise neurobiology of this illness is unknown. Several lines 
of evidence suggest that peripheral and central inflammation plays a role in depressive 
symptoms, and that anti-inflammatory drugs can improve depressive symptoms in 
patients with inflammation-related depression. Signaling via brain-derived neurotrophic 
factor (BDNF) and its receptor, tropomycin receptor kinase B (TrkB) plays a key role in 
the pathophysiology of depression and in the therapeutic mechanisms of 
antidepressants. A recent paper showed that lipopolysaccharide (LPS)-induced 
inflammation gave rise to depression-like phenotype by altering BDNF-TrkB signaling 
in the prefrontal cortex, hippocampus, and nucleus accumbens, areas thought to be 
involved in the antidepressant effects of TrkB agonist, 7,8-dihydroxyflavone (7,8-DHF) and TrkB 
antagonist, ANA-12. Here we provide an overview of the tryptophan-kynurenine pathway and BDNF-TrkB 
signaling in the pathophysiology of inflammation-induced depression, and propose mechanistic actions for 
potential therapeutic agents. Additionally, the authors discuss the putative role of TrkB agonists and 
antagonists as novel therapeutic drugs for inflammation-related depression. 

Keywords: Brain-derived neurotrophic factor (BDNF), Depression, Hippocampus, Inflammation, Nucleus accumbens, 
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INTRODUCTION 

 Depression is a serious illness affecting approximately 17 
percent of the population at some point in their lifetime, 
resulting in highly unfavorable social and economic 
outcomes [1]. Despite the current plethora of antidepressant 
therapies, their benefits are limited. Only one third of 
depressed patients show significant improvement in response 
to first-line treatment [2]. In addition, there is a time lag 
spanning several weeks to months before a therapeutic effect 
is observed, reflected in the high suicide rate amongst 
depressed patients [3-5]. These factors point to a critical, 
unmet need for rapid onset antidepressants, particularly in 
depressed patients with an increased risk of suicide. 

 The N-methyl-D-aspartate receptor antagonist, ketamine, 
is an effective antidepressant agent for treatment-resistant 
depression [6-14]. A single subanesthetic dose (0.5 mg/kg) 
of ketamine produces robust and rapid antidepressant effects 
in two-thirds of patients with treatment resistant depression, 
and this response can last for over one week [9, 10, 15, 16]. 
Interestingly, a single infusion of ketamine greatly improved 
suicidal thinking in depressed patients [17-19]. However, the 
clinical use of ketamine is limited by the potential to elicit 
psychotomimetic and dissociative side effects as well  
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as abuse liability [11, 20]. Therefore, it is a great clinical 
imperative to develop rapid-onset antidepressants without 
these side effects. 
 Current evidence points to the role of inflammatory 
processes in the pathophysiology of depression [6, 21-23]. In 
this review article, we will evaluate the role of inflammation 
in the pathophysiology of depression. In turn, we will assess 
the roles of the tryptophan-kynurenine pathway and brain-
derived neurotrophic factor (BDNF) and its receptor TrkB 
signaling in inflammation-related depression. Finally, we 
will propose TrkB agonists and antagonists as potential rapid-
onset antidepressants for inflammation-related depression. 

INFLAMMATION IN DEPRESION 
Altered Pro-inflammatory Cytokines in Patients with 
Depression 
 Patients with depression show increased blood 
concentrations of pro-inflammatory cytokines, including 
interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis 
factor-α (TNF-α) and other acute phase proteins, C-reactive 
protein (CRP), haptoglobin and neopterin [24, 25]. Meta-
analysis showed higher serum levels of TNF-α in drug-free 
depressed patients relative to healthy controls [26]. 
Furthermore, a recent meta-analysis showed decreased blood 
IL-6 levels after antidepressant treatment, regardless of 
clinical outcome, whereas persistently elevated TNF-α was 
associated with prospectively determined treatment 
resistance [27]. In a postmortem study, the pro-inflammatory 
cytokines genes are increased in the frontal cortex of 
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subjects with a history of depression compared with healthy 
controls [28]. 

 Antidepressant treatment can attenuate the expression  
of inflammatory biomarkers in depression [29]. Sluzewska  
et al. [30] reported on a reduction of serum IL-6 after 
fluoxetine treatment in depressed patients. Antidepressants 
such as imipramine, clomipramine, venlafaxine, fluoxetine, 
sertraline and trazodone, reduce the interferon-γ (INF-γ)/ 
IL-10 ratio of in vitro human blood samples (a ratio of pro-
inflammatory/anti-inflammatory drive), consistent with an 
anti-inflammatory action [31-33]. These findings suggest 
that peripheral and central inflammation may play a key role 
in depression, and highlights a putative role for anti-
inflammatory drugs in their treatment. 

Pro-inflammatory Cytokines, Sickness Behavior and 
Depressive Behavior 
 The bacterial endotoxin, lipopolysaccharide (LPS) is 
widely used to create an inflammation-related model of 
depression [34-39]. Systemic administration of LPS to 
rodents causes brain expression of pro-inflammatory cytokines, 
such as IL-1β and TNF-α. These cytokines are capable of 
inducing sickness behavior (Fig. 1) [34]. Furthermore, 
systemic or central administration of IL-1β or TNF-α to 
rodents induces sickness behaviors [34]. Sickness behavior 

includes hypomotility, hyperthermia, hypophagia, hyperalgesia, 
decreased interest in exploration, decreased sexual activity 
and increased sleep [40-43]. Pretreatment with imipramine 
attenuated LPS-induced sickness behavior [44]. Peripheral 
administration of LPS resulted in sickness behavior that 
peaked two to six hours after dosing and then gradually 
waned (Fig. 1A). Depression-like behavior, as measured by 
increased immobility in the forced swimming test (FST)  
or the tail suspension test (TST), and decreased sucrose 
preference, emerged on this background (Fig. 1A) [45]. Pro-
inflammatory cytokines were activated in the brain in 
response to peripheral administration of LPS, and depression-
like behavior peaked at 24 hours post-LPS administration 
(Fig. 1B) [45]. Pro-inflammatory cytokines can also enhance 
activity of ubiquitous indoleamine 2,3-dioxygenase (IDO), 
which peaks at 24 hours after LPS administration. IDO 
activation results in decreased tryptophan levels and 
increased production of kynurenine and other tryptophan-
derived metabolites [36, 45]. Taken together, these data 
suggest that IDO may be a key mediator of inflammation-
induced depressive-like phenotype, through catabolism via 
the tryptophan-kynurenine pathway [36]. 

 Several lines of evidence demonstrate that the antibiotic 
drug minocycline, a second-generation tetracycline, promotes 
potent anti-inflammatory and neuroprotective effects in 

 

Fig. (1). The relationship between sickness behavior and depression-like behavior. (A): The sickness behavior that peaks 2 to 6 hours 
later and gradually wanes by peripheral administration of lipopolysaccharide (LPS). Pro-inflammatory cytokine signaling is activated in the 
brain as a response to peripheral LPS injection, with depression-like behavior peaking 24 hours after LPS injection. (B): The sickness 
behavior was induced by pro-inflammatory cytokines which also can enhance activity of the ubiquitous indoleamine 2,3-dioxygenase (IDO), 
peaking 24 hours after LPS administration. Activation of IDO results in decreased tryptophan (TRP) levels and increased production of 
kynurenine (KYN) and other tryptophan-derived metabolites. Anti-inflammatory drugs (e.g. minocycline) can block both LPS-induced 
sickness behavior and depression-like behavior. By contrast, administration of 1-methyl tryptophan (1-MT), a competitive inhibitor of IDO, 
blocks LPS induced depression-like behavior without altering LPS-induced sickness behavior. This figure is a modified version from a 
previous report [45]. 
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several animal models of neuropsychiatric disorders, including 
schizophrenia [46-50], depression [51] and methamphetamine 
(or amphetamine)-related disorders [52-56]. Furthermore, 
current antidepressants, including SSRIs and SNRIs, are able 
to prevent depression-like behavior and alterations in serum 
pro-inflammatory cytokines, such as TNF-α, induced by a 
single dose of LPS [35]. Pretreatment with minocycline 
blocked both LPS-induced sickness and depression-like 
behaviors in mice [36]. LPS-induced depression-like 
behavior could be prevented by blocking the release of pro-
inflammatory cytokines, two to six hours after LPS 
administration. Interestingly, pretreatment with 1-methyl 
tryptophan (1-MT), an inhibitor of IDO, could block LPS-
induced depression-like phenotype without altering LPS-
induced sickness behavior (Fig. 1B) [36, 45]. 

 Chronic inflammation also can induce depression-like 
behavior in rodent [57, 58]. Repeated administration of low 
dose of LPS (0.1 mg/kg/day for 7 days) showed depression-
like phenotype in rodents, and LPS-induced depression-like 
phenotype is attenuated by anti-inflammatory compounds 
[57]. Thus, it is likely that depression-like behavior by 
chronic inflammation may be similar to depression-like 
behavior by acute inflammation [58]. 

Peripheral Interlukin-6 (IL-6) in Depression 

 Peripheral IL-6 is known to be secreted by macrophages 
and monocytes to stimulate differentiation and proliferation 
of B cells. A recent paper showed elevated serum IL-6 levels 
in depressed patients, but obtained mixed results (no change 
or decreases) for IL-6 levels in cerebrospinal fluid (CSF) 
[59]. A meta-analysis showed that patients with suicidality 
showed high blood levels of IL-6 compared with control 
subjects, implying that peripheral IL-6 may be associated 
with suicidal ideation, a core symptom of depression [60]. 
Very recently, we reported that serum IL-6 may represent a 
predictable biomarker for ketamine’s antidepressant action in 
patients with treatment-resistant depression [61]. 

 Hodes et al. [62] reported that the highest levels of blood 
IL-6 were found only in mice that went on to develop a 
susceptible behavioral phenotype (depression-like behavior), 
following chronic stress, and that blood IL-6 levels remained 
elevated for a least one month. Furthermore, serum IL-6 
levels negatively correlated with social interaction behavior 
following repeated social defeat stress. Data from stress-
susceptible bone marrow chimeras revealed increased social 
avoidance behavior after exposure to either sub-threshold 
repeated social defeat stress, or a purely emotional stressor, 
termed witness defeat. Therefore, depleting the cytokine IL-6 
from the whole body or just from leukocytes promotes 
resilience in a social defeat stress model [62]. From our 
research, we found that alterations in peripheral but not brain 
IL-6, probably contributed to resilience versus susceptibility 
to inescapable stress in the rat learned helpless model [63]. 
This makes it unlikely that brain-derived IL-6 might be 
involved in the pathogenesis of depression [63, 64]. 

 A recent review concluded that novel investigational 
drugs targeting IL-6 signaling could be beneficial in the 
treatment of depression [65]. At present, commercially available 
IL-6 antagonists, such as tocilizumab (ACTEMRAⓇ) have 

been widely used to treat patients with rheumatoid arthritis, a 
disease characterized by an excessive expression of pro-
inflammatory cytokines in peripheral tissues. Taken together, 
these results suggest that novel drugs targeting peripheral  
IL-6 could be beneficial in patients with depression [63, 64]. 

Tryptophan, Serotonin and the Kynurenine Pathway in 
Inflammation-related Depression 

 Tryptophan is an essential amino acid required for 
protein synthesis and serves as a precursor for serotonin  
(5-HT; 5-hydroxytryptamine). Ninety five percent of 
tryptophan is degraded in the liver through the kynurenine 
pathway, and the remaining tryptophan is used for the 
synthesis of 5-HT [45]. Tryptophan oxidation occurs via 
tryptophan dioxygenase (TDO) and indoleamine 2,3-
dioxygenase (IDO) (Fig. 2). In general, tryptophan 
degradation by IDO is negligible. However, IDO is highly 
inducible by pro-inflammatory cytokines, including 
interferon-γ (IFN-γ) and TNF-α, [36, 45, 66]. Abnormalities 
in the tryptophan-kynurenine pathway are implicated in the 
pathophysiology of a number of neuropsychiatric diseases 
[36, 45, 66]. Tryptophan is a precursor of 5-HT and its 
bioavailability regulates the synthesis of 5-HT. Therefore, it 
seems that decreased levels of tryptophan may have the 
potential to influence serotonergic neurotransmission in the 
brain. In addition, IDO is expressed in the brain so that 
fluctuations in its enzymatic activity could also impact on 5-
HT biosynthesis (Fig. 2) [36, 45, 66, 67]. 

 Kynurenine is a major metabolite of tryptophan and is 
readily transported across the blood–brain-barrier (Fig. 2). In 
the brain it is metabolized further in perivascular macrophages, 
microglia and astrocytes, to generate neuroactive compounds 
[66, 68, 69]. Kynurenine has two catabolic branches, leading 
to the formation of either 3-hydroxykynurenine (3-HK) and 
quinolinic acid (QA) or kynurenic acid (KA) (Fig. 2) [69, 
71]. The compound 3-HK generates free-radical species able 
to induce oxidative stress and lipid peroxidation, whereas 
QA is an NMDA receptor agonist [45, 66, 70, 72]. By contrast, 
KA is an NMDA receptor antagonist with neuroprotective 
effects [45, 66, 71, 72]. In addition, KA is a known endogenous 
antagonist at α7 nicotinic acetylcholine receptors (nAChR) 
which are implicated in the pathophysiology of neuro- 
psychiatric disorders [73-79]. Thus, it is reasonable to 
propose that imbalanced levels of metabolites from the 
kynurenine pathway could underlie pathogenic processes in a 
number of neuropsychiatric diseases, including inflammation-
associated depression (Fig. 2) [36, 43, 66, 72]. 

BDNF-TRKB SIGNALING IN DEPRESSION 

BDNF-TrkB Signaling 

 Brain-derived neurotrophic factor (BDNF), one of the 
major neurotrophic factors, is a 27-kDa polypeptide 
important for the survival, differentiation and outgrowth of 
peripheral and central neurons during development and in 
adulthood [80-82] (Fig. 3). It is well known that BDNF is 
integral to use-dependent plasticity mechanisms, such as 
long-term potentiation, learning and memory [80-85]. 

 The BDNF gene encodes a precursor peptide, proBDNF. 
Mature BDNF is initially synthesized as a precursor protein 
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(preproBDNF) in the endoplasmic reticulum. Following 
cleavage of the signal peptide, proBDNF is transported to the 
Golgi for sorting into either constitutive or regulated 
secretory vesicles. The proBDNF is converted to mature 
BDNF by intracellular and extracellular proteases, and this 
mature form binds to TrkB [86]. It was originally thought 
that only secreted, mature BDNF possessed biological activity, 
and that proBDNF, localized exclusively in intracellular 
vesicles, served as an inactive precursor. However, accumulating 
evidence suggest that proBDNF may also be biologically 
active. ProBDNF might induce neuronal apoptosis, via 
activation of the p75NTR receptor. Taken together, these 
findings suggest that proBDNF and BDNF elicit opposing 
effects via p75NTR and TrkB receptors, respectively. Thus, 
both proBDNF and BDNF are instrumental in several key 
physiological functions [86-91] (Fig. 3). 

Impact of Pro-inflammatory Cytokines on BDNF 

 Several in vivo studies demonstrated the effect of 
inflammation on the expression of BDNF in the brain. 
Administration of LPS or pro-inflammatory cytokines results 
in a significant reduction of BDNF gene and protein 
expression [38, 92]. Intraperitoneal injection of IL-1β or LPS 
significantly decreases BDNF mRNA levels in the rat 
hippocampus [93], with similar reductions in several cortical 
regions [94, 95]. Recently, we reported that LPS significantly 
decreased BDNF protein levels in the prefrontal cortex 

(PFC) and hippocampus, whereas LPS significantly increased 
these levels in the nucleus accumbens (NAc) [38]. In rats, 
expression of Bdnf gene exons I, II, and IV was reduced in 
CA1 and DG of the hippocampus after acute treatment with 
E. coli [96], suggesting that inflammation may affect specific 
isoforms of the Bdnf gene. However, there is no detail 
information about the effects of inflammation on the 
expression of specific BDNF transcripts. Further studies are 
needed to study the precise mechanisms underlying the 
modulation of BDNF by immune and inflammatory 
processes. 

BDNF-TrkB Signaling in Prefrontal Cortex and 
Hippocampus 

 Multiple lines of evidence suggest that BDNF is integral 
to both the pathophysiology of depression and the therapeutic 
mechanisms of antidepressants [97-104]. Reports have 
documented antidepressant-like effects for BDNF in animal 
models of depression. First, infusion of BDNF into the 
midbrain and a single bilateral infusion of BDNF into the 
DG and CA3 pyramidal cell layers of the hippocampus 
produced antidepressant effects in the rat model of learned 
helplessness [105, 106]. The antidepressant effects were 
observed as early as three days after a single BDNF infusion, 
and lasted for at least 10 days [106]. In addition, infusion of 
the broad-spectrum Trk inhibitor, K252a, blocked these 
antidepressant effects, suggesting that BDNF-TrkB signaling 

 

Fig. (2). Tryptophan-kynurenine pathway. The essential amino acid L-tryptophan is converted to 5-hydroxytryptophan by tryptophan 
hydroxylase (TPH), and this is metabolized to serotonin (5-HT) by 5-hydroxytryptophan decarboxylase. The kynurenine pathway is initiated 
by the conversion of tryptophan to kynurenine by indoleamine 2,3-dioxygenase (IDO) and tryptophan 2,3-dioxygenase (TDO). Kynurenine 
is mostly hydroxylated (kynurenine hydroxylase) to 3-hydroxykynurenine. Kynureninase acts upon both 3-hydroxykynurenine and 
kynurenine; on 3-hydroxykynurenine to form 3-hydroxyanthranilic acid; and on kynurenine to form anthranilic acid (this latter conversion 
accounts for only a minority of kynureninase activity). Three-hydroxyanthranilic acid is converted into quinolinic acid, an NMDA receptor 
agonist by 3-hydroxyanthranilic acid oxygenase. Kynurenine can also be converted into kynurenic acid by kynurenine aminotransferase. By 
contrast, kynurenic acid is an antagonist at NMDA and α7 nicotinic acetylcholine receptors (nAChRs), both of which play roles in the 
pathophysiology of psychiatric disease. 
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was pivotal to the therapeutic action of antidepressants 
[106]. 

 Loss of BDNF in the forebrain attenuated the actions of 
antidepressants [107], while responses typically elicited by 
antidepressants were lost in mice with either reduced brain 
BDNF levels, or inhibited TrkB signaling [108, 109]. A 
viral-mediated gene transfer approach found that BDNF in 
the DG was most likely the prime candidate for mediating 
the therapeutic effect of antidepressants [110]. Studies using 
postmortem brain samples showed reduced BDNF protein in 
the hippocampus and PFC of psychiatric disorder patients 
who had committed suicide, compared with non-psychiatric 
controls [111, 112]. Recently, we reported that LPS-induced 
inflammation reduced BDNF in CA3 and DG of the 
hippocampus and PFC, resulting in depression-like behavior 
in mice [38]. In the learned helplessness model of rats, 
BDNF levels in the PFC, and CA3 and DG of the 
hippocampus were significantly lower in depressed rats 
compared with control and resilient rats, implying that in the 
brain, regional differences in BDNF levels may promote 
resilience to inescapable stress [113]. This provides more 
evidence that decreased levels of BDNF in forebrain regions, 
such as hippocampus and PFC may contribute to the 
pathophysiology of depression. 

BDNF-TrkB Signaling in the Ventral Tegmental Area 
(VTA)-nucleus Accumbens (NAc) 

 Nestler’s group showed that increased BDNF in the 
ventral tegmental area (VTA) - nucleus accumbens (NAc) 

pathway plays a role in the onset of depression [114, 115]. 
Intra-VTA infusions of BDNF resulted in a 57 percent shorter 
latency to immobility, relative to controls (a depression-like 
phenotype) [116]. Additionally, rats received intra-NAc 
injections of a virus expressing a truncated version of the 
BDNF receptor had an almost fivefold longer latency to 
immobility, compared to rats that had received a vehicle 
injection, or a virus expressing the full-length BDNF 
receptor (an antidepressant-like effect) [116]. Using a viral-
mediated, mesolimbic dopamine pathway-specific BDNF 
knockdown, Berton et al. [116] identified an essential role 
for BDNF in this pathway, in the depression-like behavior 
seen after social defeat stress. These findings highlight BDNF 
activity in the VTA-NAc pathway as necessary for the 
development of a depressive-like phenotype [114, 116]. A 
study using postmortem brain samples showed that the levels 
of BDNF protein in the NAc of patients with depression are 
increased, relative to controls (about 40 percent) [117]. 
Recently, we reported that LPS-induced inflammation increased 
BDNF levels in the NAc, resulting in depression-like phenotype 
in mice [38]. In the rat learned helplessness model, we found 
that BDNF levels in the NAc were significantly higher in 
depressed rats compared with control and resilient rats, 
suggesting again that regional differences in BDNF levels 
may promote resilience to inescapable stress [113]. 

 Taken together, these findings suggest that BDNF acts 
within the VTA-NAc pathway to induce a depression-like 
phenotype, whereas in the hippocampus and PFC, it produces 
antidepressant-like effects [99, 100, 38, 115, 118] (Fig. 4). 

 

Fig. (3). Structure of proBDNF and mature BDNF. (A): Arrowheads indicate known protease cleavage sites involved in the processing to 
mature BDNF. The position of the single nucleotide polymorphism (rs6265, Val66Met) in human BDNF is indicated by arrows. (B): 
Extrasynaptic cleavage of proBDNF to mature BDNF. ProBDNF preferentially binds p75NTR. ProBDNF is cleaved by extracellular proteases 
at synapses and converted to mature BDNF. Mature BDNF preferentially binds the TrkB receptor. This figure is a modified version taken 
from a previous report (88). 
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BDNF-TrkB Signaling as a Novel Therapeutic Target in 
Depression 

 The aforementioned findings imply that reduced levels of 
BDNF in DG and CA3 of the hippocampus and PFC, as well 
as increased levels of BDNF in the NAc could promote 
depression-like phenotype in rodents. In a recent study, we 
reported that the TrkB agonist, 7,8-dihydroxyflavone (7,8-
DHF) [119-121] and TrkB antagonist, ANA-12 [120-122], 
show antidepressant effects on depression-like phenotype 
and morphological changes in mice, after LPS administration 
[38]. Dosing with 7,8-DHF promoted antidepressant effects 
in LPS-induced depression-like phenotype, while pretreatment 
with ANA-12 blocked this activity. Surprisingly, we found 
that ANA-12 alone elicited antidepressant-like effects on 
LPS-induced depression-like phenotype, and that bilateral 
infusion of ANA-12 into the NAc produced antidepressant 
activity in this model [38]. Interestingly, 7,8-DHF significantly 
improved the reduced phosphorylation of TrkB in the PFC, 
CA3, and DG seen in LPS-treated mice, whereas ANA-12 
significantly improved the increased phosphorylation of 
TrkB in the NAc of these mice [38]. Together these results 
point to the possibility that LPS-induced inflammation causes 
depression-like phenotype by altering BDNF levels and 
spine density in CA3, DG, PFC, and NAc; areas most likely 
targeted in the antidepressant action of both 7,8-DHF and 
ANA-12 [38]. Very recently, we found that direct bilateral 
infusion of 7,8-DHF (but not ANA-12) into the hippocampus 
(CA3 and DG) and PFC, and direct bilateral infusions of ANA-
12 (but not 7,8-DHF) into the NAc promoted antidepressant 
activity in the rat learned helplessness model [123], implying 
that stimulation at TrkB in CA3 and DG of the hippocampus 

and PFC, and blockade of TrkB in the NAc confer 
antidepressant effects. Interestingly, 7,8-DHF significantly 
improved decreased phosphorylation of TrkB in the PFC, 
CA3, and DG whereas ANA-12 significantly improved 
increased phosphorylation of TrkB in the NAc [123]. 

 In summary, it is likely that decreased levels of BDNF in 
DG and CA3 of the hippocampus and PFC, and conversely, 
increased levels of BDNF in the NAc may promote 
depression-like phenotype (Fig. 4). We found that similar to 
ketamine, a single administration of TrkB ligands (7,8-DHF 
and ANA-12) conferred a rapid antidepressant effect in the 
social defeat stress model of depression [124]. However, 
unlike ketamine, the antidepressant effects of 7,8-DHF and 
ANA-12 in this model were not detectable seven days after a 
single dosing [124], implying that ketamine is a longer-
lasting antidepressant than TrkB ligands. The rapid-onset 
and sustained antidepressant effects of ketamine will be 
highly interesting characteristics in the clinical setting. 

 From this perspective, we would like to propose the use 
of TrkB ligands as potential therapeutic antidepressant drugs 
(Fig. 4). Post-mortem data from depressed patients identified 
an association between depression and decreased BDNF 
levels in the hippocampus and PFC, and increased in BDNF 
in the NAc [111, 112, 117, 118]. From our results, TrkB 
agonists could represent effective therapeutic drugs for 
depressed patients with decreased BDNF levels in the 
hippocampus and PFC. In addition, these findings add 
weight to the theory that TrkB antagonists can act as 
therapeutic agents for treatment-resistant depression in 
patients who show increased BDNF-TrkB signaling in the 
VTA-NAc pathway (Fig. 4) [125]. 

 

Fig. (4). Schematic outline for the proposed use of TrkB ligands as novel therapeutic drugs in depression. In preclinical studies, 
inflammation promotes reduced BDNF in the PFC and hippocampus, as well as increased BDNF in the NAc of the brain, resulting in a 
depression-like phenotype in rodents. From preclinical data, we propose that TrkB agonists and current antidepressants, such as SSRIs and 
SNRIs could be effective therapeutic drugs for depressed patients with decreased levels of BDNF in the PFC and hippocampus. In contrast, 
TrkB antagonists confer potential therapeutic benefits for patients with treatment-resistant depression showing increased BDNF levels in the 
VTA-NAc pathway. 
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CONCLUSION 

 As described above, peripheral and central inflammation 
might be associated with onset of depressive symptoms in 
rodents and patients with depression. It is, therefore, highly 
plausible that anti-inflammatory drugs could ameliorate 
these symptoms in depression patients. Accumulating 
evidence suggest that decreased BDNF-TrkB signaling in 
PFC and CA3 and DG of the hippocampus, as well as 
increased BDNF-TrkB signaling in the VTA-NAc pathway 
plays a role in the pathophysiology of depression. Finally, 
TrkB agonists and TrkB antagonists have the potential to act 
as therapeutic drugs for patients with lowered BDNF in the 
hippocampus and PFC, and those with raised BDNF in the 
NAc, respectively. 

CONFLICT OF INTEREST 

 Dr. Hashimoto has served as a scientific consultant to 
Astellas, Dainippon-Sumitomo and Taisho, and he has also 
received research support from Abbvie, Dainippon-
Sumitomo, Mochida, Otsuka, and Taisho. The other authors 
declare no conflict of interest. 

ACKNOWLEDGEMENTS 

 This study was supported by a grant from the Grant-in-
Aid for Scientific Research on Innovative Areas of the 
Ministry of Education, Culture, Sports, Science and 
Technology, Japan (to K.H. 24116006). 

LIST OF ABBREVIATIONS 

ANA-12 = N2-(2-{[(2-oxoazepan-3-yl) amino] 
carbonyl}phenyl) benzo[b]thiophene-2-
carboxamide 

BDNF = Brain-derived neurotrophic factor 

DG = Dentate gyrus 

7,8-DHF = 7,8-Dihydroxyflavone 

INF-γ = Interferon-γ 

IL-1β = Interleukin-1β 

IL-6 = Interleukin-6 

IL-10 = Interlukin-10 

LPS = Lipopolysaccharide 

NAc = Nucleus accumbens 

PFC = Prefrontal cortex 

TrkB = tropomycin receptor kinase B 

VTA = Ventral tegmental area 
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