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Abstract

Depression as a kind of mental illness affects huge number of population worldwide and is ranked as the fourth leading cause of disability worldwide, 
and is predicted to increase to the second place by 2020.  Depression leads to great social burden because of its substantial impairment and disability in 
everyday activities.  Though great efforts in previous decades have been made to understand this mental disease, to date, much still remains to be known about 
its pathophysiology, especially for the underlying neural circuit mechanisms.  To better improve the diagnosis, treatment and prevention of this mental disorder, 
it is imperative and also very important to make more clarifications on the underlying neural circuitry mechanisms responsible for the occurrence of depression.  
Accordingly, here we briefly summarized some key studies pertaining to the neural circuits responsible for depression, and hopefully to shed some lights on the 
future studies concerning this annoying mental disorder.

INTRODUCTION
Depression as a kind of mental illness affects around 20% of 

the world’s population [1].  It is ranked the fourth leading cause 
of disability worldwide, and is predicted to increase to the second 
place by 2020 [2].  Depression causes great social burden because 
of its substantial impairment and disability in everyday activities, 
which makes imperative investigations on the mechanisms 
underlying its pathophysiology so as to improve the diagnosis, 
treatment and prevention of this mental disorder.  A growing 
body of studies emerges aiming to make a better understanding of 
depression [3-11]. Our recent work demonstrates that alterations 
of motor cortical neural microcircuits contribute greatly to the 
depressive-like behaviors in a light-deprivation induced mouse 
model of depression [8], which emphasizes the potentially 
robust changes in neural circuits during the occurrence of 
depression.  Generally, neural circuits between distinct brain 
areas are responsible for the depressive-like phenotypes [9, 
12-14].  The occurrence of depression is potentially associated 
with abnormalities of these specific neural circuits in/among 
distinct brain regions [15].  Here, we concisely summarized some 
key literatures pertaining to the neural circuits responsible for 
depression, hopefully to provide some insights into the future 
studies concerning this annoying mental disorder.

Multiple lines of evidence implicated the important role of 
the ventral pallidum (VP) in depression because of its special 
anatomical location at the interface of the motivational and 
reward circuitry [16-18].  A recent study indicated that neural 
circuits between the ventral pallidum (VP) and lateral habenula 
(LHb) as well as ventral tegmental area (VTA) mediated separate 
core symptoms of depression [9].  The VP parvalbumin-positive 
(PV) neurons projecting to LHb subserve the behavioral despair 
and those projecting to VTA contribute the social withdrawal of 
depressive behaviors.   This work by Knowland et al. established 
a systematic approach that could be taken to explore how distinct 
neural circuits may subserve the heterogeneous symptoms seen 
in depression.  It also implies that VP neural circuits endowed 
with distinct components could contribute to related, yet 
different depressive-like phenotypes in mice, which provides 
some insights into symptom-specific treatments of depression. 

The amygdala is another key brain structure closely associated 
with depression [19-22].  A new clinical study documented that 
maternal depressive symptoms during pregnancy were closely 
related to the amygdala hyper responsivity in their children 
[23].  Moreover, a historic study has reported a critical role of 
amygdala-cingulate feedback circuit in depression [21].  Using 
the functional connectivity density (FCD) mapping method, It 
was found a decreased FCD in the mid-cingulate cortex (MCC) 
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while an increased FCD in the occipital cortex (OCC) in patients 
with depression [13].  In addition, evidence from functional 
magnetic resonance imaging (fMRI) showed that the amygdala-
left rostral PFC (rPFC) functional connectivity was decreased 
in response to negative emotional stimuli in medication-naive 
subjects with major depressive disorder (MDD) [22], suggesting 
that abnormalities in neural circuitry between the amygdale and 
left rPFC potentially play a key role in the pathophysiology of 
MDD.  A recently work by Young et al. found that the increased 
amygdala hemodynamic response to positive memories 
dependent on the real-time functional MRI neurofeedback 
(rtfMRI-nf) training could dramatically decreased depressive 
symptoms of patients.  In addition, using the resting-state fMRI, 
another recent study reported that the resting-state amygdala-
cortical functional connectivity with the prefrontal-cingulate-
temporal circuit is abnormal chronic tinnitus patients with 
depressive mood [24].  Collectively, it suggests that abnormalities 
of neural circuits between amygdala and other brain areas are 
potentially responsible for the core symptoms of depression, and 
the amygdala as a potential target for the treatment depression 
should be paid more attention.

In a chronic mild stress (CMS) rat model of depression, it 
was found that the dopamine DA neuron population activity was 
remarkably decreased, which could be restored by attenuating 
the activity of either the VP or the basolateral nucleus of the 
amygdala (BLA).  It highlighted that the CMS rat depression 
model was closely related to the BLA-VP-VTA inhibition of 
dopamine neuron activity, and shed some lights on the important 
role of neural circuits of the BLA-VP-VTA in depression [25].  In 
fact, VTA is also a very important brain area closely associated 
with depression [5, 26], and the inhibition of VTA dopaminergic 
neurons could lead to several depression-like phenotypes in mice 
[27].  The optogenetic stimulation of VTA projecting dopamine 
neurons in the nucleus accumbens (NAc) could greatly change 
the neural encoding of depression-related behaviors of freely 
moving rodents [27], which underscored the crucial role of the 
VTA-NAc neural circuitry in depression.  The importance of the 
VTA-NAc neural circuitry in depression has been strengthened 
by a recent study depending on the chronic bilateral high 
frequency deep brain stimulation (DBS) of the medial forebrain 
bundle (MFB) [28].  It was documented that the lesion of VTA 
dopamine neurons could lead to the dopamine depletion in the 
NAc and, in the end, produced depressive-like behaviors in the 
rats, which was, to some extent, reversed by MFB-DBS.  This study 
also highlights the DBS as a potentially efficient way in relieving 
depressive symptoms especially resulting from abnormalities of 
VTA-NAc neural circuitry. 

In summary, future studies should make much more room for 
the important roles of neural circuits in depression [29], which 
will definitely supply some informative evidence for the clinical 
treatment of depression.  Though the crucial roles of neural 
circuitry between the VP and LHb as well as VTA, the amygdale 
and PFC, the BLA-VP-VTA, and also the VTA-NAc, we should keep 
in mind that some other local neural microcircuits mentioned 
elsewhere also should not been neglected [29].  From this point, 
much more efforts in future studies should be made for the 
search of new potential brain regions and neural circuits related 
to depression.  The rapid development of optogenetics makes 

it more convenient for the analysis of the role of specific neural 
circuits in specific behaviors in living animals [30,31], including 
depression-like behaviors, which subserves the investigations of 
new potential brain regions and neural circuits responsible for 
depression.  

ACKNOWLEDGEMENTS
This study was supported by the grants from the Wenzhou 

Science and Technology Plans (No.Y20140139), the Foundation 
of School of Ophthalmology & Optometry, The Eye Hospital, 
Wenzhou Medical University (YNCX201311), the Natural Science 
Foundation of Zhejiang Province of China (No. LQ14H120003) 
and the National Natural Science Foundation for Young Scientists 
of China (No. 81301117).

REFERENCES
1. Stepanichev M, Dygalo NN, Grigoryan G, Shishkina GT,Gulyaeva N. 

Rodent Models of Depression: Neurotrophic and Neuroinflammatory 
Biomarkers. Biomed Res Int. 2014; 2014: 932757.

2. Bromet E, Andrade LH, Hwang I, Sampson NA, Alonso J, de Girolamo 
G, et al. Cross-national epidemiology of DSM-IV major depressive 
episode. BMC Med. 2011; 9: 90.

3. Seo JS, Zhong P, Liu A, Yan Z,Greengard P. Elevation of p11 in lateral 
habenula mediates depression-like behavior. Mol Psychiatry. 2017; 
16.

4. Lu C, Wang Y,Zhang YF. Light deprivation produces a sexual dimorphic 
effect on neural excitability and depression-like behavior in mice. 
Neurosci Lett. 2016; 633: 69-76.

5. Pena CJ, Kronman HG, Walker DM, Cates HM, Bagot RC, Purushothaman 
I, et al. Early life stress confers lifelong stress susceptibility in mice via 
ventral tegmental area OTX2. Science. 2017; 356: 1185-1188.

6. Svenningsson P, Kim Y, Warner-Schmidt J, Oh YS,Greengard P. p11 and 
its role in depression and therapeutic responses to antidepressants. 
Nat Rev Neurosci. 2013; 14: 673-680.

7. Li K, Zhou T, Liao L, Yang Z, Wong C, Henn F, et al. βCaMKII in lateral 
habenula mediates core symptoms of depression. Science. 2013; 341: 
1016-1020.

8. Zhang Y-F, Li Q-Q, Qu J, Sun C-M, Wang Y. Alterations of motor cortical 
microcircuit in a depressive-like mouse model produced by light 
deprivation. Neuroscience. 2016; 341: 79-94.

9. Knowland D, Lilascharoen V, Pacia CP, Shin S, Wang EH,Lim BK. 
Distinct Ventral Pallidal Neural Populations Mediate Separate 
Symptoms of Depression. Cell. 2017; 170: 284-297.

10. Gonzalez MM, Aston-Jones G. Light deprivation damages monoamine 
neurons and produces a depressive behavioral phenotype in rats. 
Proc Natl Acad Sci USA. 2008; 105: 4898-4903.

11. Ramirez S, Liu X, MacDonald CJ, Moffa A, Zhou J, Redondo RL, et al. 
Activating positive memory engrams suppresses depression-like 
behaviour. Nature. 2015; 522: 335-339.

12. Pezawas L, Meyer-Lindenberg A, Drabant EM, Verchinski BA, Munoz 
KE, Kolachana BS, et al. 5-HTTLPR polymorphism impacts human 
cingulate-amygdala interactions: a genetic susceptibility mechanism 
for depression. Nat Neurosci. 2005; 8: 828-834.

13. Zhang B, Li M, Qin W, Demenescu LR, Metzger CD, Bogerts B, et al. 
Altered functional connectivity density in major depressive disorder 
at rest. Eur Arch Psychiatry Clin Neurosci. 2016; 266: 239-248.

14. Warden MR, Selimbeyoglu A, Mirzabekov JJ, Lo M, Thompson KR, 

https://www.ncbi.nlm.nih.gov/pubmed/24999483
https://www.ncbi.nlm.nih.gov/pubmed/24999483
https://www.ncbi.nlm.nih.gov/pubmed/24999483
https://www.ncbi.nlm.nih.gov/pubmed/21791035
https://www.ncbi.nlm.nih.gov/pubmed/21791035
https://www.ncbi.nlm.nih.gov/pubmed/21791035
https://www.ncbi.nlm.nih.gov/pubmed/28507317
https://www.ncbi.nlm.nih.gov/pubmed/28507317
https://www.ncbi.nlm.nih.gov/pubmed/28507317
https://www.ncbi.nlm.nih.gov/pubmed/27639958
https://www.ncbi.nlm.nih.gov/pubmed/27639958
https://www.ncbi.nlm.nih.gov/pubmed/27639958
http://science.sciencemag.org/content/356/6343/1185
http://science.sciencemag.org/content/356/6343/1185
http://science.sciencemag.org/content/356/6343/1185
https://www.ncbi.nlm.nih.gov/pubmed/24002251
https://www.ncbi.nlm.nih.gov/pubmed/24002251
https://www.ncbi.nlm.nih.gov/pubmed/24002251
https://www.ncbi.nlm.nih.gov/pubmed/23990563
https://www.ncbi.nlm.nih.gov/pubmed/23990563
https://www.ncbi.nlm.nih.gov/pubmed/23990563
https://www.ncbi.nlm.nih.gov/pubmed/27890828
https://www.ncbi.nlm.nih.gov/pubmed/27890828
https://www.ncbi.nlm.nih.gov/pubmed/27890828
http://www.cell.com/cell/abstract/S0092-8674(17)30698-0
http://www.cell.com/cell/abstract/S0092-8674(17)30698-0
http://www.cell.com/cell/abstract/S0092-8674(17)30698-0
https://www.ncbi.nlm.nih.gov/pubmed/18347342
https://www.ncbi.nlm.nih.gov/pubmed/18347342
https://www.ncbi.nlm.nih.gov/pubmed/18347342
https://www.ncbi.nlm.nih.gov/pubmed/26085274
https://www.ncbi.nlm.nih.gov/pubmed/26085274
https://www.ncbi.nlm.nih.gov/pubmed/26085274
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/26265034
https://www.ncbi.nlm.nih.gov/pubmed/26265034
https://www.ncbi.nlm.nih.gov/pubmed/26265034
https://www.ncbi.nlm.nih.gov/pubmed/23160494


Central

Zhang et al. (2017)
Email: 

Ann Psychiatry Ment Health 5(5): 1115 (2017) 3/3

Lu C, Li YY, Lin HZ, Zhang YF (2017) Depression: Abnormality in Neural Circuits. Ann Psychiatry Ment Health 5(5): 1115.

Cite this article

Kim S-Y, et al. A prefrontal cortex-brainstem neuronal projection that 
controls response to behavioural challenge. Nature. 2012; 492: 428-
432.

15. Price JL,Drevets WC. Neural circuits underlying the pathophysiology 
of mood disorders. Trends Cogn Sci. 2012; 16: 61-71.

16. Smith KS, Tindell AJ, Aldridge JW, Berridge KC. Ventral pallidum roles 
in reward and motivation. Behav Brain Res. 2009; 196: 155-167.

17. Heimer L, Switzer RD,Vanhoesen GW. Ventral Striatum and Ventral 
Pallidum - Components of the Motor System. Trends in Neurosciences. 
1982; 5: 83-87.

18. Haber SN, Groenewegen HJ, Grove EA,Nauta WJ. Efferent connections 
of the ventral pallidum: evidence of a dual striato pallidofugal 
pathway. J Comp Neurol. 1985; 235: 322-335.

19. Young KD, Siegle GJ, Zotev V, Phillips R, Misaki M, Yuan H, et 
al. Randomized Clinical Trial of Real-Time fMRI Amygdala 
Neurofeedback for Major Depressive Disorder: Effects on Symptoms 
and Autobiographical Memory Recall. Am J Psychiatry. 2017; 174: 
748-755.

20. Klimek V, Schenck JE, Han H, Stockmeier CA,Ordway GA. Dopaminergic 
abnormalities in amygdaloid nuclei in major depression: a postmortem 
study. Biol Psychiatry. 2002; 52: 740-748.

21. Pezawas L, Meyer-Lindenberg A, Drabant EM, Verchinski BA, Munoz 
KE, Kolachana BS, et al. 5-HTTLPR polymorphism impacts human 
cingulate-amygdala interactions: a genetic susceptibility mechanism 
for depression. Nat Neurosci. 2005; 8: 828-834.

22. Kong LT, Chen KY, Tang YQ, Wu F, Driesen N, Womer F, et al. 
Functional connectivity between the amygdala and prefrontal cortex 
in medication-naive individuals with major depressive disorder. J 
Psychiatry Neurosci. 2013; 38: 417-422.

23. Van der Knaap NJF, Klumpers F, El Marroun H, Mous S, Schubert D, 

Jaddoe V, et al. Maternal depressive symptoms during pregnancy are 
associated with amygdala hyperresponsivity in children. Eur Child 
Adolesc Psychiatry. 2017; 30.

24. Chen YC, Bo F, Xia W, Liu S, Wang P, Su W, et al. Amygdala functional 
disconnection with the prefrontal-cingulate-temporal circuit in chronic 
tinnitus patients with depressive mood. Prog  Neuropsychopharmacol 
Biol Psychiatry.  2017; 79: 249-257.

25. Chang CH,Grace AA. Amygdala-ventral pallidum pathway decreases 
dopamine activity after chronic mild stress in rats. Biol Psychiatry. 
2014; 76: 223-320.

26. Small KM, Nunes E, Hughley S,Addy NA. Ventral tegmental area 
muscarinic receptors modulate depression and anxiety-related 
behaviors in rats. Neurosci Lett. 2016; 616: 80-85.

27. Tye KM, Mirzabekov JJ, Warden MR, Ferenczi EA, Tsai HC, Finkelstein 
J, et al. Dopamine neurons modulate neural encoding and expression 
of depression-related behaviour. Nature. 2013; 493: 537-541.

28. Furlanetti LL, Coenen VA,Dobrossy MD. Ventral tegmental area 
dopaminergic lesion-induced depressive phenotype in the rat is 
reversed by deep brain stimulation of the medial forebrain bundle. 
Behav Brain Res. 2016; 299: 132-140.

29. Lu CY, Li QQ, Li YY, Wang Y, Zhang YF. A Short Glance at the Neural 
Circuitry Mechanism Underlying Depression. World Journal of 
Neuroscience. 2016; 6: 184-192.

30. Boyden ES, Zhang F, Bamberg E, Nagel G,Deisseroth K. Millisecond-
timescale, genetically targeted optical control of neural activity. Nat 
Neurosci. 2005; 8: 1263-1268.

31. Zhang YF. Times for the Neuroscience: Patch-Clamp Recordings and 
Optogenetics in Decoding Neural Circuits. EC Ophthalmology. 2016; 
4: 589-591.

https://www.ncbi.nlm.nih.gov/pubmed/23160494
https://www.ncbi.nlm.nih.gov/pubmed/23160494
https://www.ncbi.nlm.nih.gov/pubmed/23160494
https://www.ncbi.nlm.nih.gov/pubmed/22197477
https://www.ncbi.nlm.nih.gov/pubmed/22197477
https://www.ncbi.nlm.nih.gov/pubmed/18955088
https://www.ncbi.nlm.nih.gov/pubmed/18955088
http://www.sciencedirect.com/science/article/pii/0166223682900376
http://www.sciencedirect.com/science/article/pii/0166223682900376
http://www.sciencedirect.com/science/article/pii/0166223682900376
https://www.ncbi.nlm.nih.gov/pubmed/3998213
https://www.ncbi.nlm.nih.gov/pubmed/3998213
https://www.ncbi.nlm.nih.gov/pubmed/3998213
http://ajp.psychiatryonline.org/doi/abs/10.1176/appi.ajp.2017.16060637
http://ajp.psychiatryonline.org/doi/abs/10.1176/appi.ajp.2017.16060637
http://ajp.psychiatryonline.org/doi/abs/10.1176/appi.ajp.2017.16060637
http://ajp.psychiatryonline.org/doi/abs/10.1176/appi.ajp.2017.16060637
http://ajp.psychiatryonline.org/doi/abs/10.1176/appi.ajp.2017.16060637
https://www.ncbi.nlm.nih.gov/pubmed/12372665
https://www.ncbi.nlm.nih.gov/pubmed/12372665
https://www.ncbi.nlm.nih.gov/pubmed/12372665
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/15880108
https://www.ncbi.nlm.nih.gov/pubmed/24148846
https://www.ncbi.nlm.nih.gov/pubmed/24148846
https://www.ncbi.nlm.nih.gov/pubmed/24148846
https://www.ncbi.nlm.nih.gov/pubmed/24148846
https://www.ncbi.nlm.nih.gov/pubmed/28667426
https://www.ncbi.nlm.nih.gov/pubmed/28667426
https://www.ncbi.nlm.nih.gov/pubmed/28667426
https://www.ncbi.nlm.nih.gov/pubmed/28667426
https://www.ncbi.nlm.nih.gov/pubmed/28689008
https://www.ncbi.nlm.nih.gov/pubmed/28689008
https://www.ncbi.nlm.nih.gov/pubmed/28689008
https://www.ncbi.nlm.nih.gov/pubmed/28689008
https://www.ncbi.nlm.nih.gov/pubmed/24209776
https://www.ncbi.nlm.nih.gov/pubmed/24209776
https://www.ncbi.nlm.nih.gov/pubmed/24209776
https://www.ncbi.nlm.nih.gov/pubmed/26828299
https://www.ncbi.nlm.nih.gov/pubmed/26828299
https://www.ncbi.nlm.nih.gov/pubmed/26828299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4160519/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4160519/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4160519/
https://www.ncbi.nlm.nih.gov/pubmed/26657994
https://www.ncbi.nlm.nih.gov/pubmed/26657994
https://www.ncbi.nlm.nih.gov/pubmed/26657994
https://www.ncbi.nlm.nih.gov/pubmed/26657994
http://file.scirp.org/pdf/WJNS_2016061617233465.pdf
http://file.scirp.org/pdf/WJNS_2016061617233465.pdf
http://file.scirp.org/pdf/WJNS_2016061617233465.pdf
https://www.ncbi.nlm.nih.gov/pubmed/16116447
https://www.ncbi.nlm.nih.gov/pubmed/16116447
https://www.ncbi.nlm.nih.gov/pubmed/16116447
https://www.researchgate.net/publication/311950028_Times_for_the_Neuroscience_Patch-Clamp_Recordings_and_Optogenetics_in_Decoding_Neural_Circuits
https://www.researchgate.net/publication/311950028_Times_for_the_Neuroscience_Patch-Clamp_Recordings_and_Optogenetics_in_Decoding_Neural_Circuits
https://www.researchgate.net/publication/311950028_Times_for_the_Neuroscience_Patch-Clamp_Recordings_and_Optogenetics_in_Decoding_Neural_Circuits

	Depression: Abnormality in Neural Circuits
	Abstract
	Introduction
	Acknowledgements
	References

