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Neuroinflammation has been accepted as a common characteristic of several mental health conditions such as major depression, 
bipolar disorder (BD), posttraumatic stress disorder (PTSD) and schizophrenia (SCHZ). It is hypothesized that inflammatory processes 
trigger and/or further deteriorate mental dysfunction of the brain [1].

In a comprehensive overview of the cytokine profile at the onset of psychosis un-confounded by medication, Upthegrove., et al. [2] 
summarized significant elevations in levels of the pro-inflammatory cytokines of IL-1β, sIL-2r, IL-6, and TNF-α in the serum of patients 
with medication-naive first episode psychosis, adding to the evidence of a pro-inflammatory immune deregulation in schizophrenia. Many 
studies have also measured markers of neuroinflammation in postmortem brain samples from schizophrenia patients. Of them, some 
studies suggest an increase in microglial activity and other markers [3]. In addition, studies consistently demonstrated aberrant T-cell 
mediated immunity in schizophrenia [4,5]. T cell dependent molecular changes leading to altered immune function was also reported in 
first-onset schizophrenia patients [6]. 

The presence of inflammatory responses and the crucial role of cytokines in depression have also been a research interest, exemplified 
by the macrophage theory of depression that endeavors to explain and describe the underlying biological mechanisms of depression 
and suicide outcomes [7]. This hypothesis was first formulated on the basis of the observations of depressive symptoms precipitated by 
cytokine therapy in psychiatrically healthy, physically ill human patients [8,9]. Later on, studies reported that human populations suffering 
from chronic inflammatory conditions, such as type II diabetes, rheumatoid arthritis, and cardiovascular disease, showed increased 
incidences of depressive disorders [10]; while other studies with depressed human patients reported higher levels of pro-inflammatory 
cytokines, such as TNF-α, IL-1ß, and IL-6, in this clinical population compared to controls [11-13]. Meta-analyses summarized increases 
of inflammatory parameters in the blood of patients with MDD [14,15]. Moreover, studies have demonstrated that administration of 
cytokines or cytokine inducers affects the synthesis, reuptake and release of monoamine neurotransmitters such as 5-HT, NE, DA and 
excitatory amino acid glutamate [16]. 

In addition to schizophrenia and depression, increasing evidence suggests an essential role of neuroinflammation in the pathogenesis 
of BD. The analysis of blood and plasma from BD patients showed an increase of the pro-inflammatory cytokines nuclear factor ‘kappa-
light-chain-enhancer’ of activated B-cells (NF-kB), IL-6, IL-1β, and TNF-α [12,17-19]. The up-regulated expression of pro-inflammatory 
cytokines is believed to decrease levels of serotonin and BDNF in BD patients [16,20,21].

There is growing evidence suggesting a role for inflammation in the emergence of autism spectrum condition (ASC). Complementary 
to this, a number of neuroimaging and neuropathological studies reported microglial activation in patients with ASC [22]. A number of 
blood biomarker studies reported significantly elevated levels of proinflammatory markers, such as IL-1β, IL-6, TNF-α, and C-reactive 
protein (CRP) in patients with PTSD compared to healthy controls [23]. 
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Relevant to the neuroinflammation in psychiatric disorders, brain inflammation may be used as a biomarker of disease status and 
regarded as therapeutic targets for these mental disorders. According to a meta-analysis, antipsychotic treatment significantly decreases IL-
1β, IL-6 and TGF-β, but increases sIL-2R and IL-12 levels in schizophrenia patients [24]. Another meta-analysis showed that antipsychotic 
treatment significantly increases plasma levels of sIL-2R but reduces the plasma levels of IL-1β and IFN-γ [25]. In accordance with these 
meta-analyses, a recent human study found that higher levels of IL-6, IL-10 and TNF-α in first-episode psychosis patients were decreased 
significantly after risperidone treatment [26]. Similarly, aripiprazole significantly reduced plasma IL-1β, IL-6, TNF-α, sTNF-R1, IL- 12, IL-
23, IL-1Ra and IL-4 in schizophrenia patients [27]. On the other hand, anti-inflammatory drugs have been used as add-on to antipsychotic 
treatment in patients with schizophrenia [28]. 

There are many studies showing a direct effect of antidepressants on inflammatory cytokines. In patients with major depression, long-
term treatment with selective serotonin reuptake inhibitors decreased TNF-α, CRP, and leukocyte levels similar to those found in controls 
[29,30]. Similarly, bupropion, mirtazapine, citalopram, paroxetine, or venlafaxine significantly decreased levels of proinflammatory 
cytokines in depressed patients [31]. The whole blood from healthy controls and treatment-resistant patients, after incubated with 
lipopolysaccharide and treated with antidepressants, showed markedly lower levels of proinflammatory cytokines compared with 
untreated blood [32,33].

On the other hand, anti-inflammatory agents exhibit antidepressant effects via modulating neurotransmitter systems, neuroplasticity 
markers and glucocorticoid receptor signaling. Furthermore, clinical trials and meta-analyses support a beneficial effect of anti-
inflammatory add-on therapy in depression [34]. And in a double-blind, randomized, placebo-controlled study of aspirin and 
n-acetylcysteine as adjunctive treatments for BD, the co-administration of N-acetyl-cysteine and aspirin during a period of 16 weeks 
was associated with a reduction in depressive symptoms while the adverse effects of the co-administration were minimal [35]. Although 
these findings are preliminary, they may serve as a starting point for future studies assessing the efficacy, tolerability, and safety of anti-
inflammatory and antioxidant agents in the treatment of BD. Relevantly, studies have observed that physical exercise show benefits as 
adjunctive and individual therapy in MDD patients [36,37] or be a strategy for the prevention of MDD [38]. Moreover, antidepressant efficacy 
of electroconvulsive therapy is associated with a reduction of the innate cellular immune activity in the cerebrospinal fluid in patients with 
depression [39].

Bibliography

1. Echeverria V., et al. “Neuroinflammation: A Therapeutic Target of Cotinine for the Treatment of Psychiatric Disorders?”. Current 
Pharmaceutical Design 22.10 (2016): 1324-1333.

2. Upthegrove R., et al. “Cytokine function in medication-naive first episode psychosis: a systematic review and meta-analysis”. 
Schizophrenia Research 155.1-3 (2014): 101-108.

3. Trépanier MO., et al. “Postmortem evidence of cerebral inflammation in schizophrenia: a systematic review”. Molecular Psychiatry 
21.8 (2016): 1009-1026.

4. Debnath M. “Adaptive immunity in schizophrenia: functional implications of T cells in the etiology, course and treatment”. Journal of 
NeuroImmune Pharmacology 10.4 (2015): 610-619.

5. Drexhage RC., et al. “Immune and neuroimmune alterations in mood disorders and schizophrenia”. International Review of 
Neurobiology 101 (2011): 169-201.

6. Herberth M., et al. “Identification of a molecular profile associated with immune status in first-onset schizophrenia patients”. Clinical 
Schizophrenia and Related Psychoses 7.4 (2014): 207-215.

https://www.ncbi.nlm.nih.gov/pubmed/26972290
https://www.ncbi.nlm.nih.gov/pubmed/26972290
https://www.ncbi.nlm.nih.gov/pubmed/24704219
https://www.ncbi.nlm.nih.gov/pubmed/24704219
https://www.ncbi.nlm.nih.gov/pubmed/27271499
https://www.ncbi.nlm.nih.gov/pubmed/27271499
https://www.ncbi.nlm.nih.gov/pubmed/26162591
https://www.ncbi.nlm.nih.gov/pubmed/26162591
https://www.ncbi.nlm.nih.gov/pubmed/22050852
https://www.ncbi.nlm.nih.gov/pubmed/22050852
https://www.ncbi.nlm.nih.gov/pubmed/23395839
https://www.ncbi.nlm.nih.gov/pubmed/23395839


1081

Neuroinflammation and Anti-inflammation Treatment in Psychiatric Disorders

Citation: Haiyun Xu. “Neuroinflammation and Anti-inflammation Treatment in Psychiatric Disorders”. EC Psychology and Psychiatry 8.10 
(2019): 1079-1082.

7. Smith R S. “The macrophage theory of depression”. Medical Hypotheses 35.4 (1991): 298-306.

8. Denicoff KD., et al. “The neuropsychiatric effects of treatment with interleukin-2 and lymphokine-activated killer cells”. Annals of 
Internal Medicine 107.3 (1987): 293-300.

9. Renault PF., et al. “Psychiatric complications of long-term interferon alfa therapy”. Archives of Internal Medicine 147.9 (1987): 1577-
1580.

10. Godbout JP., et al. “Aging exacerbates depressive-like behavior in mice in response to activation of the peripheral innate immune 
system”. Neuropsychopharmacology 33.10 (2008): 2341-2351.

11. Maes M., et al. “Depression-related disturbances in mitogen-induced lymphocyte responses and interleukin-1 beta and soluble 
interleukin-2 receptor production”. Acta Psychiatrica Scandinavica 84.4 (1991): 379-386.

12. Maes M., et al. “Immunoendocrine aspects of major depression. Relationships between plasma interleukin-6 and soluble interleukin-2 
receptor, prolactin and cortisol”. European Archives of Psychiatry and Clinical Neuroscience 245.3 (1995): 172-178.

13. Mikova O., et al. “Increased serum tumor necrosis factor alpha concentrations in major depression and multiple sclerosis”. European 
Neuropsychopharmacology 11.3 (2001): 203-208.

14. Dowlati Y., et al. “A meta-analysis of cytokines in major depression”. Biological Psychiatry 67.5 (2010): 446-457.

15. Haapakoski R., et al. “Cumulative meta-analysis of interleukins 6 and 1β, tumour necrosis factor α and C-reactive protein in patients 
with major depressive disorder”. Brain, Behavior, and Immunity 49 (2015): 206-215.

16. Miller AH. “Norman Cousins Lecture. Mechanisms of cytokine-induced behavioral changes: psychoneuroimmunology at the 
translational interface”. Brain, Behavior, and Immunity 23.2 (2009): 149-158.

17. Kim YK., et al. “Imbalance between pro-inflammatory and anti-inflammatory cytokines in bipolar disorder”. Journal of Affective 
Disorders 104.1-3 (2007): 91-95.

18. Munkholm K., et al. “Cytokines in bipolar disorder vs. healthy control subjects: a systematic review and meta-analysis”. Journal of 
Psychiatric Research 47.9 (2013): 1119-1133.

19. Ortiz-Domínguez A., et al. “Immune variations in bipolar disorder: phasic differences”. Bipolar Disorder 9.6 (2007): 596-602.

20. Catena-Dell’Osso M., et al. “Inflammation, serotonin and major depression”. Current Drug Targets 14.5 (2013): 571-577.

21. Koo JW and Duman RS. “IL-1beta is an essential mediator of the antineurogenic and anhedonic effects of stress”. Proceedings of the 
National Academy of Sciences of the United States of America 105.2 (2008): 751-756.

22. Young A M., et al. “From molecules to neural morphology: understanding neuroinflammation in autism spectrumcondition”. Molecular 
Autism 7 (2016): 9

23. Hori H and Kim Y. “Inflammation and post-traumatic stress disorder”. Psychiatry and Clinical Neurosciences 73.4 (2019): 143-153.

24. Miller B J., et al. “Meta-analysis of cytokine alterations in schizophrenia: clinical status and antipsychotic effects”. Biological Psychiatry 
70.7 (2011): 663-671.

25. Tourjman V., et al. “Antipsychotics’ effects on blood levels of cytokines in schizophrenia: a meta-analysis”. Schizophrenia Research 
151.1-3 (2013): 43-47. 

https://www.ncbi.nlm.nih.gov/pubmed/1943879
https://www.ncbi.nlm.nih.gov/pubmed/3497595
https://www.ncbi.nlm.nih.gov/pubmed/3497595
https://www.ncbi.nlm.nih.gov/pubmed/3307672
https://www.ncbi.nlm.nih.gov/pubmed/3307672
https://www.ncbi.nlm.nih.gov/pubmed/18075491
https://www.ncbi.nlm.nih.gov/pubmed/18075491
https://www.ncbi.nlm.nih.gov/pubmed/1746291
https://www.ncbi.nlm.nih.gov/pubmed/1746291
https://www.ncbi.nlm.nih.gov/pubmed/7669825
https://www.ncbi.nlm.nih.gov/pubmed/7669825
https://www.ncbi.nlm.nih.gov/pubmed/11418279
https://www.ncbi.nlm.nih.gov/pubmed/11418279
https://www.ncbi.nlm.nih.gov/pubmed/20015486
https://www.ncbi.nlm.nih.gov/pubmed/26065825
https://www.ncbi.nlm.nih.gov/pubmed/26065825
https://www.ncbi.nlm.nih.gov/pubmed/18793712
https://www.ncbi.nlm.nih.gov/pubmed/18793712
https://www.ncbi.nlm.nih.gov/pubmed/17434599
https://www.ncbi.nlm.nih.gov/pubmed/17434599
https://www.ncbi.nlm.nih.gov/pubmed/23768870
https://www.ncbi.nlm.nih.gov/pubmed/23768870
https://www.ncbi.nlm.nih.gov/pubmed/17845274
https://www.ncbi.nlm.nih.gov/pubmed/23531160
https://www.ncbi.nlm.nih.gov/pubmed/18178625
https://www.ncbi.nlm.nih.gov/pubmed/18178625
https://www.ncbi.nlm.nih.gov/pubmed/26793298
https://www.ncbi.nlm.nih.gov/pubmed/26793298
https://www.ncbi.nlm.nih.gov/pubmed/30653780
https://www.ncbi.nlm.nih.gov/pubmed/21641581
https://www.ncbi.nlm.nih.gov/pubmed/21641581
https://www.ncbi.nlm.nih.gov/pubmed/24200418
https://www.ncbi.nlm.nih.gov/pubmed/24200418


1082

Neuroinflammation and Anti-inflammation Treatment in Psychiatric Disorders

Citation: Haiyun Xu. “Neuroinflammation and Anti-inflammation Treatment in Psychiatric Disorders”. EC Psychology and Psychiatry 8.10 
(2019): 1079-1082.

26. Noto C., et al. “Effects of risperidone on cytokine profile in drug-naïve first-episode psychosis”. International Journal of 
Neuropsychopharmacology 18.4 (2014).

27. Sobiś J., et al. “Therapeutic effect of aripiprazole in chronic schizophrenia is accompanied by anti-inflammatory activity”. 
Pharmacological Reports 67.2 (2015): 353-359. 

28. Kroken RA., et al. “Constructing the immune signature of schizophrenia for clinical use and research; an integrative review translating 
descriptive into diagnostics”. Frontiers in Psychiatry 9 (2019): 753.

29. O’Brien SM., et al. “Cytokines: abnormalities in major depression and implications for pharmacological treatment”. Human 
Psychopharmacology 19.6 (2004): 397-403.

30. Tuglu C., et al. “Increased serum tumor necrosis factor-alpha levels and treatment response in major depressive disorder”. 
Psychopharmacology 170.4 (2003): 429-433.

31. Sutcigil L., et al. “Pro- and anti-inflammatory cytokine balance in major depression: effect of sertraline therapy”. Clinical and 
Developmental Immunology (2007): 76396. 

32. Kubera M., et al. “Anti-Inflammatory effects of antidepressants through suppression of the interferon-gamma/interleukin-10 
production ratio”. Journal of Clinical Psychopharmacology 21.2 (2001):199-206.

33. Maes M., et al. “Negative immunoregulatory effects of antidepressants: inhibition of interferon-gamma and stimulation of 
interleukin-10 secretion”. Neuropsychopharmacology 20.4 (1999): 370-379.

34. Adzic M., et al. “Therapeutic strategies for treatment of inflammation-related depression”. Current Neuropharmacology 16.2 (2018): 
176-209.

35. Bauer IE., et al. “A double-blind, randomized, placebo-controlled study of aspirin and n-acetylcysteine as adjunctive treatments for 
bipolar depression”. Journal of Clinical Psychiatry 80.1 (2018): 18m12200. 

36. Cooney GM., et al. “Exercise for depression”. Cochrane Database of Systematic Reviews 9 (2013): CD004366. 

37. Kerling A., et al. “Exercise increases serum brain-derived neurotrophic factor in patients with major depressive disorder”. Journal of 
Affective Disorders 15 (2017): 52-155.

38. Choi KW., et al. “Assessment of bidirectional relationships between physical activity and depression among adults: a 2-sample 
mendelian randomization study”. JAMA Psychiatry 76.4 (2019): 399-408.

39. Kranaster L., et al. “Antidepressant efficacy of electroconvulsive therapy is associated with a reduction of the innate cellular immune 
activity in the cerebro-spinal fluid in patients with depression”. The World Journal of Biological Psychiatry 19.5 (2018): 379-389.

Volume 8 Issue 10 October 2019
© All rights reserved byHaiyun Xu.

https://www.ncbi.nlm.nih.gov/pubmed/25522386
https://www.ncbi.nlm.nih.gov/pubmed/25522386
https://www.ncbi.nlm.nih.gov/pubmed/25712663
https://www.ncbi.nlm.nih.gov/pubmed/25712663
https://www.ncbi.nlm.nih.gov/pubmed/30766494
https://www.ncbi.nlm.nih.gov/pubmed/30766494
https://www.ncbi.nlm.nih.gov/pubmed/15303243
https://www.ncbi.nlm.nih.gov/pubmed/15303243
https://www.ncbi.nlm.nih.gov/pubmed/12955291
https://www.ncbi.nlm.nih.gov/pubmed/12955291
https://www.ncbi.nlm.nih.gov/pubmed/18317531
https://www.ncbi.nlm.nih.gov/pubmed/18317531
https://www.ncbi.nlm.nih.gov/pubmed/11270917
https://www.ncbi.nlm.nih.gov/pubmed/11270917
https://www.ncbi.nlm.nih.gov/pubmed/10088138
https://www.ncbi.nlm.nih.gov/pubmed/10088138
https://www.ncbi.nlm.nih.gov/pubmed/28847294
https://www.ncbi.nlm.nih.gov/pubmed/28847294
https://www.ncbi.nlm.nih.gov/pubmed/30549489
https://www.ncbi.nlm.nih.gov/pubmed/30549489
https://www.ncbi.nlm.nih.gov/pubmed/24026850
https://www.ncbi.nlm.nih.gov/pubmed/28334675
https://www.ncbi.nlm.nih.gov/pubmed/28334675
https://www.ncbi.nlm.nih.gov/pubmed/30673066
https://www.ncbi.nlm.nih.gov/pubmed/30673066
https://www.ncbi.nlm.nih.gov/pubmed/28714751
https://www.ncbi.nlm.nih.gov/pubmed/28714751

	_GoBack

