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Psychiatric disorders, such as major psychosis and mood
disorders, are among the world’s ten most disabling illnesses
and taken together, mood disorders (major depression and
bipolar depression [BPD]) and schizophrenia (SCZ) affects
about 10.6% of the adult U.S. population yearly [1,2]. As such,
these brain illnesses cause substantial individual suffering and
societal financial burden; indeed the costs for mental health
services of United States of America in 2006 totaled $57.5
billion (Agency for Healthcare Research and Quality’s and
Medical Expenditure Panel Survey). BPD and SCZ are complex
and severe brain diseases affecting approximately 1% of the
population respectively [1]. While there are clear differences
in clinical symptomatology and manifestation between these
disorders, they share several endophenotypes, signified by
psychosis, relapse and progression into chronic brain illness.
Current diagnostic criteria for psychiatric illness are based on
self-reports and behavioral observation, which lack reliable
biological validation. Consequently, it is imperative to identify
novel biomarkers reflecting underlying pathophysiological
mechanisms for brain diseases such as BPD and SCZ.

One potential target mechanism for BPD and SCZ is oxidative
stress. Enhanced markers of oxidative stress have been found
both peripherally (in blood) and centrally (post mortem brain)
in patients with BPD and SCZ [3,4]. For example, increased lipid
peroxidation (oxidative damage to lipids) constitute the most
consistent pathophysiological finding associated with BPD
[5] and we recently illustrated that serum lipid peroxidation
levels correlated with prefrontal white matter abnormalities,
indicating that serum lipid peroxidation may be used as a
biomarker associated with brain damage in in patients with BPD
[6]. Increased lipid peroxidation also occurs in patients with
SCZ [7], however the association seems less well established. On
the other hand, accumulating research suggests that oxidative
damage through nitric oxide (NO) may be involved in the
pathophysiology of SCZ [8-10] as recent clinical studies indicate
that decreasing NO-signaling may be effective for improving SCZ
symptomatology [11,12]. Thereisalso evidence for NO-imbalance
in BPD, for example high levels of 3- nitrotyrosine in post mortem
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prefrontal cortex from patients with BPD [13]. The involvement
of oxidative stress in BPD and SCZ is also supported by findings of
decreased expression of mitochondrial electron transport chain
subunits [14] which lead to increase the production of reactive
oxygen species and therefore, increasing the susceptibility to
oxidative stress damage.

The exact causes of mitochondrial dysfunction in these
patients remain unknown. However, high levels of dopamine (as
indicated in BPD and SCZ) and glutamate (as indicated in SCZ)
have been shown to induce oxidative stress in the brain. Moreover,
several genetic studies have associated mutations in the calcium
channel, voltage- dependent, L type, alpha 1C (CACNA1C) as one
of the risk factors in BPD and SCZ [14]. The regulation of levels of
calcium inside the cells is essential to maintain the mitochondrial
function and for regulating NO production; thus patients with
calcium- channel mutations may have higher levels of oxidative
stress. NO is also involved in various physiological functions
including inflammation. Interestingly, a recent, large population-
based study (N=3.56 million) demonstrated that infections and
autoimmune diseases poses risk factors for development of
mood disorders [15].

In addition, it is of note that the mitochondria are particularly
vulnerable to alterations in nutrients as well as to environmental
toxins, e.g. pesticides. Today, a major dietary issue is imbalance
in blood sugar levels, high levels of fat consumption and decrease
in nutrients, such as vitamins, which are powerful antioxidants.
For example, large blood sugar increases induce formation of
advanced glycolytic enzymes, which lead to induction of free
radicals. Several pesticides, including rotenone, directly inhibit
the mitochondrial oxidative phosphorylation. Consequently, life
style choices are likely to influence mitochondrial function and
brain cells.

While a healthy life style is often associated with prevention of
cardiovascular diseases, moderate consumption of sugar and fat,
higher intake of vitamins, minerals and antioxidants and regular
exercise, the same remedy would likely improve brain health.
In particular, patients with brain diseases are likely to benefit
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Figure 1 Life style choices affect mitochondrial function and oxidative stress
that is hypothesized to be of relevance for brain diseases.

from healthy lifestyle changes by creating homeostasis in the
protective, antioxidant brain system (Figure 1). As an example,
the essential amino acid L-lysine, found in high-protein foods, may
be used to decrease NO-levels. As such, our research group found
that an add-on of 6 gram/day L- lysine treatment to patients with
SCZ, was safe, trended to improve positive symptoms, however
needs further investigation [11]. Because oxidative stress damage
is involved in neuronal damage, regulating nutrient levels and
decreased the exposure to toxins, lifestyle changes could aid in
slowing down the illness progression and severity, ultimately
promoting a healthier brain and higher quality of life.

ACKNOWLEDGMENT

Ana C. Andreazza is supported by grants from the Canadian
Institutes of Health Research, and NARSAD Young Investigator
awards. Caroline Wass is holding a post doctoral research
fellowship from The Swedish Brain Foundation.

REFERENCES

1. Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE.
Prevalence, severity, and comorbidity of 12-month DSM-1V disorders
in the National Comorbidity Survey Replication. Arch Gen Psychiatry.
2005; 62: 617-27.

2. Regier DA, Narrow WE, Rae DS, Manderscheid RW, Locke BZ, Goodwin
FK. The de facto US mental and addictive disorders service system.
Epidemiologic catchment area prospective 1-year prevalence rates of
disorders and services. Arch Gen Psychiatry. 1993; 50: 85-94.

3. Gigante AD, Andreazza AC, Lafer B, Yatham LN, Beasley CL, Young LT.
Decreased mRNA expression of uncoupling protein 2, a mitochondrial
proton transporter, in post-mortem prefrontal cortex from patients
with bipolar disorder and schizophrenia. Neurosci Lett. 2011; 505:
47-51.

Cite this article

4. Kunz M, Gama CS, Andreazza AC, Salvador M, Ceresér KM, Gomes FA,
et al. Elevated serum superoxide dismutase and thiobarbituric acid
reactive substances in different phases of bipolar disorder and in
schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry. 2008;
32:1677-81.

5. Andreazza AC, Kauer-Sant’anna M, Frey BN, Bond D], Kapczinski F,
Young LT, et al. Oxidative stress markers in bipolar disorder: a meta-
analysis. ] Affect Disord. 2008; 111: 135-44.

6. Versace A, Andreazza AC, Young LT, Fournier JC, Almeida JR, Stiffler
RS, et al. Elevated serum measures of lipid peroxidation and abnormal
prefrontal white matter in euthymic bipolar adults: toward peripheral
biomarkers of bipolar disorder. Mol Psychiatry. 2013.

7. Zhang XY, Tan YL, Cao LY, Wu GY, Xu Q, Shen Y, et al. Antioxidant
enzymes and lipid peroxidation in different forms of schizophrenia
treated with typical and atypical antipsychotics. Schizophr Res. 2006;
81:291-300.

8. Palsson E, Finnerty N, Fejgin K, Klamer D, Wass C, Svensson L,
et al. Increased cortical nitric oxide release after phencyclidine
administration. Synapse. 2009; 63: 1083-8.

9. Wass C, Archer T, Pélsson E, Fejgin K, Alexandersson A, Klamer D, et
al. Phencyclidine affects memory in a nitric oxide-dependent manner:
working and reference memory. Behav BrainRes. 2006; 174: 49-55.

10.Bernstein HG, Keilhoff G, Steiner ], Dobrowolny H, Bogerts B. Nitric
oxide and schizophrenia: present knowledge and emerging concepts
of therapy. CNS Neurol Disord Drug Targets. 2011; 10: 792-807.

11.Wass C, Klamer D, Katsarogiannis E, Pdlsson E, Svensson L, Fejgin K, et
al. L-lysine as adjunctive treatment in patients with schizophrenia: a
single-blinded, randomized, cross-over pilot study. BMC Med. 2011; 9:
40.

12.Levkovitz Y, Mendlovich S, Riwkes S, Braw Y, Levkovitch-Verbin
H, Gal G, et al. A double-blind, randomized study of minocycline for
the treatment of negative and cognitive symptoms in early-phase
schizophrenia. ] Clin Psychiatry. 2010; 71: 138-49.

13.Andreazza AC. Combining redox-proteomics and epigenomics to
explain the involvement of oxidative stress in psychiatric disorders.
Mol Biosyst. 2012; 8: 2503-12.

14.Scola G, Kim HK, Young LT, Andreazza AC. A fresh look at complex
I in microarray data: clues to understanding disease-specific
mitochondrial alterations in bipolar disorder. Biol Psychiatry. 2013;
73: e4-5.

15.Benros ME, Waltoft BL, Nordentoft M, Ostergaard SD, Eaton WW,
Krogh ], et al. Autoimmune diseases and severe infections as risk
factors for mood disorders: a nationwide study. JAMA Psychiatry.
2013; 70: 812-20.

Wass CE, Andreazza A (2013) The Redox Brain and Nitric Oxide: Implications for Psychiatric lliness. J Pharmacol Clin Toxicol 1(1): 1008.

J Pharmacol Clin Toxicol 1(1): 1008 (2013)

2/2


http://www.ncbi.nlm.nih.gov/pubmed/15939839
http://www.ncbi.nlm.nih.gov/pubmed/15939839
http://www.ncbi.nlm.nih.gov/pubmed/15939839
http://www.ncbi.nlm.nih.gov/pubmed/15939839
http://www.ncbi.nlm.nih.gov/pubmed/8427558
http://www.ncbi.nlm.nih.gov/pubmed/8427558
http://www.ncbi.nlm.nih.gov/pubmed/8427558
http://www.ncbi.nlm.nih.gov/pubmed/8427558
http://www.ncbi.nlm.nih.gov/pubmed/22001364
http://www.ncbi.nlm.nih.gov/pubmed/22001364
http://www.ncbi.nlm.nih.gov/pubmed/22001364
http://www.ncbi.nlm.nih.gov/pubmed/22001364
http://www.ncbi.nlm.nih.gov/pubmed/22001364
http://www.ncbi.nlm.nih.gov/pubmed/18657586
http://www.ncbi.nlm.nih.gov/pubmed/18657586
http://www.ncbi.nlm.nih.gov/pubmed/18657586
http://www.ncbi.nlm.nih.gov/pubmed/18657586
http://www.ncbi.nlm.nih.gov/pubmed/18657586
http://www.ncbi.nlm.nih.gov/pubmed/18539338
http://www.ncbi.nlm.nih.gov/pubmed/18539338
http://www.ncbi.nlm.nih.gov/pubmed/18539338
http://www.ncbi.nlm.nih.gov/pubmed/23358158
http://www.ncbi.nlm.nih.gov/pubmed/23358158
http://www.ncbi.nlm.nih.gov/pubmed/23358158
http://www.ncbi.nlm.nih.gov/pubmed/23358158
http://www.ncbi.nlm.nih.gov/pubmed/16309894
http://www.ncbi.nlm.nih.gov/pubmed/16309894
http://www.ncbi.nlm.nih.gov/pubmed/16309894
http://www.ncbi.nlm.nih.gov/pubmed/16309894
http://www.ncbi.nlm.nih.gov/pubmed/19642219
http://www.ncbi.nlm.nih.gov/pubmed/19642219
http://www.ncbi.nlm.nih.gov/pubmed/19642219
http://www.ncbi.nlm.nih.gov/pubmed/16935357
http://www.ncbi.nlm.nih.gov/pubmed/16935357
http://www.ncbi.nlm.nih.gov/pubmed/16935357
http://www.ncbi.nlm.nih.gov/pubmed/21999729
http://www.ncbi.nlm.nih.gov/pubmed/21999729
http://www.ncbi.nlm.nih.gov/pubmed/21999729
http://www.ncbi.nlm.nih.gov/pubmed/21501494
http://www.ncbi.nlm.nih.gov/pubmed/21501494
http://www.ncbi.nlm.nih.gov/pubmed/21501494
http://www.ncbi.nlm.nih.gov/pubmed/21501494
http://www.ncbi.nlm.nih.gov/pubmed/19895780
http://www.ncbi.nlm.nih.gov/pubmed/19895780
http://www.ncbi.nlm.nih.gov/pubmed/19895780
http://www.ncbi.nlm.nih.gov/pubmed/19895780
http://www.ncbi.nlm.nih.gov/pubmed/22710408
http://www.ncbi.nlm.nih.gov/pubmed/22710408
http://www.ncbi.nlm.nih.gov/pubmed/22710408
http://www.ncbi.nlm.nih.gov/pubmed/22846438
http://www.ncbi.nlm.nih.gov/pubmed/22846438
http://www.ncbi.nlm.nih.gov/pubmed/22846438
http://www.ncbi.nlm.nih.gov/pubmed/22846438
http://www.ncbi.nlm.nih.gov/pubmed/23760347
http://www.ncbi.nlm.nih.gov/pubmed/23760347
http://www.ncbi.nlm.nih.gov/pubmed/23760347
http://www.ncbi.nlm.nih.gov/pubmed/23760347

	The Redox Brain and Nitric Oxide: Implications for Psychiatric Illness
	Acknowledgment
	References
	Figure 1

