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Decreased Mitochondrial Function and
Increased Brain Inflammation in Bipolar
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recent review article by Konradi and coworkers1 summarized the results of gene expression
studies based on analysis of the entire mRNA pool (transcriptome) of brains from patients with
bipolar disorder. The transcriptome differs from the genome because it can be shaped by environmental influences. The authors concluded that clusters of genes (a) for energy production were downregulated, (b) for immune responses were up-regulated, and (c) for oligodendrocyte function were
mostly down-regulated (Fig. 1). They compared these general outcomes with similar available data
from other authors for major depressive disorder and schizophrenia and concluded that there was
significant overlap, making it impossible to identify a specific profile unique for bipolar disorder.
Konradi and coworkers reviewed 7 published studies between 2003 and 2009 using brain material and 4 studies using peripheral tissue from patients with bipolar disorder. These studies did not
all examine the same clusters. Only 3 of the 7 studies using brain tissue investigated ‘‘markers of
energy function’’; of these, 2 reported significant decrease, whereas 1 study reported an increase.
Only 3 of the 7 studies using brain tissue investigated expression of genes associated with immune response, and all 3 reported significant increase. Only 1 study investigated the expression of oligodendrocyte markers and found decreased expression of some but increased level of others.
Four studies using peripheral tissues were reviewed; of these, 2 studies showed decreased expression of genes regulating energy production, and only 1 study investigated genes associated with
immune responses and reported significantly increased expression. No particular gene was singled
out for discussion. However, the authors proposed that the transcriptome changes observed may be
the early stage of an autoimmune process that is more dramatic, but similar to changes in the neuroinflammatory disease multiple sclerosis (MS).
The authors correctly discussed a number of limitations in the articles reviewed. These included
the postmortem nature of the tissues that could have introduced changes related to cell death, the
difference in time period between death and tissue preservation, difference in the cause of death, the
possible effect of any other comorbid conditions and/or treatment, lack of information on use of
tobacco or recreational drugs, and the lack of ‘‘controls.’’ In addition, the mean age of most patients
was 48 T 30 years, which introduces a possible contribution of advanced age. Finally, the number of
patients whose brains were analyzed varied considerably from 8 to 35.
The role of inflammation, especially proinflammatory cytokines, in neuropsychiatric diseases
was long suspected,2,3 but these recent results certainly provide new robust evidence. The findings
about decreased energy production may be quite significant. For instance, recent publications reported decreased mitochondrial function in as many as 60% of patients with autism,4Y6 a neuropsychiatric developmental disorder showing many similarities with schizophrenia.7 In addition, the
brains of autistic patients had evidence of neuroinflammation.8Y11
We recently showed that serum of autistic patients has high levels of mitochondrial DNA12
known to stimulate autoinflammatory reactions.13 Neurotensin, a peptide first isolated from the brain,
has also been implicated in the pathogenesis of depression and schizophrenia,14 is elevated in the
serum of autistic children, and can stimulate mast cells.15 Mast cells are involved in inflammation16
and were recently reported to undergo mitochondrial fission and translocation during degranulation
to the cell surface17 with subsequent release of ATP and mitochondrial DNA.18 ATP is considered by
some a universal ‘‘alarm’’signal from cells under stress, can affect neighboring cells,19 and can sustain
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FIGURE 1. Diagrammatic representation of (A) the possible association between the recent transcriptome findings and
neuropsychiatric diseases; (B) transcriptome changes consistent with down-regulation of genes involved in mitochondrial function
and ATP production, up-regulation of genes involved in inflammation and immunity, and dysfunction of genes involved in
oligodendrocyte activities; and (C) proposed ‘‘triple jeopardy’’ due to (1) low ATP production, (2) shift of part of the ATP to
support synthesis and release of proinflammatory cytokines, and (3) part is extracellular ATP release leading to autoinflammation.

inflammation through mast cell activation.20 In fact, mitochondrial DNA was shown to be secreted from neuroblastoma cells
inside membrane-enclosed exosomes.21 All these findings, taken
together, may constitute a ‘‘triple jeopardy’’ for the brain: (a)
decreased mitochondrial ATP production, (b) further reduction
by diversion of ATP to support proinflammatory, and (c) extracellular ATP and mitochondrial DNA release, which can stimulate autoimmune/autoinflammatory reactions.
These results point to the need for new treatment approaches
addressing neuroinflammation. A number of articles have reported that certain nonsteroidal anti-inflammatory drugs, such as
celecoxib, may be useful in bipolar disorders22 and depression.23
However, it should be noted that recent evidence indicated that
nonsteroidal anti-inflammatory drugs could actually decrease the
effectiveness of selective serotonin reuptake inhibitors.24 Another
option may be to select natural flavonoids25 such as those found
in artichoke, chamomile, and chrysanthemum.26 For instance,
the flavone luteolin has potent antioxidant, free radical scavenger, anti-inflammatory, and mast cell inhibitory activity.27 In addition, luteolin inhibits microglia interleukin 6 release,28,29 as
well as mimics the activity of brain-derived neurotrophic factor.30
Luteolin also inhibits autistic-like behavior in mice14 and has
antidepressant effects.31 We had previously reported that luteolin also blocks mast cellYdependent stimulation of activated T
cells,32 as well as activated peripheral blood mononuclear cells
from patients with MS.33 These findings led to the proposal that
luteolin may be a novel treatment of MS.34
In conclusion, there is no doubt that the available evidence
indicates brain mitochondrial dysfunction and heightened immune response in neuropsychiatric diseases. However, it is still
hard to understand how in certain cases these changes affect
mostly the behavior, whereas in others they lead to loss of speech
(autism) or demyelination and mostly neurological problems
(MS). Nevertheless, new anti-inflammatory molecules may be
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useful for the treatment of neuroinflammation in neuropsychiatric disorders, especially if administered in formulations that
permit sufficient oral absorption and brain uptake.
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