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Abstract: 

MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene expression by binding to target 

messenger RNAs, leading to their degradation or translation inhibition. Recent research has revealed 

the critical role of miRNAs in oxidative stress-associated mental disorders, which include depression, 

schizophrenia, bipolar disorder, and Alzheimer's disease. Oxidative stress, characterized by an 

imbalance between reactive oxygen species (ROS) and antioxidant defenses, is a key contributor to 

neuronal damage, neuroinflammation, and mitochondrial dysfunction—hallmarks of these disorders. 

miRNAs such as miR-34a, miR-137, miR-132, miR-146a, and miR-9 regulate oxidative stress 

pathways, influencing antioxidant defense systems, mitochondrial function, and neuroinflammation. 

For example, miR-34a downregulates the expression of antioxidant genes, exacerbating oxidative 

damage, while miR-137 and miR-132 are linked to mitochondrial dysfunction, impacting cognitive 

function and mood regulation. Additionally, miR-146a and miR-21 modulate inflammatory cytokines, 

further contributing to neuroinflammation and the progression of mental disorders. Given their pivotal 

roles, miRNAs are promising biomarkers for early diagnosis and treatment response and targets for 

therapeutic interventions. miRNA-based therapies, such as miRNA mimics or inhibitors, and 

antioxidant compounds that modulate miRNA expression offer new avenues for treatment. However, 

further studies are needed to understand better the complex interactions between miRNAs and 

oxidative stress pathways and to explore their clinical applications in mental health care. This review 

highlights the emerging potential of miRNAs in the diagnosis, pathophysiology, and treatment of 

oxidative stress-associated mental disorders. 
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Introduction: 

Oxidative stress, characterized by an imbalance between the production of reactive oxygen 

species (ROS) and the body's antioxidant defenses, plays a pivotal role in the pathogenesis of 

various mental disorders1. Elevated ROS levels can damage cellular components, leading to 

neuronal dysfunction and contributing to conditions such as depression, anxiety, and 

schizophrenia. Recent research has highlighted miRNAs as critical regulators in this context, 

influencing gene expression related to oxidative stress responses and neuronal integrity. 

miRNAs are small, non-coding RNA molecules that modulate gene expression post-

transcriptionally, thereby affecting numerous biological processes, including neuronal 

differentiation, survival, and activity2. Dysregulation of miRNA biogenesis has been linked to 

increased neuronal vulnerability to cellular stress, potentially contributing to the development 

and progression of neurodegenerative diseases. Specific miRNAs in the central nervous system 

have been identified as key players in maintaining neuronal health by regulating oxidative 

stress pathways 3. For instance, the miR-181 family has been implicated in mitochondrial 

function by regulating cytochrome c oxidase subunit 1 (mt-COX1) mRNA, leading to 

remodeling of electron transport chain complex IV and increased ROS production. Similarly, 

miR-30e targets uncoupling protein 2 (UCP2), a mitochondrial proton transporter that reduces 

ROS production and promotes neuroprotection. These interactions underscore the role of 

miRNAs in modulating oxidative stress within neuronal cells. The involvement of miRNAs in 

mental disorders is further evidenced by their altered expression profiles in conditions such as 

major depressive disorder, schizophrenia, and bipolar disorder 4. Alterations in circulating 

miRNA levels have been proposed as potential biomarkers for these psychiatric conditions, 

reflecting their role in disease pathogenesis. For example, reduced global miRNA expression 

in the prefrontal cortex has been associated with depression and suicidal behavior, suggesting 

a direct link between miRNA dysregulation and psychiatric manifestations. Moreover, 

miRNAs like miR-21 have been shown to influence oxidative stress-related processes by 

inhibiting superoxide dismutase activation, a key enzyme in the oxidative stress response 5. 

This inhibition contributes to the persistence of oxidative stress, thereby playing a role in the 

genesis of various diseases, including Alzheimer's disease and other mental health disorders. 

Understanding the intricate relationship between miRNAs and oxidative stress in mental 

disorders offers promising avenues for therapeutic interventions. Targeting specific miRNAs 

to modulate oxidative stress responses could potentially ameliorate neuronal damage and 

improve clinical outcomes in patients with mental health conditions 6, 7. However, further 
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research is necessary to elucidate the precise mechanisms by which miRNAs influence 

oxidative stress pathways and to develop effective miRNA-based therapeutic strategies. In 

conclusion, miRNAs serve as crucial regulators of oxidative stress in the brain, with significant 

implications for the development and progression of mental disorders. Their ability to modulate 

gene expression related to oxidative stress responses positions them as potential biomarkers 

and therapeutic targets. Advancements in miRNA research could lead to novel approaches to 

diagnosing and treating mental health disorders, ultimately improving patient care and 

outcomes. 

Molecular mechanism of miRNAs 

1. Regulation of Antioxidant Pathways 

miRNAs are small non-coding RNA molecules that regulate gene expression by binding to 

complementary sequences in target mRNAs, leading to their degradation or inhibition of 

translation. In oxidative stress, miRNAs play a crucial role in regulating antioxidant defense 

pathways, essential for maintaining cell redox homeostasis 8, 9. Oxidative stress occurs when 

there is an imbalance between the production of reactive oxygen species (ROS) and the 

antioxidant capacity of the cell, which can lead to cellular damage and contribute to the 

development of various mental disorders, including neurodegenerative diseases and psychiatric 

conditions. Among the miRNAs that regulate antioxidant pathways, miR-34a, miR-144, and 

miR-155 have been identified as key players in modulating redox homeostasis by targeting 

genes such as Nrf2 (nuclear factor erythroid 2-related factor 2) and SOD (superoxide 

dismutase) 10. Nrf2 is a central regulator of the cellular antioxidant response. Under normal 

conditions, Nrf2 is bound to its repressor protein Keap1 in the cytoplasm. However, under 

oxidative stress, Nrf2 dissociates from Keap1 and translocates to the nucleus, where it activates 

the transcription of antioxidant genes, including those encoding enzymes like SOD, catalase, 

and glutathione peroxidase 11. These enzymes work together to detoxify ROS and restore 

cellular homeostasis. Studies have shown that miR-34a, a well-known tumor suppressor, 

directly targets Nrf2 and suppresses its expression. By downregulating Nrf2, miR-34a 

exacerbates oxidative stress by impairing the antioxidant defense system. This results in 

increased ROS levels, contributing to cellular damage, neuroinflammation, and 

neurodegeneration, which are implicated in psychiatric disorders such as depression and 

Alzheimer's disease. MiR-144 is another miRNA that regulates the expression of antioxidant 

genes, particularly SOD, an enzyme that plays a pivotal role in neutralizing superoxide radicals 

12. SOD is one of the first lines of defense against oxidative damage, converting superoxide 
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radicals into hydrogen peroxide, which is then further detoxified by other antioxidant enzymes. 

Downregulation of SOD expression results in a decreased capacity to neutralize ROS, leading 

to an increase in oxidative damage and cellular dysfunction. MiR-144 has been shown to target 

the 3' UTR of SOD1 mRNA, leading to its degradation and reduced enzyme activity. This 

modulation of SOD levels by miR-144 contributes to the oxidative imbalance observed in 

various neurological disorders, including Alzheimer's and Parkinson's diseases 13. MiR-155, an 

inflammation-associated miRNA, also plays a significant role in regulating antioxidant 

pathways. It has been implicated in the pathophysiology of several neuroinflammatory and 

neurodegenerative diseases 14. MiR-155 targets multiple genes involved in oxidative stress 

responses, including Nrf2. Elevated levels of miR-155 have been shown to reduce the 

expression of Nrf2 and its downstream antioxidant targets, contributing to increased oxidative 

damage and neuroinflammation. Furthermore, miR-155 is associated with increased levels of 

pro-inflammatory cytokines, further exacerbating oxidative stress and promoting neuronal 

injury 15, 16. This mechanism is particularly relevant in psychiatric disorders like schizophrenia, 

where oxidative stress and inflammation play key roles in disease progression 17. In summary, 

miRNAs such as miR-34a, miR-144, and miR-155 play crucial roles in regulating antioxidant 

defense mechanisms by targeting key genes like Nrf2 and SOD. Dysregulation of these 

miRNAs can lead to impaired antioxidant responses, resulting in elevated oxidative stress and 

contributing to the pathogenesis of neurodegenerative and psychiatric disorders. The 

understanding of miRNA-mediated regulation of redox homeostasis provides valuable insights 

into potential therapeutic strategies for treating oxidative stress-associated mental disorders. 

Targeting specific miRNAs to restore the balance of oxidative stress could be a promising 

approach to mitigating neurodegeneration and psychiatric symptoms. 

2. Mitochondrial Dysfunction 

Mitochondria are essential organelles responsible for cellular energy production, metabolism 

regulation, and cell survival control. In the context of mental disorders such as schizophrenia 

and bipolar disorder, mitochondrial dysfunction has emerged as a critical factor contributing to 

disease pathophysiology 18. Recent studies have highlighted the role of miRNAs in regulating 

mitochondrial function, with miRNAs such as miR-137, miR-210, and miR-34a playing key 

roles in mitochondrial biogenesis, dynamics, and energy metabolism 19, 20. Dysregulation of 

these miRNAs contributes to mitochondrial dysfunction, which in turn leads to neuronal 

deficits and mental health disorders. MiR-137 is a well-known regulator of neuronal function 

and has been linked to psychiatric disorders such as schizophrenia 21. One of the key targets of 
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miR-137 is the gene encoding the mitochondrial protein, mitochondrial fission 1 (Fis1). Fis1 

is a crucial regulator of mitochondrial fission, a process that involves the division of 

mitochondria to maintain their size and function. Dysregulation of miR-137 leads to increased 

expression of Fis1, which results in excessive mitochondrial fission, disrupting the balance 

between mitochondrial fusion and fission 22. This imbalance causes mitochondrial 

fragmentation and dysfunction, associated with neuronal damage and impaired synaptic 

plasticity. Furthermore, miR-137 has been shown to regulate other mitochondrial-related 

genes, including those involved in oxidative phosphorylation, further implicating this miRNA 

in mitochondrial dysfunction in psychiatric conditions like schizophrenia 23, 24. MiR-210 is 

another miRNA implicated in mitochondrial function, particularly under hypoxic conditions. 

During hypoxia, miR-210 is upregulated to help cells adapt to low oxygen levels. One of the 

key targets of miR-210 is the transcription factor hypoxia-inducible factor 1-alpha (HIF-1α), 

which plays a pivotal role in regulating mitochondrial biogenesis and energy metabolism. 

Under hypoxic stress, miR-210 modulates mitochondrial dynamics by promoting 

mitochondrial biogenesis and adjusting energy metabolism to enhance cellular survival 25. 

However, in the context of neuropsychiatric disorders, such as bipolar disorder, dysregulation 

of miR-210 can lead to maladaptive mitochondrial responses. Elevated levels of miR-210 in 

these disorders have been linked to impaired mitochondrial function, contributing to oxidative 

stress, reduced ATP production, and neuronal dysfunction. The altered expression of miR-210 

in patients with bipolar disorder underscores its potential as a biomarker for mitochondrial 

dysfunction and neurodegenerative changes in the brain 26. MiR-34a, a well-established 

regulator of cellular stress responses, is another miRNA that plays a significant role in 

mitochondrial function. MiR-34a targets various mitochondrial genes, including those 

involved in mitochondrial dynamics, apoptosis, and energy metabolism. MiR-34a is 

upregulated in response to oxidative stress and promotes mitochondrial dysfunction by 

inhibiting genes such as Sirt1, which is involved in mitochondrial biogenesis and cellular stress 

resistance 27. MiR-34a has also been shown to target mitochondrial dynamics-related genes 

such as Drp1, a key protein involved in mitochondrial fission. The overexpression of miR-34a 

disrupts the balance of mitochondrial fusion and fission, leading to fragmented mitochondria 

and impaired energy metabolism. In mental disorders such as schizophrenia, elevated levels of 

miR-34a exacerbate mitochondrial dysfunction, contributing to neurodegeneration and 

cognitive deficits 28. The involvement of miR-34a in mitochondrial regulation makes it a 

promising therapeutic target for alleviating mitochondrial-related pathologies in psychiatric 
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disorders 29. In conclusion, miRNAs such as miR-137, miR-210, and miR-34a play crucial 

roles in regulating mitochondrial function by targeting genes involved in mitochondrial 

biogenesis, dynamics, and energy metabolism. Dysregulation of these miRNAs leads to 

mitochondrial dysfunction, which is associated with neuronal damage and the pathophysiology 

of mental disorders, including schizophrenia and bipolar disorder. Understanding the 

mechanisms by which miRNAs regulate mitochondrial function offers new insights into the 

molecular basis of psychiatric disorders and may open up novel therapeutic avenues for 

mitigating mitochondrial dysfunction and improving cognitive and neuronal health. 

3. Neuroinflammation and Oxidative Stress 

Oxidative stress and neuroinflammation are closely intertwined processes that play significant 

roles in the pathophysiology of various neurodegenerative diseases and psychiatric disorders, 

including depression and Alzheimer's disease 30. Oxidative stress occurs when there is an 

imbalance between the production of ROS and the body's antioxidant defenses, leading to 

cellular damage. This cellular damage activates various inflammatory pathways, including the 

upregulation of pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and 

interleukin-6 (IL-6) 31. Emerging evidence has revealed that miRNAs such as miR-146a and 

miR-21 are key regulators of these inflammatory pathways, modulating the expression of 

inflammatory cytokines and contributing to the neuroinflammatory response associated with 

oxidative stress 32. MiR-146a is a well-characterized miRNA that plays a crucial role in 

regulating the innate immune response. It is upregulated in response to inflammatory stimuli, 

including oxidative stress, and acts by targeting key signaling molecules involved in the 

inflammatory cascade. MiR-146a targets various genes in the NF-κB (nuclear factor-kappa B) 

signaling pathway, such as IRAK1 (interleukin-1 receptor-associated kinase 1) and TRAF6 

(TNF receptor-associated factor 6), both of which are involved in the activation of pro-

inflammatory cytokines like TNF-α and IL-6 33. By downregulating these signaling molecules, 

miR-146a helps to attenuate excessive inflammation and oxidative damage. However, in 

chronic inflammatory conditions such as depression and Alzheimer's disease, elevated levels 

of miR-146a contribute to sustained neuroinflammation, exacerbating neuronal damage and 

cognitive decline. In depression, miR-146a has been shown to regulate the inflammatory 

response in the brain, and its dysregulation has been associated with altered cytokine levels and 

impaired neuroplasticity 34. MiR-21 is another miRNA that plays a central role in inflammation 

and oxidative stress. It is known to be upregulated in response to various stressors, including 

oxidative damage, and acts as an important modulator of the inflammatory response 35. MiR-
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21 targets several genes involved in inflammatory signaling, including the phosphatase and 

tensin homolog (PTEN), which regulates the PI3K/AKT pathway, a critical pathway in the 

control of inflammation and cell survival. Elevated miR-21 levels have been observed in both 

depression and Alzheimer's disease, where it contributes to the amplification of the 

inflammatory response 36. In Alzheimer's disease, miR-21 modulates the expression of pro-

inflammatory cytokines such as TNF-α and IL-6, contributing to the chronic 

neuroinflammation that is characteristic of the disease. Similarly, in depression, miR-21 has 

been linked to the regulation of inflammation and oxidative stress, with increased miR-21 

levels being associated with altered immune responses and neuronal damage 37. The 

upregulation of miR-146a and miR-21 in neuroinflammatory conditions highlights their 

potential as biomarkers for inflammatory diseases of the brain, as well as potential therapeutic 

targets. Given that oxidative stress and neuroinflammation are implicated in the 

pathophysiology of depression, Alzheimer's disease, and other psychiatric and 

neurodegenerative disorders, miRNAs may offer novel avenues for therapeutic intervention 38. 

By targeting the pathways regulated by miR-146a and miR-21, it may be possible to mitigate 

the neuroinflammatory response and reduce the associated neuronal damage, potentially 

improving clinical outcomes in these conditions 35. In conclusion, miR-146a and miR-21 are 

crucial modulators of oxidative stress and inflammation in the brain. Their upregulation in 

response to oxidative damage and their ability to regulate key inflammatory cytokines like 

TNF-α and IL-6 makes them central players in the neuroinflammatory processes underlying 

depression and Alzheimer's disease. Understanding the precise mechanisms by which these 

miRNAs regulate inflammatory pathways will provide valuable insights into the molecular 

basis of these disorders and could inform the development of novel therapeutic strategies 

targeting miRNAs to alleviate neuroinflammation and oxidative stress. 

4. Synaptic Plasticity and Neurotransmitter Regulation 

Oxidative stress, characterized by an imbalance between ROS production and antioxidant 

defenses, adversely affects synaptic function and plasticity. Synaptic plasticity is the capacity 

of synapses to strengthen or weaken over time, which is essential for learning, memory, and 

mood regulation 39. miRNAs, particularly miR-132 and miR-134, have emerged as critical 

regulators of synaptic plasticity by modulating the expression of key proteins such as brain-

derived neurotrophic factor (BDNF). Dysregulation of these miRNAs is associated with 

neuropsychiatric conditions, including depression and cognitive deficits 40. MiR-132 and 

Synaptic Plasticity, miR-132 is highly expressed in neuronal cells and is known to promote 
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neuronal outgrowth and sprouting by decreasing the levels of p250GAP, a GTPase-activating 

protein linked to neuronal differentiation. This miRNA is regulated by the cAMP response 

element-binding (CREB) protein pathway and is activated by neuronal activity and BDNF. By 

enhancing dendritic growth, miR-132 contributes to the brain's plasticity and helps establish 

stronger connections between neurons. Additionally, miR-132 has been implicated in 

regulating MeCP2, a protein that increases BDNF levels in the brain 41. MiR-132 may be 

involved in a homeostatic mechanism that regulates MeCP2 levels, thereby influencing BDNF 

expression and synaptic function. Failure to regulate MeCP2 levels is connected to neurological 

disorders, including Rett syndrome. Mir-134 is known to regulate the size of dendritic spines, 

which are small protrusions on neurons essential for synaptic transmission (Synaptic 

Plasticity). By modulating the expression of proteins involved in spine morphology, miR-134 

influences synaptic strength and plasticity. Dysregulation of miR-134 has been linked to 

impaired synaptic development and cognitive deficits. Dysregulation of miR-132 and miR-134 

has been associated with various neuropsychiatric conditions 42. Altered levels of miR-132 

have been observed in individuals with depression, suggesting its role in mood regulation. 

Similarly, aberrant expression of miR-134 has been linked to cognitive impairments, 

highlighting its importance in maintaining normal cognitive function. MiR-132 and miR-134 

are pivotal regulators of synaptic plasticity, influencing neuronal connectivity and function by 

modulating key proteins such as BDNF 43. Their dysregulation under conditions of oxidative 

stress can impair synaptic function, contributing to the pathophysiology of depression and 

cognitive deficits. Understanding the roles of these miRNAs in synaptic regulation offers 

potential avenues for therapeutic interventions aimed at restoring normal synaptic function in 

neuropsychiatric disorders. 

miRNAs in Specific Mental Disorders: 

a. Depression: 

Major Depressive Disorder (MDD) is a complex psychiatric condition influenced by various 

molecular mechanisms, including the dysregulation of miRNAs. Among these, miR-9, miR-

16, and miR-34a have garnered attention for their roles in modulating oxidative stress-induced 

neuroinflammation, impaired neurogenesis, and serotonin metabolism—all critical factors in 

the pathophysiology of depression 44. 

miR-9 and Dendritic Morphology 
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MiR-9-5p has been implicated in the structural integrity of neurons, particularly in the 

hippocampus—a brain region essential for mood regulation and cognitive function. Stress-

induced dendritic shortening of hippocampal pyramidal neurons is a hallmark of depressive 

states. Notably, acute antidepressant treatment with ketamine has been shown to rescue this 

dendritic atrophy, a process in which miR-9-5p plays a crucial role. Studies demonstrated that 

miR-9-5p is involved in reversing stress-dependent dendritic shortening, highlighting its 

potential as a therapeutic target in MDD 45.  

miR-16 and Serotonin Transporter Regulation 

miR-16 is another miRNA integral to the brain's response to stress and the regulation of 

serotonin levels. Serotonin, a neurotransmitter pivotal in mood regulation, is transported by the 

serotonin transporter (SERT). MiR-16 has been shown to downregulate SERT expression, 

thereby influencing serotonin availability in the synaptic cleft. In vivo models have 

demonstrated that alterations in miR-16 levels can affect the brain's response to stress, 

suggesting its involvement in the development of depressive symptoms 46.  

miR-34a and Neuroinflammation 

Neuroinflammation is a significant contributor to the pathogenesis of MDD, and miR-34a has 

been associated with the regulation of inflammatory responses in the brain. Elevated levels of 

miR-34a have been observed in individuals with depression, correlating with increased 

expression of pro-inflammatory cytokines. This upregulation of miR-34a can exacerbate 

neuroinflammatory processes, leading to neuronal damage and the manifestation of depressive 

behaviors 8.  

Interplay Between miRNAs and Serotonin Metabolism 

The dysregulation of miR-9, miR-16, and miR-34a not only affects neuronal structure and 

inflammatory responses but also has profound implications for serotonin metabolism. By 

modulating the expression of genes involved in serotonin synthesis, transport, and receptor 

activity, these miRNAs influence serotonin availability and signaling. For instance, miR-16's 

regulation of SERT directly impacts serotonin reuptake, affecting mood and emotional 

regulation. Similarly, miR-9 and miR-34a can alter the expression of serotonin receptors and 

related signaling molecules, further influencing serotonergic neurotransmission 47. 

Therapeutic Implications 

Understanding the roles of miR-9, miR-16, and miR-34a in MDD opens avenues for novel 

therapeutic strategies. Targeting these miRNAs to normalize their expression levels could 
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potentially alleviate depressive symptoms by restoring neuronal integrity, reducing 

neuroinflammation, and optimizing serotonin metabolism. For example, miRNA-based 

therapies aimed at modulating miR-16 levels could enhance serotonin availability, offering a 

complementary approach to traditional antidepressants. Additionally, interventions that adjust 

miR-9 and miR-34a expression may promote neurogenesis and mitigate inflammatory 

responses, contributing to overall neural health and resilience against depression 48. The 

dysregulation of miR-9, miR-16, and miR-34a plays a significant role in the development and 

progression of Major Depressive Disorder. By influencing oxidative stress-induced 

neuroinflammation, impairing neurogenesis, and modulating serotonin metabolism, these 

miRNAs contribute to the complex molecular landscape of depression. Ongoing research into 

their specific mechanisms and interactions holds promise for the development of targeted 

miRNA-based therapies, potentially offering more effective and personalized treatment options 

for individuals suffering from this debilitating condition. 

b. Schizophrenia: 

Schizophrenia is a complex psychiatric disorder characterized by disruptions in thought 

processes, perceptions, emotional responsiveness, and social interactions. Emerging evidence 

implicates miRNAs, particularly miR-137 and miR-132, in the pathophysiology of 

schizophrenia through their influence on oxidative stress, mitochondrial function, cognitive 

processes, and neurotransmission 49. 

miR-137 and Schizophrenia 

MiR-137 has been identified as a significant genetic risk factor for schizophrenia. Genome-

wide association studies have linked variations in the MIR137 gene locus to an increased 

susceptibility to the disorder. MiR-137 is known to regulate neuronal development and synaptic 

plasticity by targeting multiple genes involved in these processes 50. Dysregulation of miR-137 

can lead to aberrant neuronal differentiation and connectivity, contributing to the cognitive 

deficits observed in schizophrenia. Moreover, miR-137 has been associated with mitochondrial 

dysfunction, a condition characterized by compromised brain metabolism and increased 

oxidative stress. Mitochondria are essential for energy production and cellular homeostasis, 

and their dysfunction can lead to neuronal damage and impaired cognitive function. By 

regulating genes involved in mitochondrial function, miR-137 plays a role in maintaining 

neuronal health, and its dysregulation may contribute to the pathogenesis of schizophrenia 51.  

miR-132 and Schizophrenia 
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MiR-132 is another miRNA implicated in schizophrenia, particularly concerning its role in 

synaptic plasticity and neuronal connectivity. It is highly expressed in the brain and is involved 

in the regulation of dendritic spine morphology, which is crucial for effective 

neurotransmission and cognitive function. Alterations in miR-132 expression have been linked 

to the synaptic deficits observed in schizophrenia. Additionally, miR-132 has been associated 

with the regulation of oxidative stress responses 52. Oxidative stress, resulting from an 

imbalance between the production of reactive oxygen species and the body's ability to detoxify 

them, has been implicated in the etiology of schizophrenia. By modulating the expression of 

genes involved in antioxidant defense mechanisms, miR-132 helps maintain oxidative balance 

within neurons. Dysregulation of miR-132 can therefore exacerbate oxidative stress, leading to 

neuronal damage and contributing to the cognitive impairments characteristic of schizophrenia 

53.  

Implications for Cognitive Function and Neurotransmission 

The dysregulation of miR-137 and miR-132 impacts cognitive function and neurotransmission 

in schizophrenia through several mechanisms: 

Synaptic Plasticity 

Both miR-137 and miR-132 are involved in the regulation of synaptic strength and plasticity. 

Altered expression of these miRNAs can lead to impaired synaptic connectivity, which is 

associated with the cognitive deficits observed in schizophrenia 54.  

Neurotransmitter Regulation 

 MiR-137 and miR-132 influence the expression of genes involved in neurotransmitter 

synthesis, release, and receptor function. Dysregulation of these miRNAs can disrupt 

neurotransmitter systems, such as the dopaminergic and glutamatergic pathways, which are 

implicated in the pathophysiology of schizophrenia 55.  

Oxidative Stress and Mitochondrial Function 

By modulating genes related to mitochondrial function and oxidative stress responses, miR-

137 and miR-132 help maintain neuronal integrity. Their dysregulation can lead to increased 

oxidative damage and mitochondrial dysfunction, further impairing cognitive function and 

neurotransmission. MiR-137 and miR-132 play critical roles in the molecular mechanisms 

underlying schizophrenia. Their involvement in regulating oxidative stress, mitochondrial 

function, synaptic plasticity, and neurotransmission highlights their significance in maintaining 

cognitive health. Dysregulation of these miRNAs can contribute to the development and 
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progression of schizophrenia, making them potential targets for therapeutic interventions 

aimed at restoring normal miRNA expression and ameliorating cognitive deficits associated 

with the disorder 56. 

Bipolar Disorder 

Bipolar Disorder (BD) is a chronic psychiatric condition marked by alternating episodes of 

mania and depression. Recent research has highlighted the role of miRNAs in the 

pathophysiology of BD, particularly miR-499 and miR-221, which are implicated in oxidative 

stress-related mood dysregulation. 

miR-499 and Neuroplasticity 

MiR-499-5p has been associated with neuroplasticity, a critical factor in mood regulation. 

Studies demonstrated that miR-499-5p regulates dendritogenesis and cognitive function by 

downregulating the BD risk gene CACNB2, which encodes the β2 subunit of voltage-gated 

calcium channels. This regulation affects calcium influx in neurons, influencing neuronal 

excitability and synaptic strength, thereby impacting mood stability 57.  

miR-221 and Oxidative Stress Response 

MiR-221 plays a role in the neuronal response to oxidative stress. Research indicates that miR-

221 modulates pathways that promote neuronal survival under oxidative conditions. For 

instance, studies have shown that miR-221 can influence the expression of genes involved in 

antioxidant defenses, thereby mitigating oxidative damage in neuronal cells 58.  

Implications for Mood Dysregulation in BD 

The dysregulation of miR-499 and miR-221 contributes to mood instability in BD through 

several mechanisms: 

Neuroplasticity Impairment: Abnormal miR-499 expression can disrupt dendritic 

architecture and synaptic connectivity, leading to cognitive deficits and emotional 

dysregulation characteristic of BD 57.  

Inadequate Oxidative Stress Response: Altered miR-221 levels may impair the neuronal 

antioxidant response, increasing oxidative stress. Elevated oxidative stress has been linked to 

the pathophysiology of mood disorders, including BD 59.  

Therapeutic Potential 
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Understanding the roles of miR-499 and miR-221 in BD opens avenues for novel therapeutic 

strategies. Targeting these miRNAs to normalize their expression could potentially stabilize 

mood by enhancing neuroplasticity and bolstering antioxidant defenses. For example, miRNA-

based therapies aimed at modulating miR-499 levels could improve synaptic connectivity, 

while adjusting miR-221 expression may strengthen the neuronal response to oxidative stress 

60. The abnormal expression of miR-499 and miR-221 is intricately linked to oxidative stress-

related mood dysregulation in Bipolar Disorder. By affecting neuroplasticity and the oxidative 

stress response, these miRNAs contribute to the complex molecular landscape of BD. Ongoing 

research into their specific mechanisms holds promise for the development of targeted miRNA-

based therapies, potentially offering more effective and personalized treatment options for 

individuals suffering from this debilitating condition. 

Alzheimer’s Disease: 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by 

cognitive decline and memory loss. Central to its pathology is the accumulation of amyloid-

beta (Aβ) plaques and increased oxidative stress, both contributing to neuronal damage. 

miRNAs, particularly miR-29 and miR-146a, have been identified as key regulators in these 

processes, influencing Aβ production and the neuronal response to oxidative stress 61. 

miR-29 and Amyloid-Beta Accumulation 

The miR-29 family, including miR-29a, miR-29b, and miR-29c, plays a significant role in 

modulating Aβ levels. Research has demonstrated that decreased expression of miR-29a/b-1 

correlates with elevated levels of BACE1 (β-site amyloid precursor protein cleaving enzyme 

1), the enzyme responsible for initiating Aβ production. Studies found that reduced miR-29a/b-

1 expression leads to increased BACE1 levels, thereby promoting Aβ accumulation and 

contributing to AD pathogenesis. Further studies have confirmed these findings, indicating that 

downregulation of miR-29 not only elevates BACE1 expression but also accelerates Aβ 

deposition. This suggests that maintaining normal miR-29 levels is crucial for regulating 

BACE1 activity and preventing excessive Aβ accumulation, a hallmark of AD pathology 62. 

miR-146a and Oxidative Stress 

MiR-146a is another miRNA implicated in AD, particularly concerning the brain's response to 

oxidative stress. Oxidative stress results from an imbalance between the production of ROS 

and the body's ability to detoxify them, leading to neuronal damage. MiR-146a modulates 

inflammatory responses and has been shown to influence pathways associated with oxidative 
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stress. For instance, miR-146a can reduce Aβ deposition and tau protein hyperphosphorylation 

through the TLR/IRAK1/TRAF6 pathway, thereby mitigating oxidative damage in neuronal 

cells. Elevated levels of miR-146a have been observed in the brains of AD patients, suggesting 

a compensatory response to increased oxidative stress and inflammation. However, chronic 

upregulation of miR-146a may disrupt normal neuronal function, indicating a complex role in 

AD progression 63. 

Interplay Between miR-29 and miR-146a 

The interactions between miR-29 and miR-146a are critical in maintaining neuronal health. 

While miR-29 primarily regulates Aβ production by targeting BACE1, miR-146a modulates 

inflammatory and oxidative stress responses. Dysregulation of either miRNA can exacerbate 

AD pathology: reduced miR-29 levels lead to increased Aβ accumulation, and altered miR-

146a expression affects the neuronal response to oxidative stress 62. 

Therapeutic Implications 

Understanding the roles of miR-29 and miR-146a in AD opens avenues for potential 

therapeutic strategies. Restoring normal levels of miR-29 could help regulate BACE1 

expression, thereby reducing Aβ production. Similarly, modulating miR-146a expression may 

enhance the neuronal response to oxidative stress and inflammation, protecting against 

neuronal damage 64. Developing miRNA-based therapies offers a promising approach to 

addressing the complex molecular mechanisms underlying AD. MiR-29 and miR-146a are 

integral to regulating amyloid-beta accumulation and oxidative stress in Alzheimer's disease. 

Their dysregulation contributes to the neurodegenerative processes characteristic of AD. 

Ongoing research into these miRNAs not only enhances our understanding of AD pathology 

but also paves the way for innovative therapeutic interventions aimed at mitigating the 

progression of this debilitating disorder. 

MiRNA-Based Therapeutics 

Targeting specific miRNAs that are dysregulated in depression presents a potential therapeutic 

strategy. For instance, miR-16 has been implicated in the modulation of serotonin transmission, 

a neurotransmitter system often disrupted in depressive disorders. Modulating miR-16 levels 

could, therefore, influence serotonin availability and alleviate depressive symptoms 47. The 

delivery of miRNA-based therapeutics poses significant challenges, including stability, 

specificity, and efficient delivery to target tissues. Nanoparticle-based carriers and viral vectors 

have been explored as potential delivery systems to overcome these obstacles. These methods 
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aim to protect miRNAs from degradation, enhance their uptake by target cells, and ensure 

controlled release, thereby improving therapeutic efficacy. 

Antioxidant Therapy 

Oxidative stress has been implicated in the pathophysiology of depression, and miRNAs play 

a role in regulating oxidative stress responses. Compounds with antioxidant properties, such as 

N-acetylcysteine (NAC), curcumin, and polyphenols, have been studied for their potential to 

modulate miRNA expression. By influencing miRNA profiles, these antioxidants may enhance 

the brain's resilience to oxidative damage, thereby contributing to the alleviation of depressive 

symptoms 65. 

Biomarker Development 

The identification of reliable biomarkers for depression is crucial for early diagnosis and 

monitoring of treatment responses. Circulating miRNAs in blood or cerebrospinal fluid (CSF) 

have emerged as potential biomarkers due to their stability and accessibility. Studies have 

demonstrated that specific miRNA expression profiles correlate with depression severity and 

therapeutic outcomes. For example, changes in peripheral miR-1202 levels have been 

associated with responses to antidepressant treatment, suggesting its potential as a biomarker 

for monitoring therapeutic efficacy 44.  

Pharmacological Interventions 

Traditional antidepressants, such as selective serotonin reuptake inhibitors (SSRIs), have been 

shown to influence miRNA expression. This interaction suggests that miRNAs could serve as 

predictors of treatment outcomes. Understanding how antidepressants modulate miRNA 

profiles can provide insights into their mechanisms of action and help in tailoring personalized 

treatment strategies 66. Moreover, targeting specific miRNAs may enhance the efficacy of 

existing pharmacotherapies or lead to the development of novel antidepressant agents. 

The exploration of miRNAs in the context of depression offers promising therapeutic and 

diagnostic possibilities. miRNA-based therapeutics, antioxidant modulation of miRNA 

expression, the development of miRNA biomarkers, and the influence of pharmacological 

interventions on miRNA profiles represent multifaceted approaches to addressing the 

complexities of depressive disorders. Continued research in this field is essential to translate 

these findings into clinical applications, ultimately improving outcomes for individuals 

affected by depression. 

DISCUSSION 
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miRNAs are small, non-coding RNA molecules that regulate gene expression at the post-

transcriptional level by binding to the 3' untranslated regions of target mRNAs, leading to their 

degradation or inhibition of translation 2. These miRNAs have been increasingly implicated in 

various mental disorders, including those associated with oxidative stress, a key factor in the 

pathophysiology of many neuropsychiatric conditions 1. Oxidative stress results from an 

imbalance between the production of ROS and the body’s ability to detoxify these harmful 

byproducts. Chronic oxidative stress is known to contribute to neuronal damage, inflammation, 

mitochondrial dysfunction, and apoptosis, which underlie several mental disorders such as 

depression, schizophrenia, bipolar disorder, and Alzheimer's disease 3, 9. miRNAs have 

emerged as crucial regulators in oxidative stress-associated mental disorders by modulating 

key pathways involved in the cellular response to oxidative damage. For instance, miR-34a has 

been identified as a significant player in oxidative stress-induced neurodegeneration 8. It targets 

various genes that are involved in antioxidant defense mechanisms, including those encoding 

the antioxidant enzyme superoxide dismutase (SOD). By downregulating these genes, miR-

34a exacerbates oxidative damage, leading to neuronal dysfunction and contributing to 

neurodegenerative diseases such as Alzheimer's disease and Parkinson’s disease 67. 

Furthermore, miR-155, another miRNA, has been shown to regulate the nuclear factor 

erythroid 2-related factor 2 (Nrf2) pathway, which is critical for the cellular antioxidant 

response. Reduced Nrf2 activity, due to miR-155 upregulation, impairs the antioxidant defense 

mechanisms and increases the vulnerability to oxidative damage, thus promoting the 

development of neuroinflammation and neurodegeneration 15, 16. In addition to its role in 

regulating antioxidant pathways, miRNAs are involved in mitochondrial dysfunction, a 

hallmark of several mental disorders. Mitochondria are essential for energy production, and 

oxidative stress can cause mitochondrial damage, resulting in reduced energy production and 

the generation of ROS, further perpetuating the cycle of oxidative damage 19. miRNAs such as 

miR-137 and miR-132 have been linked to mitochondrial dysfunction in mental disorders like 

schizophrenia and bipolar disorder. These miRNAs influence mitochondrial biogenesis, 

dynamics, and energy metabolism by targeting key genes involved in these processes. 

Dysregulation of these miRNAs can lead to impaired mitochondrial function, contributing to 

cognitive deficits, mood dysregulation, and other symptoms characteristic of these disorders 

54. Furthermore, miRNAs have been shown to modulate neuroinflammation, a critical aspect 

of oxidative stress-related mental disorders. Chronic inflammation in the brain is often driven 

by oxidative stress and contributes to the pathogenesis of depression and neurodegenerative 
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diseases. miRNAs such as miR-146a and miR-21 regulate the expression of pro-inflammatory 

cytokines, including TNF-α and IL-6, which are elevated in response to oxidative stress 32. By 

modulating the levels of these cytokines, miRNAs can influence the inflammatory response in 

the brain, thereby affecting the progression of mental disorders. In conditions like depression, 

where neuroinflammation plays a crucial role, miRNAs may serve as potential therapeutic 

targets for modulating the inflammatory response 9. In conclusion, miRNAs play a central role 

in the pathophysiology of oxidative stress-associated mental disorders by regulating 

antioxidant defense mechanisms, mitochondrial function, and neuroinflammation. Their ability 

to influence key cellular pathways makes them attractive candidates for therapeutic 

intervention in these conditions. Targeting dysregulated miRNAs with miRNA-based therapies 

or using antioxidant compounds to modulate miRNA expression holds great potential for 

developing novel treatments for oxidative stress-associated mental disorders. Further research 

is needed to better understand the complex relationship between miRNAs and oxidative stress 

and to explore their potential as biomarkers and therapeutic targets in clinical settings. 

Table 1. miRNA Role in Oxidative Stress and Mental Disorders 

miRNA 
Associated Mental 

Disorder(s) 

Role in Oxidative Stress and 

Mental Disorders 
Source 

miR-

132 

Schizophrenia, Major 

Depressive Disorder 

Upregulated in both disorders, 

suggesting involvement in 

pathophysiology. 

68 

miR-

34a 

Schizophrenia, Major 

Depressive Disorder 

Upregulated in both conditions, 

indicating a role in disease 

mechanisms. 

38 

miR-

206 

Alzheimer's Disease Implicated in regulating β-amyloid 

accumulation, contributing to 

disease progression. 

38 

miR-

155 

Post-Traumatic Stress 

Disorder, Traumatic 

Brain Injury 

Involved in neuroinflammation and 

oxidative stress responses. 65 

miR-

124 

Various Psychiatric 

Disorders 

Regulates neuroinflammation and 

oxidative stress pathways. 
69 

Table 2. miRNA as Therapeutic Target in Mental Disorders 

Therapeutic 

Target 

miRNA 

Involved 

Mental 

Disorder 

Clinical 

Trial 

Phase 

Findings/Comments Source 

miR-34a miR-34a Depression, 

Schizophrenia, 

Bipolar 

Disorder 

Preclinical 

to Phase 

I/II 

miR-34a has been 

shown to regulate 

oxidative stress and 

neurodegeneration. 

Initial trials focus on 

70 
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targeting miR-34a to 

reduce 

neuroinflammation and 

improve cognitive 

function. 

miR-137 miR-137 Schizophrenia, 

Bipolar 

Disorder 

Preclinical Dysregulation of miR-

137 is associated with 

mitochondrial 

dysfunction and 

cognitive deficits in 

schizophrenia and 

bipolar disorder. 

Clinical trials are 

investigating its 

therapeutic potential. 

71 

miR-132 miR-132 Depression, 

Alzheimer's 

Disease 

Preclinical miR-132 regulates 

synaptic plasticity and 

neurogenesis. Trials are 

exploring its role in 

alleviating mood 

disorders and cognitive 

deficits associated with 

Alzheimer's. 

72 

miR-9 miR-9 Depression Preclinical 

to Phase I 

Altered miR-9 levels are 

linked to stress-induced 

dendritic changes in 

depression. Trials aim 

to restore miR-9 levels 

to improve 

neuroplasticity. 

73 

miR-146a miR-

146a 

Alzheimer's 

Disease, 

Depression 

Preclinical miR-146a regulates 

inflammation and 

oxidative stress. 

Clinical trials are 

evaluating its potential 

to modulate 

neuroinflammation in 

Alzheimer's and 

depression. 

34 

miR-221 miR-221 Bipolar 

Disorder 

Preclinical 

to Phase I 

miR-221 is implicated 

in oxidative stress-

related mood 

dysregulation in bipolar 

disorder. Research 

focuses on its 

therapeutic potential to 

restore normal mood 

regulation. 

44 
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miR-499 miR-499 Bipolar 

Disorder 

Preclinical Dysregulated miR-499 

has been linked to 

mitochondrial 

dysfunction in mood 

disorders, with clinical 

investigations into its 

role in restoring 

mitochondrial health. 

74 

 

Figure 1. Signalling mechanism and role of miRNAs in oxidative stress 

 

CONCLUSION 

In conclusion, miRNAs play a pivotal role in regulating oxidative stress-associated mental 

disorders by modulating key cellular pathways involved in antioxidant defense, mitochondrial 

function, and neuroinflammation. Their ability to influence gene expression in response to 

oxidative damage highlights their potential as both biomarkers and therapeutic targets for 

disorders such as depression, schizophrenia, bipolar disorder, and Alzheimer's disease. 
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Dysregulation of miRNAs, such as miR-34a, miR-137, and miR-146a, can exacerbate 

oxidative damage, impair neurogenesis, and promote neuroinflammation, leading to the 

progression of these disorders. Targeting specific miRNAs with therapeutic strategies, such as 

miRNA mimics or inhibitors, and using antioxidant compounds to modulate miRNA 

expression, could offer novel avenues for treatment. Additionally, miRNAs may serve as 

biomarkers for early diagnosis and treatment response, facilitating personalized medicine 

approaches in mental health care. However, further research is required to fully elucidate the 

complex interactions between miRNAs and oxidative stress pathways, as well as to explore the 

clinical applicability of miRNA-based therapies. Ultimately, miRNAs hold significant promise 

in advancing our understanding and treatment of oxidative stress-related mental disorders. 
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