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ABSTRACT 

The topic of post-stroke depression etiology is reviewed in two main approaches. Some suggest that 

post-stroke depression is caused by the brain damage itself. On the contrary, others assume that this is a 

psychologic response to injuries or loss. Many discoveries can be examined as evidence for both the 

physiological and psychosocial mechanism of post-stroke depression. The two methods are not self-

excluding, but instead describe post-stroke depression as a complex and multifactorial disease with 

interactions between the physiological and environmental factor. 

One hypothesis about depression occurrence is the inflammatory, oxidative and nitrosative stress 

(IO&NS) depression theory. Oxidative stress mechanisms are implied in the pathogenesis of mental 

diseases. The brain is considered particularly vulnerable to oxidative damage, due to its relatively high 

oxygen utilization and thus generation of free radical subordinate products, its modest antioxidant 

protections and its lipid-rich resistance.  
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INTRODUCTION 

One of the most difficult issues in 

contemporary clinical practice is the problem 

about the treatment and rehabilitation of 

cerebral stroke patients. Depression is 

common consequence of stroke. 

Approximately one third of stroke survivors 

suffer from significant depression symptoms 

(1). Post-stroke depression could have 

multifactorial etiology, including organic and 

reactive components.  
 

Oxidative stress is included in the 

pathogenesis for a wide variety of disease 

conditions and can be a common pathogenic 

mechanism, lying on the basis of many 

mental disorders, because the brain is 

relatively more vulnerable to oxidative 

damage. In the last couple of years oxidative 

stress is reviewed as one of the contributory 

factors in depression pathogenesis. Recently, 

it is also discussed as a concomitant factor in 

many chronic neurodegenerative pathologies 

and acute cerebrovascular disorders like 

stroke.   
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OXIDATIVE STRESS 

Violating the balance between processes, that  

produce ROS /reactive oxygen species/, and 

antioxidant protective systems leads to 

oxidative stress occurrence, causing cellular 

damage and direct inhibition of enzyme 

proteins (2). Oxidative stress represents an 

imbalance between the biochemical ROS-

generating processes and the ability of a 

biological system to neutralize them. As a 

result, new ROS are formed faster than the 

cellular defense systems’ capability to 

eliminate them (3). The development of 

oxidative stress and its consequences depend 

on the capabilities of the body alone or on 

outside intervention to restore the 

physiological balance between pro-oxidants 

and antioxidants (4). 
 

The theory of oxidative stress as a 

pathophysiological mechanism can be 

explained generally with the concept, usually 

called "oxygen paradox", that while oxygen is 

essential for aerobic life, large amounts of its 

free radical metabolic byproducts are toxic (5). 

Briefly, these free radicals play an integral role 

in cell signaling, physiological immunological 

responses and mitoses. However, due to their 

highly unstable molecules with unpaired 

electrons, they have different oxidative forces 

and therefore may potentially damage cellular 
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proteins, lipids, carbohydrates and nucleic 

acids (6). The resulting cell injury may range 

from cellular structural damage and mitotic 

blocking to apoptosis and cellular necrosis, 

depending on the level of severity of the 

oxidative stress (7, 8). The major groups of 

free radicals in living organisms are reactive 

oxygen species (ROS) and reactive nitrogen 

species (RNS), which are respectively 

collective terms for oxygen- and nitrogen-

derived radicals, and some non-radicals which 

are ready to become radicals (9, 10). 
 

Oxidative stress mechanisms are implied in the 

pathogenesis of mental illnesses. This 

hypothesis has a theoretical appeal, because 

the brain is considered to be particularly 

vulnerable to oxidative damage for several 

reasons. These include its relatively high 

oxygen utilization and thus generation of free 

radical byproducts, its modest antioxidant 

defenses, its lipid-rich stability that delivers 

ready for oxidation substrates, reduction of 

potential for some neurotransmitters and the 

presence of redox catalytic metals such as iron 

and copper (9, 11).  
 

OXIDATIVE STRESS AND STROKES 

In the pathogenesis of acute ischemic stroke 

low molecular antioxidants are absorbed in the 

reaction with free radicals generated during 

oxidative stress. The endogenous catalytic 

system comprises a number of antioxidant 

enzymes such as superoxide dismutase, 

catalase, and glutathione peroxidase. Among 

these, the first line of defense is the catalase, 

which decomposes hydrogen peroxide, since 

its accumulation can lead to the formation of 

free radicals (12, 13). 
 

Oxidative stress culminates due to the 

imbalance between pro-oxidants and 

antioxidants and consecutive excessive 

production of reactive oxygen species. 

Reactive oxygen species are biphasic, taking 

part in normal physiological processes, but are 

also involved in a number of disease processes, 

which mediate damage to cell structures, 

including lipid membranes, proteins and DNA. 

Cerebral circulatory system is the main 

objective of oxidative stress, because it plays a 

critical role in the pathogenesis of ischemic 

brain damage as a result of a cerebrovascular 

attack. Superoxide, the main reactive oxygen 

species, and its derivatives cause vasodilatation 

by opening potassium channels, as well as 

deterioration of vascular reactivity. However, 

reactive oxygen species are involved in normal 

physiological processes, including cell 

signaling, induction in mitogenesis and 

immune defense. One study focuses on cellular 

and vascular aspects of generation of reactive 

oxygen and nitrogen species and their role in 

the pathogenesis of the ischemic reperfusion 

phenomena (14).  
 

Imbalance between cell production of free 

radicals and the ability of cells to prevent them 

is one of the leading mechanisms that 

contribute to neuronal damage (15). These 

conditions promote oxidative and nitrogen 

modifications in some amino acids. Proteins 

are one of the main objectives of reactive 

oxidative or nitrogen species. Oxidative and 

nitrogen changes in proteins include the 

formation of carbonyl groups, oxidation of 

thiol groups and the generation of nitrotyrosine 

(16).  
 

The brain is susceptible to secondary damage 

from oxidative cellular injury or necrosis of 

the neurotoxic effects of released stimulating 

amines (mainly glutamate) and iron, and the 

activated inflammatory response (9). This 

intrinsic oxidative sensitivity of the brain, 

along with growing evidence of 

neurodegenerative changes associated with 

many psychiatric syndromes suggest that 

oxidative damage can be a worthy pathogenic 

candidate. 
 

In one study a statistically significant 

increased level of carbonyl groups in plasma 

proteins, reduced levels of plasma protein 

thiol groups, reduced catalase activity in 

erythrocytes and an increased level of plasma 

protein 3-nitrotyrosine were observed in 

stroke patients respectively to the control 

group (17). In the case of the carbonyl groups 

and 3-nitrotyrosine the observed increase in 

oxidative and nitrative protein damage after 

stroke is more than twice as high in patients 

with stroke. 
 

After the beginning of cerebral ischemia 

oxidative stress plays an important role in 

inflammatory reactions (18, 19). In post-

ischemic brains oxidative stress triggers the 

activation of microglia and astrocytes (20), 

leading to sharp increases in the levels of 

inflammatory mediators such as cytokines, 

chemokines and matrix metalloproteases 

(21), and causing a loss of integrity of the 

endothelial cells in the brain, as manifestated 

by the upregulation of cell adhesion 

molecules and neurotrophic infiltration (22). 

This is likely to provoke a consecutive 

secondary inflammation and glial immune 

response, resulting in permanent damage to 

the brain cells (21). 
 

Redox-mediated increase in free radicals in 

post-ischemic brains leads to augmented 
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expression of several proinflammatory genes, 

which expression is mediated through a 

transcription nuclear factor - kappa-B or NF-

κB (21). Proinflammatory reactions, 

mediated by NF-κB and innate immune 

responses, are important properties in 

cerebral ischemic conditions (23, 24, 25). 
 

ETIOLOGY OF POST-STROKE 

DEPRESSION 

The pathogenesis of psychopathological 

conditions, occurring in stroke, is always 

complex and not sufficiently studied. For many 

years the main reason for the development of 

post-stroke depression was considered only a 

psychogenic response to the emerging 

disability (26). Subsequently psychosocial 

factors have begun to attach significant 

importance of endogenous factors (individual 

characteristics of the individual and hereditary 

predisposition). 
 

The mechanisms, responsible for the 

development of depression, are widely 

discussed and evidence suggests heterogeneous 

and mixed etiologies of the disease. A large 

number of studies provide hypotheses for the 

development of depression. These assumptions 

include the monoamine theory of depression 

with its modifications (27), the hypothesis of a 

distraught neuroplasticity (28) and the 

inflammatory, oxidative and nitrosative stress 

(IO & NS) theory of depression (29 , 30). Data 

suggests that depression is associated with 

possible increases in the number and activity 

of macrophages / monocytes with 

immunocompetent phagocytic cells in the 

brain, producing free radicals (31). The 

evidence shows that the depression belongs to 

a range of neurodegenerative disorders and is 

accompanied by a reduced antioxidant status 

and an induction of oxidative and nitrogen 

pathways. Also there is a significant 

association between depression and 

polymorphisms in genes involved in oxidative 

and nitrogen pathways, such as manganese 

superoxide dismutase, catalase, and 

myeloperoxidase (32). 
 

It is assumed that the interruption of the 

pathways of biogenic amines from stroke, 

which causes disorders in the synthesis and 

metabolism of monoamine transmitters, may 

play an etiologic role in the post-stroke 

depression (33, 34, 35). The deficit of the 

monoamine transmitters dopamine, serotonin 

and noradrenaline, or the damage to the entire 

monoamine neurotransmitter system in various 

brain circuits, can cause depression (36). In a 

study of both post-stroke depression and 

endogenous depression interest is shifted from 

the very monoamine neurotransmitters to their 

receptors and to the molecular events that 

trigger these receptors. These include a 

transduction of stream signal and regulation of 

gene expression. For example, it is assumed 

that under stress, the gene for brain-derived 

neurotrophic factors can be suppressed (36). A 

new hypothesis for post-stroke depression is an 

increased production of proinflammatory 

cytokines (37) and the importance of specific 

high-risk genes (38). In a study of Cichon et al. 

2015 only the oxidative damage of proteins is 

related to the degree of post-stroke depression, 

while nitration of proteins does not show such 

a relationship (17). 
 

BIOMARKERS FOR OXIDATIVE 

STRESS IN DEPRESSION 

Studies, carried out on post-mortem tissue 

from depressed patients, showed reduced 

levels of hippocampus, anatomical structure, 

involved in anxiety and depressive behaviors, 

and cortical BDNF (39). Moreover 

polymorphism in the BDNF gene is associated 

with depression (40-43). Accumulation of 

lipofuscin granules has been described in 

biopsies of patients suffering from major 

depressive disorder (MDD), indicating the 

effects of oxidative stress on the neurovascular 

abnormalities in these patients (44). 
 

CONCLUSION 

Equally strong evidence has implicated 

oxidative stress in the pathogenesis of post-

stroke depression. There are several reasons 

why the brain and the nerves are especially 

vulnerable to oxidative stress. The brain and 

nerve tissue contain relatively low level of 

antioxidants. In addition, those brain regions 

that are rich in catecholamines are 

exceptionally vulnerable to free radical 

generation. The catecholamine adrenaline, 

noradrenalin, and dopamine can spontaneously 

break down (auto-oxidise) to free radicals, or 

can be metabolized to radicals by the 

endogenous enzymes such as MAO 

(monoamine oxidases). The pathophysiological 

relationships between oxidative stress and 

depression, and the potential benefits of 

antioxidant supplementation deserve further 

research. 
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