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ABSTRACT: Dementia is a cognitive decline which interferes with normal 

psychological functioning and behavioral patterns. Dementia is as a group of 

neurodegenerative diseases, which affects about 1 to 4% of the world‟s population 

over 65 years old. Several aetiologies are involved in the pathogenesis of dementia. 

Patient suffering or suffered from cardiovascular diseases (like hypertension, 

hypercholesteremia, diabetes, cerebral ischemia, and stroke) and neurodegenerative 

disorders are more vulnerable to dementia. Other factors like alcohol consumption 

and smoking further exacerbate this neurodegenerative disorder. Most common 

forms of dementia are Alzheimer‟s dementia, vascular dementia, frontotemporal 

dementia, semantic dementia and dementia with Lewy body. Alzheimer‟s dementia 

and dementia with Lewy bodies are more common in the elderly. Vascular dementia 

(VaD) is the second most common form of dementia after Alzheimer‟s dementia 

(AD), which may precipitate as a result of long term CVS diseases. Semantic 

dementia involves a progressive decline in semantic memory (knowledge of objects, 

people, concepts and words). In Lewy body dementia (LBD), aggregation of α-

synuclein inhibits the neuronal development and plays a major role in the disease 

pathogenesis. Frontotemporal dementia represents a positive family history and 

displays a distinctive model of early injury to anterior cingulate and frontoinsular 

cortex. This review, also signifies the detoxication role of glutathione (GSH), 

superoxide dismutase (SOD), glutathione peroxidize (GPx), and catalase (Cat) 

during oxidative stress and discuss the association of mitochondrial dysfunctioning 

in the pathogenesis of different diseases, which eventually leads to dementia. The 

aim of this review is, to study types, risk factors involved, understand the underlying 

mechanisms in the pathogenesis of dementia and new therapeutic approaches, thus 

maximize opportunities for the search for new and effective therapeutic strategies. 

INTRODUCTION: Dementia is a mental disorder 

characterized by impairment of memory and loss of 

intellectual ability, sufficiently severe as to 

interfere with one's occupational or social activities 

and its prevalence rate increases exponentially with 

age 
1, 2

. The most common subtypes of dementia 

are Alzheimer‟s disease (AD) and vascular 

dementia (VaD) 
3
.  
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If incidence rates of AD differ from those of VaD, 

differences in the composition of the cohort, in 

terms of dementia subtypes, may account for a few 

differences between studies as well 
4
. It is 

interesting to observe that the occurrence rate of 

these dementia subtypes is similar to that of all-

cause dementia.  

However, a few insignificant differences in the 

occurrence rates may occur among AD, VaD, and 

all-cause dementia in elderly patients 
5
. Other 

studies, however, reported higher incidence rates 

for AD, which continued to increase with age, as 

compared to VaD, which remained lower and fairly 

stable across age 
6
. The reason for this discrepancy 

is unclear. One possibility is the dying-off of the 
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individuals who are predisposed to VaD. Those 

individuals are likely to be survivors of 

cardiovascular diseases and stroke, and therefore 

are less likely to reach extreme old age. Also, the 

proportion of men and women who suffer from AD 

is different from this proportion in VaD. With 

women at higher risk for AD and having a longer 

life expectancy than men, differences in incidence 

rates between AD and VaD may be more robust in 

specific subgroups 
7, 8

. 

Vascular dementia (VaD) is the second leading 

cause of dementia after AD 
9
. VaD is referred to as 

the “silent epidemic of the twenty-first century” 
10

. 

It encompasses all dementia syndromes resulting 

from cerebrovascular disease and typically follows 

damage from multiple diffuse infarcts, strategic 

infarcts, subcortical microvascular disease, or 

hemorrhage 
11

. VaD may present either as a 

stepwise deterioration resulting from new vascular 

insults or as a chronically worsening condition 
12

. 

There are overlaps in the clinical and pathologic 

features of VaD and AD due to the frequent 

existence of cerebrovascular lesions in patients 

with AD and the potential involvement of 

cholinergic mechanisms in the pathogenesis of 

VaD 
13

. VaD is a distinct type of dementia with a 

spectrum of specific clinical and 

pathophysiological features 
14

. Oxidative stress and 

vascular endothelial are recognized as important 

contributing factors in the pathogenesis of AD and 

dementia of vascular origin 
14, 15

.  

Though, their alternations are frequently observed 

in an already aged brain, characterized by a series 

of cellular and molecular events that led to the 

pathogenesis of neurodegenerative diseases. The 

cell signaling defects and molecular 

dyshomeostasis might lead to neuronal malfunction 

before the death of neurons and the alteration of 

neuronal networks 
16

. Optimal treatment of 

cardiovascular risk factors prevents and slows 

down age-related cognitive disorders 
17

. Further, it 

has been suggested that dementia prevention can 

become effective without delay if the vascular 

components of dementia are aggressively targeted 

through the treatment of vascular risk factors 
18

. 

Epidemiology: About 1 to 4% of the world‟s 

population over 65 years old suffers from dementia 
19

. There is a significant variation in the occurrence 

of dementia in the world. To some extent, it is 

attributed to the lack of methodological consistency 

among studies involving diagnostic criteria and 

different mean population ages. Though, even after 

considering these factors of bias, differences in 

age-related dementia is still predominant in various 

regions of the world 
20

. Even with low population 

aging, the occurrence of dementia is more prevalent 

in Latin America 
21

.  

This phenomenon involves the combination of low 

standard educational skill and high vascular risk 

profile among the locals. However, the prevalence 

of dementia is the lowest among developed 

countries like Japan. In the regions like the Middle 

East and Africa, the number of dementia cases will 

be significantly large by the year 2040. In other 

words, low educational background and other 

socioeconomic factors have been associated with 

the risk of VaD and AD 
20

. Although some of these 

risk factors are modifiable, there is no study on the 

efficacy of prevention of VaD 
22, 23

. Regulating 

these factors is critical to generating the 

commitment to make dementia a public health 

priority. 

Types of Dementia: Dementia is not a single 

disease entity; rather, it includes disorders that 

negatively affect brain function, including aspects 

of cognition, behavior, impact, and social 

interaction. Dementia impairs a person‟s ability to 

manage activities of daily living and increases the 

annual risk of morbidity and mortality.  

 
FIG. 1: TYPES OF DEMENTIA 

Most common forms of dementia are Alzheimer‟s 

dementia, vascular dementia, frontotemporal 

dementia, semantic dementia and dementia with 

Lewy body. Alzheimer‟s dementia and vascular 

dementia together account for 85% to 90% of all 



Srivastava and Singh, IJPSR, 2019; Vol. 10(7): 3113-3128.                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              3115 

cases of dementia 
27

. Dementias are a group of 

neurodegenerative disorders, which results in a 

progressive and irreversible loss of neurons and 

brain functioning. 

Alzheimer’s Dementia: Alzheimer‟s disease (AD) 

involves a progressive decline in the cognitive, 

learning and behavioral abilities of the elderly 

population. It is the sixth leading cause of all deaths 

and the fifth leading cause of death in persons aged 

≥65 years 
28

. It was first reported in 1907 by the 

German neurologist, Alois Alzheimer. The disease 

is generally classified into two types: sporadic AD 

(SAD) and familial AD (FAD). SAD accounts for 

more than 90% of all cases and occurs in patients 

aged 65 years or older. The å4 allele of the 

apolipoprotein E gene has been identified as the 

major risk factor for SAD. FAD is rare, and the age 

of onset is earlier than that of SAD, with symptoms 

appearing when patients are in their 40s or 50s. 

Three genes lead to FAD-amyloid precursor protein 

(APP), presenilin 1 (PS1), and presenilin (PS2) 
29

. 

Memory impairment in old age is a hallmark of the 

initial stage of Alzheimer‟s disease (AD), with 

dementia developing in the final stages.  

According to the amyloid cascade hypothesis, the 

accumulation of amyloid β- peptide (Aβ) 

aggregates in the brain triggers a complex 

neurodegenerative cascade, which results in 

progressive cognitive impairment and dementia 
30

. 

The neuropathology of AD is characterized by the 

deposition of Amyloid plaques in the cortex of AD 

patients. The major protein in neuritic plaques is 

amyloid β- peptide (Aβ), which is a 40-42 amino 

acid peptide derived from a membrane protein, the 

β-amyloid precursor protein (APP) after sequential 

cleavage by enzymes. APP encoded by a gene on 

chromosome 21. Genetic evidence implicates Aβ in 

the pathogenesis of Alzheimer's disease. Most of 

the patients with trisomy 21 (Down syndrome) 

develop pathologic changes which are similar to 

those observed in Alzheimer's disease, suggesting 

that having an increased copy of the APP gene 

increases the metabolism of APP to Aβ 
31

.  

Presence of intracellular neurofibrillary tangles 

(NFTs) is another hallmark feature in the 

pathogenesis of Alzheimer's disease; these are 

intraneuronal aggregates of hyperphosphorylated 

and misfolded tau that become extraneuronal 

("ghost" tangles) when tangle-bearing neuron dies. 

Tau protein is a microtube- associated protein, 

which is located in the axon, where it facilitates the 

axonal transport by binding and stabilizing the 

microtubules. In Alzheimer's disease, tau is 

translocated to the somatodendritic compartment, 

where it undergoes hyperphosphorylation, 

misfolding and aggregation, thus giving rise to 

neurofibrillary tangles and neuropil threads. The 

presence of senile plaques (SP) and neurofibrillary 

tangles (NFT) play a critical role in the 

pathogenesis of Alzheimer‟s dementia 
32, 33

. 

Frontotemporal Dementia: Frontotemporal 

dementia is a focal form of dementia, which affects 

the personal and social conduct of an individual 

and is both clinically and pathologically distinct 

from other forms of dementia. It represents an 

essential model for understanding the basics 

functions of the frontotemporal lobes. After 

Alzheimer's dementia, which accounts for up to 

20% of presenile dementia cases in the elderly 

population, frontotemporal dementia is considered 

as the most general form of primary degenerative 

dementia, which equally affects both men and 

women. Frontotemporal dementia represents a 

distinctive model of early injury to anterior 

cingulate and frontoinsular cortex. These regions, 

though often considered ancient in phylogeny, are 

the exclusive homes to the von Economo neuron 

(VEN), a large bipolar projection neuron found 

only in humans. VEN loss links FTD to its 

signature regional pattern 
34

. Most of the cases with 

frontotemporal dementia (FTD) report a positive 

family history, which indicates the significance of 

genetic research in this disease.  

In Parkinsonism, the gene responsible for 

frontotemporal dementia is linked to chromosome 

17q21 has been known for 10 years, several 

families are found to be associated with the same 

chromosomal region. However, no particular 

mutation in the tau gene (MAPT) could be found. 

Few cases of frontotemporal dementia (FTD) 

displaying frontotemporal lobar dementia with 

ubiquitin-positive cytoplasmic and intranuclear 

inclusions (FTLD-U) were found to lack tau 

pathology. Mutations in the progranulin 

gene (PGRN) were found to be responsible for the 

occurrence of intranuclear inclusions (FTLD-U). 
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About 50-60% of familial cases of FTD are 

contributed to mutations in MAPT and PGRN 
35

. 

FTD involves some marked features like early 

impairment in regulation of personal conduct, early 

emotional blunting, rapid loss of insight, the 

decline in personal hygiene, mental rigidity, mental 

inflexibility, distractibility, persistence, hyper-

orality, dietary changes, perseverative behavior 
36

. 

Emotional blunting includes Emotional blunting 

includes loss of the capacity to demonstrate both 

primary emotions such as happiness, sadness and 

fear, and social emotions such as embarrassment, 

sympathy, and empathy. Both cognitive and 

emotional awareness is affected, represented by the 

lack of expression of concern even when 

confronted by difficulties. The patient does a lot of 

overeating and usually has a preference for sweet 

foods.  

Preservative and stereotyped behaviors include 

repetitive behaviors like humming, hand-rubbing, 

and foot-tapping, with complex behavioral 

routines. Various neuropathological changes are 

basically of three types. Around 60% cases of 

frontotemporal dementia involve degeneration of 

large cortical nerve cells, spongiform degeneration 

or microvacuolation of the superficial neuropil; 

however, gliosis is negligible, and there are no 

typical alternations like swellings or inclusions 

within the existing neurons. A second histological 

pattern accounts for approximately 25% of cases, is 

characterized by a loss of large cortical nerve cells 

with widespread and abundant gliosis but minimal 

or no spongiform change or microvacuolation. And 

the remaining 15% of cases includes both types of 

characteristics 
37

. 

Semantic Dementia: Semantic dementia is a 

syndrome which involves progressive deterioration 

in semantic memory (knowledge of objects, people, 

concepts and words). Semantic dementia is a 

modified type of frontotemporal dementia, which 

involves progressive semantic decline, precipitation 

of anomia and preservation. The term „semantic 

dementia‟ subsequently was introduced to convey 

the pattern of profound semantic deterioration 

which disrupts factual knowledge and object 

recognition/comprehension as well as semantic 

aspects of language 
38

. In this degenerative 

disorder, patients present with a progressive loss of 

expressive and receptive vocabulary; they typically 

complain of difficulty in „remembering‟ the names 

of people, places and things. The language 

impairment appears strikingly restricted to 

lexicosemantic processing: at least until late in the 

course of the disease, syntactic and phonological 

processes are largely uncompromised 
39

.  

The occurrence of ubiquitin inclusions in the 

dentate gyrus and cerebral cortex of the 

postmortem brain is the characteristic feature of 

frontotemporal degeneration 
40

. Semantic dementia 

involves asymmetrical temporal lobe atrophy (with 

larger left-sided damage). A severe neuronal 

degradation is observed in most of the structures 

associated with left anterior temporal lobe. 

Structures like entorhinal cortex, amygdala, middle 

and inferior temporal gyri, and fusiform gyrus are 

severely damaged. Asymmetrical, predominantly 

anterior hippocampal atrophy is also present 
41

. 

Dementia with Lewy Bodies: Dementia with 

Lewy bodies (DLB) is one of the most prominent 

causes of neurodegenerative dementia in older 

people. The aggregation of α-synuclein inhibits the 

neuronal development and plays a significant role 

in the disease pathogenesis. DLB has many of the 

clinical and pathological characteristics of 

dementia that occurs during Parkinson's disease 
42

. 

It is a broad term, which includes some disorders 

like diffuse dementia, senile dementia and 

Alzheimer's dementia 
43

. DLB is a 

neurodegenerative disease, which results in slowly 

progressive and unrelenting dementia until death. 

Some clinical features like poor attention, frequent 

visual hallucinations and Parkinsonism are 

associated with DLB.  

Other features associated with DLB include REM 

sleep disorders, severe neuroleptic sensitivity, and 

low dopamine transporter uptake in the basal 

ganglia. Other less frequent features associated 

with DLB includes repeated falls, syncope, 

transient or unexplained loss of consciousness, 

severe autonomic dysfunctioning, hallucinations, 

delusions, depression, relative preservation and 

reduced occipital activity 
44

. Alpha-synuclein 

antibodies have exposed the extensive neuritic 

pathology involved in the DLB, thus signifying a 

link with other "synucleinopathies" including PD 

and multiple system atrophy (MSA). The most 
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significant correlates of cognitive failure in DLB 

appear to be with cortical LB and Lewy neurites 

(LNs) rather than Alzheimer type pathology 
45

.  

Vascular Dementia: Vascular dementia (VaD) is 

believed to be the second most prevalent form of 

dementia accounting for 10–20% of all dementia 

case. Persons with VaD exhibit impaired attention, 

executive functioning, and psychomotor speed 

performance, but relatively preserved memory 

function when compared to AD patients. However, 

it is unclear whether this pattern holds when 

patients are followed longitudinally. Some 

researchers posit that VaD patients exhibit a 

progressive deterioration in cognition, with decline 

associated with exacerbation of cerebrovascular 

pathology. This notion is supported by the decline 

exhibited in some longitudinal studies in global 

cognitive abilities and domain-specific tasks, 

particularly in the oldest VaD patients.  

However, support for progressive cognitive decline 

in VaD patients is far from universal; with many 

studies showing little or no decline over time 
46

. 

Some etiopathogeneses are involved in the 

pathogenesis of VaD; cerebral ischemia is one of 

the most common pathologies and an evident proof, 

which indicates that stroke, plays a major role in 

the pathogenesis of VaD. VaD is known to increase 

exponentially with age 
47

. Cardiovascular disorders 

are considered as main risk factors in the 

pathogenesis of VaD as well as AD 
48

. 

Hyperhomocysteinemia or elevation of plasma total 

homocysteine is a significant risk factor for 

cardiovascular disorders, stroke and vascular 

dementia 
49

.  

Increased levels of homocysteine have been 

documented to produce changes in the structure 

and function of cerebral blood vessels along with 

oxidative stress, which plays a key role in cerebral 

vascular endothelial dysfunction 
50

. Oxidative 

stress and vascular endothelial dysfunction lead to 

structural deformities in the cerebral blood vessels 

that can impair cerebral perfusion with subsequent 

neuronal dysfunction and death.  

These are recognized as important contributing 

factors in the pathogenesis of AD and other 

dementia of vascular origin 
15, 47

. Other associated 

risk factors are advanced age, hypertension, 

diabetes, smoking, hyperhomocysteinemia, 

hyperfibrinogenaemia and other conditions that can 

cause brain hypoperfusion such as obstructive sleep 

apnoea, congestive heart failure, cardiac 

arrhythmias, and orthostatic hypotension 
51

. Several 

aetiologies are responsible for producing different 

patterns of cerebral lesions, which result in varying 

clinical manifestations and psychological deficits.  

The diagnostic criteria to characterize vascular 

dementia should be based on 2 factors: 

demonstration of the presence of a cognitive 

disorder by neuropsychological testing and history 

of clinical stroke or presence of vascular disease by 

neuroimaging that suggests a link between the 

cognitive dysfunction and vascular disease 
52

.  

The frequency of VaD increases exponentially with 

age, and its occurrence vary from country to 

country. It affects most of the older adults above 65 

years of age. The significant risk factors for VaD 

appear to be hypertension, diabetes, heart disease, 

stroke, etc. Although some of these risk factors are 

modifiable, there is no study on the efficacy of 

prevention of VaD. Research is going over VaD 

and many targets, which are not studied yet, can be 

explored in the near future. Thus further studies are 

warranted to find exact mechanisms and to 

appreciate the full potential of these agents in 

endothelial dysfunction and dementia of vascular 

origin. 

Risk Factors Involved in the Precipitation of 

Dementia: 

Cerebral Ischemia: The cerebral ischemia is a 

condition in which oxygen and glucose supply to 

the brain tissue gets reduced 
53

. These 

pathophysiological mechanisms involve energy 

failure, which results in neuronal depolarization 

and causes activation of glutamate receptors, which 

in turn alters ionic gradients of Na
+
, Ca

++
, Cl

-
, and 

K
+
. As glutamate increases in the extracellular 

space, peri-infarct depolarization occurs 
54

. Then, 

as water shifts occur, cells swell with resulting 

cerebral edema. The result of increasing 

intracellular Ca
++

 is an upregulation of a variety of 

enzyme systems such as lipases, proteases, and 

endonucleases.  

As a result, free O2 radicals are generated via a 

variety of biochemical pathways, and apoptotic cell 
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death occurs. Free radicals also induce the 

formation of a variety of inflammatory mediators 

such as platelet and endothelium selectins, a variety 

of molecules, platelet activating factor, tumor 

necrosis factor, and an assortment of interleukins 
55

. Mitochondrial dysfunctioning affects calcium 

homeostasis in neurons, which plays an essential 

role in regulating the normal neuronal function. 

Elevated intracellular calcium level in 

mitochondrial matrix cause the opening of 

mitochondrial transition pore, facilitate the 

production of reactive oxygen species (ROS) and 

may eventually lead to cerebral ischemia 
127

. 

Hypertension: Hypertension, currently defined as 

systolic blood pressure (SBP) above 140 mm Hg 

and diastolic blood pressure (DBP) above 90 mm 

Hg is a risk factor for many disorders, including 

AD, stroke, atherosclerosis, myocardial infarction, 

and cardiovascular disease 
56

. Hypertension is 

estimated to affect 25% of the general population 

with 50% prevalence in people over 70 years of age 
57

. But midlife (approximately 30 years of age) 

hypertension is mainly associated with an increased 

risk of developing both AD and VaD, whereas 

elevated blood pressure late in life does not appear 

to have the same associated risk 
58

.  

Hypertension or elevated blood pressure, occurring 

in middle age or late in life, plays an important role 

in the development of cognitive dysfunction and is 

associated with an increase in the risk for VaD 
59

. It 

is thought that hypertension causes vascular 

alterations that then lead to lacunar or cortical 

infarcts and leukoaraiosis and ultimately cognitive 

decline. Hypertension can have adverse effects on 

neuronal health and increase the production of Aβ 

and can thereby lead to neuronal dysfunction, 

synapse and neuronal loss, and dementia 
60

. 

Hypotension, defined as having a DBP ≤ 70 mm 

Hg. Although it has been shown that increased 

blood pressure is a strong risk factor for AD and 

VaD, a decrease in blood pressure can also have 

adverse effects on cognition in old age 
61

. 

Pathological changes, such as the development of 

Aβ plaques, can lead to a reduction of arterial 

pressure, which in turn may produce hypoxic-

ischemic changes that would act synergistically 

with existing pathology to exacerbate the degree of 

dementia 
62

.  

Hypercholesterolemia: Elevated level of 

cholesterol level is also a significant risk factor for 

induction of vascular cognitive impairment. Hyper-

cholestremia leads to activation of the NF-кB 

pathway. NF-κB is widely known for its ubiquitous 

roles in inflammation and immune responses, as 

well as in control of cell division and apoptosis 
63

. 

One of the major pathways to NF-κB activation 

involves the phosphorylation of IκB by IκB kinase 

(IKK). An iκb kinase (IKK) affects two catalytic 

subunits (IKK-α and IKK-β) and a regulatory 

subunit (IKK-γ). The NF-κB family of transcription 

factors plays a significant part in the induction of 

inflammation. Both classical and alternative 

pathways are involved in regulating the nuclear 

translocation of NF-κB. Classical NF-κB activation 

is usually a rapid and transient response to a wide 

range of stimuli whose main effector is RelA/p50. 

The nf-κb pathway is a delayed reaction to a 

smaller range of stimuli resulting in DNA binding 

of RelB/p52 complexes.  

NF-κB activation is a central event of inflammation 

has been considered as a common feature of many 

neurodegenerative diseases including Huntington, 

Parkinson, stroke, and AD 
64

. Also, cholesterol 

plays an essential role in regulating the enzyme 

activity that is involved in the production of Aβ 

protein and the metabolism of APP. The cleavage 

of APP occurs within the hydrophobic lipid bilayer 

and is catalyzed by the activity of the α-secretase, 

β-secretase, and γ-secretase enzymes. High levels 

of cholesterol affect α-secretase activity and result 

in a decrease in soluble APP levels and an increase 

in Aβ proteins which are neurotoxic 
58

. 

Diabetes: Diabetes mellitus (DM) is a rapidly 

increasing global problem. DM is a metabolic 

disorder that is common in more than 10% of the 

elderly population and is associated with changes 

in mental cognition and flexibility. Type 1 DM is 

characterized by a deficit in the production of 

insulin by the pancreatic β cells. Type 2 DM is 

characterized by resistance to the effects of insulin. 

Hyperglycemia has toxic effects on neurons, which 

can, in turn, lead to functional or cellular brain 

deficits through oxidative stress and the 

accumulation of glycation end products 
65

. 

Advanced glycation end products (AGEs) are 

sugar-derived substances formed by a non-

enzymatic reaction between reducing sugars and 
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free amino groups of proteins, nucleic acids, and 

lipids. They are usually produced in the body; 

however, their formation is greatly increased in 

individuals with diabetes because of the increased 

glucose availability 
66

.  

AGE formation causes abnormal interactions of 

modified extracellular matrix proteins with other 

matrix proteins and integrins, and this results in 

decreased elasticity of vessels. Moreover, plasma 

proteins modified by AGE precursors produce 

ligands that bind to AGE receptors on endothelial 

cells. Such binding to the AGE receptor induces the 

activation of a transcription factor known as NF-

кB, which is considered to be a cause of many 

neurodegenerative diseases 
58

. Alternations in the 

mitochondrial dynamics or mitochondrial 

dysfunctioning in the organs like pancreas, liver, 

skeletal muscle, and white adipose tissue are 

implicated in the development of insulin resistance, 

obesity, and diabetes. Mitochondrial dynamics play 

a major role in maintaining brain physiology and 

are also crucial for neuronal function, survival and 

development 
125

.  

Oxidative Stress: Oxidative stress is a state in 

which oxidation exceeds the antioxidant systems in 

the body. Oxidative stress is detrimental since 

oxygen free radicals attack biological molecules 

such as lipids, proteins, and DNA. Oxidative stress 

affects some biological processes like apoptosis, 

viral proliferation, and inflammatory reactions. 

Some gene transcription factors like nuclear factor-

B (NF-B) and activator protein-1 (AP-1) are 

recognized as biomarkers of oxidative stress as 

they undergo their oxidation and reduction cycling 
133

. Low levels of free radicals play an important 

role in maintaining normal physiological processes, 

whereas high levels cause detrimental effects. 

Antioxidants donate their electron to stabiles these 

free radicals and make them non-reactive.  

Oxidative stress, manifested by increased protein 

oxidation, lipid peroxidation, decreased poly-

unsaturated fatty acids (PUFAs), and the presence 

of reactive oxygen species (ROS), is a major 

characteristic of dementia. ROS have long been 

implicated in the pathogenesis of dementia and 

occur in response to inflammation, injury, and 

exceedingly low cerebral blood flow, leading to 

cell injury and death. Mitochondria are considered 

as a principal site of ROS generation. Superoxide 

anion (O2
•−

) is the most common oxygen free 

radical, which is produced as a result of the 

inefficient transfer of electrons along the enzymes 

of the mitochondrial respiratory chain. The leakage 

of electrons on to molecular oxygen from 

complexes I and III results in the formation of 

superoxide anion (O2
•−

). The rate of O2
•− 

generation 

is influenced by the number of electrons available 

on the mitochondrial respiratory chain. The 

production of superoxide anion (O2
•−

) is increased 

under conditions of hyperoxia and of 

hyperglycemia, as in diabetes. However, in the case 

of hypoxia, superoxide anions (O2
•−

) tend to 

accumulate as the final electron acceptor (O2) is 

unavailable at complex IV 
134

. Superoxide 

dismutase enzymes detoxify Superoxide anion 

(O2•
−
) by converting it to hydrogen peroxide 

(H2O2). Since H2O2 is not a free radical and is less 

reactive than O2•
−
; thus it is less detrimental 

135
.  

 
FIG. 2: SCHEMATIC DIAGRAM REPRESENTING THE 

DETOXIFICATION ROLE OF GLUTATHIONE (GSH), 

SUPEROXIDE DISMUTASE (SOD), GLUTATHIONE 

PEROXIDISE (GPX), AND CATALASE (CAT) DURING 

OXIDATIVE STRESS. Superoxide dismutase (SOD) enzymes 

detoxify superoxide anion (O2•
−) by converting it to hydrogen 

peroxide (H2O2). H2O2 is later detoxified by the enzymes catalase 

and glutathione peroxidase to H2O. However, any disturbance in the 

equilibrium existing between the production of O2•
− and H2O2 may 

result in the generation of more toxic hydroxyl ion (OH•). The later 

reaction is catalyzed by ferrous ions (Fe2+) in the Fenton reaction. 

OH,• ion causes substantial damage and eventually leads to dementia 

through some pathogenic mechanisms (Lipid peroxidation, protein 

oxidation, DNA damage). 
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Since H2O2 is non-polar it is able to diffuse across 

cell membranes and may act as a secondary 

messenger in signal transduction mechanisms. 

H2O2 is later detoxified by the enzymes catalase 

and glutathione peroxidase to H2O 
136

. However, 

any disturbance in the equilibrium existing between 

the production of O2•
−
 and H2O2 may result in the 

generation of more toxic hydroxyl ion (OH•). The 

later reaction is catalyzed by ferrous ions (Fe
2+

) in 

the Fenton reaction. Hydroxyl ion (OH•) is has a 

life span of 10
−9

 s; it does considerable damage 

within this time duration. Hydroxyl ion (OH•) is 

highly toxic and dangerous, and there is no known 

scavenger of OH• 
134

. Reactive oxygen species 

(ROS) produced as a result of mitochondrial 

dysfunctioning is linked with the pathogenesis of 

CVS diseases like hypertension, cardiac 

hypertrophy, atherosclerosis, cerebral ischemia, 

and other endothelial diseases. Additionally, the 

overproduction of oxygen species, progressive 

respiratory chain dysfunction, and mitochondrial 

DNA damage further aggravate any existing CVS 

or neurodegenerative diseases 
126

. 

Tobacco Smoking: There are roughly 1.3 billion 

tobacco smokers in the world, and this figure is 

estimated to become 1.7 billion by the year 2025. 

Long term tobacco smoking may result in the 

precipitation of CVS diseases in individuals. 

Chronic exposure to tobacco smoke may 

exacerbate mitochondrial dysfunctioning and 

gradually leads to oxidative stress through ROS 

production 
130

. Chronic smoking is reported to 

show detrimental effects on complex IV and 

complex III activities in mitochondrial respiratory 

chain (MRC), which is considered as the 

underlying mechanism in the pathogenesis 

associated with tobacco consumption 
131

.  

Mitochondrial dysfunctioning in neurons promote 

oxidative stress and may eventually lead to 

dementia 
132

. Smoking causes many deleterious 

effects through vascular mechanisms, which result 

in atherosclerosis and thrombosis and increase the 

risk of cognitive decline. First, it has been 

established that exposure to tobacco can lead to the 

development of atherosclerosis, which in turn leads 

to an increased risk of ischemic stroke and hence 

dementia 
70

. Second, nicotine has been shown to 

modulate the neurotoxic effects of Aβ, can exert 

potent neuroprotective effects, and may confer 

resistance to dementia. The presence of nicotine 

from cigarettes causes an up-regulation and 

activation of nicotinic acetylcholine receptors, 

which in turn protect against Aβ cytotoxicity 
71

. 

Alcohol Consumption: Alcohol consumption is 

one of the health concerning issues worldwide. 

Alcohol consumption shows both positive and 

negative influence on the disease pathology. 

Different drinking patterns affect our body 

physiology in different ways; moderate use of 

alcohol is found to be beneficial (under certain 

conditions), whereas it‟s excessive consumption is 

dangerous to one‟s health 
72

. The effects of heavy 

alcohol consumption and alcoholism are 

detrimental to memory function 
73

.  

However, according to a recent study, the people 

who renounce alcohol in midlife or consumed more 

than 14 units per week are more prone to risks of 

dementia 
74

. Alcohol is neurotoxic and long-term 

chronic ingestion of alcohol may precipitate 

neurodegenerative diseases like cerebellar 

degeneracy and alcoholic dementia. However, the 

mechanisms involved in the alcohol-induced 

neurotoxicity are still poorly understood. 

According to one of the hypotheses, activated 

microglial cells with elevated AGE-albumin levels 

may play an important role in promoting alcohol-

induced neurodegeneration 
75

. Ethanol facilitates 

the production of ROS and by hampering cellular 

defense mechanisms. These detrimental effects of 

ethanol are prominent in the liver, which is the 

major site of ethanol metabolism in the body 
129

. 

Atherosclerosis: Atherosclerosis occurs as a result 

of chronic inflammation in which the artery wall 

thickens due to the accumulation of cholesterol, 

macrophages and smooth muscle cells (SMC), 

eventually restricting blood flow through the 

coronary artery and is considered as the major 

underlying pathologic condition that may 

ultimately lead to a number of cerebrovascular and 

cardiovascular diseases. Atherosclerosis is a 

cardiovascular disease that is known to affect both 

large and medium-sized arteries. In the brain, the 

circle of Willis is a part of the cerebral circulation. 

The blood vessels associated with the circle of 

Willis are more vulnerable to atherosclerosis and 

its severity increase with age 
76

. Atherosclerotic 

plaques may rupture and result in thrombosis. The 
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thrombus may occlude the blood vessel and may 

result in an embolism. Embolism generally arises in 

the extracerebral regions of the vertebral artery the 

carotid arteries. An atherosclerotic aneurysm is a 

consequence of cerebral vessel wall destruction, 

rarely leading to subsequent rupture and 

hemorrhage 
77

. Hence, vascular dysfunction in the 

brain acts as a contributing factor to the 

development of stroke and vascular dementia 
78

. 

Reactive oxygen species (ROS) produced as a 

result of mitochondrial dysfunctioning is also 

linked with the pathogenesis of CVS diseases like 

hypertension, cardiac hypertrophy, atherosclerosis 

and other endothelial disorders 
126

. Excessive 

production of mitochondrial reactive oxygen 

species promotes the destruction of pancreatic beta-

cells, increased oxidation of LDL protein and 

dysfunction of endothelial cells-factors that 

promote atherosclerosis. Disturbances in 

mitochondrial dynamics may initiate apoptosis, 

thus facilitating plaque rupture. Subclinical 

episodes of plaque rupture may gradually lead to 

hemodynamically significant atherosclerotic 

lesions. Flow-limiting plaque rupture may further 

lead to myocardial infarction and stroke 
128

. 

Stroke: Post-stroke patients frequently suffer from 

Cognitive Impairment and dementia. There is a 

close link existing between cerebrovascular disease 

and dementia. Generally, the onset of vascular 

dementia occurs with an incident of ischemic 

stroke. However, the underlying mechanisms 

involved in post-stroke cognitive impairment are 

still unknown 
79

. Those at high risk of stroke may 

be at high risk of cognitive impairment and 

dementia after stroke 
80

. Stroke is the most 

common risk factor for VaD, including the 

augmentation of β-amyloid production and tau 

protein phosphorylation.  

Following the ischemic episode, the expression of 

the amyloid precursor protein (APP) upregulates β-

amyloid oligomers in the brain‟s extracellular 

spaces and amyloid precursor protein production 

increases in astrocytes. The interaction between β-

amyloid and factors like apolipoproteins, 

presenilins, tau protein, α-synuclein, inflammation 

factors, leads to ischemic brain degeneration, which 

involves degradation of the white matter and thus 

cell death. Except for necrotic cell death which 

happens within minutes, neuronal death (including 

apoptosis) commences several hours after ischemic 

stroke and lasts several days 
81

. 

Blood-Brain Barrier Dysfunction: Another 

possible hypothesis that accounts for the 

pathogenesis of cognitive dysfunction is the 

impairment of blood-brain barrier. The BBB, found 

in all vertebrates, prevents the free diffusion of 

circulating molecules, leukocytes, and red blood 

cells into the brain interstitial space and is an 

essential regulator of the neuronal and glial cell 

environment. The barrier is formed by the presence 

of epithelial-like, high-resistance tight junctions 

that fuse brain capillary endothelial cells into a 

continuous cellular layer separating the blood and 

brain 
82

.  

The disruption of tight junctions that are found in 

endothelial cells results in altered transport of 

molecules between the blood and brain and the 

brain and blood, aberrant angiogenesis, vessel 

regression, brain hypoperfusion, and inflammatory 

responses, and it can have detrimental effects on 

synaptic plasticity and neuronal survival. Indeed, 

reduced microvascular density, increased 

fragmentation of vessels, increased thickening of 

basement membranes, increased vessel diameter, 

and a reduced number of endothelial mitochondria 
83

. Two main receptors are responsible for amyloid 

influx and efflux across the BBB.  

The receptor for advanced glycation end products 

(RAGE), responsible for the influx of amyloid 

across the BBB, is a multi-ligand receptor in the 

immunoglobulin superfamily found in neurons, 

microglia, and cerebral endothelial cells. LRP, 

responsible for the efflux of Aβ across the BBB, is 

a member of the low-density lipoprotein receptor 

family and is a multifunctional scavenger and 

signaling receptor. Its ligands include biomolecules 

such as ApoE, APP, Aβ, α2-macroglobulin, tissue 

plasminogen activator, and lactoferrin 
84, 85

. LRP is 

expressed in brain capillary endothelium, and 

exhibits reduced expression during normal aging 
86

. 

Hyperhomocysteinemia: Homocysteine is one of 

the major markers of neurodegenerative diseases. 

Neurodegenerative diseases like Alzheimer's 

disease, vascular dementia, cognitive impairment 

or stroke are associated with increased levels of 

Homocysteine. Patients with severe hyper-
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homocysteinemia (HHcy) are more prone to 

neurodegeneration 
87

. Disturbance in the level of 

homocysteine is associated with atherosclerosis, 

stroke, and dementia.  

Homocysteine causes extracellular matrix 

remodeling by the activation of matrix 

metalloproteinase-9 (MMP-9), in part by inducing 

redox signaling and modulating the intracellular 

calcium dynamics. Calpains are the calcium-

dependent cysteine proteases, which are implicated 

in mitochondrial dysfunctioning by promoting 

oxidative injury. Mitochondrial abnormalities have 

been identified in hyperhomocysteinemia 
88

. 

However, severe hyperhomocysteinemia (HHcy) is 

also an indicator of B vitamin deficiency, and the 

patient‟s clinical outcome can be improved by 

vitamin B supplementation 
89

. 

Heavy Metal: Arsenic causes health concerns due 

to its significant toxicity and a worldwide presence 

in drinking water and groundwater 
90

. Arsenic at 

high doses is a known neurotoxin with both neuro-

developmental and neurocognitive consequences 
91

. 

Arsenic exposure has been shown to cause 

morphologic and neurochemical alterations in the 

hippocampus, and other memory-related neuronal 

structures and expected learning and memory 

deficits have been noted 
92

. Arsenic (As) is a toxic 

metalloid existing widely in the environment, and 

chronic exposure to it through contaminated 

drinking water has become a global problem of 

public health 
93

. Arsenic is a well-known 

neurotoxin that leads to learning and memory 

impairment. The NMDA receptor complex and 

signaling proteins play important roles in synaptic 

plasticity, learning and memory and it has been 

studied that altered expression of NMDA receptor 

complex and postsynaptic signaling proteins 

explains arsenic-induced neurotoxicity and learning 

and memory impairment.  

Some researchers also reported that arsenic 

exposure led to disturbance in biogenic amines 

(norepinephrine, serotonin, and dopamine) in the 

brain and resulted in impairment of learning and 

memory 
94

. Some researchers have seen detrimental 

changes in neuronal synapses by arsenic exposure 

and hence contribute to impairment of spatial 

memory. Few scientists have demonstrated that 

arsenic exposure results in downregulation of Ca
2+

/ 

calmodulin-dependent protein kinase IV, an 

essential modulator of Long term depression (LTD) 

and induces learning and memory impairment 
95

. It 

has also been reported that arsenic induces 

autophagy during the development of their toxicity 

on the brain. Although, autophagy if a 

cytoprotective reaction it causes a disturbance in 

cytoprotective autophagy and leads to cell/tissue 

injuries of the brain which further leads to learning 

and memory impairment 
96

.  

Apart from brain damage oxidative stress is also 

associated with arsenic-induced learning and 

memory impairment. ROS produced by Nox 

proteins contributes to neurocognitive pathologies. 

Calcium regulation is significant in learning and 

memory 
97

, increase in calcium level by arsenic 

leads to impairment in learning and memory 
98

. 

Therefore, arsenic leads to impairment in learning 

and memory through alteration in NMDA 

receptors, disturbances in biogenic amines, down-

regulation of Ca
2+

/calmodulin dependent protein 

kinase IV, oxidative stress, increase in calcium 

level and brain damage. Arsenic exposure plays a 

vital role in the pathogenesis of vascular 

endothelial dysfunction 
99

. 

 
FIG. 3: DIFFERENT RISK FACTORS ASSOCIATED 

WITH THE DEMENTIA 

Current Therapeutic Approaches in the 

Treatment of Dementia: 

Nuclear Factor Kappa B-Receptors Antagonists: 

The nuclear factor kappa-B (NFκ-B) family of 

transcription factors regulates the induction and 

resolution of inflammation. NFκ-B is thought to 

promote cardiovascular disorder including 

endothelial dysfunction through its pro-

inflammatory, pro-adhesion and pro-oxidant gene 
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transcription 
100

. It has also been suggested that 

NFκ-B is involved in amyloid beta-42 induced 

neuronal cell death and subsequent memory 

impairment 
101

. In aging-induced dementia, there is 

an activation of NFκ-B which results in the 

upregulation of genes of pro-inflammatory 

enzymes. Inhibition of NFk-B has been reported to 

exert a beneficial effect in experimental VaD 
102

. 

NADPH Oxidase Inhibitor: NADPH oxidase is a 

multi-subunit enzyme complex, which plays a role 

in microbial activation and the production of both 

extracellular and intracellular ROS 
103

. It is a multi-

protein, electron transport system, which generates 

large amounts of superoxide via the reduction of 

molecular oxygen. NADPH oxidase is responsible 

for producing reactive oxygen species (ROS) and is 

also involved in several other physiological 

processes like host defense and signal transduction 
104, 67

. NADPH is a superoxide-producing enzyme 

and has been implicated in several oxidative stress 

conditions including hypertension, and it is 

significantly activated in AD brains 
68

.  

It has been shown that the presence of excess 

superoxide (O
2−

) radicals in the brains of APP mice 

is due to the activity of NADPH oxidase, and the 

inhibition of NADPH activity by either 

pharmacological inhibitors or the inhibition of the 

NADPH oxidase complex assembly blocked the 

production of ROS and cerebrovascular 

dysfunction induced by Aβ and aging 
69

. It has been 

found that there is an impairment of endothelium-

dependent responses in the cerebral 

microcirculation through ROS generated in 

cerebrovascular cells by the enzyme NADPH 

oxidase that may cause increased susceptibility to 

cellular dysfunction, cellular death, and dementia. 

4‟hydroxy-3‟-methoxyacetophenone (HMAP), an 

NADPH oxidase inhibitor has appreciably 

prevented induced endothelial dysfunction, 

memory impairment and biochemical changes in 

STZ induced diabetes in rats 
105

. 

HMG-Co A Reductase Inhibitors: Statins are 

commonly known as HMG-Co A reductase 

inhibitors and are frequently used in the treatment 

of cardiovascular diseases. Statins are generally 

used to reduce serum cholesterol levels and thus to 

reduce the mortality associated with coronary heart 

disease. It has been reported that statins exert 

neuroprotective and antioxidant actions. Statins 

also improve learning and memory of animals. 

Statins have been shown to reduce the risk of 

ischemic stroke and related memory impairment by 

a variety of mechanisms 
106

. It has also been 

reported that the ameliorative effect of statins in L-

Methionine induced VaD 
107, 108

. 

Angiotensin II Blockers: The local renin-

angiotensin system (RAS) in the brain is a 

multitasking system. Aside from its vasoactive 

actions, brain angiotensin II (AT-II) has also been 

implicated in the pathogenesis of cognitive decline, 

and beneficial effects of angiotensin receptor 

blockers (ARBs) in AD are suggested 
109

. AT-II 

type 1 receptor blockers (ARBs) have been 

demonstrated to reduce the onset of stroke, stroke 

severity, the incidence, and progression of 

dementia, as ARBs protect against ischemic brain 

damage and associated cognitive decline owing to 

an increase in cerebral blood flow and reduction in 

oxidative stress 
110

. 

PPARγ Agonists: Peroxisome proliferator-

activated receptors (PPARs) are ligand-activated 

transcription factors belonging to the nuclear 

receptors superfamily which are present in three 

isoforms as α, β/δ and γ 
111

. PPAR-γ is present on 

vascular cells, exert a protective role in the vascular 

endothelial dysfunction 
112

. PPAR-γ receptors are 

distributed broadly in central nervous system 
113

, 

and activation of these receptors prevents neuronal 

death by reduction of oxidative stress and 

inflammatory mechanisms 
114

. Furthermore, PPAR-

γ agonists have the potential to modulate various 

signaling molecules/pathways, including mitogen-

activated protein kinases (MAPK), signal 

transducer and activator of transcription, amyloid 

precursor protein degradation, beta-site amyloid 

precursor protein cleaving enzyme 1 (BACE 1) 
115

 

and Wnt signaling. Moreover, it has been recently 

reported that PPAR-γ is involved in the 

improvement of memory and cognitive function in 

AD 
116

. 

Androgens: Testosterone is a gonadal sex steroid 

hormone, which affects some body tissues, 

including the brain. Beyond its reproductive 

function, this hormone is responsible for increased 

muscle mass, sexual function and libido, body hair 

and decreased risk of osteoporosis. Testosterone is 
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also known to induce neurogenesis 
117

. Gender-

specific morphological and behavioral patterns of 

the adult are determined by the presence or absence 

of this hormone during certain critical periods of 

the central nervous system (CNS) development 
118

.  

Neuroprotective mechanism of androgens involves 

mitogen-activated protein kinase (MAPK) 

signaling in neurons. Testosterone and its 

metabolite dihydrotestosterone (DHT) are known 

to transiently activate MAPK in cultured 

hippocampal neurons, which involve the 

phosphorylation of extracellular signal-regulated 

kinase (ERK)-1 and ERK-2. Interestingly, the 

pharmacological suppression of MAPK/ERK 

signaling is known to mediate neuroprotection 

against beta-amyloid toxicity. Downstream of ERK 

phosphorylation suggested that DHT sequentially 

increases p90 kDa ribosomal S6 kinase (Rsk) 

phosphorylation and phosphorylation-dependent 

inactivation of BCl-2-associated death promoter 

protein (BAD). Prevention of androgen-induced 

phosphorylation of Rsk and bad blocked 

androgen neuroprotection 
119

. Androgen deficiency 

is known to deteriorate endothelial functions since 

its lack leads to increased blood glucose levels, 

total cholesterol, low-density lipoprotein, levels of 

pro-inflammatory cytokines, and increased 

thickness of the arterial wall 
120

. 

Inducible Nitric Oxide Synthase (iNOS): Nitric 

oxide (NO) is a crucial regulatory molecule, which 

plays an essential role in maintaining the 

homeostatic conditions associated with the 

cardiovascular, immune and nervous systems. NO 

is synthesized by the enzyme NO synthase (NOS), 

which is found in three isoforms classified as 

neuronal (nNOS), inducible (iNOS), and 

endothelial (eNOS). Inducible nitric oxide synthase 

(iNOS) plays an essential role in neuro-

inflammation by generating high levels of brain 

nitric oxide (NO), a critical signaling and redox 

factor in the brain 
121

. 

HDAC (Histone Deacetylase) Inhibitors: Histone 

deacetylase inhibitors (HDACis) are agents which 

inhibit histone deacetylases (HDACs) and facilitate 

posttranslational acetylation of lysine residues 

within nuclear and cytoplasmic proteins. HDAC 

inhibition has an intense effect on the acetylation 

status of histone proteins (within chromatin), 

resulting in the enhanced expression of genes 

related to protection from an ischemic insult. 

Recent researches have reported the 

neuroprotective role of histone deacetylase 

inhibitors like trichostatin A (TSA), sodium 

butyrate (SB), and vorinostator 

suberanilohydroxamic acid (SAHA) in the 

hypoxia-ischemia injury. Histone deacetylase 

inhibitors (HDACis) shows neuroprotection by 

preventing the serum levels of chemokine 

CXCL10, IL-1β, and COX-2 in the ipsilateral 

hemisphere 
122

. Histone deacetylases (HDACs) 

play a key role in homeostasis of protein 

acetylation in histones and other proteins and also 

in regulating fundamental cellular activities such as 

transcription. Acetylation and deacetylation of 

histone proteins associated with chromatin play a 

pivotal role in the epigenetic regulation of 

transcription and other functions in cells, including 

neurons. HDAC inhibition has been reported to 

exert neuroprotective effects in both in-vivo and in- 

vitro models of brain disorders 
123, 124

. 

DISCUSSION AND CONCLUSION: Dementia 

is the loss of cognitive function of sufficient 

severity to interfere with social and occupational 

functioning. There are different kinds of symptoms 

in dementia including – (i) impairment in activities 

of daily life, (ii) abnormal behavior and (iii) loss of 

cognitive functions 
24

. Dementia most often occurs 

after 65 years of age, but it can also occur before 65 

years of age and known as early onset of dementia 
25

. There are many who will not receive a diagnosis 

of dementia until late in the course of the disease 

for a variety of reasons but have recognizable 

cognitive deficits. Mild cognitive impairment 

(MCI) involves measurable cognitive deficits but is 

considered to be at the high factor of progressive 

dementia 
26

. Some medicines are currently 

available to treat dementia.  

However, existing medications may provide 

moderate symptomatic benefits but are incapable of 

stopping disease progression. To prevent the 

progress of dementia, it is essential to interfere with 

the mechanism involved in the underlying disease 

pathogenesis. The search for novel therapeutic 

approaches targeting the underlying pathogenic 

mechanisms is essential to develop more novel 

medications with disease-modifying properties, 

which will provide more competent treatment 
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alternatives in the future. In this review, a brief 

information is provided with respect to few 

potential therapeutic novel agents like Nuclear 

factor kappa-B (NFκ-B) receptors antagonists, 

NADPH oxidase inhibitor, HMG-Co A reductase 

inhibitor, angiotensin II blockers, PPARγ agonists, 

androgen, inducible nitric oxide synthases (iNOS), 

HDAC (Histone Deacetylase) inhibitors, PPARγ 

agonists, androgen, which may provide new 

therapeutic strategies in further dementia oriented 

research. 
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