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1. INTRODUCTION 
 

The term dementia is originated from demens, a Latin 

word, which refers to be, as out of one‘s mind (Lewis & 

Spillane, 2019). Dementia is considered as a progressive 

disease which is accompanied with an irretrievable 

memory impairment, loss of cognitive abilities and 

reduction in the capacity for independent living (Prince 

et al., 2013). It can also be stated as a medical disorder as 

a result of neurodegeneration (vascular dementia, 

Alzheimer‘s disease, frontotemporal dementia and Lewy 

body) (Prince et al., 2013). It can be best understood as a 

syndrome instead of as any one individual‘s particular 

disease. It is mostly seen that, multiple diseases play a 

role in contributing to any one person‘s dementia ailment 

(Barba et al., 2012). 

 

Dementia suffering patients often show neurological and 

behavioural changes which can be understood by their 

slowed thinking, forgetfulness, depression, anxiety, 

disorientation, and loss of executive functions (problem 

solving, working memory, thinking, reasoning, 

judgment, planning and execution of tasks), with 

deteriorating performance and increasing task 

complexity (Venkat et al., 2015). Even though onset of 

dementia in young cases are now widely recognized, 

dementia is said to be a condition which affects the 

geriatric people at a higher rate. The geriatric people are 

viewed to be an important contributor of disability in 

terms of memory, cognition and difficulties in their daily 

activities. (Barba et al., 2012; Miss et al., 2009). Major 

risk factors for the advancement of dementia are 

progressing age, genetic profile, and systemic vascular 

disease. (Baumgart et al., 2015). 

 

A standard method to theorize dementia is to take into 

consideration that this disease has two major types: few 

which are ―neurodegenerative‖ (commonly referred to as 

"irreversible") and some that are non-neurodegenerative 

(also referred to as "reversible"). For instance, patients 

suffering from dementia may suffer from 

neurodegeneration due to multiple diseases (example, 

Lewy body dementia) and non-neurodegenerative 

(example, cerebrovascular disease), who together 

account for the damage (Schneider et al., 2007). Some 

diseases can sometimes cause cognitive impairment 

without causing a decline in the person‘s daily activities. 

Such a state is termed as Mild neurocognitive disorder 

and Mild Cognitive Impairment (MCI) (American 

Psychiatric Association, 5
th

 edition, 2013).  

 

On estimation, in the year 2015, the prevalence of people 

worldwide living with dementia was found to be 46.8 

million and it is believed that this number is close to 50 

million people in 2017. This number is estimated to 

double every 20 years, reaching 75 million in 2030 and 

131.5 million in 2050. India, China, and their western 

Pacific and south Asian neighbours show the fastest 

growth in the elderly population who develop 

dementia.(Dementia statistics | Alzheimer’s Disease 

International, n.d.). Another type of dementia which is 

the vascular dementia (VD) is also known to affect the 

cognitive abilities, accounting for 17–20% of all cases of 

dementia. After Alzheimer‘s disease (AD), vascular 

dementia is considered to be the second cause of 
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dementia (Venkat et al., 2015). As the populace ages, the 

number of people suffering from dementia will also 

increase (Prince et al., 2013).  

 

1.1 Types of Dementia 
Dementia is a condition where there is cognitive 

impairment, therefore impacting on the learning, 

language, memory, and various other roles of the brain. 

Alzheimer‘s disease is the well-known type of dementia 

which can be well-defined by its gradual decline in 

cognitive abilities and precise neurological variations in 

the brain-particularly the neuronal damage and the 

protein aggregates accumulation. Considering 

Alzheimer‘s disease as the principal and gradually 

increasing cause of dementia, it is therefore seen as an 

increasing problem on the health-care organizations 

around the world and has therefore been the focus of 

enormous research endeavour‘s in the course of the most 

recent 50 years. There are, however, many other causes 

of dementia, which helps to understand the molecular 

biology of Alzheimer‘s disease as well as the 

neurodegeneration (figure 1). 

 

 
Figure 1: Types of dementia. 

 

2. How truly the shaping of memory takes place? 

The memory is a cognitive process in the brain that helps 

to encode, store, and reminds a person of the received 

information (Manuscript, 2014). The memory is a 

dynamic procedure and plays an important role in 

learning and communicating with the surrounding 

environment. In circumstantial conditions, it is 

imperative to settle on quick exact decisions considering 

the evolving circumstances. This requires neuronal 

systems to precisely anticipate results dependent on the 

earlier information (Palacios-Filardo & Mellor, 2019).  

 

We experience an occasion, some aspects of this 

occasion are encoded, this encoding initiates a 

progression of procedures, typically categorized as 

―consolidation‖, which requires time, resulting in a 

permanent memory trace. Memory consolidation plays 

an important role in this sequence, as it regulates both, 

what will be preserved after initial encoding, and the 

time required for this process. Once consolidation has 

taken place, by definition, the permanent memory trace 

that results, cannot be disrupted in the normal course of 

events (Ber et al., 2006). There are three major stages, 

which is required to process information in the brain. 

The first main stage in information processing is 

encoding, where the surrounding data is detected and 

encoded in the form of physical and chemical stimuli. 

This is followed by the next phase, where the data 

generated from these stimuli is stored and preserved as 

well as sustained over a specific period. Lastly, in the 

third stage, the stored data is recovered as an outcome to 

a signal (Takeda, 2018). The process is mentioned in 

figure 2 

 

 
Figure 2: Stages of memory Formation. 

 

Short-term, sensory, and long-term memory are the types 

of memory based on its time span. Sensory memory is an 

automated process which stores the information for not 

more than one second (Sperling, 1963). Retrieval of 

information without rehearsal in matter of few seconds is 

done by short-term memory (Cowan, 2001). In 

comparison to the short-term memory, where the 

capacity is limited, long-term memory on the other hand 

can maintain and store vast amount of information for a 

longer period. Memory can also be classified into 
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declarative and non-declarative memory (Eichenbaum, 

2004; L. R. Squire & Zola, 1996; Larry R. Squire, 1992). 

Declarative memory can also be termed as explicit 

memory, is considered a conscious process. It can be 

further classified into semantic and episodic memories. 

In which, the semantic memory refers to encoding of the 

abstract knowledge such as items and facts (Jones & 

Roseman, 2013; Larry R. Squire, 1992), while the 

episodic memory refers to specific details of an event, 

where an individual can recollect information of his/her 

life events. In comparison to declarative memory, non-

declarative memory does not require conscious retrieval 

and therefore is also called implicit memory. The basic 

types of human memory are classified in Figure 3. 

 

 
Figure 3: Types of Human Memory. 

 

In the mammalian brain, hippocampus assumes a pivotal 

role in the arrangement, refreshing and recovery of 

recollections which shape the premise of result 

expectation (Palacios-Filardo & Mellor, 2019) as well as 

in the regulation of memory and learning. The 

development and the merging of memory depends on the 

inbuilt ability of the hippocampus  to unite the new 

stimulus through the structural reorganization of the 

neurons and its plasticity (Bailey & Kandel, 1993; 

Bartsch & Wulff, 2015; Bishop et al., 2010; Leuner & 

Gould, 2010). The dentate gyrus present in the 

hippocampus is an area, which receives various sensory 

stimuli from the entorhinal cortex and includes a variety 

of cognitive processes; particularly memory based spatial 

setting and acquainted memory. 

 

One of the most noteworthy highlights of the brain is its 

capacity to store a huge amount of information. Lifelong 

sustaining plasticity of chemical synaptic transmission is 

the main mechanism for storage of information in the 

brain. Specific synapse-dependent changes involved in 

the transmission from a wide range of inputs is important 

for sustaining brain capacity. Intrinsic plasticity in the 

form of activity-dependent is mainly done by the 

voltage-gated channels found to be located at the input or 

the output side of the neurons. In the hippocampus, the 

long-term plasticity is mainly observed in the CA1 area 

interneurons.  

 

3. Brain’s intrinsic protective mechanism after 

neurodegeneration 

Blood brain barrier (BBB) as well as endogenous 

microglia and macrophages play an important role in the 

human brain as it selectively allows the passage of 

individual small lipid soluble molecules and pathogens to 

pass through the capillary endothelial membrane. To aid 

in the normal cerebral functions, brain requires glucose 

and oxygen for a large amount of energy supply. Under 

normal conditions in the brain, neuroinflammation is 

known to promote neuroprotection by repairing damaged 

brain tissue. A key event during several neurological 

diseases is the impairment of the blood brain barrier‘s 

(BBB) neuroprotective properties. This leads to its 

contribution in the neurodegeneration and 

neuroinflammation. Chronic condition like the 

neurodegenerative diseases are mainly characterized by a 

gradual accumulation of misfolded proteins, which 

contributes to further slow damage to the brain tissue. As 

the neurodegeneration progresses after its onset, it can 

also cause immune response alterations leading to 

infiltration of leucocytes and lymphocytes from the 

peripheral circulation to the brain, thereby activating the 

resident inflammatory cells, thereby affecting the 

individual‘s daily activity. This leads to loss of memory.  

 

Oxidative stress is also seen to contribute to the 

neuroinflammation. It activates several 

neuroinflammatory parameters including the activation 

of astrocytes and microglia. They secrete the 

inflammatory chemokines and cytokines contributing to 

neuroinflammation and activate a highly atypical 

inflammatory response. This is the activation of the 

resident immune cells (Butnaru & Chapman, 2019). 

Reactive oxidative species contribute to DNA damage in 

the brain by endogenous metabolic activity leading to 

cellular dysfunction. After an insult to the brain, it is 

necessary to restore and maintain the ion gradient by the 

signalling processes involving neurotransmitter and 

action potential turnover (Alle et al., 2009; Attwell & 

Laughlin, 2001). This maintains a high basal metabolic 

rate, thus increasing the production of ROS. Scavenging 

molecules such as glutathione peroxidase, glutathione, 

peroxyredoxins and superoxide dismutase as well as 

enzymes involved with base excision repair (BER) have 

been evolved as an antioxidant defence system, to protect 

against the body‘s own destructive by-products 

(Dizdaroglu, 2005; Wilson & Bohr, 2007). Although 

these cells are competent enough to defend against 

elevated oxidative stress, it is known that the oxidative 

DNA damage accumulates as the age progresses. In 

order to recover from this injury, robust DNA repair 

system, are required by the neurons to preserve normal 

https://www.sciencedirect.com/topics/neuroscience/implicit-memory
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brain function, avoid cell death, and repair the oxidative 

damage. The four major pathways for repairing damage 

to bases are nucleotide excision repair (NER), double-

strand break repair (DSBR), mismatch repair (MMR) 

and base excision repair (BER). NER excises bulky 

helix-distorting DNA lesions, MMR is responsible for 

the correction of mismatched normal base pairs and BER 

is responsible for the repair of damage to the single 

nucleotide base. These are responsible for repairing the 

damages at a cellular cell (Kjølhede et al., 2011).  

 

The innate as well as the adaptive immune system 

contribute to the inflammatory as well as the immune 

response after neuronal damage. In conditions like the 

chronic inflammation, there is damage of neurons as well 

as the activation of glial cells, which express chemotaxic 

molecules. These send the signal to the peripheral 

immune system regarding the injury in the brain. There 

is induction of chemokines and cytokines leading to 

upregulation of the vascular adhesion molecules on the 

immune cells as well as in the endothelial cells. 

Dementia leads to disruption of the BBB, thereby 

allowing the entry of peripheral immune cells into the 

brain (Farooqui, 2019a). This therefore helps in 

modulating the immune system. Thus allowing 

autoimmunity to respond to self-antigens in the brain. 

The CNS innate immune cell, microglia helps in the 

maintenance of a healthy environment for brain cells to 

survive by eliciting diverse action for the homeostasis 

and development of the brain (Aldana, 2019). When 

there is an injury, these immune cells immediately 

undergo functional and morphological changes and 

rapidly start responding to repair the brain insults. This 

process is termed as microglial activation and the steps 

involved in this process is the migration to the site of 

injury and releasing immune response molecules such as 

the reactive oxygen species (ROS), cytokines and 

proteases. It is the first- line innate response. Microglia 

also phagocytize the cells as well as the cell debris and 

participate in the remodelling of the extracellular matrix.  

 

Targeting the brain’s intrinsic neuroprotective 

activities to repair itself from the dementia induced 

changes 

Regardless of the damage to the brain tissue, 

spontaneous recovery occurs days, weeks, and months 

after onset of dementia. As the time progresses, the 

intensity of the neurodegeneration also increases. 

Therefore, it is necessary to treat the onset of dementia at 

the initial stage. Mentioned ahead are some of the 

endogenous parameters which can be influenced to repair 

the damages caused in the brain (Massenzio et al., 2018).  

  

Treatment of dementia requires complete understanding 

of the molecular mechanisms and processes that 

contribute to a neurodegenerative disease. Therefore, 

dementia treatment can be divided into two approaches:- 

pharmacological and non-pharmacological. The former 

includes treating dementia by treatment of symptoms 

rather than treating the underlying mechanism that 

triggers the dementia syndromes. Medications like anti-

depressants, neuroleptics, hypnotics/sedatives are usually 

prescribed but they are accompanied with unwanted side-

effects and issues with tolerability. These medications 

sometimes even contribute to decline in cognitive 

function, mortality, or may lead to progression of another 

disease. The latter approach is comparatively better 

tolerated and may help in preventing dementia. 

Therefore, it is necessary to boost and target the 

endogenous neuroprotective cells, which help to counter 

the mechanisms leading to neurodegenerative disorders.  

 

4. Pharmacological Approaches 

4.1 Brain plasticity 

Vertebrate and the invertebrate animals show the 

presence of the most vital feature of the nervous systems 

which is its plasticity, therefore deviations in the activity 

or the connectivity of several circuits found to be inside 

the nervous system enables it as an important parameter 

for learning, to encode memory, and to drive the 

behaviour(Li et al., 2019) 

 

Brain plasticity is a term, which refers to a brain‘s 

inherent capacity to reorganize its function and its 

structure as an outcome to any stimulus or injury from 

the internal as well as the external sources. Plasticity of 

the brain is mainly focused on its neuronal plasticity, 

which apparently is combined with the changes of 

different types of brain cells such as blood vascular cells, 

microglia and astrocytes. Brain plasticity enables the 

central nervous system to persistently adjust to the 

variations in the atmosphere (Zilles, 1992). 

 

It can be understood at various stages, starting from 

cellular, systemic, and molecular to behavioural 

characteristics, also including fluctuations in 

neuroanatomy, neurochemistry, and neurogenesis. These 

changes are enough to affect the learning and memory of 

the individual (Yao et al., 2018). Substantial evidences 

show that the brain plasticity is seen to exist throughout a 

person‘s lifespan. The brain is always said to be 

developing which means that it can be constantly 

modified by learning and experiencing new things, 

starting from the development of an individual to the 

person‘s young adult period to its adulthood, which 

continues till the time the person is aging in both healthy 

and diseased conditions. (Article, 2011). 

 

Due to the synaptic activity, there are two major 

mechanisms, which is known to drive the synaptic 

connectivity changes. These are the non-Hebbian and the 

Hebbian types of synaptic plasticity. Hebbian plasticity, 

is referred as a specific-input synaptic modification in 

the arrangements of long-term depression (LTD) and 

long-term potentiation (LTP). It is believed to be the 

underlying mechanism of the associative learning, 

through bidirectional modification of the synaptic 

strength. Hebbian plasticity on the other hand if left 

unchecked is believed to be self-reinforcing with a 

probability to run away (e.g. LTP will lead to synaptic 
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strengthening and therefore more correlated post- 

synaptic and pre-synaptic activity, which enables added 

LTP). The non-Hebbian plasticity is therefore considered 

important as its main mechanism is to prevent runaway 

Hebbian plasticity (Mcleod & Salinas, n.d.). 

  

It is currently hypothesized that, in the aged 

hippocampus if the energy dynamics is sustained, it can 

help in boosting the memory storage by sustaining long 

term potentiation (LTP) as well as the synaptic 

functioning. Therefore, the pharmacological approaches 

that can help in sustaining the long-term potentiation in 

different structures of the brain, mainly the hippocampus, 

can help in reducing the loss of memory and contribute 

in the memory formation (Lisman et al., 2018). Hence, 

the LTP improving compounds can prove as an effective 

therapeutic intervention to treat cognitive deterioration.  

 

4.2 Myelination 

The normal functioning of the nervous system of the 

vertebrates requires rapid nerve impulse conduction. It 

has been achieved by the development of myelin-

forming glial cells. Myelin can be described as a 

multilamellar plasma membrane found in the central 

nervous system (CNS) and Schwann cells (SCs) which 

are made by the oligodendrocytes (OLGs)  situated  in 

the peripheral nervous system (PNS) (Palacios-Filardo & 

Mellor, 2019). Its chief function is to act as a protective 

and insulating cover for the axons present in the sensory 

system. Myelin is primarily composed of  proteins and 

lipids, which wrap around the axon and  is also the 

organizational foundation known to permit quick 

conduction and integration of information in the brain 

(Hartline & Colman, 2007b), propagating the action 

potentials concentrated at regular, discontinuous sites 

along the axon. The most important role of myelin is to 

shield the inter-nodal regions which helps in decreasing 

the membrane capacitance and in increasing the 

membrane resistance, therefore enabling fast saltatory 

propagation of action potentials (Hartline & Colman, 

2007a).  

 

Normal emotional, behavioural and cognitive function 

requires a rapid information transfer. This is achieved by 

myelination. Protection of the axon, its insulation and the 

acceleration of the nerve impulses saltatory conduction 

are the main role of myelin. It also plays a part in the 

prevention of leakage of ions, thereby maintaining the 

axon‘s electrical potential. Factors like viral infection, 

hypoxia, immune response and nutritional disorders can 

play a part in damaging the myelin, and thereby inducing 

blockade of conduction(A. S. Wang et al., 2018). 

Oligodendrocytes on the other hand, play a protective 

role in preventing the contact with the extracellular 

matrix (Raddassi et al., 2011). Therefore, the death of 

these oligodendrocytes and any injury to the myelin will 

lead to the loss of the myelin, decrease in impulse 

propagation and also in causing severe neurological 

dysfunctions like the impaired cognitive functions, motor 

dysfunction, neurodegenerative diseases and psychiatric 

disorders. 

 

This will ultimately lead to blockade of conduction of 

neuronal information (Shiryaev et al., 2009). Blockade of 

the neuronal information conduction is also caused due 

to the destruction to the neuronal structure (Marty et al., 

2002). Therefore, the crucial parameter for the 

appropriate maintenance and formation of myelin, is the 

normal differentiation and the proliferation of 

oligodendrocytes (Landry et al., 1996). Substitution of 

the oligodendrocyte loss and remyelination of the axons 

is the major role of the two endogenous cells- Neural 

progenitor cells (NPCs) and oligodendrocyte precursor 

cells (OPCs) (Alizadeh et al., 2015). Injury to OPCs lead 

to death of the oligodendrocytes which ultimately 

induces axonal demyelination. The mechanism is 

mentioned in Figure 4. 

 

 
Figure 4: Mechanism of Myelination. 

 

One of the example of neurodegenerative disease is the 

multiple sclerosis (MS). It is the  central nervous 

system‘s (CNS) chronic enervating disease described by 

its demyelinating lesions, found to be an outcome of an 

https://www.sciencedirect.com/topics/neuroscience/central-nervous-system
https://www.sciencedirect.com/topics/neuroscience/central-nervous-system
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autoimmune response against an unidentified antigen 

on myelin and the oligodendrocytes that produce and 

maintain it. The autoimmune attack prompts a 

disturbance in the axonal function, and eventually, to 

axonal loss and neuronal death. This axonal loss in the 

spinal cord and brain is secondary to demyelination and 

is believed to trigger the slow accumulation of debility 

met by people with Multiple Sclerosis. Most common 

symptoms of MS expressed in all types and stages, are 

the reduced motor and sensory function, speech and 

vision deficits, cognitive impairment which includes 

decrease in the speed to process information, impaired 

long-term episodic memory, compromised attention and 

reduced executive functioning and disruption of the 

blood brain barrier (BBB). These symptoms are mainly 

caused by the demyelination- mediated hippocampal 

malfunction. This also leads to significant reduction in 

the hippocampal volume and density of the synaptic 

sites, disturbance in the excitatory synapse maintenance 

and in the neuronal signalling pathway activation, which 

regulates learning and memory. Even in the absence of 

inflammation, demyelination can cause degeneration of 

axons and neurons. Mitochondrial malfunctions, loss of 

energy, oxidative stress also contributes to 

neurodegeneration. Therefore, remyelination is proving 

to be a promising therapeutic approach in treating MS, as 

it takes an effort to re-establish normal axonal function 

and protects the brain against neuronal loss.  

 

4.3 Autophagy Induction 

Neurons in the hippocampus show a presence of 

autophagosomes (APs), the double-layered vesicles 

associated with autophagy, have appeared to take shape 

in the neurotransmitter synapses and along the neuronal 

processes (Kulkarni et al., 2018; Vijayan & Verstreken, 

2017; Y. Wang et al., 2017). Developing information 

propose that in axonal growth, synaptic assembly, long-

term depression (LTD) and release of dopamine, 

hippocampal autophagy plays an important role in 

maintaining the neuronal homeostasis (Bartsch & Wulff, 

2015; Kulkarni et al., 2018; Shehata et al., 2012; Shen & 

Ganetzky, 2009; Vijayan & Verstreken, 2017; Y. Wang 

et al., 2017). 

 

Autophagy is referred to as a catabolic cellular process, 

wherein the damaged organelles and degraded proteins 

are engulfed inside the autophagosomes, which are later 

carried to the lysosomes for the process of degradation 

(Patricia Boya et al., 2013; Mizushima & Komatsu, 

2011). This can be triggered through multiple 

physiological stimuli as well as by the changes in 

environmental conditions(Patricia Boya et al., 2013). 

Multiple ATG (autophagy-related) proteins (like the 

Fip200, beclin 1, and VPS34) can identify the biogenesis 

of AP‘s which are found to be involved in various 

dynamic membrane complexes (Ktistakis & Tooze, 

2016; Lamb et al., 2013; Mizushima et al., 2011). 

Lipidation of the LC3 protein (LC3-II), is carried out by 

the ATG5/12/16L1 complex which favours the 

maturation of the AP at the recruited site of nascent AP 

(Ktistakis & Tooze, 2016; Lamb et al., 2013; Mizushima 

et al., 2011). There is presently growing evidence which 

propose that induction of autophagy is necessary for the 

regulation of vital physiological functions, such as 

regulator of appetite, regulation of energy metabolism, 

and modulation of host defence, by facilitating the 

cellular adaptive outcomes to new physiological stimuli 

(Patricia Boya et al., 2013; Galluzzi et al., 2014; Singh & 

Cuervo, 2011). However, its role is mostly restricted to 

the brain. In the hippocampus, the neuronal plasticity and 

the memory, experience fluctuations in organelle turn 

over and cellular protein homeostasis (Bishop et al., 

2010; Bostanciklioglu et al., 2015). This is the place 

where the neurons in the hippocampus are continuously 

exposed to various stimulus. Therefore, it leads to a 

conclusion that in regulating hippocampal-dependent 

cognitive fitness, autophagy plays a vital functional role 

(Glatigny et al., 2019).  

 

In numerous cell types autophagy is a noteworthy part of 

a cell‘s reaction to stress, upregulated in response to 

mitochondrial damage, nutrient deprivation, or 

proteotoxic stress (Maday & Holzbaur, 2016; Maday et 

al., 2012; Mizushima et al., 2004). It is also known to 

play a vital role in the pathogenesis of muscular diseases, 

neurodegenerative diseases, infectious diseases, cancer 

and immune system diseases. Neurons are found to be 

very sensitive to the stress caused by misfolded proteins 

and damaged organelles than somatic cells (Tang et al., 

2019). Autophagy are responsible for the removal of 

these stress factors to maintain the neuronal homeostasis. 

Cellular dysfunctions are frequently caused by the 

autophagy failure to eliminate damaged organelles or 

defective proteins (Tang et al., 2019). An imbalance of 

body homeostasis is also caused by a deletion of the 

autophagy- related gene (Atg), ultimately leading to 

obesity (Meng & Cai, 2011), diabetes (Jung & Lee, 

2010), insulin resistance (Yang et al., 2010) and 

neurodegeneration (Komatsu et al., 2006). Playing an 

important role in removing the damaged organelles or 

the degraded proteins (Mizushima et al., 2008), 

autophagy can now be considered as a therapeutic target 

in the neurodegenerative disease treatment. Evidence till 

now, favors a strategy for enhancing the efficacy of 

autophagy in the neurodegenerative disorders by 

targeting the specific stages that are disrupted. The 

advantages of such modulation may include more 

effective responses to stress, incomplete digested 

autolysosomal metabolites, suppression of apoptotic 

cascades and reduced toxic protein aggregates(P Boya & 

Kroemer, 2008; Ravikumar et al., 2004). It is reported 

that autophagy plays a protective role in the development 

of certain human disorders, including cardiovascular 

diseases, neurodegeneration and cancer(Levine & 

Kroemer, 2008).  

 

4.4 Role of glial cells in dementia induced brain 

recovery 

Brain is considered an extremely vulnerable organ as it is 

subjected to a wide array of dangerous stimuli- 

https://www.sciencedirect.com/topics/neuroscience/myelin
https://www.sciencedirect.com/topics/neuroscience/oligodendrocyte
https://www.sciencedirect.com/topics/neuroscience/neuronal-death
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hampering its homeostasis both internally and externally. 

The cascade of reaction, which takes place after the 

stimulus, is required to promote homeostasis, which is 

altogether referred as ―neuroinflammation‖. This 

includes the involvement of mechanisms, both molecular 

and cellular which plays a role in identifying potential 

harmful stimulus, alleviates their effect, and repairs any 

subsequent damage as quickly as possible.   

 

During the initial stages of dementia, microglial cells and 

astrocytes play an important role in neuroinflammatory 

reactions which is widely understood; but, in 

spontaneous recovery, the role of glial cells remains 

unknown. 

 

Microglia, the essential intrinsic immune cells resident to 

the brain are considered to be an active member of the 

neuroinflammatory reactions which express chemokine 

and cytokine receptors that interact with the peripheral 

immune cells. In the adult Central Nervous System 

(CNS) they represent about 10%-20% of the overall 

population of the cell and play a vital role in protection 

of the CNS during its lifetime. Being a part of the lineage 

of mononuclear phagocyte, they are found to be active 

sensors of instabilities in the environment outside the cell 

which includes the morphological changes, and can 

elaborate an extensive range of outcomes to re-establish 

the tissue homeostasis (Hanisch & Kettenmann, 2007; 

Kreutzberg, 1996). They are very dynamic and 

responsive cells in nature which resolve the fluctuations 

caused by the surrounding signals. Under physiological 

conditions, microglia, test and examine the neighbouring 

region and discard the damaged tissue component and 

accumulated parenchyma of metabolic products 

(Neumann et al., 2008; Nimmerjahn et al., 2005; 

Ransohoff & Cardona, 2010). Microglia cells originate 

from the mesenchymal and migrate into various regions 

of CNS and distribute through the brain parenchyma and 

acquire a ramified or ―resting‖ microglia phenotype 

which in its surveillance state is sustained by signals 

which are carried by astrocyte-derived factors and 

neuronal factors (Kierdorf & Prinz, 2013). In the 

ordinary CNS condition, signals are provided to 

microglial cells by healthy neurons via secreted and 

membrane-bound factors, such as CX3CL1, 

neurotrophins, CD22 and neurotransmitters (Frank et al., 

2006; Pocock & Kettenmann, 2007). After continuous 

stimulus of brain lesions or nervous system dysfunction, 

these cells actuate explicit reactions that outcome in the 

slow change of ramified microglia into ‗reactive 

microglia‘ or ‗activated microglia,‘ which has the ability 

to release large number of products that is beneficial for 

the neighbouring cells (Pocock & Kettenmann, 2007). 

Depending on the nature of the stimulus, these outcomes 

include inflammation-related genes and altered 

expression of cell surface markers, amplified capacity of 

phagocytes, process withdrawal, amoeboid morphology 

acquisition, site of injury migration, and better 

proliferation(Kettenmann et al., 2011; Lynch, 2009). 

 

Microglia can be classified into two types based on their 

outcomes to the surrounding environment- pro-

inflammatory phenotype (M1 type) and anti-

inflammatory phenotype (M2 type). The former helps in 

the release of destructive pro- inflammatory cytokines, 

while the latter produces molecules that take part in the 

tissue repair and shows anti-inflammatory action (Anttila 

et al., 2017; Boche et al., 2013; Hu et al., 2015; London 

et al., 2013). Axonal regeneration, neurogenesis, vascular 

repair and angiogenesis are some of the useful effects of 

the M2 type microglia  (Hu et al., 2015). Neurons are the 

only one, which express the chemokine fractalkine 

(CX3CL1), and its receptor, CX3CR1, and is solely 

expressed by microglia present in the CNS parenchyma.  

 

Controlling microglia initiation has been proposed as a 

critical remedial method for different neuroinflammatory 

issue which leads to dementia, for example, Alzheimer's 

illness, Parkinson's infection, and Multiple sclerosis. By 

the secretion of the brain derived neurotrophic factor 

(BDNF), microglia plays an important role in promoting 

synaptogenesis(Miyamoto et al., n.d.).  

 

5 Non-Pharmacological Approaches 

Modern non- pharmacological approaches for the 

treatment of dementia have been proposed to quicken the 

retrieval of motor control and brain function by helping 

in preventing or retarding dementia. In recent years, 

researchers have produced many non- pharmacological 

treatments and therapies which include transcranial 

magnetic stimulation, music therapy, cognitive 

behavioural therapy, art therapy, aromatherapy, physical 

exercise and motor training and acupuncture etc. These 

therapies provide beneficial effects by activating specific 

pathways in several parts of the brain including the 

amygdala, hypothalamus, prefrontal cortex and 

hippocampus. They also help to increase the levels of 

neuropeptide and neurotransmitters resulting in increase 

in repair mechanisms, neuroplasticity and neurogenesis 

(Farooqui, 2019b). 

 

5.1 Transcranial Magnetic Stimulation 

Human brain can be invasively stimulated by a powerful 

technique called as the Transcranial Magnetic 

Stimulation (TMS) (Barker et al., 1985). With the help of 

a coil, the brain receives a strong and time-varying 

magnetic pulse in the TMS. These coils comprise of an 

insulating material containing small number of turns of 

copper wire. An electric field in the cortex is induced by 

the magnetic pulse produced by the coil, which results in 

the production of neuronal activation only when the 

inhibitory interneurons and pyramidal cells are 

depolarized (Koch et al., 2018; Ridding & Rothwell, 

2007). The physical principle of TMS, described by 

Faraday‘s law, is based on electromagnetic induction, 

whereby a changing magnetic field (B) induces an 

electric field (E). If the magnetic field slowly changes or 

is static, there is no excitation of the neurons. In TMS, 

the strength of the magnetic field used is on the order of 
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1 to 2 T and its rise time is 100 microseconds 

approximately. 

 

In TMS, the magnetic pulse is produced by passing a 

current pulse through an induction coil placed over the 

scalp. Recent evidences indicate the presence of more 

sophisticated stimulators under development for the 

stimulation of multiple brain areas. This is because of the 

only fact that TMS can activate neurons in the cortex 

rather than deeper parts of the brain. Apart from the 

activation of the target area, TMS is also shown to 

activate the brains distant interconnected sites, which are 

shown to be important for the study of connectivity of 

the brain (Katila;, 1997). Depending on the location and 

the shape of the coil, the spatial distribution of the 

induced electric field is shown to vary in the brain. At 

the microscopic level, TMS is appeared to drive the free 

charges in extracellular and intracellular regions to move 

along the electric field. Stimulation produced by TMS 

produces possibilities for mapping the human brain, 

which can prove to be effective in understanding the 

motor, cognitive, and sensory brain networks. Therefore, 

combination of TMS with the other neuroimaging 

techniques, such as functional MRI 

electroencephalography (EEG) (Bestmann et al., 2005; 

Katila;, 1997), near-infrared spectroscopy (Näsi et al., 

2011), or PET (Paus et al.,  1997), acts as an effective 

tool to investigate human brain functions. Figure 5 

clearly depicts the role of TMS in treatment of Dementia. 

 

 
Figure 5: Role of TMS in treatment of Dementia. 

 

When the delivery of the pulses is in a repetitive fashion, 

the TMS technique is called as Repetitive Transcranial 

Magnetic Stimulation (rTMS) (Elder & Taylor, 2014). 

This type of stimulation produces persistent neuronal 

excitability, resulting in the manipulation of the brain 

functions. The low intensity of the magnetic stimulation 

helps in the treatment of depression (Martiny et al., 

2010), dementia, stroke and pain (Shupak et al., 2004). It 

is well recognized until now, that by depolarizing axons 

close to the stimulation electrode, specific input to a 

neuron can be activated by the local electrical 

stimulation. In contrast to local stimulation, rTMS also 

acts via the depolarization of a specific set of 

axons(Bosch & Hayashi, 2012), but it also targets other 

neural structures found to be within the electric field 

within the stimulated network (up to several cm
3
) (Opitz 

et al., 2011). Recent evidence has shown that rTMS 

plays a role in counteracting the apoptotic cell death, 

regulation of microglia and astrocytes and also in 

reducing the inflammatory responses. Based on the 

above information, it can be concluded that rTMS 

provides a therapeutic approach in decreasing the 

neuroinflammation, reducing the hyper excitability of the 

neurons, promoting neuronal survival and in altering the 

permeability of BBB (Cullen & Young, 2016). It is 

relatively safe and also well-tolerated. High frequency 

rTMS is shown to increase the expression of NR2B and 

BDNF in rat hippocampus (Shang et al., 2016; N. Zhang 

et al., 2015). Moreover, a relative high level of BDNF in 

the hippocampus results in a higher spine density and 

better LTP (Kellner et al., 2014; Leal et al., 2014; Panja 

& Bramham, 2014). It suggests that there is a possibility 

that rTMS can prove as an efficient approach to reduce 

the adverse effects of learning and memory.  

 

5.2 Treatment of Dementia with Acupuncture 

Acupuncture is an ancient healing technique that treats a 

disorder by insertion of needles into the skin at specific 

locations (acupoints) of the body. This technique can be 

manipulated by heat, electrically, or manually (Shupak et 

al., 2004). The main principal behind this technique is 

adjustment of Qi (vital energy) flow which is believed to 

circulate in a network of 12 primary channels which 

connects 360 principal acupuncture points(Kavoussi & 

Ross, 2007; X. Zhang et al., 2015). The stimulation of 

these points produces psychophysical responses by 

balancing the Qi energy, as well as blood flow 

throughout the body(X. Zhang et al., 2015; Y. Zhang et 

al., 2016). Acupuncture at accurate acupoints activates 

fibers that send signal to the spinal cord. Acupuncture 

has been used for the treatment of many neurological 

disorders including psychiatric and cardiovascular 

diseases, acute, and chronic pain, Alzheimer‘s Disease, 

and behavioural disturbances in vascular dementia 

(Abraha et al., 2017; Liu et al., 2016; Shi et al., n.d.) 

However, it is proposed that acupuncture may provide 

useful effects by regulating the expression of caspase 

family Bcl-2/Bax, Fas/FasL, Tumor necrosis factor-α 
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(TNF-α), c-Fos and NFκB, which suppress autophagy 

and neural cell apoptosis to reduce cell death in different 

pathological states especially vascular dementia and 

ischemic stroke(Luo et al., 2017). In Alzheimer‘s 

Disease and Parkinson‘s Disease patients, functional 

brain imaging verified that acupuncture increases the 

neuronal activity in the prefrontal lobe and temporal lobe 

which may contribute to memory formation and learning 

and in promotion of the maintenance of cognitive 

function (Effect and Mechanism of Acupuncture on 

Alzheimer’s Disease, 2013; Lee et al., 2009; Salvage & 

Jenner, 2013). It is also shown to increase blood vessel 

function and synaptic plasticity. Acupuncture retards 

neuroinflammation, suppresses oxidative damage, 

improves synaptic plasticity, enhances neurotrophin 

signalling, decreases the levels of Aβ proteins, and 

reduces microglial activation in the hippocampus but 

also improves cognitive function (Effect and Mechanism 

of Acupuncture on Alzheimer’s Disease, 2013; Salvage 

& Jenner, 2013; Ye et al., 2017). Neurological disorders 

contributing to the brain damage, activate neurogenesis 

which is an endogenous neural repair system. 

Acupuncture exerts its beneficial effects by facilitating 

and activating adult neurogenesis via the stimulation of 

Neural Stem Cells differentiation and proliferation in the 

brain (Ahn et al., 2016; Kim et al., 2014; Tao et al., 

2016). Therefore, the possible mechanism underlying the 

beneficial effects of acupuncture is the plasticity 

regulation in the brain. Significantly, acupuncture can 

also be used in combination with drugs or other 

therapeutic treatments in stimulating neurogenesis in the 

neurodegenerative diseases.  

 

5.3 Treatment of Dementia With Music Therapy 

Music, a universal art form that exists in every culture 

around the world, is an integral part of a number of 

social and courtship activities. People express their 

thoughts, emotions, cope with their emotional conflicts 

and increase their self-awareness through a mode of 

music. It is observed that specific pathways in several 

brain areas such as the hippocampus, hypothalamus, 

insular and cingulate cortex, prefrontal cortex and 

amygdala, which are associated with emotional 

behaviours, can be activated by a simple musical 

stimulus. Music therapy finds its use as a clinical 

management and treatment of many neuropsychiatric and 

behavioural symptoms of depression, schizophrenia, 

dementia, and autism. In addition, neurochemical studies 

have suggested that several biochemical mediators, such 

as endorphins, endocannabinoids, dopamine and nitric 

oxide, may play a role in the musical experience 

(Farooqui, 2019c). Many studies have demonstrated that 

music can improve multiple domains of cognitions in 

AD patients, including attention, orientation, memory, 

psychomotor speed, and executive functions. It is also 

seen that 6 weeks of music therapy can help to decrease 

anxiety and depression in an AD patient (Gómez Gallego 

& Gómez García, 2017). It is also seen to promote the 

calming of the emotional expression and behavioural 

symptoms of dementia. In music therapy, a trained and 

registered music therapist treats dementia patients with a 

program of musical engagement, thereby improving their 

motor skills and enhancing one‘s self-esteem. Listening 

to music facilitates the neurogenesis, the regeneration, 

and repair of cerebral nerves by adjusting and optimizing 

the secretion of steroid hormones, leading to an increase 

in neuroplasticity (Neurophysiology and Neurobiology of 

the Musical Experience - PubMed, n.d.). 

 

5.4 Treatment of Dementia with Cognitive Therapy 

Significant functional impairment is produced by the 

cognitive deficits of Alzheimer‘s disease (AD) in its 

early stages. Such as impairments in visuospatial 

functioning, attention, language, reasoning, and 

executive functioning are common, along with 

personality changes and behavioural disturbances. 

Alternative or supplemental treatments to 

pharmacological interventions include psychosocial 

treatments targeting cognition, such as cognitive training 

(CT) for AD patients in the mild to moderate stages of 

the disease. CT refers to any non-pharmacologic 

intervention designed to improve cognitive functioning, 

regardless of mechanism of action. They mainly focus on 

cognitively mediated domains of functioning, such as 

basic and instrumental activities of daily living, social 

skills, and behavioral disturbances. They also focus on 

specific domain of cognitive functioning like the 

attention, memory and problem solving abilities (Sitzer 

et al., 2006b).  

 

Cognitive training strategies can be divided into two 

basic categories: compensatory and restorative. 

Compensatory strategies aim to teach new ways of 

performing cognitive tasks by working around cognitive 

deficits like organizing information by visualizing or 

categorizing information to be remembered, encoding 

through multiple sensory channels, asking questions 

during learning, and focusing on a single task; external 

strategies such as memory notebooks, and calendars, 

environmental cues. Restorative strategies attempt to 

improve functioning in specific domains with the 

ultimate goal of returning functioning in those domains 

to premorbid levels. It requires the patients to perform 

drills thereby engaging their memory and attention skills, 

telling them to recall information over a long period of 

time, reality orientation therapy where the information 

such as a patient‘s name, date, time, location, weather, 

and current events, is continually presented (Mahendra, 

2001; Sitzer et al., 2006a). 

 

6 CONCLUSION 
 

Dementia is any decline in cognition that is significant 

enough to affect the independent and daily functioning of 

an individual. Considering the threat of growing 

dementia demand, It has now become the primary goal 

of all the worldwide researchers to find new approaches, 

trials in treating the dementia. It is common for multiple 

diseases to contribute to any one patient's dementia 

syndrome. Dementia is known to be caused by some 

diseases like Alzheimer‘s disease, Parkinson‘s disease, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/dementia
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vascular dementia, Traumatic brain injury, Huntington‘s 

disease etc. Dementia not only causes decrease in 

cognitive function but also reduces the quality of life. 

This brief review has focused on the need to enhance the 

endogenous capacity of the dementia-induced brain. By 

stimulating the endogenous parameters like the brain 

plasticity, enhancement of the process of myelination, 

induction of autophagy and the presence of glial cells 

prove to be effective in acting as a neuroprotective and 

aid in neuronal repair and enhancement of the enzymes 

or the substrates which helps in treatment of the memory 

as well as the learning impairment. Some of the non-

pharmacological treatments of dementia have been used 

to treat dementia, improve cognitive impairment and 

quality of life without little if any side effects. Among 

non-pharmacological treatments, acupuncture, and 

repetitive Transcranial Magnetic Stimulation have shown 

to play a role in improving the cognitive function by 

modulating the signaling pathways involved in neuronal 

survival and function, specifically, through enhancing 

neurotrophin signalling, promoting glutamatergic neural 

transmissions and cholinergic dopaminergic, attenuating 

apoptosis, reducing microglial activation and suppressing 

oxidative stress. The non-pharmacological treatments 

have shown to have beneficial effects in dementia and 

more studies are therefore required on pharmacological 

and non-pharmacological treatments of dementia. 
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