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INTRODUCTION 
 

Neurodegenerative diseases (NDDs) are traditionally 

defined as disorders with selective loss of neurons and 

distinct involvement of functional systems defining 

clinical presentation. Comprehensive biochemical, 

genetic, and molecular pathological examinations have 

expanded this definition. During the last century, many 
studies have demonstrated that proteins with altered 

physicochemical properties are deposited in the human 

brain in NDDs. Furthermore, not only neurons but glial 

cells also accumulate these proteins. Involvement of 

proteins has led to the definition of the concept of 

conformational diseases.[1] According to this, the 

structural conformation of a physiological protein 

changes, which results in an altered function or 

potentially toxic intra or extra-cellular accumulation. 

Mutations in the encoding genes are linked to hereditary 

forms of disease. Molecular pathological, genetic, and 

biochemical studies have led to reclassification of several 
disorders, and opened completely new avenues for 

biomarker development or therapeutic strategies.[2] This 

review aims to summaries the major developments in 

this field with an emphasis mainly on sporadic disorders 

of adulthood. It must be noted that further neurological 

disorders are associated with neuronal degeneration, 

including mainly hereditary metabolic diseases and 

others such as multiple sclerosis or those with immune 

mediated (autoimmune) etiology; however, these are 

beyond the scope of the present review. 

Neuroinflammation 
 

The inflammatory response is almost always a secondary 

response caused by an initial event after another, like the 

response to trauma or infections. However, this means it 

is a central mech- anism in the neurodegenerative 

processes. It is this secondary response that will ensue 

and probably cause a greater loss of neurons over time as 
compared to the initial injury.[3] Inflammation plays a 

key role as a driving force that can modulate the 

development of various neuropathologies. Currently the 

term ―neuroinflammation‖ is used to describe the 

inflammatory response originated in the CNS after 

suffering an injury, where there is an accumulation of 

glial cells. Particularly astrocytes and microglia 

responses converge immediately after the injury occurs. 
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In this process, cellular and molecular immune 

components such as cytokines, complement and pattern-

recognition are contributing players, and they can lead to 

the activation of the glial cells, i.e., microglia and 

astrocytes. Innate immunity is the first line of defense of 

the organ- ism against different pathogens. Among the 

components of the response we can mention pattern-

recognition receptors (PRRs), such as toll-like receptors 
(TLRs), nucleotide-binding, Scavenger receptors (SRs), 

among others. These receptors recognize not only 

exogenous pathogen-associated molecular pattern 

(PAMP) but also endogenous modified molecules called 

damage- associated molecular pattern (DAMP). 

Throughout the body, the innate immune system 

launches inflammatory and regulatory responses via 

PRRs, phagocytes (macrophages), complement sys- tem, 

cytokines, and chemokines in order to counteract 

infection, injury, and maintain tissue homeostasis 

.Agents involve in innate immunity, are directly related 

to agents involved in the development of 
neuroinflammation. Cells of the CNS such as neurons, 

astrocytes, and microglia along with pattern recognition 

receptors, cytokines, chemokines, complement, 

peripheral immune cells, and signal pathways constitute 

the basis for neuroinflammation.[4] An acute 

inflammatory response in the CNS is caused by the 

immediate and early activation of the glial cell in 

response to noxious stimuli, which is basically a 

defensive response that leads to repair of the damaged 

area. But, if the ―stimulus‖ remains persistent in time, an 

inflammatory condition develops, causing a phenomenon 
of cumulative damage over time due to the chronic 

inflammatory reaction.[5] All these events precede and 

cause neuronal degeneration, generate- ing complex 

interactions and feedback loops between glial and 

neuronal cells, leading to cell damage and to the 

development of a neurodegenerative disease. Thus, 

neuroinflammation has beneficial or deleterious results in 

the brain mainly depending on the duration of the 

inflammatory response. It has been possible to associate 

a number of neurodegenerative disorders of the CNS to 

neuroinflammatory events, for example, based on the 

appearance of high levels of several pro-inflammatory 

cytokines: AD, Parkinson’s disease,[6] Huntington’s 

disease,[7] multiple sclerosis (MS), amyotrophic lateral 

sclerosis[8] among others. In all these diseases 

neuropathological and neuroradiological studies have 

been performed providing evidence that 
neuroinflammatory responses could start prior to a loss 

of neuronal cells. In this regard, increasing evidence has 

been obtained on the role of certain cytokines in the 

direct activation of the cellular cascade leading to 

neurodegeneration and AD. It would be interesting to 

identify as correlate the neuroinflammation levels that 

leading to release of these cytokines, which have 

neurotoxic effects and are involved in the progression of 

this disorder pathophysiological process.[9] Specifically 

in AD, it has been demonstrated that there is a high 

expression of inflammatory mediators in the vicinity of 

Aβ peptide deposits and neurofibrillary tangles, which in 
turn are associated with areas of high 

neurodegeneration;[10] exemplifying the relationship 

between neuroinflammation and neurodegeneration . 

Moreover, epidemiological studies have established a 

link between chronic use of non-steroidal anti-

inflammatories (NSAIDs) and reduced risk of AD.[11] 

These studies reported that the use of long-term NSAID 

has a protective effect against the development of the 

disease, delaying the onset of the symptoms or reducing 

the risk of its occurrence. Although the mechanism 

behind this phenomenon is still unknown, some 
hypotheses are inclined to the effects of these anti-

inflammatory on the regulation of COX-1 and COX-2 

protein, whose levels are elevated in individuals with 

AD.[14] It has also been observed that the regulation and 

blockade of the COX-1 in microglia, by effect of 

NSAIDs induced an improvement in the 

symptomatology of AD.[12] Results in transgenic animal 

models of AD, show that NSAIDs reduce in a dose-

dependent manner behavioral deficits and the population 

of activated microglia.[12] Comparative analyses 

performed in the brains of cognitively normal patients 

chronically using NSAIDs over age versus those not 
using NSAIDs revealed no changes in the appearance of 

senile plaques, but there was a 3-

folddecreaseinthenumberofactivated microglia in the 

brains of chronic users of NSAIDs.[13] AD patients who 

used NSAIDs compared with another group of patients 

who did not use NSAIDs, showed a significantly slower 

progression of disease.[13] These findings suggest that he 

protect ion provided by the chronic use of NSAIDs. 

 

In patients with AD may partly be derived from the 

attenuation of microglial activation. Lim et al. have 
conducted studies of cerebral amyloidosis in transgenic 

mouse models, and gave evidence of ibuprofen effect on 

amyloid plaque deposition.[15] After 6 months of 

treatment with ibuprofen, amyloid plaque deposits were 

reduced significantly in 10 months old Tg2576 

transgenic mice. Also there was a reduction in markers 

of astroglial and microglial activation.
[15]

 Moreover, in 

double transgenic animals ibuprofen reduced microglial 
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activation and decreased the number of amyloid 

deposits.[16,17] In addition, Choi et al. demonstrated that 

the treatment of 20-month-old triple transgenic AD (3 X 

Tg-AD) mice with the COX-1 inhibitor SC-560, 

significantly improved memory deficits and reduced 

amyloid deposition and τ phosphorylation in the 
hippocampus.[18] An explanation is that the mice SC-560 

treatment alters the phenotype of activated microglia, 

reducing the expression of pro- inflammatory factors. 

Authors postulated that this changes in microglial cells 

may play a role in the reduction of amyloid charge and τ 

pathology and in rescuing impaired memory in aged 3 X 

Tg-AD. As stated above, there is important evidence that 

early treatment in transgenic animals with NSAIDs may 

reduce neuroinflammation and Aβ peptide deposition in 

the brain P.[19]  In spite of that it cannot be over- looked 

that not all results have been favorable, for example, in 

transgenic mice models of AD, COX-2 selective 
inhibitors failed to reduce the inflammatory reaction and 

showed an increase in the appearance of Aβ42 

peptide.
[20]

  

 

Recent findings suggest that alterations in microglia and 

the production of cytokines and chemokines may be a 

nearly feature that precedes Aβ deposition in a mouse 

model of AD.[21] This early microglial activation may 

well play a role in the appearance of vulnerable neuronal 

populations, similarly to the situation in AD. On the 

other hand, clinical trials on the effects of NSAIDs 
treatments of cognitive decline in Alzheimer’s disease 

patients did not provide clear-cut results, data varied 

depending on the cognitive test used. For example, 

results of trials with Naproxen indicate that this NSAID 

attenuate cognitive decline, but accelerated cognitive 

decline in fast decliner patients. Conversely, Celecoxib 

(another NSAID) appears to have similar effects, but 

attenuated changes in fast decliners.[22] Thus, it is 

premature to make clinical recommendations, but the 

findings to date, open several potential avenues of 

research, and possibly the clinical trials should be 

replicated in one or more large observational studies. In 
this context, we can conclude that some NSAIDs are able 

to reduce the inflammatory response caused by 

microglial and astroglial cells, but some others are not as 

effective or may even produce opposite results. This 

suggests that microglia have different responses after 

exposure to different types of NSAIDs according to 

specific mechanism of action of the molecule and also to 

the source of the primary insult that induces the onset of 

an inflammatory response. It is also plausible that the 

response may vary during the course of a given 

therapy.[23] 

 

Astrocytes 

Astrocytes are the most abundant glial cells of the 

nervous system and constitute about 25% of the cerebral 

volume.[24] They have multitude of functions: 

(i) Inducing the formation of neuronal synapses and 

influencing their development (synaptogenesis); 

(ii) Formation and maintenance of blood- brain barrier; 

(iii) Neurotransmission; 

(iv) Metabolic regulation; 

(v) Ion balance maintenance, and finally 

(vi) As a component of the ―tripartite synapse‖ model of 

neurotransmission, in this model of 

neurotransmission, synapse consists of three 
functional elements: pre-and postsynaptic neurons 

and surrounding astrocytes. 

 

Then in addition to communication between neurons, 

there is a bidirectional communication between neurons 

and astrocytes, implying a predominant role of glial cells 

in the physiology of the nervous system.[25,26] Astrocytes 

play a key role in the development of the nervous 

system, since the growing of axons is guided to the target 

by molecules derived from astrocytes, such as tenascin C 

and proteoglycans.[27] 

 
Astrocytes are actively involved in synaptogenesis, not 

only during development but also after CNS injury. In 

1997, studies conducted by Pfrieger observed that retinal 

ganglion cells synap- tic activity was 100 times major in 

the presence of astrocytes.[28] This increase in synaptic 

activity mediated by astrocytes is precisely due to the 

increased number of synapses, which is seven times 

higher in retinal ganglion cells cultured with astrocytes 

in the absence of astrocytes.[29] This increase in the 

number of synapses is mediated by a matrix-associated 

protein named thrombospondin,[30,31] which belong to a 
family of five homologous proteins, and at least four of 

them are expressed in these cell types during 

development and after brain damage, inducing 

synaptogenesis. These proteins induce ultra-structurally 

normal synapse formation, both presy- naptic and 

postsynaptic.[32] 

 

On the other hand, the metabolic support given by 

astrocytes, provides active neurons with metabolic 

substrates through a glucose-lactate shuttle. Increased 

neuronal activity leads to an increase in glutamate 

release, which in turn activates astroglial Na+-dependent 
glutamate transporters, thus increasing cytosolic Na+ 

concentration in astrocytes. In turn, increased Na+ 

stimulates glycolysis and lactate synthesis. The lactate is 

subsequently transported to neurons through specific 

transporters.[33] The astrocytes are involved in the 

maintenance of home- ostasis of brain neurotransmitters, 

being of particular importance for homeostasis and 

turnover of glutamate by being the main sink of 

glutamate in the brain. From the bulk of glutamate 

released during synaptic transmission, several studies 

have shown that only a minimum percentage of 

glutamate (∼20%) accumulates in the neurons, while the 

largest amount of this neurotransmitter is absorbed by 

perisynaptic astrocytes. This process of eliminating 

extracellular glutamate by astrocytes, it is extremely 

critical to prevent excite toxicity.[24] Numerous records 

show that astroglial cells possess highly important 

functions within the brain. However, pathological 

modifications of astrocytes have been associated with 
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several neurodegenerative disorders. These include ALS, 

MS,AD, Parkinson’s disease, Alexander’s disease, 

epilepsy and Rett syndrome.[35] Pathological astrocytes 

observed in the brains of patients with dementia were 

initially analyzed by Alo is Alzheimer, which found 

abundant glial cells in the neuritic plaques. Sub- sequent 
studies have confirmed that this is a morphological 

characteristic of reactive astrogliosis in AD that can be 

found both in brain tissue of patients with AD, and 

transgenic animal models.[34] In studies of post mortem 

brain tissue from patients with AD a generalized 

astrogliosis—manifested by cell hypertrophy and an 

increase in the expression of Glial fibrillary acidic 

protein (GFAP) in astroglial S100B protein—can be 

found.[34] A more detailed analysis of astrogliosis in 

brains obtained from elderly patients (with and without 

AD confirmed) has shown a correlation between the 

degree of astroglios is and cognitive impairment. 
However, adirect relation between changes in astrocytes 

and increase in senile plaques has been found (Simpson 

et al., 2010). Morphological data show that reactive 

astrocytes associate with some Aβ plaques, but not with 

all of them, while astrogliosis can also been found in 

areas without Aβ deposits. This may result from the fact 

that astrocytes may also respond to other pathological 

factors in the ageing brain.[36] In the meantime, no 

significant difference was found in the expression of 

GFAP in brain tissue samples from patients with and 

without dementia.[37] Furthermore, it has been shown that 
fragments of Aβ promote marked inflammatory response 

in the brain, causing the synthesis of different cytokines 

and proinflammatory mediators.[38] Within this 

inflammatory response, astrocytes express a repertoire of 

receptors for inflammatory cytokines (IL-1β and TNFα), 

chemokines and damage signals (including TLR 

ligands),[39] while other receptors and other mediators of 

inflammation, may be induced after appropriate 

activation signals from other brain cells.[40] Studies 

conducted by Van Kralingen, found that a number of 

inflammatory cytokines were elevated in the CNS 

following injury. In turn, in various neurological 
conditions there are elevated levels of specific cytokines 

(in serum or CSF), correlating with poor results in 

neurological evaluations. These include TNFα and IL-1β, 

which have proven to affect the function of the blood-

brain barrier. A secondary inflammatory response to IL-

1β and TNFα, leads to astrocyte activation, being the 

long-term effect of these cytokines detrimental to the 

survival of astrocytes. This reveals a potential new target 

cell, which may help explain some of the negative effects 

of these cytokines on brain tissue during 

neuroinflammation.[41] 

 

Microglialcell 

Microglia are widely distributed throughout the brain and 

spinal cord.[42] These cells can be found in brain, spinal 

cord, retina and optic nerve, but mainly in the 

hippocampus and substantia nigra,[43] and correspond to 

approximately 5–20% of the total population of glial 

cells in the CNS.[44] These cells are considered as a 

representative of the immune system in the CNS, since 

they possess the ability to perform phagocytosis, release 

cytotoxic factors and behave as antigen presenting 

cells.[45] 

 

Microglia plays a key role in embryonic development as 
they can secrete growth factors important for the 

formation of the CNS, and also contribute to the 

maturation, regeneration and neuronal plasticity. 

Furthermore, in their resting form they also are involved 

in other functions such as neurogenesis, neuroprotection 

and synaptic pruning, which has been found to be 

complement dependent.[46] Moreover, these cells are also 

involved in a number of key processes for them an 

intenance of homeostasis of brain micro environment, 

showing various functions. For example, microglia act as 

activated macrophages and they respond to any type of 

tissue injury.[46] Thus, the suitable and appropriate 
function of microglial cells is essential for the 

homeostasis of the CNS in both diseased and in normal 

health frame.
[48]

 

 

Microglia under physiological conditions are usually 

found in an inactivated state (or resting state) which is 

characterized by a ramified morphology, small and low 

expression of macrophage related molecules. When 

activated, drastic changes in morphology of microglia 

occurs. Activated microglia are not defined by a 

particular morphology, but are characterized by having 
few branchings, and a larger cell body with ameboidal 

form.[49] 

 

Numerous signals represent a threat to the homeostasis 

of the CNS, including structures and/or residues from 

bacteria, viruses and fungi. Abnormal endogenous 

proteins, complement factors, antibodies, cytokines and 

chemokines, among others, are also sensed by the 

microglia elements and subsequently induce 

activation.[50] Thus, there are two main functional aspects 

of microglial cells: immune defense and maintenance of 

CNS homeostasis. 
 

Activation of microglia by TLRs and NOD-like receptors 

(NLRs) is considered to be ―classical‖ form of microglial 

activation where innate immune responses include 

production of proinflammatory cytokines like TNF-α, IL-

1 and IL-6, and chemokines. Classical activation also 

leads to adaptive immune response by expressing major 

histocompatibility class II (MHCII) molecules and 

interaction with T cells.[51] Under inflammatory 

conditions, there is an increase in active immune 

response and microglia should moderate the potential 
damage to the supporting tissues, repair and remodeling 

of the CNS[52] In this state the cells regulate the 

expression of different surface markers, such as MHCII, 

growth factors,[53] PPRs, produce more pro- 

inflammatory cytokines, such as IL–1β, IL-6, IL-12, 

interferon gamma (INF-γ) and TNF-α.[54] Moreover, 

activated microglia increase their proliferation
[55]

 

synthesize and release cytotoxic factors such as 
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superoxide radicals (O− 2 ), nitric oxide (NO) and 

reactive oxygen species (ROS).[56] Therefore ,it becomes 

clear that microglials cell have an important role in 

innate immunity and are them a insource of pro-

inflammatory factors in brain. Microglial activation is a 

phenotypically and functionally different process, since 
depending on the type, intensity and context of the 

stimulus; microglial response has a potential 

neuroprotective or pro-inflammatory effect.[57] It is 

precisely this delicate balance between the neurotoxic 

and neuroprotective and between pro-inflammatory and 

anti- inflammatory which determines the role of 

microglia in a dis- ease or condition. So based on the 

current research, microglial activation should not be 

considered as an all or nothing event or single process, 

and we must realize that the answers to the pathological 

events depends on context and adapt as changes in the 

microenvironment occurs. 

 

RESULT AND DICUSSION 
 

Today, as a result of the lack of effectiveness of current 

treatments for neurodegenerative diseases, a lot of effort 

has been invested to enhance the search for new 

therapeutic targets. Based on the results obtained in 

patients taking anti-inflammatory drugs, a new 

possibility has been opened studying the association of 

inflammatory processes and neurodegenerative diseases 

pathophysiology. 

 
An important strategy to prevent brain impairment is 

based on dietary changes and nutritional supplements, 

functional foods and nutraceuticals. In this regard, there 

is interesting information coming from studies with the 

antioxidant and antiinflammatory Andean Compound 

(called initially as Andean Shilajit). Andean Compound 

is a very complex mixture of humid substances generated 

by natural millenary decomposition of vegetal material 

and is originated as an endemic natural product from the 

Andes Mountains. Andean Compound and its major 

active principle fulvic acid emerge as novel nutraceutical 
with potential uses against neurodegenerative brain 

disorders.[58,59] Another compound of natural origin, 

which is currently under study, is curcumin. Curcumin is 

a natural phenolic compound derived from the perennial 

herb Curcuma longa (turmeric), and is well known to 

exhibit anti-inflammatory and antioxidant activities.[60] 

 

CONCLUSION 
 

Based on the results of studies on long-term exposure to 

anti- inflammatory agents, that show that these drugs are 

associated with a decreased risk of developing AD, a 
new interesting therapy may be available. 

 

REFERENCE 
 

1. Carrell RW, Lomas DA. Conformational disease. 

Lancet, 1997; 350: 134-8. 

2. Kovacs GG et al. Protein coding of 

neurodegenerative dementias: the neuropathological 

basis of biomarker diagnostics. Acta Neuropathol, 

2010; 119: 389-408. 

3. Akiyama, H., Barger, S., Barnum, S., Bradt, B., 

Bauer, J., Cole, G. M., et al. Inflammation and 

Alzheimer’s disease. Neurobiol, 2000; Aging 21, 

383–421. doi: 10. 1016/S0197-4580(00)00124-X. 
4. Shastri, A., Bonifati, D. M., and Kishore, U. Innate 

immunity and neuroin- flammation. Mediators 

Inflamm, 2013; 2013: 342931. doi: 

10.1155/2013/342931. 

5. Streit, W. J., Mrak, R. E., and Griffin, W. S. 

Microglia and neuroinflamma- tion: a pathological 

perspective. J. Neuroinflammation, 2004; 1: 14. doi: 

10.1186/1742- 2094-1-14. 

6. Ferrari, C. C., Pott Godoy, M. C., Tarelli, R., 

Chertoff, M., Depino, A. M., and Pitossi, F. J. 

Progressive neurodegeneration and motor 

disabilities induced by chronic expression of IL-
1beta in the substantia nigra. Neurobiol. Dis., 2006; 

24: 183–193. doi: 10.1016/j.nbd.2006.06.013 

7. Hsiao, H. Y., Chen, Y. C., Chen, H. M., Tu, P. H., 

and Chern, Y., A critical role of astrocyte-mediated 

nuclear factor-κB-dependent inflammation in 

Huntington’s disease. Hum. Mol. Genet., 2013; 22: 

1826–1842. doi: 10.1093/hmg/ ddt036. 

8. Kassa, R. M., Mariotti, R., Bonaconsa, M., Bertini, 

G., and Bentivoglio, M., Gene, cell and axon 

changes in the familial amyotrophic lateral sclerosis 

mouse sensorimotor cortex. J. Neuropathol. Exp. 
Neurol. 2009; 68: 59–72. doi: 10.1097/NEN. 

0b013e3181922572. 

9. Frank-Cannon, T. C., Alto, L. T., McAlpine, F. E., 

and Tansey, M. G. Does neuroinflammation fan the 

flame in neurodegenerative diseases? Mol. 

Neurodegener, 2009; 4: 47. doi: 10.1186/1750-1326-

4-47. 

10. Akiyama, H., Barger, S., Barnum, S., Bradt, B., 

Bauer, J., Cole, G. M., et al. Inflammation and 

Alzheimer’s disease. Neurobiol. Aging, 2000; 21: 

383–421. doi: 10. 1016/S0197-4580(00)00124-X. 

11. Vlad, S. C., Miller, D. R., Kowall, N. W., and 
Felson, D. T., Protective effects of NSAIDs on the 

development of Alzheimer disease. Neurology, 

2008; 70: 1672–1677. doi: 

10.1212/01.wnl.0000311269.57716.63. 

12. Mc Geer, P.L., and Mc Geer, E. G. NSAID sand 

Alzheimer disease: epidemio- logical, animal model 

and clinical studies. Neurobiol. Aging, 2007; 28: 

639–647. doi:10. 

1016/j.neurobiolaging.2006.03.013. 

13. Rich,J.B., Rasmusson,D.X., Folstein,M.F., 

Carson,K.A., Kawas,C., and Brandt, J. 
Nonsteroidalanti-

inflammatorydrugsinAlzheimer’sdisease.Neurology, 

1995; 45: 51–55. doi: 10.1212/WNL.45.1.51.kiuu. 

14. Vlad, S. C., Miller, D. R., Kowall, N. W., and 

Felson, D. T. Protective effects of NSAIDs on the 

development of Alzheimer disease. Neurology, 

2008; 70: 1672–1677. doi: 

10.1212/01.wnl.0000311269.57716.63. 



www.wjpls.org 

 

108 

Ashish et al.                                                                                      World Journal of Pharmaceutical and Life Sciences 

15. Lim, G. P., Yang, F., Chu, T., Chen, P., Beech, W., 

Teter, B., et al. Ibuprofen suppresses plaque 

pathology and inflammation in a mouse model for 

Alzheimer’s disease. J. Neurosci, 2000; 20: 5709–

5714. 

16. Yan,Q., Zhang,J., Liu,H., Babu-Khan,S., Vassar,R., 
Biere,A.L., etal. Anti- inflammatory drug therapy 

alters beta-amyloid processing and deposition in an 

animal model of Alzheimer’s disease. J. Neurosci, 

2003; 23: 7504–7509. 

17. Heneka, M. T., Sastre, M., Dumitrescu-Ozimek, L., 

Hanke, A., Dewachter, I., Kuiperi, C., et al. Acute 

treatment with the PPARgamma agonist 

pioglitazone and ibuprofen reduces glial 

inflammation and Abeta1-42 levels in APPV717I 

transgenic mice. Brain, 2005; 128: 1442–1453. doi: 

10.1093/brain/awh452. 

18. Choi, S. H., Aid, S., Caracciolo, L., Minami, S. S., 
Niikura, T., Matsuoka, Y., et al. Cyclooxygenase-1 

inhibition reduces amyloid pathology and improves 

memory deficits in a mouse model of Alzheimer’s 

disease. J. Neurochem, 2013; 124: 59–68. doi: 

10.1111/jnc.12059. 

19. Jantzen, P. T., Connor, K. E., DiCarlo, G., Wenk, G. 

L., Wallace, J. L., Rojiani, A. M., et al. Microglial 

activation and beta -amyloid deposit reduction 

caused by a nitric oxide-releasing nonsteroidal anti-

inflammatory drug in amyloid precursor protein plus 

presenilin-1 transgenic mice. J. Neurosci., 2002; 15, 
2246–2254. 

20. Kukar, T., Murphy, M. P., Eriksen, J. L., Sagi, S. A., 

Weggen, S., Smith, T. E., et al. Diverse compounds 

mimic Alzheimer disease-causing mutations by 

augmenting Abeta42 production. Nat. Med., 2005; 

11: 545–550. doi: 10.1038/nm1235. 

21. Varvel, N. H., Bhaskar, K., Kounnas, M. Z., 

Wagner, S. L., Yang, Y., Lamb, B. T., et al. NSAIDs 

prevent, but do not reverse, neuronal cell cycle 

reentry in a mouse model of Alzheimer disease. J. 

Clin. Invest., 2009; 119: 3692–3702. doi: 10. 

1172/JCI39716. 
22. Leoutsakos, J. M., Muthen, B. O., Breitner, J. C., 

Lyketsos, C. G., and ADAPT Research Team., 

Effects of non-steroidal anti-inflammatory drug 

treat- mentsoncognitivedeclinevarybyphaseofpre-

clinicalAlzheimerdisease: findings from the 

randomized controlled Alzheimer’s disease Anti-

inflammatory Prevention Trial. Int. J. Geriatr. 

Psychiatry, 2012; 27: 364–374. doi: 

10.1002/gps.2723. 

23. Jantzen, P. T., Connor, K. E., DiCarlo, G., Wenk, G. 

L., Wallace, J. L., Rojiani, A. M., et al. Microglial 
activation and beta -amyloid deposit reduction 

caused by a nitric oxide-releasing nonsteroidal anti-

inflammatory drug in amyloid precursor protein plus 

presenilin-1 transgenic mice. J. Neurosci., 2002; 15: 

2246–2254. 

24. Tower, D. B., and Young, O. M. The activities of 

butyrylcholinesterase and carbonic anhydrase, the 

rate of anaerobic glycolysis and the question of a 

constant density of glial cells in cerebral cortices of 

various mammalian species from mouse to whale. J. 

Neurochem, 1973; 20: 269–278. doi: 

10.1111/j.1471-4159. 1973. Tb12126. 

25. Matyash, V., and Kettenmann, H. Heterogeneity in 

astrocyte morphol- ogy and physiology. Brain Res. 
Rev., 2009; 63: 2–10. doi: 

10.1016/j.brainresrev.2009. 12.001. 

26. Chaboub, L. S., and Deneen, B. Astrocyte form and 

function in the developing central nervous system. 

Semin. Pediatr. Neurol., 2013; 20: 230–235. doi: 10. 

1016/j.spen.2013.10.00. 

27. Powell, E. M., and Geller, H. M. Dissection of 

astrocyte-mediated cues in neuronal guidance and 

process extension. Glia, 1999; 26: 73–83. doi: 10. 

1002/(sici)1098-1136(199903)26:1<73::aid-

glia8>3.0.co;2-s. 

28. Pfrieger, F. W., and Barres, B. A. Synaptic efficacy 
enhanced by glial cells in vitro. Science, 1997; 277: 

1684–1687. doi: 10.1126/science.277.5332.1684. 

29. Ullian, E. M., Sapperstein, S. K., Christopherson, K. 

S., and Barres, B. A. Control of synapse number by 

glia. Science, 2001; 291: 657–661. doi: 

10.1126/science. 291.5504.657. 

30. Christopherson, K. S., Ullian, E. M., Stokes, C. C., 

Mullowney, C. E., Hell, J. W., Agah, A., et al. 

Thrombospondins are astrocyte-secreted proteins 

that promoteCNS synaptogenesis. Cell, 2005; 120: 

421–433. doi:10.1016/j.cell.2004.12.020. 
31. Risher, W. C., and Eroglu, C. Thrombospondins as 

key regulators of synaptogenesis in the central 

nervous system. Matrix Biol., 2012; 31: 170–177. 

doi: 10. 1016/j.matbio.2012.01.00. 

32. Barres, B. A. The mystery and magic of glia: a 

perspective on their roles in health and disease. 

Neuron, 2008; 60: 430–440. doi: 

10.1016/j.neuron.2008.10.013. 

33. Magistretti, P. J. Role of glutamate in neuron-glia 

metabolic coupling. Am. J. Clin. Nutr., 2009; 90: 

875S–880S. doi: 10.3945/ajcn.2009.27462CC. 

34. Verkhratsky, A., and Kirchhoff, F. Glutamate-
mediated neuronal- glial transmission. J. Anat. 2007; 

210: 651–660. doi: 10.1111/j.1469-7580.2007.00 

734.x. 

35. Okabe, Y., Takahashi, T., Mitsumasu, C., Kosai, K., 

Tanaka, E., and Matsuishi, T. Alterations of gene 

expression and glutamate clearance in astrocytes 

derived from an MeCP2-null mouse model of Rett 

syndrome. PLoS One, 2012; 7: e35354. doi: 

10.1371/journal.pone.0035354. 

36. Simpson, J. E., Ince, P. G., Lace, G., Forster, G., 

Shaw, P. J., Matthews, F., et al., Astrocyte 
phenotype in relation to Alzheimer-type pathology 

in the ageing brain. Neurobiol. Aging, 2010; 31: 

578–590. doi: 10.1016/j.neurobiolaging.2008. 

05.015. 

37. Wharton,S.B.,O’Callaghan,J.P.,Savva,G.M.,Nicoll,J.

A.,Matthews,F.,Simpson, J. E., et al. Population 

variation in glial fibrillary acidic protein levels in 

brain ageing: relationship to Alzheimer-type 



www.wjpls.org 

 

109 

Ashish et al.                                                                                      World Journal of Pharmaceutical and Life Sciences 

pathology and dementia. Dement. Geriatr. Cogn. 

Disord., 2009; 27: 465–473. doi: 

10.1159/000217729. 

38. Lim, D., Iyer, A., Ronco, V., Grolla, A. A., 

Canonico, P. L., Aronica, E., et al. Amyloid beta 

deregulates astroglial mGluR5-mediated calcium 
signaling via calcineurin and Nf-kB. Glia, 2013; 61: 

1134–1145. doi: 10.1002/glia.22502. 

39. Krasowska-Zoladek, A., Banaszewska, M., 

Kraszpulski, M., and Konat, G. W. Kinetics of 

inflammatory response of astrocytes induced by 

TLR3 and TLR4 ligation. J. Neurosci. Res., 2007; 

85: 205–212. doi: 10.1002/jnr.21088. 

40. Meeuwsen,S.,Persoon-Deen,C., Bsibsi,M., Ravid,R., 

and van Noort,J.M. Cytokine, chemokine and 

growth factor gene profiling of cultured human 

astrocytes after exposure to proinflammatory stimuli. 

Glia, 2003; 43: 243–253. doi: 10. 1002/glia.10259. 
41. Van Kralingen, C., Kho, D. T., Costa, J., Angel, C. 

E., and Graham, E. S. Exposure to inflammatory 

cytokines IL-1beta and TNF alpha induces 

compromise and death of astrocytes; implications 

for chronic neuroinflammation. PLoS One, 2013; 8: 

e84269. doi: 10.1371/journal.pone.0084269. 

42. Lawson, L. J., Perry, V. H., Dri, P., and Gordon, S. 

Heterogeneity in the distribution and morphology of 

microglia in the normal adult mouse brain. 

Neuroscience, 1990; 39: 151–170. doi: 

10.1016/0306-4522(90)90229-w. 
43. Venneti, S., Wiley, C.A., and Kofler, J. 

Imagingmicroglialactivationduring 

neuroinflammation and Alzheimer’s disease. J. 

Neuroimmune Pharmacol, 2009; 4: 227–243. doi: 

10.1007/s11481-008-9142-2. 

44. Perry, V. H. A revised view of the central nervous 

system microenvironment and major 

histocompatibility complex class II antigen 

presentation. J. Neuroimmunol, 1998; 90: 113–121. 

doi:10.1016/s0165-5728(98)00145-3. 

45. Hanisch, U. K., and Kettenmann, H. Microglia: 

active sensor and versatile effector cells in the 
normal and pathologic brain. Nat. Neurosci., 2007; 

10: 1387–1394. doi: 10.1038/nn1997. 

46. Sierra, A., Encinas, J. M., Deudero, J. J., Chancey, J. 

H., Enikolopov, G., Overstreet- Wadiche, L. S., et 

al. Microglia shape adult hippocampal neurogenesis 

through apoptosis-coupled phagocytosis. Cell Stem 

Cell, 2010; 7: 483–495. doi: 10. 

1016/j.stem.2010.08.014. 

47. Nimmerjahn, A., Kirchhoff, F., and Helmchen, F. 

Resting microglial cells are highly dynamic 

surveillants of brain parenchyma in vivo. Science, 
2005; 308: 1314–1318. doi: 

10.1126/science.1110647. 

48. Perry, V. H., Nicoll, J. A., and Holmes, C. Microglia 

in neurodegenerative disease. Nat. Rev. Neurol., 

2010; 6: 193–201. doi: 10.1038/nrneurol.2010.17. 

49. Hanisch, U. K., and Kettenmann, H. Microglia: 

active sensor and versatile effector cells in the 

normal and pathologic brain. Nat. Neurosci., 2007; 

10: 1387–1394. doi: 10.1038/nn1997. 

50. Venneti,S., Wiley,C.A., and Kofler, J, 

Imagingmicroglialactivationduring 

neuroinflammation and Alzheimer’s disease. J. 

Neuroimmune Pharmacol, 2009; 4: 227–243. doi: 
10.1007/s11481-008-9142-2. 

51. Olson, J. K., and Miller, S. D. Microglia initiate 

central nervous system 

innateandadaptiveimmuneresponsesthroughmultiple

TLRs. J.Immunol, 2004; 173: 3916–3924. 

52. Ginhoux, F., Lim, S., Hoeffel, G., Low, D., and 

Huber, T. Origin and differentiation of microglia. 

Front. Cell. Neurosci, 2013; 7: 45. doi: 

10.3389/fncel.2013. 00045. 

53. Harms, A. S., Cao, S., Rowse, A. L., Thome, A. D., 

Li, X., Mangieri, L. R., et al. MHCIIisrequiredforα-

synuclein-inducedactivationofmicroglia, CD4 T cell 
proliferation and dopaminergic neurodegeneration. 

J. Neurosci., 2013; 33: 9592– 9600. doi: 

10.1523/JNEUROSCI.5610-12.2013. 

54. Xiao, B. G., Bai, X. F., Zhang, G. X., Hojeberg, B., 

and Link, H. Shift from anti- to proinflammatory 

cytokine profiles in microglia through LPS- or IFN- 

gamma-mediated pathways. Neuroreport, 1996; 7: 

1893–1898. doi: 10.1097/00001756- 199608120-

00004. 

55. Venneti,S., Wiley,C.A., and Kofler, J. 

Imagingmicroglialactivationduring 
neuroinflammation and Alzheimer’s disease. J. 

Neuroimmune Pharmacol, 2009; 4: 227–243. doi: 

10.1007/s11481-008-9142. 

56. Colton, C., and Wilcock, D. M. Assessing activation 

states in microglia. CNS Neurol. Disord. Drug 

Targets, 2010; 9: 174–191. doi: 

10.2174/1871527107910 12053. 

57. Hanisch, U. K., and Kettenmann, H. Microglia: 

active sensor and versatile effector cells in the 

normal and pathologic brain. Nat. Neurosci., 2007; 

10: 1387–1394. doi: 10.1038/nn1997. 

58. Carrasco-Gallardo, C., Farias, G. A., Fuentes, P., 
Crespo, F., and Maccioni, R. B. Can nutraceuticals 

prevent Alzheimer’s disease? Potential therapeutic 

role of a formulation containing shilajit and complex 

B vitamins. Arch. Med. Res., 2012a; 43: 699–704. 

doi: 10.1016/j.arcmed.2012.10.010. 

59.  Carrasco-Gallardo, C., Guzman, L., and Maccioni, 

R. B. Shilajit: a nat- ural phytocomplex with 

potential procognitive activity. Int. J. Alzheimers 

Dis., 2012b; 2012: 674142. doi: 

10.1155/2012/674142. 

60. Aggarwal, B. B., and Harikumar, K. B. Potential 
therapeutic effects of cur- cumin, the anti-

inflammatory agent, against neurodegenerative, 

cardiovascular, pulmonary, metabolic, autoimmune 

and neoplastic diseases. Int. J. Biochem. Cell Biol., 

2009; 41: 40–59. doi: 10.1016/j.biocel.2008.06.010. 

61. S. Gandhi, N.W. Wood, Molecular pathogenesis of 

Parkinson's disease, Hum. Mol. Genet., 2005; 14: 

2749–2755. 



www.wjpls.org 

 

110 

Ashish et al.                                                                                      World Journal of Pharmaceutical and Life Sciences 

62. Poewe, Non-motor symptoms in Parkinson's disease, 

Eur. J. Neurol., 2008; 15(1): 14–20. 

63. M.G. Spillantini, M.L. Schmidt, V.M. Lee, J.Q. 

Trojanowski, R. Jakes, M. Goedert, α-synuclein in 

Lewy bodies Nature, 1997; 388: 839–840. 

64. A. A. Abeliovich, Y. Schmitz, I. Farinas, D. Choi-
Lundberg, W.H. Ho, P.E. Castillo, N. Shinsky, J.M. 

Verdugo, M. Armanini, A. Ryan, M. Hynes, H. 

Phillips, D. Sulzer, A. Rosenthal, Mice lacking α-

synuclein display functional deficits in the 

nigrostriatal dopamine system, Neuron, 2000; 25: 

239–252. 

65. M.H. Polymeropoulos, C. Lavedan, E. Leroy, S.E. 

Ide, A. Dehejia, A. Dutra, B. Pike, H. Root, J. 

Rubenstein, R. Boyer, E.S. Stenroos, S. 

Chandrasekharappa, A. Athanassiadou, T. 

Papapetropoulos, W.G. Johnson, A.M. Lazzarini, 

R.C. Duvoisin, G. Di Iorio, L.I. Golbe, R.L. 
Nussbaum, Mutation in the α-synuclein gene 

identified in families with Parkinson's disease, 

Science, 1997; 276: 2045–2047. 

66. A.B. Singleton, M. Farrer, J. Johnson, A. Singleton, 

S. Hague, J. Kachergus, M. Hulihan, T. Peuralinna, 

A. Dutra, R. Nussbaum, S. Lincoln, A. Crawley, M. 

Hanson, D. Maraganore, C. Adler, M.R. Cookson, 

M. Muenter, M. Baptista, D. Miller, J. Blancato, J. 

Hardy, K. Gwinn-Hardy,α-Synuclein locus 

triplication causes Parkinson's disease, Science, 

2003; 302: 841. 
67. L. Devi, V. Raghavendran, B.M. Prabhu, N.G. 

Avadhani, H.K. Anandatheerthavarada, 

Mitochondrial import and accumulation of α-

synuclein impair complex I in human dopaminergic 

neuronal cultures and Parkinson disease brain,J. 

Biol. Chem., 2008; 283: 9089–9100. 

68. C. Bendotti, M. Bao Cutrona, C. Cheroni, G. 

Grignaschi, D. Lo Coco, M. Peviani, M. Tortarolo, 

P. Veglianese, E. Zennaro, Inter- and intracellular 

signaling in amyotrophic lateral sclerosis: role of 

p38 mitogen-activated protein kinase, 

Neurodegener. Dis., 2005; 2: 128–134. 
69. C. Bendotti, C. Atzori, R. Piva, M. Tortarolo, M.J. 

Strong, S. DeBiasi, A. Migheli, Activated 

p38MAPK is a novel component of the intracellular 

inclusions found in human amyotrophic lateral 

sclerosis and mutant SOD1 transgenic mice,J. 

Neuropathol. Exp. Neurol., 2004; 63: 113–119. 

70. A. Colombo, M. Repici, M. Pesaresi, S. 

Santambrogio, G. Forloni, T. Borsello, The TAT-

JNK inhibitor peptide interferes with β amyloid 

protein stability, Cell Death Differ., 2007; 14: 1845–

1848. 
71. C.W. Olanow, K. Kieburtz, A.H. Schapira, Why 

have we failed to achieve neuroprotection in 

Parkinson's disease? Ann. Neurol., 2008; 64(2): 

S101–S110. 

72. M. Dewil, V.F. dela Cruz, L. Van Den Bosch, W. 

Robberecht Inhibition of p38 mitogen activated 

protein kinase activation and mutant SOD1 (G93A)-

induced motor neuron death, Neurobiol. Dis., 2007; 

26: 332–341. 


