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			Abstract

			Alzheimer’s Disease (AD) is a complex neurodegenerative disease where aged brain considered as a pot player which supplies the machineries for formulating this disease. Amyloid beta (Aβ) and oxidative stress are the key contributing factors for the progression of AD. Aβ can perform both neuroprotective and neurodegenerative role and oxidative stress reflects pathophysiological change associated with AD. Additionally, glycogen synthase kinase 3β (Gsk3β) and cyclin dependent kinase 5 (Cdk5) are persist in Aβ and oxidative stress induced pathogenesis of AD. In this review, we focused on the condition in which Aβ stimulates the progression of AD pretermiting the neuroprotective activity. We also pay attention on the different mechanism of oxidative stress in the pathogenesis of AD. It has been found that, there is a direct relationship between Aβ and oxidative stress where Gsk3β and Cdk5 play the central role. This review reveals the convincing effect of trolox in the possible treatment of AD. Conversely, the damage of Blood Brain Barrier (BBB) is found to have an association with AD but the mechanism still unknown. Finally, this review provides insight into the molecular mechanism for the development of AD which might be helpful for therapeutic direction towards this disease. 
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			Introduction

			Alzheimer’s Disease (AD) is the most prevalent neurodegenerative disorder that has a devastating effect on elderly people which brings about multifactorial pathological changes in brain [1]. It is clinically differentiated by a gradual loss of memory and cognitive functions where episodic memory is affected first [2] followed by executive functions, semantic memory, language and spatial orientation skill deterioration [3]. Around 44.4 million of people throughout the world who are living above 65 years are suffering from dementia and 70 percent of them are Alzheimer patients. It will probably cross 135 million by 2050 [4-5]. Moreover, approximately 5.2 million peoples in America and 59% people in Asia whose age is over 65 are affecting by this disease [6-7]. However, the mystery behind the understanding of its cellular, molecular and pathological initiation and development are not clear. Senile plaques and neurofibrillary tangles are two most common principles for AD progression where Amyloid beta (Aβ) and oxidative stress are two common reasoning factors for these two phenomena 

[8-9]. Amyloid beta (Aβ) is a derivative product of Amyloid precursor protein (APP) [10]. The proteolytic cleavage of the amyloid precursor protein (APP) produces β-peptide (Aβ) which is oligomerized to form senile plaques [11] that ultimately progress the Alzheimer’s Disease. In addition, Aβ causes the hyperphosphorylation of tau through activation of glycogen synthase kinase 3β (Gsk3β) and cyclin dependent kinase 5 (Cdk5) which accelerate the neurofibrillary tangle [12]. 

			On the other hand, Oxidative stress reflects an imbalance between the systemic manifestation of reactive oxygen species and a biological system’s ability to readily detoxify the reactive intermediates [13]. It has been 3 increasingly recognized as a contributing factor in various forms of pathophysiology like oxidation of macromolecule, hyper phosphorylating tau proteins during the procession of Alzheimer’s Disease [14,15]. These two contributories are frequently occurring in the aged brain cell. Although there are commonalities exist between them, but the exact relationship between them remains elucidate. 

			Finally, numerous causes have been revealed towards the formation of AD. However, the precise treatment is still unrevealed. Many scientists claimed that antioxidant may be a good strategy to slow or reverse the progression of AD [16-18]. From this view trolox is a useful antioxidant to combat AD [19]. But the mechanism remains unmask. Therefore, the objective of this review is to accumulate the knowledge of Aβ and oxidative stress underlying their mechanism towards the Alzheimer’s Disease and build up a relationship between these two phenomena to reach the possible target for therapy. We also study the possible mode of action of trolox for strategic treatment of Alzheimer’s Disease. 

			Role of Amyloid Beta 

			The most significant pathological feature that promotes Alzheimer’s Disease (AD) is the characterization of Amyloid Beta (Aβ) which is derived from Amyloid precursor protein (APP) [10]. The aggregation of this peptide precedes neuronal plaque causes synaptic dysfunction, neural loss and atrophy within temporoparietal and hippocampal regions that leads to the Alzheimer’s Disease [20]. 

			APP protein family 

			Amyloid precursor protein is a type 1 integral membrane glycoprotein synthesize from ‘APP’ gene available in human chromosome [21]. It is synthesized in the endoplasmic reticulum (ER) but the highest concentration is found in the trans-Golgi-network (TGN) [22]. Three major isoforms are identified in human from alternative splicing; APP695, APP751 and APP770. APP695 is highly expressed in neurons which lack the KPI domain [23]. The orthologs of APP have been found in other species like Drosophila, C. elegans, Zebra fish, Puffer fish, Xenopus Laevis, but they are evolutionary conserved in their sequence. Three APP homologs, namely APP (APP like protein 1 (APLP1) and 2 (APLP2) are found in mammals (human) [24], while in Drosophila Appl (fly), and in C. elegans apl-1 (worm) [25] are namely found. But all are processed in similar fashion in the cytoplasm.

			The physiological function of APP is still unclear. It is believed to play significant role in neurite outgrowth and synaptogenesis, cell adhesion, neuronal protein trafficking along the axon, transmembrane signal transduction, calcium metabolism [26]. 

			Aβ is a derivative product of APP 

			APP is abundantly expressed in a variety of tissues and its processing is a normal event in nearly all neural and non-neural cells [26]. The proteolysis of APP mainly occurs at the cell surface or in the endosomal membrane system. The sequential cleavage of APP governed by three secretase enzymes called α, β and γ secretase. All the 4 

			three enzymes are type-I transmembrane proteins and found different region of cell. The entire processing of APP is mediated by two discrete pathways; the non-amyloidogenic pathway and amyloidogenic pathway (Figure 1). Like other integral membrane proteins APP is transported to the cell surface via the secretory pathway after synthesis [27]. It is cleaved by α-secretase resulting soluble form of APP (sAPPα) and a membrane-bound C83 (α-CTF) fragment [28]. C83 is further cleaved by γ-secretase resulting APP intracellular domain α-γ (AICD α-γ) and p3 peptide fragments [29]. This is known as the non-amyloidogenic pathway. Conversly, amyloidogenic pathway occures in the endosome where APP can be re-internalized via endocytic pathway [30]. In endosome, β-secretases cleave the APP to produce a soluble β fragment of APP (sAPPβ) and a (CTF) fragment, called C99 (β-CTF) (Figure 1). The C99 fragment then becomes a direct substrate for γ-secretase resulting APP intracellular domain β-γ (AICD β-γ) and the Aβ peptide [10]. The activity of β-secretase increases with aging, infection stress etc. Aβ may be of different sizes (38 to 43 amino acid), but the most common isoforms are Aβ-40 and Aβ-42. Healthy neurons are found to secrete Aβ-40 yet may be toxic [31]. However, the Aβ-42 isoform is more toxic peptide. They are insoluble and aggregated into amyloid plaques which result neuronal cytotoxicity and promotes neuropathological effect leading to neurodegeneration of the brain [32].
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			Hormesis role of amyloid beta 
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			Hormesis refers to a compound that has a beneficial effect in low concentration but shows the toxicological role when applied at a higher concentration. The low doses of Aβ increase neuronal plasticity, hippocampal long-term potentiation and enhance memory [33-34] where excessive Aβ induce neurodegeneration [35]. Picomolar levels of Aβ rescue neuronal cell death by inducing the inhibitors of β-or γ-secretases probably through regulating the potassium ion channel [36]. Moreover, Picomolar Aβ peptide activates phosphatidylinositol 3 kinase (PI3K) which is important for memory formation while even micro molar concentrations inhibit its function [37] (Figure 2). Aβ also increases mitogen activated protein kinase (MAPK) and the nicotinic acetylcholine receptor that speed up acetylcholine production in the hippocampus [38]. Finally, low doses of amyloid-beta produce presynaptic enhancement governing the branching of dendritic processes and enhance neurotic outgrowth [39].

			Role of Aβ in Alzheimer’s disease 

			Many evidences have manifested that the overrun of Aβ causes neurodegenerative cascade resulting synaptic dysfunction, neuronal loss. Aβ directly involve of causing two key pathological features of Alzheimer’s Disease; the senile plaque and the intraneuronal fibrillary tangles [11,35]. 

			Senile plaque formation: Amyloid beta can either be degraded proteolytically, or they may be cleared from the brain, or they may be accumulated and develop the AD. Enzymes like ACE1 (angiotensin 1 converting enzyme 1), insulin-degrading enzyme (IDE), neprilysin (derived from NEP gene) can significantly degrade Aβ [8]. ACE1 can degrade naturally secreted Aβ in vitro [40] (Figure 3). IDE degrades varieties of substrates e.g., insulin and amylin that tend to adopt β-pleated sheet conformation (Figure 3) [41]. Another Aβ-degrading enzyme NEP found on chromosome 3 (in the region of 3q25) neprilysin but its action is unclear as, yet its full genome screens is not published [42]. In case of aged brain, a decrease amount of neprilysin enzyme have been found [43]. Oxidatively modified neprilysin in the form of 4-hydroxynonenal (HNE)-protein accumulates in AD brain. 
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			Aβ can be transported out of the brain through the Blood Brain Barrier to the periphery (Figure 3). The low-density lipoprotein receptor-related protein (LRP1) accelerates the efflux of Aβ from the brain to periphery. LRP1 forms a complex with many ligands like Apolipoprotein E (ApoE), α2-macroglobulin (α2M), and APP [42] to accelerate the process. Aβ can be transported from the brain by directly binding with LRP1 as it has higher affinity soluble forms of Aβ especially to Aβ42 [44]. Additionally, P-glycoprotein (P-gp) is a 170-kD protein product of the multidrug resis-tance-1 (MDR1) gene which is highly expressed on the luminal surface of brain capillary endothelial cells. It accelerates the transportation of Aβ through BBB. Mice without P-gp have decreased amyloid-beta efflux result an increase in brain amyloid beta [45]. 

			Despite these, Aβ started to accumulate where Aβ42 play key role. It aggregates rapidly into two different shapes, Non-fibrillar non-β sheet and the fibrillar β sheet. The fibrillar β-sheet is more cytotoxic and finally deposits into plaques [46]. The accumulation of Aβ is influenced by Apolipoprotein E (ApoE) with the help of ApoE, Cu, Zn etc. [47] (Figure 3). Aβ accumulation also increased due to failure of clearance from the brain. Moreover, increase amount of β secretase and destruction of neurolysis have found highly expressed in adult brain due to myelin breakdown that facilitate the over production of Aβ [43,48]. The formation of senile plaque starts with oligomers like dimmers and trimmers that damage of long-term potential (LTP) (Figure 3). Aβ oligomers can further aggregate into fibrils, which finally developed into senile plaques. 

			Senile plaque progresses slowly in the neocortex and continues through the allocortex that finally to the brainstem nuclei and the cerebellum [49]. These plaques are deadly to the surrounding brain parenchyma, which results several phenomena including swollen neurite, dystrophic morphologies phosphorylation of tau and multiple cellular components which altogether disrupted cellular transport [50]. The trajectories of axons and dendrites are interrupted due to amyloid plaques and cause negative impact on synaptic integration of signal [51]. There appear gliosis and related oxidative stress around plaques, which can also lead to synaptic changes that causes the death of neuronal cell [52]. 

			Amyloid beta induced hyperphosphorylated tau: Tau is a microtubule associated protein which is found in chromosome 17 [53]. They stabilize the microtubules by enhancing the assembly and maintenance of their structure. The activity of tau is highly regulated by its degree of phosphorylation which inhibit the ability of tau to promote the assembly of microtubule. AD brains contain 4 to 8-fold more of abnormally phosphorylated tau compared to normal brains [54]. However, glycogen synthase kinase-3β (GSK-3β) and cyclin-dependent kinase 5 (Cdk5) are the two key enzymes that accelerate the phosphorylation of tau where Aβ play a crucial role [55]. 

			GSK3β phosphorylates tau is near about 42 sites and 29 of them are found in AD brains [56]. GSK3β activity is regulated by different regulatory proteins in Wingless canonical pathway (Wnt/b-catenin pathway) where Aβ play a significant role. A𝛽 is naturally released into interstitial fluid (ISF) and involve in down regulation of want to signal either by 

			a)	Directly interact with the Fz receptor 

			b)	An increase in GSK-3β activity 

			c)	A decrease in Wnt target gene transcription

			d)	Induction of Dkk-1 [57]. 

			A recent report has shown that Aβ bind to the Cysteine rich Domain (CRD) of Frizzled (Fz) close to the want binding site [58]. They suggested that Aβ might compete with Wnt ligands for binding to Fz and inhibits downstream signaling via this pathway. Aβ also induces Dkk-1 (a glycoprotein) which is a negative modulator of wnt signaling pathway. The expression of Wnt antagonist Dkk1 is increasingly found in the hippocampus region in AD brain (especially surrounding the Aβ deposition) of transgenic mouse models [59-60]. 

			On the other hand, CDK5/p25 complex is the most active form of CDK5 pathway that is found to involve in tau phosphorylation. CDK5 phosphorylates tau at 11 sites, and all these sites are found phosphorylated in AD patients. The proteolysis of p35 to form p25 is governed by Ca2+-dependent protease calpain under neurotoxic conditions. sAβ directly promotes increased levels of intracellular Ca2+ in neurons and causes neuronal injury and apoptosis [11].

			After phosphorylation some conformational changes occur in tau. Free taus are rapidly polymerized into neurofibrillary tangle via aggregation of PHF with the mixture of straight fragment (SF) even they do not require any co-factor [61]. Neurofibrillary tangles may impair axoplasmic flow and lead to slow progressive retrograde degeneration and loss of connectivity of the affected neurons [54] and causes cell death and ultimately Alzheimer;s Disease. A recent report has manifested that expression of wild-type human tau knockout in mice results cognitive impairment and alterations in synaptic transmission [62]. 

			Oxidative Stress 

			Human brain contains only 2% of the body weight, but it takes up to 20% oxygen supplied by the respiratory system therefore, more sensitive to oxidative stress as compared to other organs. The high levels of oxidative stress can cause necrosis, ATP depletion, apoptosis, resulting various disease like cancer, diabetes and especially neurodegenerative disease. Interestingly, oxidative stress is eminent biochemical phenomenon in almost all types of neurodegenerative diseases like Parkinson Disease, amyotrophic lateral sclerosis, and Huntington Disease [63]. But they are region specific for a disease (Table 1). A recent study found that oxidative stress (and neuronal damage) occurs in hippocampus and cortex region of AD affected brain, but not in the cerebellum, midbrain, or pons (Table 1) [64-67].

			Table 1: Role of oxidative stress in different neurodegenerative disease.

			
				
					
					
					
					
					
				
				
					
							
							Disease Name    

						
							
							Affected brain region

						
							
							Disease causing Agent

						
							
							Mode of action

						
							
							Reference

						
					

					
							
							Alzheimer’s Disease

						
							
							hippocampus and cortex

						
							
							Oxidative stress

						
							
							Activation of macromolecule,  glial cell & tau phosphorylation

						
							
							[64]

						
					

					
							
							Parkinson’s Disease

						
							
							substantia nigra and the basal ganglia

						
							
							Oxidative stress

						
							
							Lipid peroxidation & mutation in α-synuclein

						
							
							[65]

						
					

					
							
							Huntington’s Disease

						
							
							caudate nucleus, putamen, and globus pallidus

						
							
							Oxidative stress

						
							
							Lipid peroxidation

						
							
							[66]

						
					

					
							
							Amyotrophic Lateral Sclerosis

						
							
							upper and lower motor

						
							
							Oxidative stress

						
							
							SOD1 activation, inflammation

						
							
							[67]

						
					

				
			

			Generation of oxidative stress 
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			The key step of oxidative stress is the generation of reactive oxygen species (ROS) that disturbs the normal functioning of cell [13]. They are generated continuously in cells because of oxidative biochemical reactions which produce unstable cytotoxic molecules known as free radicals under physiological conditions. In fact, several types of free radicals depending on their structure involve in the neurodegenerative disease like superoxide anion (O2-), hydroxyl radical (HO-) and hydrogen peroxide (H2O2) [68]. In AD brain ROS are produced by the interactions between Aβ and metals such as Cu and Fe etc. (Figure 4). Additionally, diverse physiological and pathological processes such as aging, excessive caloric intake, infections, inflammatory states, environmental toxins, certain drugs, emotional or psychological stress, tobacco smoke, ionizing radiation, alcohol or unbalanced nutrition causes ROS in brain cell (Figure 5) [69].

			However oxidative stress is produced by ROS due to the dysfunction of mitochondria, metal accumulation, inflammation, and β-amyloid (Aβ) accumulation [14,70].

			Mitochondrial dysfunction: The mitochondria are much more sensitive for oxidative stress. Cytochrome oxidase is the key enzymes for electron transport in turn deficiency of which generate ROS as a result of energy reduce in brain [71]. Aβ shakes up the electron transport chain by shrinking the activities of key enzymes Cytochrome oxidase (Figure 5) and interrupts mitochondrial dynamics [72]. Soluble Aβ interacts with increased hydrogen peroxide levels and decreased activity of cytochrome c oxidase in Tg2576 mice, prior to the appearance of Aβ plaques [73]. 
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			Metal accumulation: Severe histopathological changes are observed in AD patients near the hippocampus region of brain due to increase of abnormal copper, zinc, and iron. These metals interact directly with Aβ to induce oxidative stress [74]. Aβ binds Cu2+ (Figure 4) and transferred an electron to Cu2+ which produce Cu+ and Aβ radical (Aβ+•). Additionally, Cu+ can donate two electrons to oxygen to generate H2O2 [75]. Moreover, Iron accumulation is also found in cells related to neuritic plaques in AD which binds to Aβ and causes the reduction of Fe3+ to Fe2+ and H2O2 in a similar fashion of copper-Aβ interaction (Figure 4) [76]. 

			Inflammation 

			Cytokines, Chemokines, ROS, and complement proteins are proinflammatory intermediate that are released by both microglia and astrocytes [77]. Aβ attracts and activates both microglias and astrocytes which are involving neuronal death [78].

			Furthermore, reduction of various antioxidant enzymes may lead to the production of oxidative stress in our brain [79]. Among them, glutathione reductase lowers the level of glutathione which important for neuron however, causes oxidative stress [80]. Moreover, high oxygen consumption may lead to the oxidative stress by stimulating ROS production (Figure 4) [81]. 

			Mechanism of oxidative stress in AD: Aβ causes oxidative damage in surrounding cells through the activation of microglia and astrocytes that activated by multiple ROS pathways such as the kynurenine pathway [82]. Oxidative stress play role in AD pathogenesis by oxidation of macromolecule, glial cell activation tau phosphorylation and Aβ accumulation. 

			Oxidation of macromolecule: Oxidative stress is highly vulnerable to post mitotic cell like brain and affect adversely on various cell and cellular housekeeping macromolecule. Our brain is rich in phospholipids which play a significant role in neurotransmission, neuronal interactions and cognition. Brain phospholipids gradually decrease with production of free radical which release several reactive aldehydes including 4-hydroxy-2- nonenal (HNE), malondialdehyde (MDA), ketones and hydrocarbons (Figure 6) [83]. They impaired normal metabolism and mild cognitive impairment (MCI) in AD [2]. The oxidation processes also affect proteins especially the cytoskeleton proteins by addition of carbonyl groups (aldehydes or ketones) and nitration which become hydrophobic and resistant to proteolysis and causes accumulation numerous non-functional proteins in neuron and causes cell death [84]. Finally, the oxidation of DNA is governed by8-hydroxy-2-deoxyguanosine (8-OHdG). 8-OHG seems to stimulate attribute of AD progression like neurofibrillary tangles (NFTs) and Aβ plaques, and specifically occurs before Aβ aggregation in AD patients (Figure 6). 
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			Activation of glial cell: The Microglial activation occurs early in AD development, prior to neuropil damage, bearing a contributing role of microglia in disease pathology [85]. ROS induces several chemokines and cytokines, which work as inflammatory mediators and finally may cause neuronal damage. Astrocytes are also activated by oxidative stress and Aβ, and hence produce chemokines, cytokines, and ROS that may result in neuronal damage [78]. 

			Oxidative stress induced tau hyperphosphorylation: Most of the neuronal loss during neurodegeneration occurs where the levels of oxidative stress and neurofibrilary tangle (NFT) are highest. Oxidative stress play role in tau phosphorylation through the activation of reverse Calcineurin or directly involved in the activation of p-38. Calcineurin is a calcium-dependent serine–threonine protein phosphatase, which dephosphorylates tau protein. Calcineurin is regulated by RCAN1 (a Regulator of Calcineurin 1 gene) formerly known as Adapt78 or DSCR1, which is also strongly expressed in many regions of brain [86]. Chronic over expression of RCAN1 proteins results the inhibition of Calcineurin and accelerate the phosphorylation of Calcineurin specially tau protein [87]. Furthermore, RCAN1 transgene stimulates transcription and translation of the glycogen synthase kinase-3beta (GSK3β) in PC-12 cells [88], which is involve in phosphorylation of tau (Figure 6). 

			On the other hand, mitogen-activated protein kinases (MAPK) such as p38 found in tau phosphorylation at 21 sites where 15 sites are related to AD pathology patients’ brains [89]. P38 also phosphorylates p53 and GSK3β addition to the tau. A recent report showed that oxidative stress induces p38 that leads to the phosphorylation of tau, whereas treatment with antioxidant trolox inhibits the p38 [90]. Oxidative stress also results Ca2+ release, which eventually activate Cdk5 and other cytoskeletal proteins responsible for phosphorylation of tau [91]. 

			Oxidative stress induced Aβ deposition: Faulty antioxidant defense system cause the raising of oxidative stress that significantly increased Aβ deposition. Deletion of cytoplasmic copper/zinc superoxide dismutase (Cu-Zn-SOD, SOD1) in Tg2576 APP-over expressing AD mouse model has been found to increase Aβ oligomerization [92]. Oxidative stress also decreases the activity of α-secretase and increase the expression and activation of β-secretase and γ-secretase which are critical for the generation of Aβ from APP [93-94] through c-Jun N-terminal kinase (JNK) pathway. 

			Interrelation of Aβ and Oxidative Stress 

			Aβ and oxidative stress accelerate the progression of Alzheimer’s Disease in numerous ways. But there is a convincing molecular relationship among them that may affect the progression and severity of AD. Aβ binds with metals and other factors that are responsible for oxidative stress via free radical. However, the relationship between Aβ and oxidative stress is not unipolar. β-amyloid also destabilizes lysosomal membranes that enhance Aβ production, [95]. Amyloid beta and oxidative stress may be linked via superoxide dismutase (SOD) which is available on chromosome 21 along with APP gene [96]. Interestingly Aβ and oxidative stress accelerate AD through the common pathway. Both stimulate the phosphorylation of tau [90]. Aβ can activate GK3β through want signaling pathway which is a major tau protein kinase causing hyperphosphorylation of tau. Furthermore, GSK3β can alternatively involve in the processing of APP to produce Aβ by activating the β-secretase and γ-secretase (Figure 7) [97,98]. On the other hand, Aβ can activate cdk5 which stimulates the tau phosphorylation by increasing the intracellular Ca2+ [99]. Alternatively, Cdk5 can activate β-secretase that demonstrates the increase of Aβ production and its accumulation in the cell body and neurites [100]. Oxidative stress induces RCAN1 that can activate GSK3β (Figure 7) and causes Aβ [87] and tau pathogenesis. Furthermore, Aβ activates cdk5 which may induce oxidative stress by generation of ROS. Cdk5 phosphorylates. Peroxiredoxin-I (Prx-I) and peroxiredoxin-II (Prx-II) and lessen the enzymatic activities which leads to the accumulation of ROS within the cells [101,102].
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			Possible Treatment with Trolox 

			Trolox (6-hydroxy-2, 5, 7, 8-tetramethylchromane-2-carboxylic acid) is a water-soluble derivative of Vitamin E. It has almost similar chemical structure like vitamin E as both possess the same chemical ring structure which is known as Chroman head which is mainly responsible for antioxidant property (Figure 8).
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			Although vitamin E and trolox both shows the antioxidant activity, trolox has some advantage over vitamin E. Vitamin E is only lipid soluble but trolox can penetrate both water and lipid [103]. Vitamin E causes serious side effect and brings conformational changes in some functional protein that increase mortality in AD brain [104]. Although, many scientists claimed that trolox has the antioxidant and the protective activity against neurodegenerative and cerebrovascular diseases. But the mechanisms underlying these effects remain unclear. Therefore, researchers pay interest on trolox underlying its protective effect on Alzheimer’s Disease. 

			Effect of trolox on oxidative stress 

			Trolox mainly combat with oxidative stress in AD patient in several ways. Trolox play the protective role against H2O2 induced neurotoxicity either by 

			i.	Change in cellular uptake of H2O2 or in vitro scavenging activity,

			ii.	Induction of antioxidant enzymes (glutathione peroxidase, catalase) or

			iii.	Direct scavenging activity of Trolox [19]. 

			Human keratinocytes treatment with Trolox was also found to decrease the intracellular H2O2 generation in a dose-dependent manner [105]. Carbonyl group is a major biomarker of protein oxidation. Pre-treatment with trolox decrease protein oxidation scavenging H2O2 in S. pombe cell when assayed with protein carbonyl [19]. Trolox can also protect neuronal protein from oxidative stress by increasing the activity 20S proteosome (Figure 9). On the other hand, Trolox is found in the aqueous phase and partly in the lipid phase of phospholipid membrane system where it diffuses into the bilayer phase and traps two peroxyl radicals per molecule when oxidation is initiated in the lipid phase [102]. It donates hydrogen from the hydroxyl group to peroxyl radical (ROO•) converting it into a lipid hydroperoxide and Trolox radical and thus terminating the chain reaction [106]. The activation of p38 and RCAN1 by oxidative stress can be inhibited by co-incubation with trolox [90]. 
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			Effect of trolox on Aβ induced toxicity 

			Since Aβ play a major role during the initiation and progression of AD, it can be attenuated by the induction of trolox. Decrease in cell viability was partially prevented by the presence of Trolox when hippocampal neurons disputed with Aβ were pretreated with Trolox. Co-incubation of Aβ with trolox prevented 70% of the apoptotic neuronal population [107].

			Moreover, Trolox can reduce the activity of GSK-3β and help in the stabilization of β-catenin (Figure 9). The radioactive labeling on GS-2 correlates with the GSK-3β activity by phosphorylating the Tyr-216 residue by decreasing the phosphorylation of P-Ser-9 residue, which down-regulates GSK-3β [108]. Neurons pretreated with trolox showed a significant decrease in the activity of GSK-3β by incorporating 32P on GS-2 and accelerates P-Ser-9 production [18]. Furthermore, trolox induces a modest increase in the Wnt-7a and Wnt-5A mRNA levels [109]. 

			Conclusion 

			This review has set out the emphasis that Alzheimer’s Disease is heterogeneous events where multiple factors ranging from Aβ to oxidative stress mechanism are regulating the complex process. One of the key finding is that the excessive form of Aβ (not low dose of Aβ) stimulates the progression of Alzheimer’s Disease. So, it would not be a better idea to disrupt Aβ to terminate AD rather than to lower the concentration. On the other hand, oxidative stress completes a vicious pathological cycle with Aβ accumulation, tau phosphorylation which is regulated by mitochondrial dysfunction, metal toxicity etc. We also combine the amyloid beta hypothesis and oxidative stress hypothesis where Aβ and oxidative stress are linked to the hyperphosphorylation of tau. This allows that either dysregulation of Aβ or balancing of oxygen uptake in brain may helpful for Alzheimer’s patient. Moreover, GSK3β and Cdk5 is the central point where Aβ, oxidative stress and tau meet alternatively in the disease progression. So, GSK3β and Cdk5 may also be a target for therapeutic purpose. We also investigate the positive effect of trolox over Alzheimer’s Disease. It shows greater beneficial effect on both Aβ and oxidative stress. It also suppresses the activity of GSK3β by phosphorylating Ser-9. These evidences emphasis that trolox may be therapeutic approach to combat against Alzheimer’s Disease. 

			Until recently many evidences have been elucidated about the role of Aβ and oxidative stress in Alzheimer’s Disease. However still some question remains unsolved. The exact mechanism of BBB damage in Alzheimer’s Disease is still unclear. The fate of Aβ after clearance from brain remains unmask? The exact mechanism of lipid per oxidation, protein and nucleic acid oxidation that progress the AD pathogenesis is still to be elucidated. From this review we observed that tau pathology occurs mainly downstream to the Aβ pathology and oxidative stress. This may arise a question whether tau gene play role in tau pathology or not? Finally, trolox is water soluble. The cell membrane may be a barrier to the transportation of trolox. So, the truncation of trolox into the cell may be further research of interest. 
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Figure 5: Production of oxidative stress: The schematic
shows how oxidative stress produced can be induced by
the mitochondrial dysfunction, metal malmetabolism, and
inflammation and AB accumulation. Furthermore —some
exogenous also cause oxidative stress [14]
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Figure 9: Possible mode of action of trolox in AD: Trolox reduces
Oxidative stress by scavenging the ROS activity. It can also
protect neuron from the oxidation of lipid and protein. On the
other hand, trolox can inhibit the activity of RCAN1 and GSK3p
and protect tau protein from being phosphorylated. It also can
inhibit AB formation and modulate want to signal pathway.
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Figure 3: Pathological role of AB in Alzheimer Disease: Two
fragments of AB are produced from serial cleavage by B and y
secretase; AB42 and AB40. It is AB42 which further aggregate
to form oligomer (dimer, trimer) to form plaque. During
oligomerization is led by Appo E. Oligomerization may also
increase due to failure of AB cleared from the brain which is
govered by Apolipoprotein E. similarly AB also aggregated if
degradation do ot properly occur with help of ACE, IDE, NEP
[8]
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Figure 7: Interrelation of A and oxidative stress; where A
and oxidative stress are linked via superoxide dismutase and
lysosomal induction of AB. AB and oxidative stress are linked
through GSK3g and cdk5. They also linked via RCAN1
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Figure 8: Chemical structure of Trolox (A) and Vitamin E (B).
similar structure named Chroman head is shown in Red circle
roz]
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Figure 4: Production of ROS: ROS is mainly generated by
binding of AB to the metals like Cu, Zn, and Fe. They further bind
with 02 to produce hydrogen peroxide which is then produce
hydroxyl radical which further generate ROS [70].






OEBPS/image/aibm.jpg
Advances in Biotechnology &
Microbiology

Juniper Publishers http://juniperpublishers.com





OEBPS/image/83787.png
— |
bl

Figure 1: Processing of APP; the Non amyloidogenic (left) and
the amyloidogenic pathway (right). In the non-amyloidogenic
pathway, APP is cleaved sequentially by a-secretase and
y-secretase. In the amyloidogenic pathway, APP is cleaved by
B-secretase and finally y-secretase to release AB [31]
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Figure 2: Effect of Picomolar concentration of AB in neuron cell
Picomolar level of AB serve several functions such as memory
formation, rescue neuronal cell death, neurite growth. It is also
involved in dendrites branching
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Figure 6: Mechanism of oxidative stress in Alzheimer’s Disease:
the schematic shows how Oxidative stress in tum interacts
with AB and activates microglia, and astrocytes which release
chemokines, cytokines and cause apoptosis of neuronal
cell leading AD. On the other hand, oxidative stress can
activate RCAN1 which further activates GSK3B, or inhibit the
dephosphorylating action of Calcineurin and thus phosphorylate
tau which can further polymerized into NFT and result AD
Moreover, oxidative stress is also responsible for AB deposition.






